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Dana A. Powers, Chairman, presiding.
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PROCEEDI NGS

(8:33 a.m)

CHAI RVAN POVWERS: The neeting will now
cone to order.

This is a neeting of the Advisory
Comm tt ee on React or Saf eguards, Subconmittee on Early
Site Permts.

|'m Dana Powers, Chairman of the
subcommittee. Menbers in attendance are Mari o Bonaca,
Oto Maynard, Tom Kress, Bill Shack, and Jack Sieber
sonewhere, and Graham Wallis, who thinks he's here
but the nost inportant is we have the benefit of Bil
Hinze from the Advisory Conmittee on Nucl ear Waste
attendi ng and parti ci pating.

Wl conme, Bill. Gad to have you here to
keep us straight on all of this stuff.

The purpose of this neetingis to continue
our review and discuss further the staff's final
safety evaluation report regarding the Exelon
CGeneration Conpany's application for an early site
permt at the dinton site. The neeting is going to
focus on the applicant's performance based seismc
hazard anal ysi s net hodol ogy.

You wi | recall that this was newto us at

our earlier neeting, and that at that earlier neeting

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

4

t he staff had not approved t hat net hodol ogy, and t oday
we're going to hear nore about the details on that.

The subcommittee will gather information,
anal yze relevant issues and facts and formulate
proposed positions and actions as appropriate for
deli beration by the full conmttee.

M ke Snodderly is our designed federa
official for the neeting, but I'd like to introduce
the subcommittee today. Fischer, he is going to be
Ned's replacenent and will be handling early site
permts. Dave actually has a history with the ACRS,
and so we | ook forward to working with you cl osely,
Dave.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Reqgi ster on February 23rd, 2006. The transcript of
the neeting is being kept and will be made avail abl e

as stated in the Federal Reqister notice. It is

requested that speakers first identify thensel ves,
speak with sufficient clarity and vol une so that they
can be readily heard.

We have received no witten coments or
requests for tine to nake oral statenents fromnenbers

of the public regarding today' s subconmittee neeting.
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That doesn't nmean that people can't nake conments if
they have things to contribute to our information
gat heri ng.

As | said, we're going to focus a lot on
just the seismc issue. | think we'll probably get a
stat us update on open itens and things |ike that, but
our real intent is to hone in on this perfornmance
based sei sm ¢ net hodol ogy.

The contention, as youw !l recall, at our
previ ous neeting was that this offers not only
stability, but perhaps safety advantages. So it's
really quite of interest.

Do any nenbers of the subconmittee have
openi ng coments they would care to nake?

(No response.)

CHAI RVAN PONERS: Seeing none, | will turn
to Laura Dudes, and you're going to give us an
i ntroductory comment ?

M5. DUDES: Well, good norning. | think
Mari|lyn Kray and Exel on wi Il | provide the early norning
presentation, and then the staff will be up to provide
their results on the safety evaluation report.

Mari | yn.

CHAI RVAN POVERS: Not what it says on ny

agenda. You lead ne astray all the tine.
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(Laughter.)

CHAI RVAN POVERS: Marilyn

M5. KRAY: Yes. Well, we appreciate
your --

CHAI RVAN POVNERS: Cover for Laura.

M5. KRAY: W appreciate your flexibility
and | know we're here at your ready. Thank you, M.
Chai r man.

And as you know, it was Septenber of this
past year that we were here in, | think, simlar
seats, and while it seens a short tinme ago, there has
been a | ot acconplished, and as you can i magi ne, this
neeting is a significant mlestone for Exelon, but
it's also a significant mlestone for the industry.

You ar e probably aware that the regul atory
i nformation conference i s ongoing across the street,
and while there are certainly sone devoted sessions to
new pl ants, the underlying thene t hroughout all of the
sessions and probably nore inportantly on all of the
di scussions in the hallways during the network breaks
is certainly new plants. And you're going to hear
this norning, as you're expecting, detail ed
di scussi ons on the seismc issues.

And while these are certainly critical to

the dinton early site permt project, they are
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simlarly critical to future ESP as well as CCL
applicants. So we are grateful to the efforts of both
the staff and the industry through the NEI Seismc

| ssues Task Force to use this pilot applicationto set
perhaps the precedence for some future 1licensing
actions.

So, again, we thank the efforts of both
the staff and the industry, and with that, I will turn
it over to Eddie G ant.

MR. GRANT: Thank you, Maryl and.

If I can get rid of this thing and | earn
how to use this machine, thank you for bearing with
ne.

My name is Eddie Grant. |'mthe | ead on
the licensing for the safety side of the early site
permt. 1'd like to take you through the agenda real
quickly this nmorning. Wat we have in mnd, of
course, is sone quick introductions, just remni nders of
who we are, what we've been doing.

W'l ook at significant changes since
the draft safety evaluation report. W'I|l have a few
m nut es on the geot echni cal approach because t hat was
part of that supplenental draft safety evaluation
report.

Certainly | ook at the seisn c eval uati on,
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and that's where we'll get into the performance based
and where we'll spend nost of our tine.

Then we have a few slides to quickly go
t hrough the supplenmental draft SER issues' closure,
and then summarize, and we'll nove forward.

As | indicated quickly as introductions,
you've already hear from Marilyn Kray, who is the
proj ect executive sponsor. Tom Miundy is al so here
with us. He has been the project nanager, but he's
nmoving on to the COL applications and going to be
managi ng that project. So Kris Kerr is here with us
inthe audience. He is now the senior project manager
on the early site pernmit, and like | said, |I'mthe
saf ety and enmergency pl anning | ead, and Bil|l Maher was
the environmental |ead. He's back in the audi ence as
well if anything cones up for him

W had quite a support team CH2M Hill
was the prine contractor. They conducted the
environmental reviews, did the site redress, did the
geot echnical and drafted the energency plan for us.

CH2M  Hi | | then had a nunber  of
subcontractors. WrleyParsons did the safety
eval uations. GeoMatrix, M. Bob Youngs and Kat hryn
Hanson over here in the audience with us did the

seismc evaluations, the PSHA and | ooked at the
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pal eol i quefaction. That's always an interesting
t opi c.

And then we had a seismic Board of Review
that hel ped us out with our reviews. As we went
through we tal ked with thema little bit about what we
were doing and had a few chats with them about where
we should go that led to the change to going to the
per f ormance based net hodol ogy. As | indicated, they
did an expert independent review of all of the
information on the seismc side.

Carl Stepp was the Chairnman of that
Sei smic Board of Review, and you'll hear from him as
we get to the seismic piece. He'll be doing that
presentati on.

There were sonme others that did various
pi eces of the geotechnical borings and those types of
t hi ngs.

RPK  Structural Mechani cs  Consul ting,
that's M. Kennedy, Bob Kennedy down on the far end.
He is, | believe, the leading expert in the
per f ormance based net hodol ogy, and he'll be sharing
sonme of that information with us today.

Ser geant Lundy did a quick draft
application review when we thought we were pretty

cl ose to going, and of course, Modrgan Lewi s was our
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| egal counsel

Just a quick rem nder of where we're
tal ki ng about, as you indicated, the Clinton Station,
it's out in central Illinois. There is an existing
plant, and it's AnerGen owned. Exelon Generation
Conmpany is the applicant, and it's a wholly owned
subsi di ary of Exel on Corporation.

Si gni fi cant changes since the DSER  You
may recall, | knowthis is focused on the seismc, but
we've got a draft SER for everything but the seismc
pi ece back in February of last year, and it had a
nunber of open itens and confirnmatory itens, and then,
of course, the supplenental DSER addressing the
geot echni cal and seism c cane out in August.

Then we met with you shortly after that in
Sept enber, and we really had not had a chance at that
point to look at or evaluate conpletely the
suppl emrental draft SER open itens.

Certainly since that time we have | ooked
at those. W have responded to all of those, and the
staff has just issued the FSER, which accepts those
responses such that all of the open itens are cl osed.
So that's a significant change.

The staff had a few confirmatory itens

that they were | ooking at, and all of those have been
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acconplished. So those are all conplete.

DR. HNZE: Dr. Powers, could | interrupt
here a nonent and ask a question? | don't know who |
shoul d be asking this of, but obviously the technical
work on this is a noving target that continues to
expand and grow.

Is there a cutoff tine specified ESP
application in terns of the technical literature and
the work that's being done? |Is there a cutoff tine
that we can assunme has been used by Exel on?

CHAI RVAN POVNERS: Wl |, what Exel on uses,
"1l Ieave themto answer, and | think it's a rule of
reason applies here. | don't think you can expect
themto have pul |l ed down the | at est copy of Geol ogi cal
Soci ety of America or something like that, but they
are required by regulation to look at the literature
since in the interval of about 1984 and now, and what
you're asking is what is now, | think it's the rule of
reason here.

DR. H NZE: Well, one of the reasons | ask
that is that the literature search seens to stop at
2004, and there are sone interest articles that occur
in 2005, and | am just curious as to whether those
shoul d be incorporated in or not.

CHAl RVAN POVNERS: Well, | mean, again
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2004 seened |like a reasonable nunber for me in the
application just because sonebody has to sit down and
wite this thing. But if there are insights in the
2005 literature that woul d make qualitative changes to
our perceptions, | nmean, we can certainly bring those
to our attention.

DR HI NZE: Good.

CHAI RVAN POAERS:  Al'l right.

MR. GRANT: Al right. Again, one of the
maj or changes or nore significant changes is that,
i ndeed, the staff has accepted the proposed SSE ground
notion spectra for the dinton Power Station early
site pernmit. There were mnor revisions to that
ground notion spectra fromwhat you sawin our earlier
application as a result of the open itens, and we'l]l
address sone of those when we're | ooking at the open
itens.

Agai n, the nore significant changes since
the draft SER is that the staff has docunented their
criteria for establishing what permt conditions are
or should be, which itenms should be permt conditions
and which itenms should be conbined |icense action
itens.

You m ght renenber we had quite a nunber

of proposed permt conditions in the original draft
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SER, and that has dropped significantly based on the
new criteria, although the conbined |icense action
i tens have gone up, which is probably expected. There
will be alot of things that can't be addressed on an
early site permt, and therefore, it's not unexpected
that those woul d be expected to be addressed at the
conmbi ned |icense stage.

And you' Il see that response and cl osure
of a couple of our open itens depend on that.

Wiat |'d like to turn to now is the
geot echni cal approach. 1'd like to indicate primrily
here what we did in relation to building on the
existing Clinton Power Station information. Because
this is an existing site, there is a lot of
information that was readily available in the seismc
and geot echnical areas, and we certainly didn't want
to just throw that out.

And nore inportantly, we wanted to be as
consistent as we could with the sister station. So we
| ooked at the avail able informati on as far as regi onal
geol ogy, site geol ogy, what exploration had been done
back in the '70s, and the lab testing that had been
done on the soils and properties in the area.

And t hen we di d sonme work specifically for

the early site pernmit to confirm those conditions,
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t hat i ndeed, we got the sane answers or close to the
same answers that the fol ks had gotten back in the
'70s, and we updated the information particularly in
the areas of the geology and doing the literature
search and what was avail abl e as far as any identified
new sei sm ¢ sources and/ or sei sm ¢ net hodol ogi es t hat
were avail able to eval uate those sources.

This is just a quick plot here that shows
the original dinton Power Station site investigation
| ocations. You can see that there are quite a nunber
of areas where we did borings or other types of
i nvestigations across the site.

And what |'d like to do then is show you
a slide that doesn't seen to want to --

CHAI RVAN PONERS: Didn't want to come up

huh?

MR. GRANT: -- cone up. It was there this
norning. Is it in your printed copies?

Ckay. | apologize for this, but you can

see not up here, but on your printed copies that,
i ndeed, we overlaid the top dashed area there i s where
the existing Clinton Power Station is, and the bottom
area i s where we're proposing to place the early site
permt structures.

You can see that, indeed, a |arge nunber
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of the areas that were investigated during the ' 70s do
overlay and enconpass the new area, and then, of
course, we did sone specific investigations inthe new
area, and again, | just wanted to try to show you --
unfortunately I'm not succeeding real well -- on how
t hose mat ched up.

CHAI RVAN POVZERS: But we have been over
this one before.

MR. GRANT: There it is. 1've got two
nines for sone reason. Yes, there is the slide. The
blue dots and plus signs or crosses are existing
information from back in the '70s, again, from the
early dinton Power Station investigations.

The green and orange and red circles,
squares and di agonals down in the red dashed area are
the new i nvestigations used to confirmthat, indeed,
the site is exactly in this area as we had t hought it
was based on the ol der information.

What we found, again, is that the siteis
relatively uniformacross all that property. The
soils are fairly stiff, but it is a soil site.

The field data shows that the sheer save
vel ocities are, again, consistent with what we saw
fromthe dinton Power Station investigations, and the

| ab data showed a good match with the assuned EPRI
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soi | nodul us and danpi ng curves.

The red line there shows the information
avai l abl e from what we've done recently, and then a
good nunber of the information, the darker Iline, |
guess, that is dashed shows howit had been identified
back at the dinton Power Station. So, again, a close
appr oxi mati on.

And at this point we're going to nove away
fromthat and get over into the nore inportant topic
for the day, which is the seism c eval uati ons and how
t hose were done. And |I'mgoing to ask Dr. Carl Stepp
to lead this discussion.

DR. STEPP: Thank you, Eddi e.

The seismc valuation, particularly we're
now focusing on the SSE ground notion determ nation,
foll owed | argely the guidance and net hodol ogi es t hat
are laid out in Regulatory Qude 1.165. This
vi ewgr aph shows the areas where we fol |l owed the gui de
rather closely or conpletely, and the one area in
whi ch we departed fromthe guidance in 1.165.

W started as the regul atory gui de al |l ows
with the EPRI work of the m d-1980s to | ate 1980s, and
we updated that work with current know edge base
through the time of submittal of the licensing

application two years ago.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

17

Sei smi ¢ sources were updated, using that
information. Sensitivity studies were done. W did
a SSHAC Level 2 evaluation to update the uncertainties
in the input paranmeters for seismc hazard
cal cul ati ons and conputed a new PSHA for the site with
t he updated information.

W departed fromthe regul at ory gui dance
in actually conputing the SSE ground notion spectra.
| nst ead of using the reference hazard probability that
is specified in the Reg. Quide 1.165, we used the
performance based risk informed, I will call it,
nmet hodol ogy that you will hear nuch nore about today.

Next .

In deriving the ground notion from the
probabilistic hazard, we followed, again, the
regul atory guidance in de-aggregating the hazard
across the spectra of interest, spectral frequencies
of interest, and determ ning controlling earthquakes
for | ow and hi gh frequency part of the spectrum then
fitting the ground notion to those derived spectra.

W accounted for side effects and did site
response analyses following the guidance that is
provi ded in NUREG CR- 6728.

Just a few exanples of wupdating the

information. This shows the seismcity prior to the
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application. W used the EPRI work from a cat al ogue
from 1777 through 1985, and that was updated using
USGS regional network Jlocations from the USGS
cat al ogue and the council on national seismc systens
to 2002, and you can see from these side-by-side
conparisons that the pattern of seismcity had
changed, and indeed, the rate of seismcity is

general | y unchanged except for the new add rate zone.

W also had new information on
i quefaction that had appeared in the literature, and
the next line foll owed up on that information by doing
actual site investigations. The map you see here
shows areas with new |iquefaction information around
the site.

The liquefication information has reveal ed
that they are repeated |arge earthquakes in the New
Medrid site and so on during the past 2,000 years t hat
had to be taken in account in assessing the hazard
fromthat zone.

It revealed that there are |I|arger
eart hquakes in the historic/prehistoric past in the
Wabash Val | ey zone.

CHAI RMAN WALLIS: |'d like to ask you
about that.

DR. STEPP: Yes.
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CHAI RMVAN WALLIS: In the SER in your

subnmittal there's atrenendous di scussion, qualitative
di scussion, of all this stuff, but what matters
eventually is the nunbers you' re going to use, and so
| look for the nunbers you used for this Wabash
Vall ey, which is interesting because it happened
12,000 years ago and then 6,000 years ago. So it's
going to -- no. Wll, obviously that's not the case.

But if we | ook at the SER on page 21878,
it says, "The applicant cited research that this
Wabash Val | ey event 6,000 years ago was in the range
7 to 7.5 in magnitude."

And then on another page, 204, it says,
"The applicant stated that the event 6,000 years ago
was in the range of 7.2 to 7.8," which is a different
set of nunbers, and you know, this is logarithmc. So
it's very inportant whether it's 7.5 or 8, presumably.

And then it says, "The EPRI SOG ( phoneti c)
uses the range of 5 to 8," and then there's a
gualitative statement on that, page 206, which says,
"The appl i cant nmade adj ustnent to i ncrease t he maxi num
magni tude distribution for the Wabash Vall ey seismc
zone. "

It doesn't say to what, by how rmuch, and

why. It sinply says that you increase the nmagnitude.
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But | don't see any nunbers associated with that
increase. So | don't know what magnitude you used and
why.

