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P-ROCEEDI-NGS
(8:35 a.m)

CHAI RVAN SHACK: The nmeeting will cone to
or der.

This is a joint nmeeting of the ACRS
Subconmmittees on Materials and Metallurgy, Thermal -
Hydraulic  Phenonena, and on Reliability and
Probabilistic Ri sk Assessnent.

| am WIIliam Shack, Chairman of this
neeting. Menbers in attendance are Mari o Bonaca, Rich
Denni ng, Peter Ford, TomKress, , Victor Ransom Steve
Rosen, Jack Sieber, and G aham Wl lis.

The purpose of this neeting is to discuss
the technical basis for potential revision of the PTS
screening criteriainthe PTSrule, 10 CFR50.61. The
Joint subcommttees will gather information, analyze
rel evant issues and facts, and fornulate proposed
positions and actions as appropriate for deliberation
by the full conmittee.

Dr. Hossein Nourbakhsh is the designated
federal official for this nmeeting.

Also M. Tani Santos, ACRS staff, is in
attendance to provide technical support.

The rules for participation in today's

neeti ng have been announced as part of the notice of
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this nmeeting previously published in the Federal
Regi ster on Novenber 2nd, 2004.

A transcript of the neeting is being kept
and will be nade available as stated in the Federa
Regi ster notice. It is requested that speakers first
identify themsel ves and speak with sufficient clarity
and vol une so they can be readily heard.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's neeting.

W'l now proceed with the neeting, and
"1l call Mke Mayfield, who is here to begin.

MR MAYFI ELD:  Just in tine.

CHAI RMAN SHACK: Just in tine, right.

MR. MAYFI ELD: Well, good norning. This
is, | think, the beginning of what we hope wll be
sort of the last series of briefings on this program
W have enjoyed good interactions with the conmttee
over the course of this.

As sone of you know, we got into this
stenming fromlargely the Yankee Rowe review and the
Comm ssion's direction to go fix our regulatory
gui dance, but the nore we | ooked at the guidance the
nore convinced we becane that wasn't going to do it

al one, that we needed to go back and take a nore
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fundanental |ook at the technical basis behind the
rul e.

W have had the benefit of good
cooperation from the industry, and I'm glad to see
they're well represented here today. This has been a
col | aborative programin virtually every sense of the
word. So it has been a nulti-year success fat, not
that there haven't been bunps along the way, but it
has been a very rewarding effort, | think, for
everybody that has been invol ved.

Qur goal for this is to finalize our
docunentation and formally transmt it from Research
to NRR The docunentation provides the technical
basis for a rule change to 10 CFR 50.61. W' re hoping
to do that on or before Decenmber 31st.

| figure Mark is going to have a | ong New
Year's Eve, but we've gotten Carl to commit to signing
this thing out, assum ng we're done.

| am told that NRR has budgeted for
rul emaki ng, assuming that that's the decision that
ultimately is made by the seni or managenent. So that
is a hurdle | amtold that the regulatory staff has
gotten around.

We have interacted with the conmttee a

nunber of tinmes, and that's been very useful to us.
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W' ve tal ked a good bit about whether at the end of
this neeting with ACRS we would i ke aletter fromyou
or not. | think that we would like a letter to sort
of bring an end to where the conmittee has been and
your thoughts and views on the work that's done and
whether it's adequate to support the objective.

One of the things that we had cormitted to
you at, | think, the last time we net was that we
woul d provide a nunber of reports, one of them being
a summary report on the bases for sonme of the therna
hydraul i cs work. That report is notably m ssing.

However, we've provided the detailed
reports over a period of time, and there's a fairly
| engthy presentation that Dave Bessette is going to
make that | think will lay out and connect the bits
and pieces of information so that hopefully you will
see how it all connects because it's not intuitively
obvious to just |ook at the detailed reports, howthe
bits and pieces fit together.

So in the absence of that summary report
at least for this neeting, we hope that David is going
to be able to | ead you through the thicket.

W are still commtted to publishing that
report, and that will be available by the sane tine we

woul d send forward the technical basis summary t o NRR
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DR WALLIS: MKke, I'mjust alittle
puzzl ed here. You want a letter fromus before we see
this report?

MR MAYFIELD: No, all of the detailed
information is available, and there will be nothing
newin that report. The only thing that report is --

DR, WALLIS: But | have trouble finding it
because it's scattered around.

MR MAYFIELD: Well, that's what | was
sayi ng, and hopefully with David's presentation that
wi |l connect the bits and pi eces and show you how t hey
fit together. That's what we're trying to do with
this presentation.

DR WALLIS: W won't see a docunent that
pulls it all together before we wite a letter.

MR MAYFI ELD: That's correct.

DR WALLIS: | think that's a pity, but
maybe - -

CHAI RMAN SHACK: Well, he's asking that.
W don't --

DR. WALLIS: Maybe David can do it.

CHAI RMAN SHACK: -- have to do it.

MR. MAYFI ELD: David has got a pretty good
chal I enge, and Jack Rosenthal is here. So if David

should fail, we'll drag Jack up front, and you can
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t hrow any nunber of things at him

DR. WALLIS: It's just that a witten
report is something solid to review, and an oral
testinmony is not quite the same thing.