And then when | get -- I'mgoing to go on
and gi ve this speech and then you can answer, and it's
probably all very easy to clarify -- on page 208 |
find that the ten to the m nus four high frequency
hazard is actually dom nated by this Wabash Vall ey
zone, and then it becomes a 6.5 event.

Now, how do all of these nunbers rel ate?
And when you did increase the naxi mnum nmagnitude, by
who nuch did you and so on?

| mean, it's not clear to ne what nunbers
were used and why.

DR. STEPP: Ckay. W'Ill answer, | think,
intw parts. First, to address how we increase the
maxi mum magni t ude and why and by how nuch, and then |
think the second part is the deaggregation that you
referred to, and that will be answered by, | think,
Bob Youngs. WIIl you take the |ead on this?

MR. YOUNGS: M nane is Robert Youngs with
GeoMnatri x Consul t ants.

The maxi num nmagni tudes that were used in
the original EPRI study that was conpleted in 1985

arranged for the Wbash Valley up to the size of
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events that had been reported in the literature from
t he pal eol i quefactioninformationinterns of the size
of earthquakes.

But the weights that were assigned to the
| ar ger nagni tudes were rel atively | owconpared to what
we woul d i nterpret now based on this pal eoliquefaction
i nformation.

So the revision that we did to that source
was to change the weighting schene to give a |lot nore
wei ght to | arger nagni t ude eart hquakes, and on page 2-
204 of the SER, down near the bottomin the paragraph
under Wabash Vall ey source zone, at the end of that
paragraph they list the distribution of nagnitudes
t hat we used.

CHAI RVAN WALLI'S: Yeah, | guess it's .1
.4, .4, 1. Is that the --

MR. YOUNGS: Right. Those are the weights
we assigned to those magnitudes.

CHAI RMAN WALLI'S: | see those, yeah. But
soneone decided to use all of these nunbers. How did
you deci de and where did you do this increase in the
maxi mum magni tude? |Is this increase in the nmaxi mum
magni tude reflected in this .1, .4, .4, .1
di stri bution?

MR, YOUNGS: Yes.
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CHAl RMAN WALLI S: But that seens to be 7

to 7.8, which you' ve already stated was what happened
7,000 years ago, 6,000 years. | don't see them
i ncrease.

MR. YOUNGS: No, they're increased from
what the EPRI expert assessed back in the '80s. So
it's an update to the seismc --

CHAI RVAN WALLI'S:  So increase over EPRI

MR YOUNGS: Yes. So it's a nodification
of the distribution of maxi num magnitude.

CHAI RVAN WALLI' S:  How di d you deci de what
to do? You could have increased it to eight since the
EPRI gave a range of five to eight. Wy do you sort
of restrict -- | don't understand how you deci de what
nunmbers to use.

MR. YOUNGS: It's an evaluation |ooking at
how vari ous aut hors have interpreted what the size of
those events and giving weight to various
interpretations. |It's basically a judgnment call as to
how we feel that the information that we see in the
l[iterature woul d i ndicate what the | argest magnitude
shoul d be.

CHAI RVAN WALLIS: Wwell, that seenms to ne
sort of the nmeat of the whole thing. | nmean, |'ve got

200 pages of description, and | have a couple of
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par agraphs that say you use these nunbers. The
justification for those nunbers is the whol e neat of
the application, isn't it, really? The justification
is nore inportant than anything el se.

MR YOUNGS: Yes.

CHAI RVAN WALLIS: And | didn't see that.
That's what puzzled nme. It isn't nmy field. | just
sort of picked that up as being rather strange.

DR. STEPP: The justification is a
clarifying comrent to the process. As | nentioned in
nmy introduction, we applied SSHAC Level 2 assessnent
procedure, and it was through that procedure that we
arrived at these weights on the nunbers.

CHAl RMAN WALLI S: | have no i dea what that

DR STEPP. Well, I'"'mgoing to explain it.
The SSHAC net hodol ogy, this procedure is for assessing
subj ective uncertainties that has been devel oped by a
conmbination of NRC and industry support and DOE
support, and one | evel of that, which we applied here,
is the Level 2, which is a process by which new
informationis conpiled, and it's assessed agai nst the
existing interpretation, which was the EPR
i nterpretation.

CHAI RMAN WALLIS: Is this a Baysian type
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thing, is it?

DR. STEPP: The basic EPRI interpretations
of the m d-1980s.

CHAI RMAN WALLIS: Is this a Baysian
updating type thing?

DR. STEPP: It's a subjective updati ng,
not a Baysi an updating, just subjective updating based
on the current state of know edge of the scientific
community. So the process that was done here is we
updated the information, canvassed the scientific
comunity, and the wei ghts that you see assi gned there
represent the assessed weights that reflect the
current state of the scientific community subjective
i nterpretation.

CHAI RVAN WALLI'S:  And then you nake this
adj ustment to increase the naxi mum rmagnit ude?

DR STEPP: Yes.

CHAI RVAN WALLIS: On top of that?

DR. STEPP: Well, that is the process by
whi ch we do that.

CHAI RVAN WALLIS: That's the result of
that. So you weren't yoursel ves maki ng an adj ustnent.
These nunbers cone from analyzing the scientific
comunity's --

DR. STEPP: The views reflect the
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scientific community's views, yes. They're subjective
i nterpretation.

CHAI RVAN PONERS: | think it's fair to
state that they're conpletely prescriptive, analytic
expression for the SSHAC approach is yet to be
derived, that it is --

DR, STEPP:. Well, it's not a Baysian
appr oach.

CHAl RVAN PONERS: It is an exercise in
engi neering judgnent, seismc engineering judgment.

DR, STEPP: It's a process by which
scientific and engi neering judgnent is quantified and
wei ght ed.

DR HINZE: As one of the nenbers of the
team back in those days, | can tell you that these
nunbers were just not pulled out of the air, but came
as a result of a lot of literature search, a |ot of
di scussion anong various disciplines, and the
i nformation on which the so-call ed experts were nmaki ng
their decision were intended to be rather soft. So
there had to be a | ot of judgment.

And that's why it's necessary, | think, to
include this probability range that we see this site
safety report comng up wth.

CHAI RMAN WALLI'S: So your view is that
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they did the right thing here?

DR STEPP: Well, | think they did the
right thing, probably the only thing --

CHAl RVAN POVERS:  Yes.

DR. STEPP: -- to be very honest with you.

CHAI RVAN WALLIS: What | was missing is
the rationale for the non-expert, which expl ai ned why
what they did was reasonabl e.

MR YOUNGS: Well, and | think there's an
assunption here in preparing this report that everyone
under stands how al |l of this cones about, and as | read
the report, if | didn't have the background of being
involved in the EPRI study, | would have been | ost,
and so | really understand where your question is
coming fromDr. Vallis.

CHAI RVAN POVNERS: But, | nean, this whole
t hi ng speaks back to your original point. \Were do
you cut this stuff off? Because | nean in this report
itself we see that they go to the Tutle paper, and
then they go talk to Ms. Tutle, and she's changed her
m nd, and so this goes on and on and one.

But | nmean, it's --

DR STEPP: Well, it's science.

CHAI RVAN POAERS: And it's also the

interpretation of single point nmeasurenents. | mean,
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we've just got to get nature to give us nore
ear t hquakes.

(Laughter.)

DR  STEPP: Well, for exanple, the
operation, the nethodology for converting the
pal eol i quefication studi es into magni tudes, there are
a nunber of different techniques there. There are
four different accepted techni ques, and they will | ead
to different answers, and so dependi ng upon the best
possi ble way you can do it, and you need to really
conbi ne t hese, and you have to put sone ki nd of wei ght
of probability for justification on that.

CHAI RVAN PONERS: To ny mind in | ooking at
this, | thinkit's conforting to see that not only did
t hey recogni ze maj or sei snic zones here, but they were
willing to adjust the assigned nmagnitudes to try to
get them up to date, and they were willing to
recogni ze even poorly under st ood sei sm c centers here,
and asking themto get nunbers that are justified down
to the second decinal point is sinply beyond the state
of the art is ny perception here.

DR. STEPP: It's beyond resolution, yeah.

CHAl RVAN POVWERS: In fact, | had the
benefit of consulting with a geosei snol ogi st about

this, and she was quite inpressed that you got any
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nunbers at all.

CHAI RVAN WALLI S:  Yeah, what | was m ssing
was | didn't really expect great accuracy, but when |
saw two sets of nunbers that's different on different
pages, and then | saw this nysterious adjustnent to
i ncrease the magnitude w thout explaining what that
was and what the nunbers were that canme out of that
and why they were bigger by a certain anmount and why
you chose to increase them by .2 or .1 or .5 or
somet hi ng, there seened to be no expl anation for these
t hi ngs.

So | saw a story which to ne was
i nconplete. That's all.

DR STEPP: Well, | think it's sort of
lost in the nassive verbiage here, that the
pal eol i quefication studies were not available to the
experts except in a very superficial way in the New
Madrid area, were not available to the experts in the
'85 time frame.

And so the report does an excellent job,
| believe, of bringing that up to date, as you've
sai d.

MR. GRANT: One thin that the report does
is actually provide references to the EPRI report that

was witten. | think it was an EPRI report that was
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witten to docunent the SSHAC eval uation. So all of
that is not, of course, repeated in the site safety
analysis report, and again, it requires sone
famliarity with the SSHAC eval uati ons when you j ust
get a quick reference to it in the SSAR w t hout goi ng
back to | ook at all of the docunentation that was done
on how it was done.

CHAI RVAN POAERS:  You know, when | cruise
around in the literature in an wundirected and
undoubt edly superficial way, | see people attenpting
to take these data and fit them to explicit
di stributions, and Kagan distributions cone to mnd
here, but | don't see this discussion of such attenpts
to fit the distributions here either in your
application or in the SER

| mean, thisis nore anitemof curiosity.
Why not ?

DR. STEPP: Well, actually that's a very
good question. In the early '80s when we initiated
t he EPRI SOG st udi es and NRC was goi ng t hrough sim | ar
studies with Lawence Livernore Lab, we gave a | ot of
attention to nore quantified approaches, and it turns
out we concluded at that tine that it turns out that
t hose nmet hods are not really very anenable to the very

sparse data that we have, has extrenely high
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uncertainty in the data itself, and the process that
we devel op, which has | ater been adopted as t he SSHAC
net hodol ogy, seened to work really well. It allowed
earth scientists to weight data according to their
judgnments about its resolving power for a certain
interpretation, and this has been a nuch nore wor kabl e
approach than purely quantified Baysian techniques
which are normally --

CHAl RVAN WALLIS: Well, can | just round
this off? | mean, if it had been eight instead of
7.8, would it have made any difference?

DR STEPP: |'msorry?

CHAI RVAN WALLI S:  Suppose you had chosen
eight instead of 7.8 for your nmaxinmumcutoff? This
was already limting at ten to the mnus four high
frequency hazard. Wuld it have made any difference
to the answer that you got?

DR STEPP: It would have made a
di f f erence.

CHAl RVAN WALLIS: Wuld it have been
significant?

DR. STEPP: Sone snall difference, yes,
dependi ng on the wei ght given to an eighth, but we're
constrai ned in maki ng those assessnents by the range

of the data and by the professions, the --
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CHAl RVAN WALLI S:
t hese assunpti ons?
| nean, is your answer, your
site O--

DR STEPP: Yes.

CHAI RVAN WALLI S:

That ' s what

31

So is it sensitive to
I"'mtrying to get at.

bottom | i ne about the

-- the 6.5 event that

you use and so on, is it critical whether or not the
nunber 7.8 or 8?
DR. STEPP: Not critical.

CHAI RMVAN  WALLI S
di fference?

DR STEPP: It's
woul d nmake sone snal |

CHAI RVAN WALLI S:

DR STEPP: Yeah.
the --

CHAI RVAN WALLI S

Gs, increase the Gs by five percent,

DR. STEPP:
know.

CHAl RVAN  PONERS
i npression --

DR H NZE
put on it.

DR. STEPP

Fi ve percent perhaps.

Does it nake a

not critical, but it

di fference.

Sonme snul | difference.

It woul d increase

It would increase the

50 percent?

don't

Vell, | got the

It depends upon the wei ght you

This process is --
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CHAI RVAN WALLIS: Well, suppose we jack

t he whol e distribution up by 22.

DR STEPP: It's really hard to answer in
a percentage, but | can give you an exanple and we
will give you an exanple of the inpact and the
percentage that we -- of the updating of the New
Madrid zone. That would, | think, answer your
guestion nore directly.

CHAI RVAN PONERS: Yeah, | think that gives
a feel for -- | nean, | got the sense that when you
adj usted New Madrid you got |ike about a ten percent
change.

DR. STEPP: Yeah, nine or ten percent.

CHAI RMAN WALLIS: This goes a bit to the
guestion of when you get new i nfornmati on what happens.
| mean, this is a very uncertain field, andif there's
an event in the Wabash Val |l ey next year, it gives you
new information. |Is it going to change the answer
significantly? That's the kind of thing I'm | ooking
for.

DR STEPP: It won't be | arge.

CHAI RVAN WALLI'S:  How careful do we have
to be about getting sufficiently conservative nunbers
and things like that?

DR. STEPP: Ckay. The anount of change in
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t he hazard i s a conpl ex tradeof f between the recurrent
rate of the earthquakes and the sizes, and in New
Madrid, that source zone, the great inpact was the
i ncreased rate of | arge eart hquakes based on new dat a.
So it resulted in sonething |ike aten percent or |ess
change in the hazard.

CHAI RVAN WALLI'S:  There's a | ot of stuff.
There's probabilities; there's distribution, all this
stuff.

DR. STEPP: Yes, exactly. Integrated, you
know, for all of those paraneters. It doesn't result
in a large change in the hazard.

I f we transfer in a hypothetical this kind
of situation to the Wabash Valley, which is a little
cl oser, and increase the nmagni tudes, say, we increase
it to eight as you suggest; that doesn't change the
rate. So the change in the hazard at the site would
be proportionally very nmuch less. The rate is very
i mportant.

CHAI RMVAN WALLIS: And so it's once every
6, 000 years?

DR. STEPP: Yeah. So it doesn't change it
very much, and | would say -- | don't know. | won't
hazard a guess of a percentage, but it's really quite

i nsignificant conpared to hi gher rates.
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CHAI RVAN WALLI S:  Thank you.

DR. STEPP: | think you had one other part
to your original question which we have not answered,
but --

CHAI RMAN WALLI'S: O maybe you' ve answered

DR STEPP: -- if you'll allow us, we'll
enter it later because we're comng to that very
topic. Ckay?

On this slide I think there's one nore
item that | had not discussed, and this is the
noderate seismcity in the area of the site. In
probabi |l i stic hazard nodel i ng, we define a background
zone normally to account for earthquakes and
seismicity that are not specifically associated with
a specific defined source.

And in this case we have well defined
wi thin the uncertainty bounds that we work with,
sources in the Wabash Vall ey and the New Madrid zone
that contribute to the hazard at the site.

The ot her undefi ned area i s t he background
zone, and in the background zone we sinply define a
regi on t hat has simlar geol ogi c tectonic
characteristics and seismcity characteristics that

contains the site and allows us to account for all of
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the seismicity in the historic record.

In this case, our background zone is the
II'linois basin region of the site, and that region in
t he EPRI studi es, the nmaxi numearthquakes were defi ned
on the basis of the historic record. 1In the
subsequent time since the m d-1980s, there has been
i nformation surfaced about | ar ger pot enti al
eart hquakes in that area, and the i nfornmation | eadi ng
to that is, again, the liquefaction information, and
this resulted in our increasing the nagnitude
di stribution for that background zone simlarly tothe
i ncrease that we inplenented for the Wabash Val |l ey
zone.

DR, H NZE: Excuse ne. My | ask a
guestion? Are you going to conme back to discuss the
central Illinois seismc zone as you have defined it?
Are you going to discuss that later?

DR. STEPP: | do not plan to discuss it
| ater, no.

DR H NZE: May | ask a coupl e of
guestions then?

DR. STEPP: (kay.

DR HINZE: In talking with sone of the
experts on liquefaction and who have worked on the

Springfield liquefaction sites, | sense that there is
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nore t han one | ocation for the Springfield earthquake,
and | wanted to have a lat. and long. for that
position so that | can put it on some of ny maps to
see how it works out.

And | ' mwondering if thereis consistency.
|"ve tried to look at your map to see if there is
consi stency in where that siteis, and | realize that
it's dangerous to put a point on a nap when we're
dealing with a zone, but could you tell us: have you
used a consistent |ocation? And which [ocation are
you using? Are you using Cberneier's or are you
musing McNulty and Ooberneier? Wiich one are you
usi ng?

| think that woul d be very useful to have
in the report.

DR. STEPP: [1'll Ask Catherine Hanson to
respond.

M5. HANSON: My nane is Catherine Hanson,
and I"'mwi th GeoMatrix Consultants.

For the Springfield event, we initially
started with the literature, McNulty and Cberneier's
paper, summari zed their current work at that tinme. So
in our -- we have a conplete discussion of the
pal eol i quefaction previous investigations and in an

attachment to Appendi x A of the SSAR
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So we used that. MNulty and Qoernei er
show the distribution of paleoliquefaction features
they attribute to an event localized in the
Springfield area. They provide what they call an
energy center, which is basically a central point
whi ch they feel captures the sort of |ocation of the
energy that was rel eased during that earthquake.

W, in our assessnent, we've shown that
energy center. W do not rely on that specific
| ocation as a specific earthquake, although we have
analyzed it in subsequent analyses to |look at the
i mpact of an event of that size at that |ocation at
Cinton.

But we do rely on the general assessnent
of the magnitude and general |ocation in the central
II'linois, suggesting that there are sources of
seismcity that could generate noderate size
eart hquakes in the central Illinois source based on
t hat event, as wel | as t he addi ti onal
pal eol i quefaction sites that we identified in our
st udy.

DR HI NZE: So you put your energy source
then as the center of the ellipse, if you will, that
enconpasses the so-called Springfield liquefication

f eat ures?
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M5. HANSON: That's correct. | nean, as

far as figures go, we do acknow edge that there's
uncertainty in the actual |ocation of these events and
that, in fact, sone of these events nay be or the
I iquefaction that you' re | ooking at may be the result
of a nore distant earthquake source, and we've
captured that in our alternative seismc source
zonation nodels that account for possible |arger
events further to the south or elsewhere in the
II'linois-1ndiana region.

DR. H NZE: Thank you.

If I mght ask another question, | can't
find the figure right now, but you have a new di agram
| believe it's a new di agram showi ng the | ocation of
the central Illinois seismc zone, and this is a
rectangle in which the site is located. Can you give
nme any information? There's nothing in the report
that stated how you reach the limts in draw ng that
di agram

| believe you referred to it as a
sinplified source zone.

MR. YOUNGS: VYes. This is, again, Robert
Youngs from GeoMatri X.

The sinplified source zone diagram was

used for the purpose of calculating earthquake

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

39

recurrence rates based on the nodern catal ogue and
conparing those to the rates based on the EPRI SOG
catalogue. So it was just an area that represented
the central portion of Illinois to use for the
conpari son of earthquake recurrence rates from the
updat ed catal ogue to the original catalogue. It was
not used as an actual seismic source zone in the
hazard cal cul ati on.

DR. H NZE: It probably woul d be
worthwhile really enphasizing in the report because
one has a sense that when one | ooks at the sinplified
nodel s, you look at the New Madrid, the southern
Il'linois, the Wabash Val |l ey, and they're very specific
to those sites.

But the central Illinois whichis, indeed,
expected from the high frequency end, is very
inmportant to the site; that you cone up with that
rectangle, and it isn't clear to me why that rectangle
does not go down and join the zones to the south.
That seens to be separated away fromit, and | assune
that you used in that zone a background, just sinply
t he m d-continent background.

MR. YOUNGS: W were using that sinplified
nodel to do sensitivity analysis, to conpare the

ef fects of changes in maxi mum magni tude and so forth
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as a part of the evaluation of what information that
we nmi ght need to update and what information that cane
fromEPRI originally is still usable, but ultimtely
in the actual hazard anal ysis that was conducted for
the site, we used all of the EPRI source zones,
enconpassed the entire region.

DR. HINZE: Wy did you put it as a
rect angl e?

MR.  YOUNGS: For ease in renoving
eart hquakes for doi ng cal cul ations for the sensitivity
anal ysi s.

DR. HINZE: And the actual |ocation of the
boundaries of this rectangle?

MR. YOUNGS: The rectangle was defined to
enconpass a region around the site that was |arge
enough to capture local seismcity that woul d affect
the hazard, but to keep the boundaries so that it
woul d not i npi nge upon t he ot her sources which we were
going to do sensitivity on, which were the Wbash
Val | ey and the Madri d.

So the actual size that was the bottom
boundary of that goes down anot her 20 kil oneters or is
irregular, would not affect the conparisons on
sensitivity, but it was only used for sensitivities,

and it was just defined as a rectangl e because that
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was an easy thing to do.

DR. H NZE: Okay. Thank you.

Thanks.

DR STEPP: The next slide is sone
additional conparison of the Reg. @iide 1.165,
Appendi x B approach to reference probability as
conpared to the performance based net hods at Exel on
fol | owed.

The reference probability approach, which
is described in Appendix B to 1.165, the reference
probability is the annual probability | evel such that
50 percent of the set of nodern design currently
operating plants have an annual nedi an probability of
exceedance (phonetic) that is below one tines ten to
the minus five as deternmined at the average of five
and ten hertz spectoral accelerationwth five percent
danpi ng.

That's the guideline that is contained in
the Reg. @uide 1.165 for reference probability.
Instead of wusing that, Exelon elected to use the
per f ormance based approach that is described in ASCE
4305, and this approach, SSE' s, that is, structure,
systens and conponents, will have a target mean annual
frequency of tento the mnus five for seismc induced

onset of significant inelastic deformation. So it's
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a conmponent by conponent performance based approach.
CHAI RMAN PONERS: The issue of the meaning
of "significant” in elastic deformation cones.
DR. STEPP. W're going to discuss that in

the new viewgraph. W can go to that nowif you'd

like.
CHAI RMVAN PONERS: |'m a patient person
DR. STEPP: (kay.
CHAI RVAN WALLIS: It depends on what it
iS.

DR. BONACA: | have a question just for
clarification. The seismc induced onset of
significant inelastic deformation at |east in the SER
isreferred to as intended to achieve the criteria of
one in ten to the mnus five, core damage frequency
fromseismc initiators.

DR. STEPP: Yes.

DR. BONACA: And so the question | have is
why woul d t hat be significantly | ess than for existing
pl ants when it i s being characterized as bei ng derived
froma median out to nine existing plants.

DR. STEPP: Yes.

DR. BONACA: Wy that statement at the
bottom t here.

DR. STEPP: This |eads into the next
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vi ewgr aphs and perhaps the bottom --

DR. BONACA: Yes, | don't mind if you want
toput it off as long as it gets addressed because |'m
confused about that statenent there and ten to the
m nus five.

And, actually, | had another question
about ten to the mnus five. | typically am
unconfortable on a seismc issue on a criterion that
only focuses on core danage frequency because |'m
concerned about containnent, | mean, especially on a
large dry you have an assunption of certain
per formance fromcontai nnent, and so you would like to
to see a criterion there.

Now, nmy concern is reduced by this
statenment inthe first bullet: "seismc induced onset
of significant" -- okay, but still, I would like to
under stand better howthat transl ates i nto contai nnment
per f or mance.

MR. KENNEDY: This is Bob Kennedy.

If I can keep that fromfalling down --

CHAI RMAN WALLIS: It's called significant
i nel astic deformation.

(Laughter.)

MR. KENNEDY: Basically, and there are

sorme followon slides that go into this, but | think
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since the question cane up here, let's go through it
right now. ASCE 4305 was originally witten to

repl ace DCE standard 1020, and it was to cover a w de
variety of facilities that had different risks and,
therefore, different | evel s of potential safety goals.

So the standard basically assigns five
different what 1'Il <call quantitative perfornmance
goals in terms of annual frequency of unacceptabl e
performance, and then it defines four different |evels
of unaccept abl e perfornmance. So you have 20 different
categories actually.

The unacceptabl e performance, the nost
severe one, is that the structures, systens, and
conponents rnust remain essentially elastic. That's
actually the one we're using because we have to talk
internms of what is unacceptabl e perfornmance. W use
t he wor ds "onset of significant i nel astic
deformation.” What that sinply neans, we've gone
beyond essentially the elastic limt.

Now, why the word "essentially" rather
than just "elastic" is that even when you' re at code
al | owabl e stresses, there can be sone |ocal
inelasticities and strike concentration points, but
the overall structural system and conmponent behavi or

remains elastic, and so going beyond remaining
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elastic, we use the word "onset of significant
i nelastic deformation.”

CHAI RVAN WALLIS:  Well, this assunes that
t he conponents are all elastic. | mean, they' re not
brittle. Some materials don't have any elastic
deformation, to speak of. The buildings at Stanford
University didn't have much el astic defornmati on when
t here was an earthquake.

MR. KENNEDY: It basically is that you
stay within code all owabl es and behave as essentially
a linear elastic system and not behaving that way is
unaccept abl e performance.

Now, for brittle failures, behaving as an
essential elastic systemin code allowables nay put
you right on the verge of failure. For a ductile
system that could be a lot of margin beyond that
poi nt .

The ASCE code has, as | said, four limt
states. The nost severe is to remain essentially
elastic. The next level and the level that is
primarily used on DCE facilities is to continue to
serve as a confinement barrier. That allows sone
inelastic failure as long as the failure node is
ductile. If the failure node is brittle, you don't

get any benefit going to that state. The nost is what
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is called large inelastic deformation, and it's a
col | apse prevention state.

So you can have several different. The
ones that are being used here is the nbst severe of
t he ASCE categories remaining essentially elastic.

DR. SHACK: But again, to address Mario's
guestion, although you talk about CDF, the sane
criteria would apply to the contai nnment.

MR. KENNEDY: Yes. The NRC, for instance,
on advanced |ightwater reactors -- and we'll get into
this in a later viewgraph, too, but rather than
holding off -- the NRC requires that all advanced
lightwater reactor submttals denonstrate what's
called a HCLPF seismic nmargin, which basically
corresponds to on a nean or conposite fragility curve
the one percent probability of unaccept abl e
performance. They require this HCLPF seisnic margin
agai nst seismc core danmage to be at least 1.67 in
SECY 093.

So when you' re worried about seismc core
damage for an advanced |ightwater reactor as opposed
to for an existing plants, they are required to
denonstrate a HCLPF seismc margin of 1.67. The ASCE
4305 code ains at a HCLPF seism c nmargin of 1.0.

So this onset of significant inelastic
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deformation is defined in terms of a HCLPF seismc
margin of 1.0. You would al so have to denonstrate for
an advanced |ightwater reactor that you have a margin
of 1.67 agai nst seismc core damage.

CHAI RMAN WALLIS: What is significant
inelastic deformation of sonething like a vacuum
breaker which is designed to open under a snall
pressure? If it rattles, it mght damage. How do you
define sonmething like that in the passive systemwhich
has vacuum breakers that have to work between, say,
the dry well and the wet well and then nodern BWR?

MR.  KENNEDY: Basically the vacuum
breakers that |I'm famliar wth are typically
qualified by testing, testing on a shape table test,
and there's no real distinction between. | nean --

CHAI RMVAN WALLIS: So there's a separate
criterion.

MR. KENNEDY: -- it's not really a
structural failure node that you're worried about.
You want to at |east set properly.

CHAI RVAN WALLI'S: Right, right.

MR. KENNEDY: And the word "significant
inelastic deformation® or the word "essentially
el astic behavior” wouldn't really apply to those

itens. they would be, in nmy judgnents, automatically
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applied into this nost severe damage state category,
Category D. You would have to test and you woul d have
to denonstrate that you --

CHAl RVAN WALLI S: Except to a perfornmance

on --
MR. KENNEDY: -- performed under the test.
CHAI RVAN WALLIS: Ckay. Thank you.
DR BONACA: But this | understand and |
agree with what vyou're saying, and | can see

consi stency between the first bullet you have and t he
third bullet.

And then that raises the question of why
have you introduced this nunber one to the m nus five
core danmge frequency that is typical of existing
plants. | nean, is it like a fragility study they
shoul d do beyond the design value to show the margin
t hat you have?

It seens to ne that continuing to set ten
to the mnus five seens to be |ow and seens to be
characteristic of the co-generational plants.

MR. KENNEDY: Basically here, again, ASCE
43-5 was originally witten primarily for use on DOE
facilities. It was adopted here because the standard
was close to coming out, adopted here for nuclear

power plant design. The idea was that if you hold
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essentially elastic behavior to mean one tines ten to
the mnus five where seisnmc core danmage frequencies
for existing plants average about nean one tines ten
to the mnus five, that we knew there was nmargin
beyond this essentially elastic behavior and that we
woul d be achieving seismc core danmage frequency
substantially less than one tines ten to the mnus
five.

Studi es have been done on 28 of the 29
sites that were included in conmng up with Reg. CGuide
1.165, of finding out what seismc core danage
frequencies -- if you were designing to a design
response factor devel oped by ASCE 43-5 by the nost
severe criteria therein, the one we're using, seisnc
design 5(d); if you design to those and you had a
HCLPF seismic margin agai nst seismc core damage of
1. 67 because you're required to have at |east that,
what sei sm c core damage frequency would this |l ead to?

For the 28 sites studied using their
hazard curves, the seismc core damage frequency
nunbers came out between about one tines ten to the
m nus six and five tines ten to the mnus six. There
was a range.

"1l show you where dinton comes out

within that range. I1t's on one of the subsequent
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slides, but the idea was that if you held this one
times ten to the mnus five for essentially elastic
behavior, that you would be well below that for
sei sm c core damage frequency and you woul d be able to
adopt a professional consensus committee standard.

DR. BONACA: | think this is an inportant
di scussion that I'mnot sure is docunented as well in
the SER That's why -- anyway, because everything
provi des an insight on this margin. In part, | nean,
my question was comng. | was trying to figure out
how this is going to be done within the PRA, what, in
fact, for the plant they're going to do and what ki nd
of target they were going to achieve.

DR.  STEPP: So perhaps | could just
conplete the logic on this viewgraph.

DR. SHACK: Let ne ask. You're very
careful on this 1.67 for conponents to prevent core
damage, but do you maintain that also for the
cont ai nnent ?

MR. KENNEDY: Yes. The SECY 093 nmi ntains
that sane margin. |'mnot a systens engi neer, but
it's what do you call it, LE?

PARTI Cl PANTS: LERF

VR. BAGCHI : LERF, early rel ease

frequency.
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My name is Goutam Bagchi, and | really
i ke to address the question that Dr. Shack had asked.
Contai nnents are designed for conbined internal
pressure and SSE load to neet the code allowable
m ni muns. Therefore, if it is only seismc, the
cont ai nment has a very substanti al margi n agai nst j ust
the seismc. Al containnments do, and | have seen
nost of the new lightwater reactors that have very
substantial margin.

DR. SHACK: Do we require a margin or it
j ust comes out that way because the desi gn agai nst the
pressure, you get the nargin?

MR. BAGCHI : You get the margin primarily
because you design against the pressure and the
concrete provides a little bit of shielding. The
structure is there. So the inherent --

DR. SHACK: Wuld the 1.67 apply to that
conponent ?

MR. BAGCHI: Absolutely it would apply.
Aside fromthat, SECY 93-087 requires the continuing
performance to be shown that for severe accident
loading it has integrity at ASME Service Level C for
pressure that builds up 24 hours after the severe
accident initiation. It is in the SECY tape.

Containnent is protected against a nuch tougher
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criterion.
MR. KENNEDY: This is Bob Kennedy.
Havi ng done a |arge nunber of fragility
estimtes on a |arge nunber of plants, | can second

what CGouptam just said. First of all, the SECY
docurnent does require the 1. 67 margin for seismc core
damage and for LERF. In actual fact though for LERF
it would be higher.

Cont ai nnents have al ways had substantially
hi gher HCLPF seismic margin capacities than those
itens that were critical to core danage. So there
will be a substantial additional. | don't know what
that is. The mininmumrequirenent is that they have at
| east 1.67, but the fact that they're designed for
pressure and seismc |eads to higher.

DR. STEPP: kay. To conplete the | ast
two points on this viewgraph, the criterion, onset of
significant inelastic deformation, we wll show in
subsequent di scussi on, and Bob has al ready expl ai ned,
| think, to a |large degree has a significant margin
agai nst SSE failures that mght |lead to core danage,
and we will denonstrate using the subset of existing
sites with nodern designs that it | eads to seisnmically
i nduced core damage frequency that is significantly

| ess than that popul ation of existing plants.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

53
Wth that, | think Bob Kennedy wi Il take

up the next several viewgraphs and go into a |ot nore
detail about sone of the questions that you have
rai sed here.

MR. KENNEDY: The idea of a performance
based devel opment of a performance based seismc
design criteria really started heavy enphasis in
around 1985, and it basically cane about. W were
starting to see that there was a |lot of seismc
probabi |l i stic hazard curves bei ng devel oped. It gave
us ideas of what was the ground notion in terms of
spectoral acceleration, in terns of heat ground
accel eration. What was the ground notion | evels that
corresponded to certain annual frequencies of
exceedance?

G ven these seismc hazard curves that
define ground notion levels as a function of annual
frequency of exceedance, the obvious question is,
wel |, what annual frequency of exceedance shoul d we be
aimng at? W have a whole series. Wich one of
t hese ground notion | evels should we use in design?