MR. MAYFI ELD: W agree, and it had been
our full intent to have that report to you with the
rest of the docunentation. It didn't happen. As nuch
as we wanted it to, the fact is it didn't happen.

If that becomes an obstacle to the
committee witing a report, then | guess the only
thing we can do is conme back to you after the first of
the year. That would not be our first choice, but if
t hat beconmes an obstacle to conpleting a letter from
the conmttee, then that's a conmtnment we'd have to
make.

DR. BONACA: M main concern would be |
believe inthat last letter we wote, the only concern
left was with documentation, and there was a debate
within the comrittee on whether it was just
docurnent ati on or | ack of docunentation was evi denci ng
somet hi ng el se.

So sonme of us on the fence were | ooking
for docunentation so we could nake the judgnent, and
that's why | -- anyway, hopefully we'll hear enough to

be able to comment now.
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MR. MAYFI ELD: | hope so.

CHAI RVAN SHACK: And we' ve just received
t he peer review comments al so.

MR. MAYFI ELD: W just received the peer
review conments. There's a reason that you just got
them is we just got them W had been hoping to have
those a bit sooner, but the one thing with peer
reviewers, and to a degree it's the sane t hing you get
with the commttee, is you ask for what you would |ike
to have and then you take what you get, and we had
hoped to have the peer reviewer coments nmuch sooner
so that we could digest them and nake a better
presentation of what their findings are for this
nmeeti ng.

They just didn't all get in to support
that. So we apol ogi ze, but you got them-- we got
themwhat, finally all yesterday? And you got them --

MR. EricksonKIRK: They're still snoking.

MR MAYFI ELD: -- within hours of when we
got them

So there may be sone surprises for us
still inbedded, although Mark tells ne he's read all

of them now.
Wth that, | would turnit over to Mark to

begin the presentation.
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MR. EricksonKIRK: Okay. Thank you.

On your agenda, we're now on Iltem 3,
Proj ect Overview.

My name is Mark EricksonKirk. | work in
the Materi al s Engi neering Branch. Listed on the title
slide are the names of people who you will see up here
presenting in the next two days. Donnie Witehead,
Nat han Siu, and Mke Junge wll be presenting
regardi ng the probabilistic risk assessnent and hunman
factors aspects, and Dave Bessette and Bill Arcieri
will be presenting regarding the thernmal-hydraulic
aspects of this work.

In terns of what |'"mgoing to tal k about
inthe next 30 minutes, I"mgoing to give you a bit of
background on the project because the last tine we
briefed you was two years ago, and also for the
benefit of those in the audience who aren't famliar
with where we've been, talk a little bit about what
the current PTS regulations are and what our
notivations are for devel oping the technical basis to
potentially revise the rule, then give you an overvi ew
of the project, including an overview of our current
results and bottom |line recomendation to hopefully
excite you so nuch that you' Il stay awake for the next

day and a hal f.
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CHAI RMAN SHACK: W' ve al ready found your

first typo.

MR EricksonKI RK: \ere?

CHAI RMAN SHACK: " Qui ding principals.”

MR EricksonKIRK: Ch, fine.

DR. WALLIS: That's all the way through
your report, you mx up the spelling of those two.

MR EricksonKIRK: | have to confess
went i nto engi neering because | thought there woul dn't
be a lot of witing, and, boy, have | been
di sappoi nt ed.

And then we're going to tell you what
we're going to tell you

To be fair, thelist of co-conspirators on
the title slideis but a snmall percentage of the total
popul ati on of people both in those organi zations and
ot her organizations that have participated in this
proj ect .

We started in 1999 and since then have
enj oyed the support of a |arge nunber of people from
a large nunber of organizations, both in the NRC
contractor base and al so i n the i ndustry worki ng under
the auspices of the EPRI nmaterials reliability
project, and just suffice it to say wi thout the ful

participation of this conplete group of folks, we
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couldn't have gotten to where we are.

DR. KRESS: Does that UT-Battelle synbol
have anything to do with Dolly Parton?

MR EricksonKIRK: "Il refrain from
corment. Ckay. |It's going downhill quick

In terns of where we' ve been, from1999 to
Decenber 2002, we devel oped our nodel s and our
uncertainty process. W perfornmed initial anal yses of
Cconee, Beaver Valley, and Pal i sades, and we issued a
draft report the title of which and the ADAMS M.
nunber is shown on your slide.

W briefed this cormittee on that report
i n February 2003, and since then that report was al so
reviewed by NRR, by the industry again working under
the auspices of NEI and EPRI, and by our external
revi ew panel

W got a |l ot of comrents back both on the
details of the nodel and also on the details of the
docunent ati on whi ch said, "Pl ease do your best to make
this a bit clearer.” So we've tried to both inprove
t he nodel s where possible, correct the errors where
t hey' ve been identified and subsequently found, and
al so i nprove the docunentation

This figure which appears in Chapter 4 of

NUREG 1806 outl i nes the total documentati on structure,
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and those of you who have a copy of the report, it's
probably easier to read on paper, but we have a nunber
of different reports in the formof NUREGS, NUREG CRs,
and public docunents posted into the ADAMS system to
detail the nodels that we've used, the validation of
t hose nodels and our calcul ational procedures, and
each of t he t hree naj or t echni cal ar eas:
probabilistic fracture mechani cs, thermal hydraulics,
and probabilistic risk assessnent.