In addressing that, it becane clear that
what we really ought to aim at is sone kind of
per f ormance goal, a target performance goal, and if we

knew what target performance goal we wanted to ai mat,
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we coul d back figure what ground notion |evel, what
annual frequency of exceedance ground notion | evel we
shoul d design for, given our target performance goa
and the | evel of conservatismin our design criterion.

The first docunment that really docunented
t hi s approach, there were earlier drafts that canme out
earlier than what is shown here, but the first one
t hat real |y docunent ed was Law ence Li ver nore Nati onal
Lab, UCRL 15-910, which was adopted by the DCE in 1990
and required for their plants. It basically had four
performance levels in it as a function of how much
risk individual facilities had. They would be
assigned to one of four performance |evels.

That was replaced in 1994 by DCE St andard
1020. Basically it's the sanme thing, but now it has
been upgraded to a DOE standard. that standard was
nore recently updated in 2002.

During this same period of tine, the NRC
was al so | ooki ng at updating regul at ory gui dance, and
there is a NUREG CR Report 6728 that reconmends in
their going to a risk consistent ground noti on design
spectra as opposed to a hazard consi stent.

The problemis a uniform hazard response
spectrum does not lead to wuniformrisk because

different sites have different slopes to their hazard
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curve, and if a steep slope on the hazard curve, you
woul d want to design for an earthquake with a higher
uni form hazard annual frequency of exceedance than if
it was a very shal |l ow sl ope.

So that was addressed in 6728. It had
been previously addressed in UCRL 15910 and DOE
St andard 1020.

After 2002, DCE fromthe Defense Nucl ear
Facilities, DNFSB, Safety Board wanted a prof essi onal
consensus, a professional comm ttee consensus code as
opposed to DCE having their own standard. That led to
t he devel opnent of ASCE 4305, primarily to address DOE
facilities, but it expanded upon DOE 1020 where DOE
1020 had four categories, it was felt that to be a
broader use, the nunber of categories needed to be
expanded. They' ve been expanded to five different
guantitative performance goal s that ranged f romannual
frequenci es of exceedance of unaccept abl e perfornmance
of one tines ten to the mnus three to one tines ten
to the mnus five.

W have chosen here the hi ghest of those,
the one tinmes ten to the mnus five, and then they
have four different limt states. So any structure or
system conponent, you would assign it to a

guantitative performance goal and a qualitative [imt
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state. | think | briefly talked limt state.

The nost severe of these limt states
remai ning essentially elastic. Now, for use on a
nucl ear power plant and for use in the Exelon ESP
submittal, we have followed the criteria associated
wi th the nost severe of those ASCE cat egories, seismc
desi gn cat egory 5D.

I n any ki nd of performance based approach,
first you need to establish what is going to be your
risk goal. That is established by two things, and one
is the quantitative annual frequency of unacceptable
performance and the other is what constitutes
accept abl e performance, constituted here by foll ow ng
ASCE 43-05 is acceptable performance is to renain
essentially elastic. Therefore, unacceptable is the
onset of illastic (phonetic) deformation, and the
guantitative goal is set by ASCE 43-5 at nean, one
times ten to the mnus five.

ASCE also then goes on to establish
seismc design criteria. The seismc design criteria
is a function of the limt state that you are
permtted to go to. W have used the nobst severe of
these limt states that are in ASCE 43-5, the limt
state remaining essentially elastic.

The ASCE criteria associ at ed W th
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remai ni ng essentially elastic is very simlar to the
seismic design criteria of the NRC and NUREG 0800
Qobviously for a nuclear power plant the design
criteria would adopt the seisnmic design criteria of
NUREG 0800, but this nost severe ASCE criteriais very
simlar.

Now, once you've established your
guantitative performnce goal, you al so need to deci de
on a reference seismc hazard curve to define a
uni form hazard response spectra all at that sane
annual frequency of exceedance.

That hazard curve of values are then
adjusted by a factor called a design factor, DF, to
hit your risk goals or our performance goal. The
uni form hazard response spectra won't directly hit
this performance goal. It has to have an adj ust nent
factor.

That adjustnent factor is based on a
coupl e of assunptions. The first assunption is that
your design criteriawll neet certain upper limts on
the probabilities of unacceptable performance if the
design earthquake were to occur. For both ASCE
standard and for NUREG 0800, basically for the onset
of significant inelastic deformation or com ng out of

this essentially elastic behavior there's |l ess than a
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one percent probability of that occurring at the
design earthquake level. There's less than a ten
percent change of that occurring at one and a half
ti mes the design earthquake |evel.

Wth these two criteria here, you can t hen
go and create appropriate seismc fragility curves
t hat can then be convolved with the hazard curves.

Next slide, please.

Now, the specific criteria that's been
selected at its highest category, seisnmc design
Category 5D, is the target performance goal is to be
| ess than or equal nean ten to the m nus five, and why
nean ten to the mnus five? That was selected in both
DCE 1020 and then subsequently in ASCE 43-05 because
the average bias of seismc core damage frequency
reported in for plants that have done sei sm ¢ PRAs has
been reported to be about nmean one tines ten to the
mnus five. 1In fact, they range from down around one
times ten to the mnus seven to around one tines ten
to the mnus four.

But the nmedi an of that range of neans --
each one of these is a nean annual frequency of
exceedance seismc core danage -- the nedian of al
t hose nmeans is around one time ten to the mnus five.

CHAI RVAN PONERS:  Thi s al ways bot hers one.
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If 1 had been you, | would have fought |ike crazy
never to cite that.

MR. KENNEDY: Ckay.

CHAI RVAN PONERS: Because suppose | do ten
nore seism c PRAs.

MR. KENNEDY: The val ue woul d maybe change
and maybe not, dependi ng on what --

CHAI RVAN POVEERS: Maybe change and nmaybe

not .

MR. KENNEDY: Yes.

CHAl RVAN PONERS: Suppose |'mvery crafty
and | do ten nore on South Texas. | can knock your

nunber down to ten to the mnus six if | do enough of
t hese things.

MR. KENNEDY: You'd probably have to do
nore than ten.

CHAI RVAN POVNERS: May be nore than ten

MR. KENNEDY: Because |'ve got 25 al ready.

CHAI RVAN POAERS: | may have to work a
little bit.

| mean, it seens to ne the entire thrust
here is to get stability, and this just invites
instability, and the fact is it seens to nme the much
nore plausible reason was ten to the mnus fifth, a

pretty small nunmber. It's small relative to ten to
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the mnus four. Wiy not? | nean, since a totally
arbitrary nunber is going to get selected no matter
what here.

MR. KENNEDY: | agree with your statenent.
This is both how DOE 1020 got this nunber and how t he
ASCE Committee continued with this nunber, but
agr ee. It is an arbitrary nunber. |It's sonething
that | like to say is a policy maker deci sion.

CHAI RVAN POVWERS: That's exactly right,
and you guys picked ten to the mnus fifth in your
rol e of policy making, and you ask, well, is this good
enough, and it |ooks good to nme. | nean, when you
think about it, the reciprocal is 100,000 years.
That's a bunch.

MR. KENNEDY: Particularly when |I'm going
to show that the seisnic core damage nunbers are | ess
t han that.

CHAI RVAN POVERS: Yeah. | nean, that part
is plausible, and that's part of your philosophy.
Vell, it doesn't matter, but | nean, stability has to
be one of our objectives here.

MR, KENNEDY: Well, | think once the
criteria is developed, the criteria is the nunber --

CHAI RVAN POVERS:  Yes.

MR. KENNEDY: -- not --
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CHAIl RVAN POVERS: Not how we got to it.

MR. KENNEDY: Not how we got to it because
the actual fact is if these 25 were done today, they
woul d produce hi gher nunbers because the EPRI 03
hazard curve is significantly higher than the hazard
curve that was used when those nunbers were conput ed.
| f they were all redone today using the sane fragility
curves, the core damage risks would be higher than
what was recorded.

CHAI RVAN PONERS: But | guarantee you that
if we insisted that they do them they would cone in
| ower .

MR. KENNEDY: They woul d sharpen their
pencil and eventually get them | ower.

DR. KRESS: |'mnot sure how you transl| ate
this into core damage frequency. 1Is the inplied
assunption that only SSCs | ead t he core danage i f they
fail?

MR. KENNEDY: |If you're talking about
sei sm c induced core danage frequencies --

DR KRESS: Yeah.

MR KENNEDY: -- it's seismc failure of
various structure systens and conponents coupled with
random failures or operator errors that lead to

seismc induced core danmage. Random failures or
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operator errors that do not occur concurrent with
seismic don't lead to seismc core damage fail ures.
They |l ead to other core damage things. Wen you talk
seismic core damage failures, they have to -- the
initiator is seismoc.

DR. KRESS: How do you define what's an
SSC in this context? You don't have a plant yet,
right?

MR. KENNEDY: For a new plant? Howit's
defined in this context for a new plant is the NRC
SECY docunment does require for advanced |ightwater
reactors that they nust denonstrate that they have a
HCLPF sei sm ¢ nargi n agai nst core danage of 1.67. In
ot her words, they will have to denonstrate for core
damage purposes that the one percent probability of
failure point is at least five-thirds of the design
basi s earthquake letter. That's howit's done here,
is every one of these advanced |ight water reactor
plants will have to denonstrate they have that seismc
mar gi n agai nst Florida | mnage and agai nst LERF

Now, if we didn't have that, then we'd
have no basis of saying, you know, what will be the
sei sm c core damage frequency HCLPF | evel of a future
plant that isn't fully designed.

DR. KRESS: Cenerally the piping design is
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left tothe COL. So does this have to be denonstrated
at the COL?

MR. KENNEDY: Ch, yes.

MR. MAYNARD: Basically what you're
defining is the seisnm c response spectrum that then
the future plant has to be designed to neet and to
neet the nmargi ns and various things they have to do.

MR. KENNEDY: Yes. The purpose here is to
define the design response spectra, the SSC design
response spectra. Once that's defined, the plant has
to be designed in accordance with NUREG 0800 and in
accordance with SECY 093 that it has this margin's
requirenent in it.

In the ASCE 43-5 approach, the uniform
hazard response spectra is defined at nmean ten to the
m nus four. The nethodol ogy works very well when you
define the uni formhazard response spectra at a factor
of ten higher than the performance goal probability
that you're trying to achieve and you design to
conservative designcriteria. So the performance goal
is mean ten to the mnus five. The uniform hazard
response spectra is defined at nean ten to the m nus
four, and that wuniform hazard response spectrumis
mul tiplied by a design factor. That design factor is

a function of several things. The factor that the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

64

uniform hazard response spectra exceeds the
performance goal in this case is a factor of ten.
It's a function of the seismc margin conservatism
factor. In this case that margi n conservatism factor
is 1.0, and it's a function of the sl ope of the hazard
curve.

St eeper sl ope hazard curves, its design
factor is lower. More shallow slope hazard curves,
it's flatter. Typically it ranges fromone to two.
It cannot be | ess than one, and for the excellent ESP
site because it's a soil site and the ground notionis
fairly high, we're in a portion where as you go from
ten to the mnus four ground notion to ten to the
m nus five ground notion, the increase in ground
noti on associated with that is about a factor of two,
and that's a fairly steep hazard curve.

For this case the design factor ranges
from about 1.04 to 1.3. W did performa
probabilistic convolution of hazard and fragility
curves. For the fragility curve we did use this
m ni mum HCLPF seismic margin factor of 1.67, and
denonstrate that for the ESP site the seismic core
damage frequency is |ess than or about equal to two
times ten to the mnus six per year, which is

significantly less than the nedian of the existing
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pl ant s.

Alot of details onthis were submttedin
a detailed prinmer type docunment which is under this
storage nunber. | don't know whether that was
recei ved by ACRS fromthe NRC or not.

Let's go on then.

DR. KRESS: Do you choose an ESBWR for

this site? Then seism c CDF becones the donm nant CDF?

MR. KENNEDY: |If all of the others are
very, very low, seismic could easily be the dom nant
CDF, yes. The problemw th seismc is these hazard
curves just keep going on out. |It's a real struggle
to go fromfive to -- | nmean, going fromfive tines
ten to the mnus five, for instance, to one times ten
to the mnus -- I'"'msorry -- five tines ten to the
mnus six to one tines ten to the mnus six for
seism c core danage frequency increases the ground
notion a factor of 1.6 to two and gets to very high
ground notions relative to what we have previously
desi gned plants for.

But seismic, yes. | nean, it's very
difficult to keep pushing the sei sm c nunber down, and
it could easily be the dom nant.

Shall we go to the next? Ah, there it is.

Basically what we did, and this has been
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done for all 28 sites, but | just sinply put up the
excellent ESP site. |If you design to the ACSE mnet hod
defi ned desi gn response spectra and you're i nterested
in seismic core danage frequency and you have this
HCLPF sei smi ¢ margi n agai nst sei sm c core damage, then
this defines the one percent probability of failure
point on the fragility curve. The other thing that
defines these fragility curves is the logarithmc
standard devi ati on.

For seismc core damage frequency, nost
appropriately these |l ogarithm c standard devi ations in
the .3 to .4 range are nore appropriate than the
hi gher nunbers.

We have hazard curves at one hertz, two
and a half hertz, five hertz, ten hertz, and we did it
for each of these hazard curves and obvi ously you get
a different answer because these hazard curves all
have different slopes. They've all had their design
val ue. Design spectra accel eration has been sel ected
by this nmethod, which gives a fairly constant
frequency  of onset of signi ficant i nel astic
def ormati on, but because their slopes are different,
it does not give a constant core danmage frequency.

In reality, nost of the equiprment from

past seismic PRAs, actually seismc core damage
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frequency typically depends on the hazard curves in
the five to ten hertz range. So probably the nost
appropriate estinate is this estimate based on the
average of the five and ten hertz. But it basically
says for the Exelon ESP site, seismic core damage
frequency is expected to be in the range of one tines
ten to the mnus six to two tines ten to the mnus
Si X.

For all 28 sites the ASCE net hod woul d
| ead to nunbers in the range of one tines ten to the
m nus six to about five tinmes ten to the mnus six.

| believe that conpletes what | was to
cover.

CHAI RVAN PONERS: Question. Maybe this is
the right time to ask it. Maybe it is not. In

| ooki ng at these ground notions, there were a | ot of

di scussi ons  about random zing things in the
presentation, and | guess | cane away wth two
guesti ons.

One, do we have a list of all those things
that were randomy sanpled in this? | nmean, is there
one list of all those things or do | have to find them
in each paragraph of the text where it was done?

Second of all, howdo you knowthey're all

i ndependent ?
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MR. KENNEDY: You're tal king about in

arriving at the ground notion at the ground surface?

CHAl RVAN POVERS:  Yes.

MR. KENNEDY: Bob, would you be the right
person to answer that? | can attenpt to, but | think
Bob Youngs woul d be a better person to answer what you
random zed.

MR. YOUNGS: |I'mnot sure exactly what
you're referring to in random zation. There were two
anal yses done. One is the probabilistic seisnc
hazard anal ysis i n which we use probability nodels for
the location and size of earthquakes and for the
ground notions that they nmay produce to generate the
hazard curve.

And the second analysis was the site
response analysis in which we calculate the
anplification of the notions fromrock up to the soi
surface, and in that application, we random zed the
soil properties. Principally we random zed the
velocities in the soil |ayer.

So are you referring to --

CHAI RVAN POVERS:  Yes.

MR. YOUNGS: kay. In terns of the
random zation for the second part, the soil |ayer, we

do assune there is correlation in the velocity
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structures. So there are nodels that have been built
up looking at a | arge nunber of sites and | ooking at
a | arge nunber of velocity profiles that indicate the
general |evel of correlation between the velocity and
one layer in the velocity and the next |ayer belowit,
and we use that correlation nodel as a part of the
random zation. W generate correlated velocity
profiles for the site.

So there is correlation that we account
for in that random zati on process.

In terns of the seismicity or the PSHA
part of the analysis, we don't actually perform a
random zation. W actually calculate the frequency of
eart hquakes at all possible |ocations on a one
kil ometer -- basically consider as an approxi mati on of
a one kiloneter grid across the region.

So there is not actually a random zati on
process in that sanpling. W calculated a rate of
eart hquakes based on the past pattern of earthquake
occurrences in the region and used that to define a
future rate at each location in the region.

CHAI RVAN POVNERS: Well, | don't have ny
sheet of random zations here, but | got the i npression
there were nore random zations than that.

MR. KENNEDY: Dr. Powers, a nunber of
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years ago for a site on soil people devel oped the
ground notion hazard curves using attenuation
relationships that were developed from soil site
ground notion, develop the surface notion directly
usi ng those soils attenuation rel ationshi ps.

The nore recent approach basically
advocated in NUREG CR-6728 was, no, it is better to
define the ground notion probabilistic seismc hazard
curve in terns of a reference rock, and the reference
rock in EPRI-03 is 9,200 feet per second sheer wei ght
vel ocity rock, and so the probabilistic seisnic hazard
curve is first defined down here at this 9,200 feet
per second rock and then has to be convol ved up
t hrough the soil layers to get the notion at the
ground surface.

Thi s convol uti on process you don't want to
work with a single soil profile because you' ve got a
ot of wuncertainty on the soil information, and so
they do do this process of selecting a best estimte
soi|l profile and variability about that best estinate,
and t hen they do a nunber of random zed sanpl es to get
a mean anplification function.

And these random zed sanples, as Bob
Youngs was mentioning, they do include correlation.

You don't assune that this layer in a sanple could be
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particularly soft and this layer right below it
particularly stiff because there is correlation
bet ween their stiffnesses.

But you conme up with this best estimate
soil profile and then you random ze the properties
about the best estinmate profile, but with correlation
included in that random zation. This leads to a
broader frequency and nore realistic response spectra
at the ground surface.

That's the only place that |I'm aware of
where there is random zation used in the process.

CHAI RVAN POVERS: Ckay. Let's go on

DR HNZE: Can | ask a rel ated question?

CHAl RMVAN PONERS:  Sure, yes.

DR. HHNZE: You justify the random zation
in order to account for the uncertainty and
variability. Wat is the difference -- what's your
nmeani ng of the term"uncertainty" and "variability"?
You use both of those terns.

MR. KENNEDY: Well, when I"'mtrying to be
careful they have a very different meaning.

DR H NZE: Yes.

MR KENNEDY: There is inherent
variability fromif | had a bore hol e here and anot her

bore hole here, there will be differences in the
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properties of the soil in these two bore holes. To ne
that is alnobst what | would call randomvariability.

| also have uncertainty as to what the
real properties are because, for instance, | may know
of low strength properties from the soil, but |'m
interested in the properties at seismc strengths. So
| have to take into account effects at higher
strengths. M effective sheer nodulus is | ower than
at low strengths. My effective material danmping is
hi gher .

DR. H NZE: So neasurenents.

MR. KENNEDY: So there are both
uncertainties in nm know edge of the data, and there's
random variability of the data. They're not really
separated in this case. The random zation process
consi ders bot h.

DR. H NZE: Right.

DR. STEPP. kay. W're ready to go on
then. And this slide that is on the screen now we
showthe site specific performnce based ground noti on
spectra for the wvertical and horizontal ground
notions. | believe vertical is in the dash. The
hori zontal is in the solid line.

And we conpare that with the Reg. QGuide

1.60, general site independent response spectrum
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anchored at .3 G which is kind of a target for
seismc design basis for many of the advanced
reactors.

There is a step in the derivation of this
ground notion which goes to the question that you
asked very early on, Dr. Wallis, and if you'd like, we
could stop here and respond to that in nore detail.

Bob Youngs offered a response to that. It
i nvol ves t he deaggregati on of the notion and properly
accounting for distribution of that in that
distribution of the deaggregated notion for the
controlling magnitudes that contribute to the hazard
at the site.

MR. YOUNGS: This is Robert Youngs again.

You asked earlier where the magnitude of

6.5 came from after we were talking about |[arger

magni tudes. In the process for defining, once we have

defined the hazard curve and we now are to do
evaluation of the response of the site to the
eart hquakes that produced that hazard curve, through
the process we typically define what is called a
control ling earthquake whi ch represents on an aver age
basis all the earthquakes that have contributed to the
hazar d.

The probabilistic analysis considers
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eart hquakes frommagnitude five up to the | argest, and
there are frequencies, and they all contribute to the
hazard curve, and they contributed different amounts
depending on their frequency and on their size.

Typi cal |y, earthquakes near by, you can get
smal |  magni tude earthquakes contributing to the
hazard, and as you nove further and further away from
the site, the earthquakes have to be bi gger and | arger
and larger to contribute significant notion to the
site.

That is also conbined with the fact that
smal | earthquakes occur nore frequently than |arge
eart hquakes so that we have the conbination of |arge
events froma distance and snaller, nore frequent
events in close contributing to the hazard.

And | don't have a slide, but if you have
the SER here, the slide figure on page 2-212, the
figure here, that shows the history. So the anplitude
of those peaks represents basically the relative
contribution of earthquakes and different magnitude
intervals and different distance intervals to the
hazard nunber at ten to the minus four, and the
controlling earthquake is basically the weighted
average of that histogram magnitudes and di stances

wei ghted by their relative contribution.
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So we cone up fromthat histogramw th t he
nunber of 6.5 as a wei ghted average magni tude, and it
represents a conbi nati on of earthquakes locally inthe
Wabash Valley and in New Madrid, and it just so
happens that it come s out with an average di stance
that's close to the Wabash Val |l ey di stance, but the
magnitude is lower than the maxi num magnitude in
Wabash Vall ey because the hazard is controlled by
eart hquakes that are occurring nore frequently than
t he maxi mum eart hquake.

And then we use earthquakes of that
average rmagnitude, we use time histories of
eart hquakes of that size to run the site response
anal ysis to develop the anplification of the rock
notions to the soil surface.

DR. STEPP: Thank you.

The NRC s reviewof this found the notions
acceptable for the ESP site, dinton ESP site, and the
conditionis that the notion will be conpared with the
actual design response spectra at COL stage. Here
we've conpared them with the .3 sale standard Reg.
Gui de 160.

There were a nunber of open issues
foll ow ng the August issue of the DSER, and t hese have

all been closed subsequently and resol ved. |ssue
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2.5.1-1 had to do with the sizes of the New Mudrid

eart hquakes. W alluded to earlier in this discussion
all seismic information is undergoing continuous
evaluation at all tines, and there are new esti mates
of magni tudes that are being proffered for these | arge
eart hquakes that occurred now al nost 200 years ago.

And with this issue had to do with
incorporating the |atest estimates  of t hose
magni t udes.

Two, point, five, point, two, dash, one
had to do with a distance conversion mnet hodol ogy for
EPRI ground notion Model 03. In that nodel there are
a nunber of different proponent attenuation nodels are
used and wei ghted, and those proponent nodels have
different nmeasures or netrics for distance fromthe
eart hquake source, and this had to do with expl ai ni ng
in detail howthose were converted to a single netric.

Two, point, five, point, two, dash, two
had to do with the use of the site velocity nodel
You' ve heard sone discussion of that already. The
i ssue of properly representing the variability in the
properties in the shallow part of the soil or
under | yi ng geol ogi ¢ section at the site.

Two, point, five, point, two, dash, three

had to do with the proper representation of the site
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dynam c properties, and the question there was a
conparison of the actual site properties with the
dynam ¢ nodul us reduction in danpi ng curves that were
used at the site.

Two, point, five, point, two, dash, four
addressed the adequacy of the ground notion estimate
at the site, that is, the SSE ground notion derived
for the site as conpared to local prehistoric
eart hquakes which we di scussed earlier.

CHAI RMAN PONERS: |Is this where we get
into the discussion of what actually noves at the New
Madrid site?

| nean, New Madrid site seens to have
three, as | understand it, three major seismc faults.

DR STEPP: Yes.

CHAl RVAN POAERS: And it says an open
guestion of do they all three occur --

DR STEPP: Yes.

CHAI RMAN POVERS: -- at roughly the sane
periods of time or some of themaftershocks or sone of
t hem just don't occur.

DR STEPP: Yes.

CHAI RVAN PONERS: And just talk to ne a
little qualitatively of howyou came up with this kind

of one-third, one-third, one-third when there, in
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fact, seemto be about nine possibilities.

DR. STEPP: Yes, okay. W responded to
that in an earlier request for information, but it can
be addressed now, as 2.5.1-1is part of that response,
and again, Dr. Youngs is the person who will address
t hat .

MR. YOUNGS: The original assessnent in
our original submttal was based on an interpretation
of a figure that was presented in Tutle, et al., which
fromthat figure inpliedthat |ooking at the estinated
sizes of the two previous earthquake sequences, the
one that occurred in approximtely 1450 and the one
that occurred in approximtely 900 A D., that one of
the three events woul d have been appreciably smaller
than the other two. | can't remenber the actua
order, but I think in one sequence the northern event
seened to be nuch smaller and in one sequence the
sout hern event seened nuch small er

So we had interpreted that to inply that
i n several sequences -- in not all sequences do we get
three events of simlar size, and in subsequent
di scussions with her, she indicated that that was,
say, an overly favorably interpretation of what she
was trying to say in that figure, and that she felt

that in all cases the data suggested that all of the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

79

events had been at | east as | arge as magni t ude seven.

So our revision was to say that in every
sequence the ruptures are at | east magni t ude seven on
all three parts of the system and we just interpreted
the one-third, one-third, one-third as that they were
smal l er than the | argest that we sawin 1811. | think
on the northern one two out of three times they were
roughly the sane size, and one tinme they were snal |l er,
but they were still nagnitude seven.

CHAI RMAN POWERS: This all raises an
interesting question in ny mnd. Wen we think about
t hese plants suffering a sei smc event, we think about
them suffering one seisnmc event in tine, but here
with the New Madrid, you kind of get three. | nmean,
they're spread over a few years. | nean, how do we
respond to that?

Suppose | have a seismc event of
substantial magnitude. Let's say four or, a better
nunber, 7.4 at this new plant that you constructed,
and it wll cruise right through it, right? No
trouble. | nean, we'll shut the plant down. We'l|
probably have a |ot of inspectors cone look at it.
But in hopefully a short period of tine you' re back up
and operating.

Do you?
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DR. STEPP: Well, this is an interesting

and challenging issue in hazard nodeling, which we
have given a lot of thought to. This New Madrid
strain rel ease behaves as a clustered release, in the
nost recent sequence, in the 1811 and 12, the three
eart hquakes that occurred over approximately a three-
nmonth period, a little less than three nonths.

One woul d have to presunme that the past
sequences may have followed the sane pattern. Now,
this is aclustered, in a tectonic sense, a clustered
set of earthquakes that is for ny awareness not
normal ly seen, but it is seen here. So one has the
option, you know. The challenge here is whether one
nodel s this cluster as a single event with a magnitude
representative of the total energy rel ease or nodels
as nultiple events the three events with slightly
different locations and with energy releases that
represent each of the individual sectors of the source
that broke in that particul ar earthquake.

It has beconme the preferred nmethod to
nodel these as separate events, separate earthquakes
because t hey have sonmewhat di stinctive characteristics
of sources. There's difference in geographic
| ocations. Mechanisnms of the central zone is

different than the north and south parts of the zone.
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So they have been as a natter of professional
pr ef erence nodel ed as separate events in recent hazard
st udi es.

Per haps, Bob Youngs, you would like to
anplify on this.

CHAI RVAN PONERS: | just through there was
a question, and | can be clearly wong about this,
strictly a question on ny part, that seismc types
wer e di scovering nore and nore of these clusters.
nmean, there's a fairly fanous sequence of earthquakes
that occur along the Black Sea in Turkey that seemto
get one and then six nonths | ater get another one and
they progressively head toward -- |ike the Persian
Arny or sonmething like that.

DR. STEPP: But this is a very different
nmechani sm The Anatolian fault, which you were
referring to along the Black Seais simlar to the San
Andreas fault, and it connects Baja, California with
Cape Mendoci no.

These earthquakes along the Anatolian
fault -- let ne back up and say it seens that the
strain rel eased al ong the Anatolian fault zone occurs
inspatially sequenced eart hquakes. That is true. It
turns out that over a period of 100 years or nore, you

tend to have a kind of clustered strain rel ease al ong

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

82

that entire zone, but it's actually occurring in
different sectors of the zone, each earthquake, and
that's fairly typical of tectonic strain released
wor | dwi de.

There is a certain clustering, and you
peopl e have referred to it as the strain cycle for
particul ar | arge plate boundaries, for exanple.

Intinme of the release of strain and then
perhaps a hiatus when that cycle is conpleted before
it's conpletely started again.

CHAI RVAN POVERS: But you see what |'m
asking is or 1'm curious what does the seisnc
fragility analysis say. ay. |'ve got this plant.
It's all in good shape. Nothing ever happened to it.
Then somet hi ng happens and the plant does just fine.

Is that fragility anal ysis now appli cabl e
when three nonths later | get another earthquake?

MR. KENNEDY: This is Bob Kennedy.

Yeah, | nean, that's a significant issue
because after al nobst every very large ground notion,
we gave after shocks and quite a |l ong series of after
shocks, typically sonewhat |less ground notion,
sonetines not |ess, but what we have found both in
earth quake experience data and shake table testing

data, we have found that if the structure, system or
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conmponent renmins essentially elastic during the
shaki ng, there's been no degradation.

So another one comes along. It will
behave basically the sane.

| f the structure, systemor conponent goes
inelastic, at the next shaking it will be somewhat
nore flexible. 1t will not have the sane elastic
frequency as it had before the previous shaking, and
it will gradually beconme nore flexible, but we have
not seen a rapid degradation increase in danmage unti l
we reach a stage where under that earlier shaking,
let's say we know what its capability would be if it
had been just shaken once.

Under t hat early shakingif we've exceeded
about 80 percent of its capacity that it would have
been able to take if it had only been shaken once, the
next shaking it will not have that sanme capacity as it
had for the previous, and so that if we've gone up
over 80 percent, about like that, the next one we nay
-- and let's say we get the sane size the next one.
W reached 85 percent capacity on the first one. The
second one we reached 85 percent of the original
capacity. W nmay suffer very serious damage on the
second one.

We tried to take that into account with

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

84

our variabilities on these fragility curves. | mean
as we start to approach -- | nean, our fragility
curves cover a significant anount of uncertainty as to
what these capacities are. | don't see if we've
exceeded the HCLPF capacity we're so far bel ow what we
think our realistic capacity is. | don't think we
wi || have changed the HCLPF capacity any.

| f we start appr oachi ng anyt hi ng
approachi ng our nedi an or best estimate of the
capacity is, | think the next tinme if we knewthat had
occurred, the fragility curve for the next event would
be steeper because we would | ower that nedian.

DR HINZE: If | mght, this is even nore
conplicated than you suggest, Dr. Powers, because as
| recall at our Septenber discussion we brought up the
topic of far field triggering, that 1is, where
eart hquakes are triggered far afield, and there was
some consensus that perhaps this didn't occur in
interplate regimes, such as we have in the md-
conti nent .

And then subsequent to the neeting |
recal | ed Sue Huf f' s paper in the Sei snol ogi cal Society
of America in 2003 in which she and Sieber and
Anbruster | ooked at the possibility of far field

triggering fromthe 1811-1812 New Madrid events and
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al so the 1886 Charleston event. And they found at
di stances conparable to the Cinton site triggering.

And I'mwondering if this has been taken
into account. | nean, this is not only pretty
repetitive wevents, but also there's also the
possibility of considering the ©probability of
considering the probability of an event being
triggered near the Cinton site as a result of this.

And I'"'mwondering if this was taken into
account in the hazard eval uati on.

DR. STEPP: M answer is not specifically,
but I would answer that in the discussion of whether
to treat New Madrid as a single conposite event with
energy release conparable to the co-energy of the
three earthquakes vis-a-vis there's three different
energy rel eases closely spaced in tine. The concept
of triggering enters in. Just people have consi dered
this, for exanple, with the Anatolian fault and the
San Andreas fault. So it would be reasonable to
consi der that you have one | arge earthquake occurring
inthe Mssissippi with two earthquakes of conparabl e
size being triggered by that first one.

But triggering nore distant earthquakes,
to my awareness there's no observational evidence of

that in the world, in the stable continental region.
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DR.  H NZE: Hough's paper seens to
indicate that. You know, they could be wong, of
course, but they've | ooked at the historical record on
this fromthe Charl eston, Connecticut, fromNew Madri d
dowmn to the Birm ngham Al abama area, Montgonery
Al abama area, and so forth

DR STEPP: It's really pretty difficult
to nake that tie very confidently. | nean, it's
entirely possible that snmall earthquakes will occur in
time, closely followi ng any | arge earthquake and not
be triggered by that earthquake.

So | think there has to be nore of a
denonstrati on of proof of that than sinply aninferred
associ ati on.

DR H NZE: Col onel, | understand where
you're conming from but you know, if one reads Hough's
paper, there are sone pretty good evi dence there. For
exanpl e, t he Charl eston eart hquake pr oduci ng
eart hquakes in Southern Indiana that were from
newspaper accounts fell -- | don't recall the exact
di stance -- but 50 kil oneters di stance between t hese.

So this would indicate that it's not just
a very mnor earthquake, but it has sone felt area.
| think it's still an open topic. | think it's one

that we need to learn nore about because we don't
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real ly understand the triggering events in the western
United States.

DR STEPP: It would be an interpretation
that is not currently incorporated into the hazard
nodel i ng.