And we al so have detail ed presentation of
the results also summarized in a series of reports,
and while I'"'mon this slide, just to be clear, Dr.
Shack was telling ne before the neeting that the
committee has not yet received NUREG 1807 and NUREG
1808, the probabilistic fracture nechanics procedure
and sensitivity studies reports.

Are there any other reports that you know
of now that are m ssing?

W have those, by the way. It was an
oversi ght that they were not distributed to you al nost
a nont h ago.

Vell, just suffice it to say all of these
reports exist except the one that M ke nentioned at
the current tine. Al of them exist except for NUREG

1809, which is still being prepared.
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So if you're missing any of the other
docunents, it's a clerical error on our part for which
we apol ogi ze, and we can get themto you forthwth.

The provisions of the current PTSrule, 10
CFR 50.61, is that licensees are required to nonitor
t he condition of their vessel, the vessel steel, using
atransition fracture toughness reference tenperature
called RTndt, and an estimate of that and the effect
of irradiation and uncertainties on that netric is
obt ai ned t hrough an Appendi x H surveillance program

DR. WALLIS: what is this strange curve
that you' re showi ng here?

MR.  EricksonKIRK: That's neant to
represent the fracture toughness, the variation, and
initiation fracture toughness.

DR WALLIS: Of the reactor wall of the
weld or --

MR. EricksonKIRK: O the reactor vessel
steel .

DR. WALLIS: Reactor vessel steel.

MR. EricksonKIRK: And what the cartoon
shows is that the RIndt tenperature, which is
estimated per the procedure in 10 CFR 50. 61, indexed
the position of the initiation fracture toughness

curve, and as you'll see later in this presentation,
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i ndeed, of the arrest fracture toughness curve and of
t he upper shelf fracture toughness curve.

So placing an wupper I|imt on RTndt
essentially places a limt on how far we allow the
fracture toughness, on how |l ow we allow the fracture
t oughness to get.

DR. WALLIS: So these evolving curves, as
the reactor gets older they nove to the right?

MR. EricksonKIRK: They nove to the right,
yes. And placing a limt on RTndt essentially says
how far right the curves can go.

And so in our current regulations those
limts are established as 350 degrees Fahrenheit for
a circunferential weld or 270 degrees Fahrenheit for
any other material, and | shoul d enphasi ze that that's
the screening Iimt. That nmeans that in our current
regul ations, the belief is that once a vessel nateri al
exceeds that limt, the probability of developing a
t hrough wall crack is exceeded five tinmes ten to the
m nus six events per year, and the licensee is then
required to do sonething else to denponstrate to NRR
that the vessel is safe for operations.

That sonething else could be either
somet hi ng physical, like reducing the flux loading to

the vessel wall, which many |icensees have done, or
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anneal ing, which no |icensees have chosen to do, or
they can attenpt to analyze their way out of the
situation much as we've done here by performng a
pl ant specific PRA

Everybody on this committee, | think, has
seen this slide before. One of our notivations for
undertaking this project was that since the tinme that
the 300 and 270 degree Fahrenheit limts were
established nearly two decades ago, technica
i nprovenents in understanding, in data, and physi cal
nodel i ng and so on have inproved in all three of the
maj or technical areas, and by and large, the bulk
take-away is that by and | arge those inprovenents in
understanding, if incorporated into an integrated
cal cul ati onal nodel, would tend to drive the estimated
through wall cracking frequencies down. That's
i ndi cated by the green arrows.

Certainly we al so want to point out that
there are other inprovenments in understanding or
i mprovenents in our nethodol ogy of doing things that
would tend to drive the through wall cracking
frequencies up, and it has been our aimin this
project to incorporate the current best state of
knowl edge, best state of understanding and to

incorporate all of these effect into an inproved
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cal cul ati onal nodel

Regul at ory notivations for rul e revision,
one is that the current rule is believed to produce
unnecessary burden on the |icensees, specifically the
300 and 270 degree limts. Wen w started this
project, they were believed to be far nore
conservative than they actually needed to be to
mai ntain safety and to maintain the risk of vesse
failure below the five tines ten to the mnus six
nmetric.

Mai nt enance of the plant vessel wal | bel ow
those RIndt I|imts doesn't necessarily increase
overall plant safety because you may be focusing
resources on sonething that doesn't really nmatter and
t hereby taking away resources from sonething that
truly does matter.

And also, these limts can create an
artificial inpedinent to license renewal because in
the | i cense renewal application, the licensees have to
denonstrate each and every tinme that they stay bel ow
these limts, whereas, we believe we could do
something on a generic basis to essentially Iift the
limts on all plants and nake the |icense renewal
process both easier and nore rigorous for our

col | eagues in NRR t o undergo.
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So just diagrammatically howwe assess PTS
risk in a calculation is we start off with PRA and
PRA tells us how often PTS initiators m ght occur.
Those initiating event sequences are then passed to
thermal hydraulics, which tell us what woul d happen
inside the vessel as a result, how pressure
tenperature and heat transfer coefficient would vary
i nside the vessel with tine.

W then use probabilistic fracture
nmechani cs to estimate the response of the vessel,
whether a crack starts at all from a preexisting
defect and whether that crack will propagate all of
the way through the vessel

The probabilistic fracture nechanics is
t hen used to estinmate whether the vessel fails or not.
Qoviously if it doesn't fail, that's a good thing. |If
it does fail, it could potentially |lead to core damage
or a large early release, which of course begs the
guestion as to what is atolerable frequency for those
events.

So that in a nutshell are the various
t hings that had to be considered to get to revision of
the 270 in --

DR. WALLIS: The vessel, is there any

guestion about core damage?
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MR. Eri cksonKl RK: | don't believe so, but

"1l defer that to ny coll eagues.

MR. BESSETTE: It depends on the size of
the failure. | mean, a vessel failure, even a | arge
vessel failure is not much bigger than a cold I|eg
break, but it depends on the elevation of the failure
in terms of how nuch water you can keep in the core.

DR. VALLIS: Wll, so by vessel fails, you
don't nmean it falls apart. You nmean it actually
just --

CHAI RMAN SHACK:  Through wal | crack.

DR. WALLIS: -- develops a hole?

MR. EricksonKIRK: It devel ops a through
wal | crack which could be a | eaker.

DR WALLIS: | see.

MR EricksonKIRK: So a little bit nore
formally, and this figure does appear in the report,
this is how we structured our analysis which is
essentially the same things you saw before. W
performa PRA event sequence anal ysis, and that both
defines what could go wong and the frequency wth
whi ch we estimate those things to go wong. Therma
hydraul ics estinmates pressure tenperature and heat
transfer coefficient. That's past probabilistic

fracture mechani cs, which conbined with know edge of
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the vessel mterial, fluence and flaws gives us a
conditional probability of through wall cracking.

That's nmultiplied by the frequency with
which bad things happen to estimate the yearly
frequency that we m ght develop a through wall crack
in the vessel.

W perform those analyses for various
vessel s at various | evel s of irradiation enbrittl enent
and then at |east conceptually use that variation
shown by the dashed green Iline, along with an
acceptance «criteria for through wall cracki ng
frequency that's been established consistent wth
current Comm ssion gui dance to get a screening limt.

W then also have |looked at the
characteristics of the types of transients that
dom nate t he failure frequenci es and t he
characteristics of the plants that produce those types
of transients to give us sone insight as to the
general applicability of that screening limt to al
operating PWRs.

As the conmttee is, | think, famliar
with, one of the guiding principles of this project
has been a very systematic and, we hope, thorough
treatment of uncertainties, and there are certainly

sitting around the table folks who are nuch better
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experts on the words "al eatory” and "epistem c" than

. So |l won't go into that because |I'I| probably trip
up.

MR. SIEBER. He's not here yet.

MR. EricksonKIRK: Oh, okay. Good.

But frommy point of viewas a practicing
engi neer, | think the process that we' ve gone through

i s good because being very systematic, it has made t he
uncertainties visible, and once you make sonething
visible, then there's a certain obligation to treat
it, and | think it inproves the overal

conpr ehensi veness of the nodel.

DR WALLIS: Mark, in the docunment which
you reviewed | think it's two years ago, it was a big,
fat thing.

MR EricksonKI RK:  Yeah.

DR. WALLIS: There were lots of very
useful plots where you actually plotted data, and we
coul d see the uncertainty. The new docunment doesn't
have that. So in order to find out what it's really
based on, you have to go sonewhere else, and | found
that rather difficult.

MR EricksonKIRK: You'll find that in the
supporting docunments that sonehow erroneous you j ust

recei ved.
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DR WALLI S:

But the final docunent | ooks
SO0 great because you don't have these plots which we
had before, but the data were all over the place, and
someone was saying you can do something with that,
which is useful.

So | had sonme trouble with that. Mybe
I"d just like to see the evidence sonewhere in the
final report so that we know what kind of a beast

we' re dealing wth.

MR, EricksonKIRK: | think the plots you

were referring to were,
fracture nechani cs pl ots.
top report and put in

fracture mechani cs, whic

of course, the materials and
Those were taken out of the
to the detailed report on

h again unfortunately didn't

get delivered to you even though it was avail able. So

there has not been an attenpt to obscure that, but
just to put it into --

DR WALLIS: Ch, no, | don't think that
you're obscuring, but it would have helped in our
understanding of how you treated the uncertainty
which is a key thing you' re doing here. 1If we could
have | ooked, again, at that and seen what the nature
of this uncertainty was.

MR. EricksonKIRK: Yeah, the best way I

can say it is that we made the decision to take the
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details of the process, which neans all the detailed
nodel devel opnent and justification and the
uncertainty treatnent, and to put that in three
supporting reports, one on PFM procedures, one on --

DR. WALLIS: Wich we didn't get.

MR. EricksonKIRK: -- TH procedures, which
unfortunately you did not get.

DR. WALLIS: So how are we going to get a
good feeling that this is all technically justified?

MR, EricksonKIRK: Is Dr. Shack going to
bail me out on this one?

(Laughter.)

MR, EricksonKIRK: It would be only fair
to give you tinme to read that report, in ny opinion.

CHAI RMVAN SHACK: It's not clear that
you're going to get your letter this tine | guess is
t he answer.

MR. EricksonKIRK: That's perfectly fine.

No, you certainly should go through those
detailed reports because it's in there, and what's the
saying? The devil is in the details, and the details
are in those reports, and | would personally find it
gratifying if sonebody read them | spent a |ot of ny
life onit.