M5. HANSON: This is Catherine Hanson from
GeoMatri x.

|"d like to just make one conment on sone
of the observations that were cited in the Hough, et
al ., paper as well as the Mueller, et al., paper which
al so | ooked at evidence for |ocating one of the | arge
magni t ude events in the sequence farther to the north
than had been previously acknow edged by previous
i nvestigators.

| think there's alot of controversy about
whet her there is really evidence for pal eoliquefaction
of the magnitude that they cite in southern Illinois.
| think talking with Dr. Qberneier and various ot her
peopl e there's a question that what they interpret as
| arge sand bl ows t hat woul d have occurred during that
event are, in fact, not denonstrated to be such.

DR HINZE: | quite agree with you.
Southern Illinois, you know, there seens to be little
guestion but that they were out of I|ine.

DR. STEPP: | just would add one ot her
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thing to nmy coment, that it's not specifically
nodel ed in seismc hazard nodeling. Notw thstanding
we do account for any earthquakes that are in the
history directly in the seismc hazard nodel, and
they're accounted for as being associated with a
particul ar source where they occurred.

Now, if they were triggered by a nore
di stant source, we would not have that tenpora
relationship in the node

CHAl RVAN POVNERS: Let ne ask where we
stand on the presentation. Do you have significant
points you want to nake on these opening itens?

MR GRANT: W have two or three slides
t hat are short slides.

M5. KRAY: Fromthe cover one, yeah.

MR GRANT: We've covered nost of these
poi nts al ready.

CHAI RMAN WALLI'S: You're tal king about
performance based nmethod, and ny inpression is that
this is a good way to go about things. It makes sense
whet her | understand the details or not. The approach
seens to nake sense to ne.

DR. STEPP. The open issue, 2.5.2-5 had to
do with further clarifying the assunptions for

i npl enentation of the performance based nethodol ogy,
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and you have heard discussion of we responded with
specific clarifications that the staff requested, and
| think you heard di scussi ons of each of those in Dr.
Kennedy's earlier presentation.

MR. GRANT: There was one geotechnica
i ssue that had to do with whet her or not we were goi ng
to do additional borings, and we said certainly we're
goi ng to.

In summary, again, all of the open itens
are closed. Al of the confirmatory itens are
conpl eted, and the SSE ground notion spectra that we
proposed has been accept ed.

CHAI RVAN PONERS:  Any addi ti onal questions
you'd li ke to pose to the speaker?

MR. MAYNARD: One quick question. |
realize the existing station which is tied toits own
licensing base. |'mjust asking for insights. Going
through this for the early site permt, did you gain
any insights or did it raise any potential safety
guestions for the existing site?

MR. GRANT: The only insight that we got
was that the two nethodologies are distinctly
different and that you really cannot do a conparison
of the two.

CHAI RVAN POWNERS: Wiy don't we take a
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break until five of?

| thank the speakers. [It's a very useful
introduction to an arcane subject. WlIl, it's an
interesting subject in the sense that one would |ike
to know a | ot nore than one does, but we still have to
act upon what we do know, and sonetinmes you just have
to do the best you can.

Let's take a break for 15 mnutes and
reassenble at five of.

(Wher eupon, the foregoing matter went off

the record at 10:41 a.m and went back on

the record at 10:58 a.m)

CHAl RVAN POVWERS: Laura, it strikes ne
that you get to work with all of the precise sciences,
weat her, seismic.

M5. DUDES: Oranges. Well, | think -- are
we going to start?

CHAI RVAN PONERS: W are in session

M5. DUDES: | would be happy to provide
opening remarks at this tine.

CHAI RVAN PONERS: | f you woul d be so kind
as to provide opening remarks. Quide us through this
t hi cket of conplexity.

V5. DUDES: kay. Well, first and

forembst | want to introduce the staff nenbers
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presenting to you today. |'msure these gentlenen are
all famliar to you:

John Segal a, the senior project manager
for the Cinton early site permt, as well as the
senior project nmanager for early site permts in
general , and John shoul d be back before the Conmittee
not only tonmorrow for the full comrittee, but also in
the near future for sone early site pernmt |essons
| earned and this topic probably being one of them

Dr. diff Minson and Goutam Bagchi, who
will also provide the staff's technical discussion on
this.

| appreciate the di scussion this norning,
a very long, detailed discussion on this issue. |
think as Marilyn Kray had i ndicated, thisis the first
time the staff had seen this nmethod. It's not our
pr ef er abl e approach to revi ewa newtechni cal approach
during an application, but the staff did so. The
original schedule for this wearly sites permt
conpl eti on was changed by approxi mately seven nont hs
so that we coul d devel op an agency-w de, not just a
singular Ofice of Nuclear Reactor Regul ation, but an
agency of wi de consensus on sone of the conclusions in
the safety evaluation report presented to you.

| think the work that was done on d i nton
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inthis perfornmance based approach will informgeneric
work that the staff is devel oping now as we | ook
forward, and that is essential work. | think Marilyn
Kray alluded to the NEI Task Force on this issue, and
it's essential as we | ook forward, and |I'm sure you
know about our 11-plus COLs that we expect to arrive
on our doorstep in 2008, many of them on sites that
will be using simlar nethods, and we wll be
continuing to expand our know edge in the area of
sei smi c.

But even before 2008, we can expect and we
do expect our next early site permt to arrive in
August 2006, and | have every indication that a
simlar type of method for this site will be used, and
so the education that we have gotten through this
first early site permt is beneficial, and we wll
| ook forward to expanding on that in the future.

Sowiththat, 1'"'mgoingtoturnit over to
John Segal a.

CHAI RVAN PONERS:  John, | woul d appreci ate
it if you would recogni ze that we have had substanti al
di scussi ons here, and that the comittee 1is
particularly interested in not so nuch the histori cal
chain of events, but nore in the way you went about

reviewing this, where you found the rough spots and
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how you resol ved those rough spots

MR. SEGALA: kay. | do think that a | ot
of our earlier work m ght have been repeated by the
applicant. So I'lIl try to go through very quickly,
and then I'll turn it over to Dr. Minson.

So we're going to provide an overvi ew of
our seismc review and answer any questions you have.
"1l briefly touch the m|estones for the schedul e.
W' Il discuss how we resolve the open itens and have
any questions or comrents that you m ght have.

Hi ghlights, the application canme in on
Sept enber 25th of 2003 and we've issued our fina
safety evaluation report on February 17th of 2006.
The ACRS full comrmittee neeting is schedule for
tomorrow, and we hope to get a letter fromthe ACRS by
the end of March and then incorporate that into our
SER and i ssue that as a NUREG t he begi nni ng of May of
2006.

There are a total of seven sei snol ogy and
sei snol ogy open itenms in the supplenental draft safe
eval uation report. Two of those were related to the
performance based approach for determning safe
shut down eart hquake. Two of them were other seisnic
related itens, and three of them were geotechnical

itens.
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|"mgoing to very briefly hit on the two
seismic and two geotechnical, and Dr. Munson w | |
di scuss the two performance based questi ons.

The first item 251-1, incorporating the
nost New Madrid seismc source, the applicant did
that. W reviewed that and found that acceptabl e.

Two, five, two, dash, one, clarify the
EPRI ground notion. The applicant provided the
detailed description of their distance conversion
nmet hod, and the staff reviewed that and found that
accept abl e.

The next slide on geot echnical openitens,
252-2, site response nodel does not accurately
represent the variability of the soil. This becane
clear to us after discussions with the applicant, that
they were renoving the top 60 feet of the soil. W
made that a permanent condition in the final safety
eval uation report and cl osed the open item

Two, five, two, dash, three, site response
anal ysis should use appropriate sheer nodules in
danping curves. The applicant provided data
dermonstrating the soil has Ilow plasticity and
i ncor porated 15 percent danping cutoff, and the staff
reviewed that and found it acceptabl e.

Two, five, four, dash, one, further soi

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

95

expl oration needed for COL. That was nore of a
clarification item The applicant revised their
application to make it clear that they were going to
performfurther drilling and sanpling during the CCL
stage in accordance with Reg. GQuide 1.132, and the
staff nade this a COL action itemin the final safety
eval uation report.

Just to give you an overview of our
experience with this performance based nethodol ogy,
back in April of 2002 we were first introduced to this
nmet hod t hrough NUREG CR-6728. The staff participated
in the conmttee that devel oped ASCE 43-05.

W first |earned of an applicant doing
this performance based approach in Exelon's
application, Septenber of 2003. As a result, we
informed Exelon that it was going to take us
additional time to do the review

W formed a seismc technical advisory
group nade up of seismc and civil engi neering experts
from NRR, NMSS, and Research. They served in an
advisory role to NRR for the review of this
per f or mance based approach for Exel on, and Dr. Andrew
Mur phy, who is here in the back, is fromthe Ofice of
Research, and he's the chairman of the seismc TAG

kay. I'mgoing to turn it over to Dr.
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Munson to go through the perfornmance based review.

MR. MUNSON: Before | start on the slides,
I'd like to nmention that we also had sone outside
consul tation from Brookhaven National Lab, and al so
the USGS to form our final conclusions regard the
per f ormance based approach.

As Laura stated in the beginning, it was
a challenging review. It did take us extra tine, and
| hope that we can denonstrate the thoroughness of our
revi ew over the next half hour or so.

I'd like to start off with what we
concl uded and t hen devel op each conclusion in nore
detail, and in the process cover each of the open
itens that we had on the perfornmance based approach.

Qur first conclusion was that the
performance based approach is based on a sound
t echni cal approach

Qur second concl usi on was that the seismc
design using the performance based SSE achi eves the
safety |l evel generally higher than operating plants.

And the third concl usi on we reached, that
the SSE adequately reflects the |ocal hazard from a
Springfield type earthquake.

CHAI RVAN POWAERS: When you say it

adequately reflects Springfield, you mean you just
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don't see how they could do nmuch better.

MR MUNSON: |'Il cover that when | get to
conclusion three, but basically --

CHAI RVAN PONERS: Well, am 1 correct in ny
assunption that this is a fairly nysterious source of
seismc activity?

MR. MUNSON: Right. There's no remant
seismicity inthe Springfield area that would indicate
a source. So it's not a very certain earthquake, in
other words. W just wanted to do a sanity check to
make sure that ground notion froma Springfield
eart hquake, given that nagnitude and distance, would
be envel oped by the performance based SSE

CHAI RMVAN POVNERS: This surely cannot be
the only seismic event that occurs that is not
associated with a seismc structure of sonme sort.

MR. MUNSON: Right, and that's why they
define this central Illinois as a background source
zone, because there is no structure that can be
directly correlated to a Springfield earthquake.

CHAI RVAN POWERS: What |'m fl oundering
around a little bit on is saying, okay, well,
presunmabl y earthquakes can produce a distribution of
events, magnitude of events. \Wen you' ve got a one

poi nt source, it's hard to think of a distribution.
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So you have to think of anal ogue sources to arrive at
t hat distribution.

Does one do that sort of thing?

VR. MUNSON: They used a uniform
distribution for the central Illinois source zone so
that they didn't limt the Springfield earthquake to
that particular |ocation.

CHAI RVAN POVNERS:  Ckay.

MR. MUNSON. Ckay. Back to concl usion
one, the overriding goal of the perfornmance based
approach is to achi eve both high and consistent | evel
of seismic safety in the design of future nuclear
power plants. The perfornmance based approach is risk
based in that it includes both seismc hazard and
fragility information. So both capacity and denand
information, and the performance based approach
requires structures to be designed to a target
per f or mance goal

The performance based SSE can be
determined by two approaches. The one that Dr.
Kennedy described this norning is the design factor
approach, which is an ASCE 43-05. You can al so
directly integrate the risk equation which is the
basi s of the performance based approach, and the staff

used this approach as a check, a verification on the
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assunptions, the nodeling assunptions, that the
applicant nmade or that are nade in ASCE 43-05.

Alittle bit of description of the design
factor method. The performance based SSE is
determ ned by multiplying this design factor tinmes the
tento the m nus four uni formhazard response spectr a,
and this design factor is given by the only variable
that appears in this is the anplitude ratio between
the ten to the mnus five and ten to the mnus four
uni form hazard response factor.

Wul d you go to the next slide, please?

This is a graphical illustration of the
approach. At five and ten hertz, the dotted line is
the ten to the m nus four uniform hazard and the
dashed line is the ten to the mnus five. So the
ratio of these two points are close to two and then
t he design factor is given by this fornula right here,
and then you arrive at your safe shutdown earthquake
using this fornul a.

CHAI RMVAN  WALLIS: There's somet hi ng
enpirical about this presumbly.

MR. MUNSON: This is totally --

CHAI RVAN WALLI S:  Whereas the ot her nethod
makes sone sense. | nmean the direct integration of

risk equation is sonething that's logically
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explicable. 1'mnot so sure how rmuch you want
engi neers integrating.

CHAI RVAN WALLI'S:  You wanted to use the
handbook rather than doing it.

MR, MUNSON:  Yes.

CHAI RVAN WALLI'S: Do you think they find
integration difficult?

MR. MUNSON: You need to carry out the
integration. You need to carry it out to several
pl aces. So you need to have an accurately defined
hazard curve. There's several things you need to
consi der.

CHAI RVAN WALLI'S: Wth conputers you m ght
be able to do it alittle bit quicker than in the
past .

MR. MUNSON: | mean, we take this approach
and we're going to use this approach in the future as
a check on any perfornmance based approaches that we
receive fromindustry, but the ASCE 43-05 approach is
usi ng design factors and anplitude ratios.

MR. BAGCH : He's using a line and
approach that is adopted in a consensus standard
That's an easy thing to do and there is no way to nmake
m stakes. It has been gone through several checks for

many sites and it has turned out to be quite
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conservative

DR. SHACK: | nean, | think it's unfairly
maligns it. | nmean they did the risk integral
obviously, and they just fit it wth a sinple
function. That's all. | nean, it's a question of we
do the integration now or do it later.

MR. MUNSON: And to derive the design
factor, | nmean, they did the integration. They
assumed nodel paraneters, and t hey assune a | og nor nal
distribution. I'mgoing to go through all of this.
So why don't you go through?

The performance based approach i s based on
this integral of the hazard curve and the fragility
curve, and the purpose is to achieve this target
per formance frequency that we discussed.

Go ahead to the next.

This is an exanple of a hazard curve and
afragility curve. So these two curves are multiplied
t oget her and then i ntegrated to determ ne the SSE t hat
neets the target.

The first step is determ ning the target.
So our first open item dealt with your perfornmance
target. As we discussed this norning or Bob Kennedy
described this norning, the performance target

frequency is one tines tento the mnus five per year,
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and that inplies that the probability of onset of
i nel astic behavior shall be less than ten to the m nus
five per year.

And as Bob al so descri bed, the perfornmance
target is based on conparison between the | PEEE
sei sm ¢ PRAs and equating the two val ues, even though
t he perfornmance target corresponds to a nm ni nrumdanmage
state and seismc core damage would correspond to a
hi gher damage state. So the staff felt that that was
a conservative conparison, although as was pointed
out, it is an arbitrary choi ce.

Qur initial concern was does that nean the
target will change if the hazard i nformati on changes.
In other words, -- go ahead to the next -- these 25
| PEEE seismc PRA core damage frequencies are
dependent on seismc hazard information. As the
sei sm ¢ hazard goes up, these val ues, the frequency,
woul d go down.

So our concern is that -- our initia
concern was that this target woul d be a novi ng target,
but the applicant responded by inform ng us that this
was going to be fixed at the one tines ten to the
m nus five.

CHAI RMAN PONERS: | nean, it seens to me

we' ve di scussed this before, but earlier today, that
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it is a policy decision that says, okay, ten to the
mnus a fifth is kind of what we want as a target.

MR. MUNSON: Right, and we needed to cone
to the conclusion that that was a reasonabl e val ue.

CHAI RMVAN POVNERS: That's right. That's
right. You earned your salary when you cane up with
that decision. WlIlIl, it's not an easy decision to
cone to.

DR. BONACA: | think the only point | was
tal ki ng about, ny confusion before is that he equated
the PFT to one and ten to the mnus five per year as
t he probability of the onset of inelastic behavior and
then the acceptable CDF, one in ten to the mnus five
period, they' re not the same thing.

MR. MUNSON:. They're not. It's a nuch
nore conservative -- it's a very conservative
assunption that core danage is equated with onset of
significant inelastic --

DR. BONACA: That's right. So that's
really what |leads to that confusion, | think

MR. MUNSON: One of the basic prem ses of
t he ri sk performance based approach is that the hazard
curves are linear between ten to the m nus four and
ten to the mnus five.

Could you show a hazard curve really
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qui ck?

What we're tal king about is between these
two points the performance based approach assunes a
linear on a log-log sale, a linear nodel on a | og-1og
scal e.

So we checked that by doing a direct
integration not assunming a linear fit versus solving
the risk equation and doing a linear fit, and as you
can see, if you go back to the picture again, there's
a slight -- it's hard to see, but there's a slight
downward curvature of these curves.