So, no, they are there, and | apol ogi ze if
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it was in any way even unintentionally obscured.

The scope of the plant specific anal yses
we perfornmed is we did detailed analyses of the
Pal i sades, Beaver Valley, and Oconee plants. In
pi cking these, we have one from each of the three
maj or PWR manuf act urers.

One pl ant, nanely, Oconee, was used in the
original PTS study, and the other two plants,
Pal i sades and Beaver Valley, are anong those that are
the closest to the current PTS screening criteria.

So when you talk about PTS in current
regul atory space, alnost invariably you have great
interest in and discussion of both Palisades and
Beaver Valley. So we thought it inportant to
i ncor porate those.

And not, incidentally, | should add that
t hese nmanagenent of these three plants felt it was in
their best business interest to participate.

So now I'm going to get on to results,
where |'msure we'll have -- well, this is a preview
of things to come, and so if you don't see supporting
details, it's because I'mtrying to get through this
in ten mnutes.

Looki ng at t he mat eri al factors

controlling vessel failure and what the cartoon
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attenpts to showis the big block with thelines onit
is a schematic roll-out of the inside of a reactor
pressure vessel. So pretend you're standing inside,
slit it, and then unwap it flat, and so that shows at
| east schematically the | ocations of circunferenti al
welds and axial welds, and then the sort of
transparent thing is the austenitic stainless steel
cl addi ng, which of course goes over top.

And then the red squiggly |ines show the
azi mut hal and axi al variations.

DR. WALLIS: MNow, is that to scale so that
it means that it nmeans that the fluence is four tines
or sonet hi ng?

MR. EricksonKIRK: Yes, that is correct.

And that, of course, depends upon the
specific core geonetry, but that's typical

DR. WALLIS: So you just rotate the core
occasional ly, huh?

MR. EricksonKIRK: Well, actually, no, no.
You shouldn't because it's good to have -- you can
t hi nk of how you're going to bring the fracture --

MR. SIEBER: She can't hear you.

MR, EricksonKIRK: |'msorry. Each of the
areas of |low fluence you should view as not being a

bad thing, but a strip of very tough material --
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DR. WALLIS: Do the cracks only go 90

degrees and then they stop?

MR. EricksonKIRK: Yeah. That in the very
unlikely event that a circunferential crack actually
made its way through the wall, it would be
encountering tough material on both sides and then
st op.

So, no, | don't think you should rotate
t he core.

MR ROSEN: It would al so be bad for the
attached coolant lines to do that.

MR. EricksonKIRK: As you can tell, |I'm
not an operational guy. He's sitting in the back.

MR. SIEBER. Yeah, you rotate the core and
not the vessel.

(Laughter.)

MR. EricksonKIRK: Ckay. So it is perhaps
sel f-evident, but the distribution of flaws and al so,
therefore, of -- well, not there, but the distribution
of flaws varies widely through the vessel. Wl ds have
different sorts of flaws and plates.  adding has
different sorts of flaws and so on, and of course, the
t oughness vari es t hrough t he vessel both because t hese
different regions, plate, weld and so on have

di fferent chem stries and, t her ef or e, di fferent
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irradi ation sensitivities.

DR. WALLIS: dCdadding is all welds, isn't

MR. EricksonKIRK: The cladding is al
austenitic weld, yes. So the cladding is a factor in
this analysis not because it can lead to brittle
fracture, which of course because it's stainless steel
it can't, but because it introduces a full popul ation
that pokes its nose sonetinmes into the ferritic
material and can therefore initiate.

So for reasons, again, the details we'll
go into later; axial flaws are nuch nore damagi ng
than circunferential flaws, and obviously |arge fl aws
are worse than snmall flaws. So flaws that are |arger
than the rest and oriented axially and | ocated at hi gh
fluence | ocations are, of course, the nost damagi ng.

DR. WALLIS: And on the surface.

MR. EricksonKIRK: On the surface, but we
don't have too many surface flaws in this analysis
because there's not a physical reason for themto be
there, but, yes, surface flaws are, of course, nore
damagi ng t han i mbedded.

So what we find out in the materials
anal ysis is the vessel failure is controlled nostly by

the axial flaws, and |larger axial flaws being worse
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than snaller axial flaws. |It's the axial flaws al ong
the axial weld fusion lines that contribute thelion's
share to the through wall cracking frequency.

And so it is, therefore, the properties
t hat coul d be associated with those fl aws, nanely, the
properties of the adjacent plate or the properties of
the weld that to a large extent control the vesse
failure probability.

DR. WALLIS: And these welds are |ocated
relative to the cold legs in sone way as well, is it
not? | don't know where the cold |legs cone in.

MR. EricksonKIRK: The cold | egs are up
her e.

DR. WALLIS: If there are plunes, then
don't know where the plunmes are relative to these
flaws -- these wel ds.

MR. EricksonKIRK: That's right. Well,

Dave will be talking about plunes later, and I
think --
DR WALLIS: -- relative to the welds?
MR. EricksonKIRK: |'msorry?

DR. WVALLIS: Do the plunes bathe the welds
or are they in between the wel ds?
MR. EricksonKIRK: They could be either,

and | " mnot sure they're preferentially |ocated, but,
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Dave, do you want to say somnethi ng?

MR. BESSETTE: Well, nost plants the welds
don't fall underneath cold | egs, but there may be sone
which do. | haven't really been able to find that
i nformation, exactly which is which, but | know that
i n nost plants wel ds are not underneath the cold | egs.

VR. Eri cksonKIRK: It's certainly
knowabl e, but for plunmes you shoul dn't be so concer ned
about the axial flaws. You should be concerned about
the circunferential flaws because the plune, if it
contributes anything, it contributes an increased
openi ng force to fl aws t hat are | ocat ed
circunferentially, not axially.

DR. BONACA: Wuld you give nme a sense of
how many axial welds there may be? | nean --

MR EricksonKIRK: You either have the
pl ate segnents are either 120 degrees or 180 degrees,
nost commonly 120. So you'll nornmally have three
around, sonetinmes two.

DR BONACA: But none of them has one?

t hought the C process as the one of bending the
materi al .

MR EricksonKIRK: ['mnot famliar with

it, but I"'mnot sure I'd rule it out. Again, that's

informati on we can get you, and certainly |ess welds
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woul d nmean | ess flaws, and that's better. The plants
we' ve anal yzed, Beaver has 180 degree pl ate segnents,
and Palisades and GCconee have 120 degree pl ate
segnents.

Again, for reasons we'll go into, the
circunferential cracks don't have the through wall
crack driving force that you can get in axial cracks,
and so the enbrittl ement properties of the circ. welds
and the forgings are of little consequence to the
vessel failure probability.

DR. WALLIS: Wiy did plunes not contribute
to axial flaws?

MR. EricksonKI RK: Because they don't
produce an openi ng stress perpendicular to the axial
flaw.

CHAI RMAN SHACK: Yeah, but you're a
through wall crack guy. For an initiation guy if I
have a plume, | get a big surface stress. | can at
| east initiate a crack.

MR. EricksonKIRK: Yes. WlIl, perhaps
we'll defer. | would like to defer discussion of
pl unmes until David has a chance to convince you that
pl unmes don't exi st and then you won't ask me any tough
guesti ons.

So, now, |ooking at the contributions of
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these different flaw populations to through wall
cracking frequency, on this plot you have three
different grafts with reference tenperatures at the
bottom Forgive ny use of degrees ranking.

Ref erence tenperature for the axial welds
on the far left side; reference tenperature for the
pl ates; and reference tenperature for the circ. wel ds.
W'll go into a detailed discussion |ater of where
t hese reference tenperatures conme from but | think
that the easiest way to say it right now is these
reference tenperatures represent the toughness of the
material at the location of a flaw.

So the reference tenperature for the axi al
wel ds is taken along the axial weld fusion line. The
reference tenperature for the circ. welds is taken at
the circ. weld fusion line. O course, the position
of maxi mum fluence because that happens sonewhere
along the circ. weld, and the reference tenperature of
the plate is also calculated at the nmaxi num fl uence
because --

DR. WALLIS: Wll, RT is a materi al
property. It has nothing to do with tenperature.

MR EricksonKlI RK:  No.

DR, WALLIS: It's not a nmaterial. It's a

mat eri al property.
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MR EricksonKIRK: It's a materi al
property expressed as a tenperature. |If you renenber
the schematic you asked about, the reference
tenperature tells you howenbrittled the material is.
| f you want degrees Fahrenheit, what is it? Subtract
430.

MR. ROSEN. Now, what sort of uncertainty
is there on, for instance, the point on the axial weld
chart? Take the upper point for Palisades, for
exanple. It just shows the one point.

MR. EricksonKIRK: that's right.

MR ROSEN: That's the RT axial weld and
ET for --

MR EricksonKIRK: Well, which -- would
you | i ke nme to do uncertainty vertical or uncertainty
hori zont al ?

MR. ROSEN. Well, certainty is either way,
but --

MR. EricksonKIRK: Well, the uncertainty
vertical is these are nmean through wall cracking
frequencies, whichis we'll gointo detail, correspond
to the 90th percentile or higher.

So all of the through wall cracking
frequencies calculated relative to this analysis, 90

percent of themare down here. So | would treat those
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as upper bound points for through wall cracking
frequency. In ternms of horizontal uncertainty, |
think the thing to keep in mnd is we can tal k about
uncertainty and we can certainly share your
uncertainty in index tenperature placenent, but this
is an attenpt to characterize a vessel using three
reference tenperatures, and you <can certainly
appreciate going back to the last slide, that
forgetting about wuncertainty, just [|ooking at
determnistic variation, you have toughness that
vari es poi nt-w se through the thi ckness of the vessel,
around and up and down.

CHAI RVAN SHACK: But when you show it to
us, won't you have built all of the certainty into the
vertical wuncertainty because that's really vyour
nom nal tenperature there and all of the uncertainties
you've sort of built into the fracture nmechanics
cal cul ation, haven't you?

MR. EricksonKIRK: |'msorry. Say that
agai n.

CHAI RMAN SHACK: When you say 90t h
percentile, that's really the 90th percentil e agai nst
t he nom nal RTAW

MR. EricksonKl RK:  Yes.