So by assumng alinear fit, it's slightly
conservative. |If you go back to the table, the val ues
we get by not assuming that linear fit are slightly
| oner than you get by assuming the linear fit. So we
felt that that was an acceptable assunption, that
there was a linear fit between --

CHAI RMAN WALLIS: It's surprising the

effect is go big. It's a ten percent effect or
sonmething, or nore. |In other words, they | ook pretty
i near.

MR. MUNSON: Right. So by assum ng that
linear fit, it's conservative.
CHAI RVAN WALLIS: but it's surprisingly

effective so bad, considering howreally it is pretty
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close to linear unless this is --
CHAl RVAN POVAERS: You don't have to
deviate very nmuch in a log-log formation.
(Laughter.)

CHAI RVAN WALLI S:  Maybe it depends on how

you draw your line. It depends on how you draw your
l'ine.

MR MUNSON: Did you have a -- | had a
hand up.

CHAI RVAN WALLIS: That's okay. |'m not

worried about it.

MR. KENNEDY: This is Bob Kennedy. |
think I can answer that.

When you do the rigorous integration,
could you put back up the curve? It's not just
between ten to the mnus four and ten to the mnus
five that control the final risk nunmber. That's the
central region that controls, but on this plot if
you're aimng at ten to the mnus five, it's from
about five tines ten to the mnus four to about five
times ten to the mnus six that controls.

And so this linearization is known to
i ntroduce sone conservative bi as dependi ng on how much
curvature there is on these plots.

MR MUNSON. right. So for the direct
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integration approach we integrate over the whole
hazard curve and the whole fragility curve, and this
is what the hazard curve |looks |ike on a linear plot
i nstead of a | og-1og plot.

Go ahead.

CHAI RVAN WALLI'S: The plot is piece-w se
i near anyway.

MR. MUNSON: The next assunption that they
made is that the seismc fragility assunmes a nodel
sei sm c systens structure conponent, seismc fragility
using log normal distribution, and the | og normal
distribution is the sane as the normal distribution
with the exception of this term here.

CHAI RVAN POAERS: | have to admt that
kept com ng back in your SER, kept comng back to
that. It's totally stated, the | og norma
distribution. | think why. Wy is this distribution
appropri at e?

MR. MUNSON: The I og normal distribution
has been used to nodel fragility forever.

Do you have any insight?

MR. BAGCHI: You can give that to Bob, but
| do know t hat Professor Li nwood had done sone st udy.

It was published in Nuclear News, | think, not Nucl ear

News. | forget the nane of the magazi ne, but anyway,
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he |ooked at all of the distributions, and his
conclusion was log normal fits very well.

CHAI RVAN PONERS: Well, log normal is an
amazingly flexible distribution, and you can get a
pl ausi bl e | ooking fit with just about any set of data
to a |l og normal distribution.

MR. KENNEDY: This is Bob Kennedy.

W have in the past done a | ot of study on
distributions. Wat | can say is when you go through
and you vary danping of structures, you vary natura
frequency of structures, you take your response
spectra and you do multiple tinme history anal yses, we
can show that the demand in the structures fits
wonderfully to a log normal distribution at | east
within the central region, the central region being
fromthe one percent to the 99 percent.

" mnot so sure that the tails -- | nean,
certainly the log normal distribution having had
tailed down to zero and a tail up to infinity, those
are not reasonabl e, but the central region, the demand
fits wonderfully. W did nom nee anal yses on the
D abl o Canyon long-term seismc program W did 300
nonlinear tinme history analyses for a nonlinear
response. The data fit very well to a | og norma

distribution. Capacity data fits also well.
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CHAI RMAN POVERS: You sit it fits very

wel | except where it doesn't, and unfortunately where
it doesn't is exactly where we're going to do the
i ntegration.

MR. KENNEDY: No. That's the nice thing
about seismic. The hazard curves are so flat that the
convol ution of hazard and fragility, that probability
of failure nunber you get up there is absolutely
totally dom nated fromabout the one percent point on
the fragility curve to about the 70 percent point.
W' ve done where we have truncated the | og normal at
the one percent versus using the log normal, and it
makes very little difference in the conputed
probabilities of failure.

In internal events, it's those |ow
frequenci es that are i nportant, but when you convol ved
hazard and fragility curves, it's the part fromabout
t he one percent point to the 70 percent point that are
i nportant.

MR MINSON: So with the fragility curve
it's approaching zero down here. That's al so where
your hazard curve i s approaching.

CHAI RVAN WALLI'S: Well, the inportant part
is the curve where you actually convol ute the two, and

that's what you're going to show us.
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MR. MUNSON: Right, right.

CHAI RVAN WALLI'S:  The next slide.

MR. MUNSON: First | have to get through
t hi s.

CHAI RVAN WALLI S:  Ckay.

MR. MJUNSON: The two paraneters that
control the log nornmal probability density function
are the nean and the standard devi ation, and we can
express the mean in terns of the one percent capacity
or HCLPF val ue, and that point corresponds to the one
percent capacity level on a nmean fragility curve.

So the nean in ternms of -- this is the
nmeans in ternms of the one percent capacity.

CHAI RVAN POVWERS: |s your |og normal
distribution correctly witten up there?

MR MUNSON: | believe so.

CHAI RVAN PONERS:  Your equation has units.
| would think a probability --

CHAI RVAN WALLI'S: What's the A doing down
t here?

MR. MUNSON: The A is the ground notion.
It's defined in terns of ground notion, the fragility.

CHAl RVAN PONERS: It will have units.

CHAl RVAN WALLIS: It will have units.

CHAI RVAN POWERS: And the probability
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density function really shouldn't have, should it?
MR MINSON: |'msure this is right with
the probability.
CHAl RVAN WALLIS: Well, you nust be

di mensionless if you're going to take its | og.

CHAI RVAN POVNERS: Well, | think you nmay be
correct. It's just that we don't have the
differential that you' re going to use here. |If you're

going to integrate this over A as opposed to |log A
t hen you need the A down there.

MR. MUNSON: Right. The inportant step is
to quantify the one percent capacity in terns of the
SSE times the margin. So this is how the SSE shows up
in the |l og normal PDF

These are the different quartile val ues
for the |l og normal PDF

And this is how we usually see fragility
curves in terns of the cunulative distribution
function. This is the one percent HCLPF point.

So once we had the SSE witten in the
fragility PDF, we can determ ne the SSE t hat neets t he
target performance goal. |'ve already discussed the
target and the |inear hazard curve. The other two
par anmet er assunptions are the standard deviation is

0.4 and that the seismc nmargin is one.
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Again, to test the wvalidity of this
assunpti on we | ooked at t hese SSE val ues for different
frequenci es and back- cal cul at ed what t arget we achi eve
by using these SSE values. For betas of .4, .5 and
.6, we achieve this target or better. So they're
slightly | ower frequencies than the target, which is
better.

For a beta of .3 we're slightly higher
than the target, but it's not significant.

On the seismc nmargin, as we discussed
this norning, the SECY 93-087 requires a seismc
margin of 1.67. Earlier versions of this performance
based approach actually took credit for this margin.
In the ASCE 43-05 they don't take credit for the
margi n. They assune only a margin of one.

| f you solve for the SSE after you sol ve
the integral, the margin appears in the denom nator.
So i f you assune a higher margin, you' re going to have
a | ower SSE.

So in sumary, just conclusion one. The
staff came to the conclusion that the performance
based approach achi eves bot h hi gh and consi stent | evel
of seismc safety. They don't take credit for a
seismic margin. They equate the perfornmance target to

seismc core damage frequency, and we were able to
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determne that it's based on conservative paraneter in
nodel i ng assunpti ons.

Conclusion two was that the performance
based SSE achi eved safety | evel s general |y hi gher than
operating nucl ear power plants for the Cinton site.
The Conmi ssion policy on advanced reactors was that
advanced reactors have the sanme degree of protection
as operating nuclear power plants, and that advanced
reactors provide enhanced margi ns of safety.

Using the Cinton perfornmance based SSE
val ues and the HCLPF seismic margin of 1.67, what are
sei sm c core damage frequency val ues and how do t hese
seismc core damage frequency values conpare to
current nucl ear power plants?

So we | ooked at five and ten hertz. These
are the two perfornmance based val ues, and as a check,
we | ooked at what would we get if we had used the old
Reg. GQuide 1.165. I'mcalling it "old.” 1It's not
that ol d, but these are two points that would actually
have been on the reg. guide SSE spectrumif we had
done the reference probability approach.

CHAI RMVAN WALLIS: Can you tell nme? |I'm
getting puzzled here. Wat does SSE nean?

MR MUNSON: Safe shutdown --

MR. S| EBER  Saf e shut down.
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CHAl RMAN WALLIS: This is the ground

notion, right?

MR. MUNSON: G ound notion.

CHAI RVAN WALLI'S: And so when you have a
hi gher M5 you get a lower ground notion? | don't
under stand what you nean by that.

MR. MUNSON: Do you want to go back to
that slide, please?

CHAI RVAN WALLI'S: You nean that a given
structure can withstand a |ower ground notion? |Is
t hat what you infer?

MR MJINSON. |f you assune a higher
mar gi n, you design for a | ower SSE.

CHAI RVAN WALLI S:  But the ground notion |
don't understand. They ought to design for a higher
ground noti on.

MR. MUNSON: No, if you take credit for a
hi gher margin, then you can design for a | ower SSE.

I f you take credit for no margin, then you have to
have a hi gher SSE

CHAI RVAN WALLIS: | don't understand. SSE
is the ground notion which nature gives you, right?

MR. MUNSON: No, SSE is --

CHAI RMVAN WALLI'S: If you want a structure

whi ch has a greater nargin of safety, it has got to be
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st ronger.

DR SHACK: No, an SSE is sel ected.

MR- MINSON: This is the selected
per f ormance based SSE

DR SHACK: You choose.

CHAI RVAN WALLIS:  Well, | assunme you know
what you're doing. |'mbaffled anyway. | thought a
mar gi n of safety was you nade the thing stronger than
you had to make it for a given SSE

MR. BAGCHI : Perhaps one way to | ook at
that is that this safe shutdown earthqgquake ground
notion is going to be used in the design. This is the
early site program The site has the characteristic
nature, has defined based on the probabilistic --

CHAI RVAN WALLIS: That's what's in the
dots or is it in the |left-hand side?

MR. MUNSON: That's the SSE

CHAl RVAN WALLIS: What's what nature
defined, the dots or the other side?

CHAI RVAN POVNERS: Nature doesn't design
t he SSE.

MR. MUNSON: The hazard curve is in the
dots. So that's what cones fromthe PSHA

CHAI RVAN WALLI'S:  And SSE i s what you

design for?
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MR, MJUNSON: Yes.

CHAI RMAN WALLIS: So if you have a bigger
mar gi n, you design it to be a weaker structure?

MR. BAGCHI : If you |ater on assure that
we are going to verify something for a nargi n beyond
what the SSE calls for, then it would be stronger.

MR- MUNSON: So in other words, if we take
credit for a higher margin --

CHAI RVAN WALLI S:  What do you nean by
taking credit for a higher margin? |If nature gives
you one, and you have the safe nargin, then you get an
SSE of .6 or sonething. |t means you're now desi gni ng
for .6 instead of for one? It doesn't nmke any sense,
but maybe |'mjust stupid.

MR. KENNEDY: Could | make an attenpt?
|"mnot sure | can do any better, but let nme make an
attenpt.

I f you have a goal, let's say we have a
goal , seism c core damage frequency, fivetinmes tento
the mnus six. So that's our goal. The next thing we
need to say i s how much nmargi n above our design SSE do
we have.

If we assune we have a nargin at one
percent chance of failure, the margin for a one

percent chance of failure versus the design is only
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1.0, we would have to design for a higher SSE to
achi eve our performance goal of five tines ten to the
m nus six. Then we would have to do if we said the
one percent chance of failure point on the fragility
curve is 1.67 tines the design SSE

CHAI RMAN WALLIS:  This is because your CDF
is realistic? |Is that what it is in the seismc --

MR. KENNEDY: You're trying to aimat a
realistic seismc core damage frequency.

CHAI RVAN WALLI S:  Okay. Now | under st and.

MR.  KENNEDY: And where you set your
eart hquake could be I ower if you have a hi gher HCLPF
margin that you' re taking credit for. | think that's
all that diff is trying to get at there

DR. SHACK: Another way of |ooking at it
is it's the excitation that causes the structure to
fail, and if you take a full account of the strength
of the structure, obviously you can have a higher
expectation. |If you take a lower -- if you don't take
account of the strength of the structure, you have a
| oner excitation, and that's what they' ve done.

CHAI RMAN WALLIS: So your CDF is
realistic. That's what you mnean.

DR. SHACK: No.

CHAI RVAN WALLIS:  That's why it cones up.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

117

DR. SHACK: It's conservative when you do
it this way.

MR. MUNSON: If you are targeting onset of
significant inelastic deformation, which is a | ower
damage state, then you assune no nargin. |If you're
targeting seismc core damage, then you assunme a
mar gi n of 1.67.

CHAI RVAN WALLI S:  Ckay.

MR. MJUNSON: So go ahead to the next
sl i de.

If we look at -- Bob showed this in a
table this norning. For five and ten hertz, the
sei sm c core damage frequency turns out to be conpared
to the other 25 sites, has a recurrence interva
that's higher than the other sites. If we had used
Reg. Guide 1.165, the average of five and ten hertz
woul d be close to ten to the mnus seven. So it shows
that the Reg. Quide 1.165 that would have given a
very, very conservative result.

CHAI RMAN WALLIS: An interesting plot.
Usually it's frequency which goes the other way.

MR. MUNSON: | had decided to do it in
terms of recurrence.

For conclusion three, we wanted to make

sure that the SSE refl ected the | ocal hazard, and so
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we took a closer | ook at the Springfield earthquake.
W know that it was about 6,000 years ago nearly
Springfield, which is about 60 kil onmeters sout hwest.

Original nagnitude estimates were in this
range, 6.2 to 6.8. The applicant in response to our
open itemcited a new study which put the nagnitude
estimate a little bit |ower, down toward 6. 3.

MR SIEBER And that's all based on
i quefication?

MR. MUNSON: Liquefaction, the spread of
the liquefaction features.

CHAI RMAN WALLIS: This is 6.3 plus or
m nus one uncertainty.

MR. MUNSON:  Yes.

CHAI RMVAN WALLIS: Is it an uncertainty of
two or something or what is it?

MR. MUNSON: | have to | ook at the recent
paper that they're citing. | can't renenber off the
top of nmy head what the uncertainty is.

CHAI RVAN WALLIS: Well, it's probably
pretty big, isn't it, for this kind of earthquake?

MR. MUNSON: | would say at |east .5.

CHAl RMAN WALLIS: And if it changes
bet ween estimates by .5, that's probably an indication

of uncertainty.
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MR. MUNSON: So here's the |ocation of the

site. Springfield is right here. These are sone of
the Wabash Valley. This is the figure fromthe
ori ginal paper by Qoberneier and McNulty.

The applicant did several of their own
pal eol i quefacti on surveys on streans near the site to
| ook for evidence of nore of these earthquakes, and
what they found was that there's no evidence of
repeated noderate to | arge earthquakes conparable to
Springfield. So, in other words, they didn't see
pal eol i quefaction evidence on the streans closer to
their site that showed evidence of this type of |arge
ear t hquake.

W asked Exel on to nodel the ground notion
estimates fromSpringfield to conpare themto the ten
to the mnus four in performance based SSE. That's
t he next slide.

This is the nedi an ground noti on expected
from a Springfield earthquake given this nagnitude
range, and it is the 84th percentile conpared to the
ten to the mnus four UHS.

The performance based SSE is slightly
hi gher than this red curve.

Go back.

For the nuneral estinate, as you can see,
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it's alittle bit lower for a magnitude of 6.3. The
nmedi an and the 84 percent.

Ckay. So in sumary --

CHAI RVAN POVERS: But that presunes that
if we had a repeat of the Springfield earthquake, it
woul d be no larger than 6.3, right?

MR. MUNSON: Well, the first graph showed
from6.2 to 6.8. So they weighted those, again, like
we did for the Wabash Vall ey.

CHAI RVAN POVERS: What |'m saying is you
have one sanple in the distribution. Gay? And
you're uncertai n about that, but there's no reason to
think your wuncertainty caps the term nus of that
di stri bution.

MR MJUNSON:. Right. So | nean, this is
j ust a determnistic check basically. The
probabi |l i stic seisnm c hazard approach, thisis like an
old Part 100 check on --

CHAI RVAN PONERS: | understand what you're
doi ng, but in the back of your m nd you've clearly got
-- in fact, on all of these earthquake sources you' ve
got sone idea that there is a maxi num eart hquake t hat
one of these sources can produce, and you have
hi storical evidence of sanpl es fromthat distribution,

but there is a cap on it.
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MR. MUNSON: Right.