CHAI RMAN SHACK: So there's no uncertainty
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in that horizontal term

MR, EricksonKIRK: That's right. That's
a nomnal value that's calculated to represent a
particular plant, and you'll see as we go on that
t hose values are then used to establish a screening
criteria.

MR. ROSEN. Doesn't that surprise you
given that data represents all of that in three

different plants, that it all falls so closely along

the line?

MR EricksonKIRK: Not a bit and I'Il show
you why.

MR. ROSEN. Ckay.

DR. WALLIS: Now, let's get this clear
again. This RT is not a tenperature. |It's --

MR EricksonKIRK: No, it is.

DR WALLIS: It's not really a materi al
property. It's what is calculated froman equation

really, ASME s or sonebody's equation.

MR EricksonKIRK: No, it's not an ASME
guesti on.

DR WALLIS: But it's calculated from
something. So it's a nominal value. It doesn't tel
you what the toughness of the steel is in the plant.

MR. EricksonKIRK: No, it nost certainly
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does.

DR. WALLIS: No, it doesn't. There's a
tremendous scatter if we plot these data on a pl ot
like this. There's a trenendous anount of scatter as
| remenber.

So your RT you're using is sone kind of
calculated thing, whichis determnistic, and then the
scatter appears sonewhere else. W can't scatter on
t hat hori zontal axis you have because RT i s cal cul at ed
in a determnistic way.

MR. EricksonKl RK:  Yes.

DR WALLIS: But if we |look at different
steels on a plot like this, the curves are all over
t he pl ace.

MR. EricksonKIRK: That's right.

DR. WALLIS: So you say what's the real RT
for a steel with a |ot of uncertainty.

MR. EricksonKIRK: No, the uncertainty
that you're tal ki ng about is the fracture toughness in
the --

DR WALLIS: It's for uncertainty in the
RT. W take different steels as you did in your
earlier report and plot themlike this. You' ve got a
ot of different curves.

MR. EricksonKIRK: That's right, and what
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you find out is again, as shown in the schenatic,
radiation is shifting the curve that way, but if you
test enough of a material, you will converge in on --
you know, if | take this plate, if the conference
table was a plate and | chopped it up into 1,000
specinens, you'd see that there's one reference
tenperature for that, and that the uncertainty in
RTndt is a testing uncertainty, but that given enough
testing, you can resol ve out.

But what you're findingis the uncertainty
inthe actual toughness itself and so what we do is we
use the reference tenperature as a netric of
i rradi ati on danmage.

DR. WALLIS: Well, this is probably where
you have to go back to the technical details which you
can't go into today and which we don't have, but |
guess the RT you showed in the other curves where
everyt hing came together nicely --

MR. EricksonKl RK:  Yes.

DR. WALLIS: -- the calcul ated val ue
doesn't claim to be sort of the mean value of a
prediction for a plant. It's actually a cal cul ated
val ue from sonething that's determ nistic?

MR. EricksonKIRK: The RTs that were shown

in the other plot are cal cul ated based on the nean
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chemi stry properties of the welds, plates, for
forgings in the vessel that are in the RVID dat abase.
They're cal cul ated based on the fluence at the flaw
| ocations, which is also in the RVID database, and on
the I ength of the welds.

DR. WALLIS: And they are the | ower bound
of a whole ness of data that's scattered all over the
pl ace?

MR. EricksonKIRK: No. They're the val ues
that are in the database that are taken to be nean
val ues, but if you recall, I think we're focusing on
the wong axis because it doesn't matter if we're
usi ng a nean val ue or a | ower bound or an upper bound.
What you want to knowis irrespective of the procedure
| give you for cal cul ati ng RT whatever, what you want
to know is that at that RT value, whatever it is and
however | got it, that nost of the failures are down
here and a few of the failures are up there.

And that's, indeed, the case. So
hopefully this will --

CHAl RMAN SHACK: In fact, | nean, you want
somet hing that you can cal cul at e.

MR EricksonKIRK:  Yes.

CHAI RVAN SHACK:  You have to have

something that is determnistic in this plot, you
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know, and then you want to have the scatter going up
and down this way and bound that.

MR. EricksonKIRK: Yeah. |If you will, the
anal ysis results hereis the vertical |ocation, and we
were using rmean val ues, that because of the
distribution shape represent 90th percentiles or
hi gher, and then the horizontal values, as Dr. Shack
poi nted out, | think, nore el oquently than nyself, are
val ues that you can calculate for each plant using
only the information that we have avail abl e.

CHAI RMVAN SHACK:  You know, you've done
t hrough wal | cracki ng frequency, and | noticed none of
your peer reviewers gagged over that. You know, but
don't the Europeans still basically look at this
problemas an initiation problenf

MR. EricksonKIRK: They do, yes. They do
|l ook at this as an initiation problem | think that
was a deference for whomthey were reviewing. | don't
think any of our European friends necessarily
advocat ed t hrough wal | cracki ng frequency, but just to
expand on this because | know you've asked ne this
before, if one -- and I'Il just say "if" -- if one
wanted to nove to an initiation based criteria, not
only would the nunbers change, but what's inportant

woul d change because for reasons that we'll gointoin
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the details, while circunferential flaws find it very
difficult to propagate all the way through t he vessel,
the probability of initiating the circunferential flaw
is, if anything, equal to or greater than initiating
an axial flaw.