CHAI RVAN PONERS: And what |'m struggling,
nore out of curiosity than pertinence here, |'11I
admt, but is how do we know what that cap is. It's
clearly not the biggest earthquake that has ever been
observed at the site, though | could be close, and
especially ny wunderstanding of the New Mdrid
eart hquake i s, i ndeed, naybe the maxi mumis goi ng down
as a function of time, but --

MR. MUNSON: But the recurrence i s going
up.

CHAI RVAN POVNERS: And the recurrence is
goi ng up, and that, too, would nake a | ot of sense,
but | nean, what --

MR. MUNSON: Wbuld you go to the back-up
slides?

MR. SIEBER. Don't you have to know
somet hi ng about t he geol ogi cal feature that caused t he
eart hquake to be able to predict?

MR MUNSON: In this case we don't. You
rely on that.

CHAI RVAN PONERS: There is none.

MR SIEBER. There is none. Well, that's
a clue as to how soon it will recur and how big it

will be.
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CHAl RMAN PONERS: Well, it's not a clue to

me of any ki nd.

MR SIEBER. Well, there's one instance,
and there is no source identified.

MR. MUNSON: What they |ook at is the
occurrence of these liquefaction features. Over what
area can they correlate then? And if it's a large
area and the features thensel ves show a certain
t hi ckness, they're able to back cal cul ate a nagnitude
for that.

MR. SIEBER R ght.

MR MUNSON: So it's not the nobst certain
exercise, but | guess thisis at Springfield, and then
this is sone of the liquefaction features they found
that were associated with that earthquake.

So for going in the probabilistic seismc
hazard, they went wup to nagnitude 6.8 for the
Springfield.

CHAI RVAN WALLI'S:  So how do they know it's
Springfield? They |ook around at these streanms and
they see all of these features and they sort of draw
acircleand findits mddle or sonething? There nust
be a very qualitative sign. There could have been two
separate eart hquakes in two di fferent places that gave

rise to the sane features.
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MR. MUNSON: They have to do carbon

dati ng.

CHAI RVAN WALLI S: But then you have to
sort of figure out where it came from don't you?

MR. MUNSON: They have to do carbon dating
of material that they find.

CHAI RMAN WALLI'S: Springfield is just sort
of at the center of these synptons presunably. It's
a rash, and Springfield is sonewhere near the m ddl e.

DR. H NZE: Well, you don't find any ot her
dates from any ot her of the surrounding areas. So
t hat suggests that it's | ocal

CHAI RMAN WALLIS: So it's in this general
ar ea.

DR. H NZE: Right.

CHAI RMAN WALLI'S: I n Springfield, because
Springfield happens to be near the m ddle.

DR. HINZE: The problemas | see it is
t hat t here has been no geol ogi cal information provided
t hat we can assess whether there's a structure or not.
| nean a 6.2 to a 6.8, that's a very reasonable
structure, and yet we don't know what the drilling is
in that area.

CHAl RVAN POVWERS: Didn't they give us a

map of sone sort?
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DR H NZE: No.

PARTI Cl PANT: They did a structural map.

DR. HI NZE: but the structural nap doesn't
tell you anything if you don't know the data
di stribution, and the data distribution that you need
is the pre-Pennsylvanian drill holes or you need to
have sone seismic work done in that area to discern
whet her there is a structural feature or not.

And if you were going to do this really
right what you would do is you would do sone three
di nensional seismc work in that area and | ook not
only at the final result, the sedinentary rugs, but
you'd | ook at the basenment rugs as well.

MR. MUNSON:  And what would help is if we
had a | ot nore earthquakes. | nean, no.

(Laughter.)

CHAI RVAN PONERS: | keep telling you we've
got to have nore earthquakes.

MR. MUNSON. But as a geophysicist, we
woul d Iike to see nore earthquakes. W could define
it. W could |locate them al ong a possi bl e source and
get a better idea what's going on, but there are just
no earthquakes in that area. So | mean, the people of
Springfield don't want nore earthquakes.

PARTI Cl PANT: The thing is we want data.
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DR. HI NZE: The fact that we say that

there is no structure just neans that we have not
| ooked. We don't have the data in which to | ook for
that. But there's a difference here which we know the
correlation and not the information to determ ne that.

CHAI RVAN POVNERS:  Yeah, | think the staff
has been careful about saying there's no known
structure in their docunents.

DR HINZE: But it also has to be stated
why there is no known.

CHAI RVAN PONERS: It's not known because
we didn't | ook.

DR. H NZE: Right.

MR MUNSON: We woul d need nore
eart hquakes actually occurring there unless we did do
active exploration |like you're suggesti ng.

| think that's all the slides | have.

DR. H NZE: Let ne ask you a rel ated
guestion. One of the open itens or one of the
requests for further information by the staff was t hat
you would like to have a better definition of the
central Illinois seismc zone. Did you get that?

MR MUNSON: | don't believe we asked.
|"mtrying to remenber exactly, but | don't think we

characterized the question in that. W wanted to get
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an idea of the type of ground notion -- the nost
severe type of ground notion we would expect froma
Springfield type earthquake.

| think we were aware of what Bob was
tal king about this norning, that it's alnost there's
no -- a rectangular source doesn't nmke, you know,
sense in a geologic fashion, but they use that to
envel ope the site and enconpass all of the | ocal
seismcity.

So the hazard is determ ned on the one
kil ometer grid interval when they do the PSHA. So the
boundari es of the source zone are not critical.

DR HI NZE: You'd like to have it nake
some geol ogi cal sense though, wouldn't you? A |ot
nore confortable.

MR. MUNSON: At |east for when you put it
up on a map and you see a rectangle you'll know what
it is.

MR. SIEBER. Assumi ng the county is
rel at ed.

MR. MUNSON: Yeah, the county Iline.

So hopefully we've denonstrated that we
did a very thorough review of this performnce based
approach. W wanted to make sure that the paraneter

assunptions, the nodeling assunptions that they made
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for this approach were conservative and that we were
comng up with a safe shutdown earthquake ground
notion that we felt confortable with and t hat conpared
favorably with current nucl ear power plants.

And we found that the performance based
SSE generally gives a higher |evel of seisnmc safety
t han exi sting nucl ear power plants.

We're continuing to | ook at performance
based. W're continuing to interact with industry
| ooki ng at this approach, howto refine it further for
future applications.

CHAI RVAN PONERS: Do you anticipate staff
comng out with a reg. guide that endorses this?

MR. MUNSON:. Perhaps | could have Andy.
He's our site tech. chairman, and he's in our research
-- address that question.

MR.  MJRPHY: Wuld you repeat your
guestion, please?

CHAl RVAN PONERS:  Well, | nmean it's not
uncommon for the staff to come out with a regulatory
gui de that says one of these standards is acceptable
to the staff for this, and I'mjust wondering do you
antici pate doing this.

MR. MURPHY: Yes, we are anticipating very

definitely revising Reg. Guide 1.165, and one of the
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itens very prom nent on our table for consideration at
this stage is the ASCE 43-05 standard. Basically we
are | ooking at it, having sone contractors | ook at it
for us as well with the determ nation to nake use of
it.

It would not be at this stage a direct
endorsenent, but nore |i ke speaking at i nportant parts
of it because there is an awful |ot of material in 43-
05 that is not exactly pertinent to our problem

CHAI RMAN PONERS: (kay. That is a little
different way of portraying it, but the same net
effect.

MR. MURPHY: Yes, sir.

MR, MAYNARD: Question. You said that
this perfornmance based method will result in -- |
forget how you put it -- safer plants or plants that
have hi gher margin than the existing plant. | tried
t o under st and.

Does that nmean that the newer plants will
have -- wusing this nethodology, will they have to
build the newer plants to a higher design criteria or
does it nmean that the seismc response spectra cones
out | ess?

MR. MUNSON: Well, what will happen is the

sites that do COLs or ESPs will come up with the safe
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shut down of earthquake, and then they'|| have to pick
an advanced reactor design that envelopes the site
SSE.

MR. BAGCHI : Can | address your question
directly?

| think that the response spectra wll
come out higher. The hazard has gone up. The
performance based nmethod gives us sone kind of a
stability wth respect to how the designs are
i ncorporated, howthe SSE is determ ned, but clearly,
you know, you can conpare the existing response
spectrum agai nst the new one, and you will see that
it's much bigger.

MR. MAYNARD: That answers ny questi on.

CHAI RVAN POWNERS: | nean, that's a
phenonenol ogi cal fact that the earthquakes are now
nore frequent, and in sone cases have higher
magni t udes.

MR BAGCHI : Well, that aside, we are
targeting a performance. That's the best part of this
nmet hod.

DR. BONACA: But doesn't Figure 29 -- the
Fi gure 29 shows that the performance based approach is
still conservative with respect to the current plants,

but not as conservative as the one on Reg. Cuide
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1. 165.

MR BAGCH : That's the crux of the
problemw th targeting a reference probability. The
reference probability wll <change if only the
eart hquake hazard at a few specific plants changes,
and how rmuch do you chase around this? Then you cast
aspersi ons agai nst the existing plants, like the ones
that we are facing today.

DR BONACA: Now | understand about
stability. GCkay? | understand the issue.

DR. SHACK: That sort of inplies though
that the performance you thought you were getting
would be developed in 1.165 is simlar to the
per formance you' re getting now out of the perfornmance
based thing. |Is that true? Ws that your intent?

MR. MUNSON: The Reg. Guide 1.165 approach
i s using 1990s hazards.

DR. SHACK: No, when they picked the
frequency that they presumably |ooked at, they
presunmably picked that frequency so they woul d get
sone performnce.

MR. MUNSON: They picked it as the nmedi an
of all these 25 sites. That's what the reference
probability is based on.

MR. BAGCHI: Reg. GQuide 1.165 really
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focused only on hazard. |f you go back and read that,
you'll see that it is based on the hazard, the
assurance was, that the existing 28 sites or 25 sites
have SSEs that in the median, the average have the
same kind of reference probability.

That ' s why one of the ways woul d have been
to go back and establish a new reference probability,
but what would that do? |In another five years sone
change in geoscientists and we're going to have yet
anot her reference probability.

So that's a very unstable way to do this.
That' s why this performance based approach is a target
of the performance of the plant.

CHAI RVAN WALLIS: Well, it makes sense,
but I"mjust tryingto clarify what you' ve been sayi ng
here. What | think | heard is that if you used this
per f ormance based approach, this plant is going to be
safer against seismc than the average of existing
plants, but it's going to be | ess safe than if you had
used the 1.167 met hodol ogy.

MR. BAGCHI : That's right.

CHAI RMAN WALLIS: So you are rel axing
somet hi ng.

DR BONACA: And the issue is -- the

reason why | was pursuing that is, you know, you seem
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toinply that you're confortable with that, and | want
to hear it.

PARTI Cl PANT: Well, if we can go back and
| ook at what we had acconplished with Reg. Guide 1. 165
with a reference probability with only enphasis on
hazard, we in hindsight are now finding out that that
is avery unstable way to determ ne how to design the
pl ant for earthquakes.

DR BONACA: | understand the issue of
stability. | repeat that.

PARTI Cl PANT: Let ne try to address that.

DR. BONACA: | still say, you know, we
went fromone they gave you for a new plant. They set
them out to a certain value, 2.1, that gives you
stability, but is not as conservative, and so | want
to hear from you that you're confortable with the
conservatismthat this matter still includes.

MR MUNSON. Well, if you |look at Reg.
Gui de 1. 165, the basis of the reference probability is
it was the nedian of all of these SSE sites. So we
were picking the mddle value of all these 29 sites
and setting our reference probability |evel.

Now what we're doing, we're |ooking at
this in terms of seismc core damage frequency in

ternms of this, and we're seeing a nuch higher interns
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of recurrence, a much higher value. This is
unreasonable. That's 12 mllion years of recurrence
right there.

| nmean, how can we expect themto design
to 12 mllion years of recurrence?

CHAl RVAN PONERS: We do that for Yucca
Mount ai n.

MR MUNSON: | don't want to tal k about
t hat .

(Laughter.)

DR BONACA: | know that. Now that mnakes
nore sense to ne, what it is conveying, okay?

MR. BAGCHI: As a structural engineer,
"1l give you ny other sense, which is |I've designed
a lot of plants. Before |l cane to the United States
31 years ago, | designed plants for seismc
resi stance, and | know how the response factor
evolved, and if you |look at the response factor at
North Anna ESP site versus the whole site, you'll find
that the response factor is nmuch higher. The design
would be | nmean just in fewer seismc there, it's
goi ng to be higher.

So we are confortable with that.

CHAI RVAN POVEERS:  Any ot her questions for

t he speakers?
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DR. SHACK: Well, it's the question we

came to earlier today now. Wat inplications does
t his hi gher hazard nean for the existing plants?
MR BAGCHI: W have the Generic |ssue 199
identified for that, and Ofice of Research is --
MR. MUNSON: Engaged.
CHAI RVAN POVERS: Any ot her questions?
(No response.)

CHAl RVAN POVWERS: Well, than you very

much.
Do you have any cl osing conments, Laura?
M5. DUDES: No. Just thank you. | think
again, you know, this is just the beginning. | know

you're going to hear about the issue generically
through the reg. guide devel opnent and through the
generic issue resolution, and we wi Il be approaching
this again shortly with our next early site permt.

CHAI RVAN POVWERS: That brings up the
issue. You're presenting at the full Conmittee.

M5. DUDES: Tonorrow.

CHAI RVAN POVWERS: And what do you think
ought to be presented at the full Commttee? You
catch ne alittle bit flat footed. Your presentation
was an excel l ent presentation, but | think it m ght be

just a little terse for the full Commttee.
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s the applicant intending to present to
the full Conmttee?

MR GRANT: Yes, | believe we have a
presentati on prepar ed.

CHAl RVAN  POVERS: | think your
i ntroductory presentation and synopsis woul d be just
excellent for the full Committee. You probably don't
need to plunge into the details, but where you' ve been
and where we're going and that you've closed all of
the i ssues probably is the | evel of detail they need.

And t hen, Laura, you need to figure out --
| nmean "you" collectively, John -- need to figure out
how to comuni cate fairly succinctly to the conmittee
that you' ve | ooked at this in sone depth and for the
agency as a whole, and | think it's very inportant for
that to conme across to the full commttee.

And | will have to say that you have
definitely persuaded ne that you ve |ooked very
t horoughly. So | would hope that you woul d persuade
the rest of the Commttee.

Do ot her nenbers have suggestions on how
they present this material?

How much time do we have on the Committee
schedule? It's fairly short.

MR. SNODDERLY: About two hours.
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CHAl RMAN PONERS: Oh, well, we have a

world of tine.

(Laughter.)

CHAI RVAN PONERS: Lots of tine.

| don't expect you to get -- okay. W
have lots of tinme, and | don't expect you to get a
very close interrogation because nost of the people
who woul d interrogate you have al ready been sitting
here. So this is likely to go very quickly I would
suspect.

DR. BONACA: But there's Ceorge.

MR MJINSON:. Would you |ike a nore
gualitative description of our approach to it rather
than these probability density function and --

CHAI RVAN PONERS: | think you've hit upon
it. Wth sonme discussion of this agency-wide will get
it across to the full nenbers.

MR, MUNSON:.  Ckay.

CHAI RMAN PONERS: | nean, don't get ne
wong. | liked your presentation a |ot, and you
succeeded in your mssion, which was to persuade ne
you' ve done a good job reviewing this material, and
very much got that inpression

CHAl RVAN WALLIS:  Wwell, | wouldn't take

out all of the quantities of stuff. | think the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

137

busi ness of the two curves that you nultiply together
to get something with an X on showi ng that you don't
need to worry about the tails and so on is inportant.
| think sonme of the equations you could do w thout.

A graph like that that really is the core
of what you did | think is inportant to show.

MR, MUNSON:.  Ckay.

MR. BAGCHI: Dr. Powers, just one point of
caution. We did look at this method for this
particular site, and it detailed a thorough submttal
in the future along the lines of Exelon, would
probably receive a |lot fewer requests for additional
information, but let's keep in mnd that our generic
gui dance is yet to cone.

CHAI RMAN POVERS: Right, and you should
make that point as well.

Any other comments to guide them on
presenting to the full conmttee?

MR SEGALA: In ternms of the whole review,
do you just want nme to briefly --

CHAI RVAN POVWERS: Quick status report
because | think we in our interimletter, we gave you
a pretty blanket endorsenent of what you were doing
there save for the fact that we really don't |ike the

way you handl e weat her.
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But other than that, | nean, | think our
interimletter essentially closed out all of the
i ssues save the seismic, but a quick status report
never hurts.

MR. SEGALA: Ckay.

CHAI RVAN PONERS: (kay. At this point I'm
going to go off the record and | want to poll nenbers
on comment s and devel opi ng our draft position. People
are certainly welcone to stay and clarify our
t hi nki ng.

(Wher eupon, at 12: 04 p. m, the neeting was

adj our ned.)
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