So if one were to go to an initiation
based criteria, you'd find the properties of the
circunferential welds and the forgings becom ng
i nportant again, and they're not now.

But, no, to address Dr. Rosen's question,
| don't find this at all surprising, and | guess
you'll have to accept that on faith and hopefully I
can build the faith over the next day, but what we
find is that the transients that contribute to these
failures are pretty simlar fromplant to plant, and
t he frequency with which they occur are pretty simlar
from plant to plant, and the material netrics that
we're using here are estimated at the |ocation where
the flaws are, as opposed to being sone conservative
bound that's inconsistent fromplant to plant.

So, no, | don't find this type of
agreenent in any way surprising.

CHAI RMAN SHACK: | f you have nmateri al
that's enbrittled to the sane site and you hit it just

as hard, it's not going to matter whether the plant --

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

41

MR. EricksonKIRK: The sane thing is going
t o happen each and every tine.

One thing 1'd like to take away fromthis
plot is the relative contributions of axial weld
flaws, plate flaws, and circ. weld flaws. Axial weld
flaws at a fixed |l evel of enbrittlenent contribute 100
times nore to the through wall cracking frequency than
plate flaws. The reason for that difference is that
plate flaws tend to be smaller, but they're still
axially oriented.

And then circ. weld flaws, again, at the
same | evel of enbrittlenent are, again, 50 times | ess.
So circ. weld flaws can in rare cases of high
enbrittlement go through, but essentially for a
through wall cracking frequency criteria, they're
nonpl ayers.

Looki ng at sim lar plots, but nowdi viding
things up into contributions of different transient
cl asses, we see a simlar good agreenent or | should
per haps say reasonabl e agreenment between the plants.
Primary site pipe breaks where the through wall
cracki ng frequenci es are dom nat ed by medi umand | ar ge
break LOCAs; primary site stuck open val ves and main
steam ine breaks, all are reasonably consistent from

plant to plant, and again, the reason for that is --
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| don't have the words here that |I'msearching for --
isthat let's take an exanpl e of a | arge di aneter pipe
break, eight or 16 inches.

At that point, the cooling of the water
i nside the vessel fromthe depressurizationis so fast
that the steel wall can't keep up. It's a conduction
limted situation, and so the rate and nmagnitude of
thermal stress developrment in the wall is controlled
only by the thermal conductivity properties of the
steel, which since it's a physical property and not a
nmechani cal property are very consistent fromnmateri al
to material .

DR. WALLIS: Not the surface. The surface
gets chills. The actual surface |ayer gets chilled.

MR. EricksonKl RK:  Yes.

DR. WALLIS: It's very inportant whether
or not there are flaws at that surface, isn't it?
nmean, the penetration of the thermal wave is going to
affect flaws which are in the material, but the
surface is under very high stress, isn't it?

MR. EricksonKIRK: That's right.

DR. WALLIS: That variable surface |ayer.
So it depends a | ot on whether or not there are fl aws
near the surface?

MR. EricksonKIRK: That's right, and there
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are flaws near the surface. | nean, the probability
of getting an enbedded flawin the vessel is, fromour
i nspections performed at PNNL, is equal as you go
t hrough the vessel thickness.

DR. WALLIS: Well, you're saying that the
wal | doesn't -- | agree that the wall doesn't cool
down, but the surface has cool ed down to the vessel

MR. EricksonKIRK: Yeah. Well, | nean,
obviously it's a continuous process, but the point |
was trying to bring out is that the transients that
are producing the single transients or cl asses of
transi ents t hat are produci ng t he | ar gest
contributions tothe through wall cracking frequenci es
are transients where by and large the details of the
transient don't nmatter. They're the |arger breaks
whereas let's take an alternative exanple. If it was
smal | er breaks that are controlling, then the tine at
whi ch certain punps come on would be i nportant, where
you're getting your injection water fromwould be
important, all of these little mnute, plate specific
details woul d becone inportant.

But the things that are driving nost of
t hese t hrough wal | cracki ng frequenci es are transi ents
or transient classes that are fairly consistent from

plant to plant, and that's responsible for the -- that
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and the fact that we're using consistent nmateri al
nmetrics that represent the toughness at the flaw

| ocations -- is responsible for the good agreenent
that you' re seeing.

CHAI RVAN SHACK: Wiy do | get the cross-
over between the stuck open val ve and the pi pe break?

MR. EricksonKI RK: Because it woul d appear
that at |ower levels of -- okay. Certainly what you
see -- let's talk about the primary site pipe breaks.
You get a very high thermal stress in a pipe break,
but I won't say no because that's an old wi ves' tale,
but much | ower pressure stresses. So it's very --

DR WALLIS: So it's a reclosing of the
val ve.

MR. EricksonKIRK: It's the reclosing of
the valve. It's very easy for a thermally doni nated
transient to initiate a crack, but to push it all the
way through, you have to have a vessel that's pretty
brittle.

So you get high initiations fromLOCAs at
all enbrittlenent |evels, but it's only when you crack
up the enbrittlenment |evel that they can go all the
way through, whereas the prinmary site pipe break, as
Dr. Wallis just pointed out, has that nasty

repressurization sormetines |ater on which, if a crack
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has started, it will fail, and that's a big difference
bet ween these two types of transients.

A nmediumto large break LOCA, if a crack
isinitiated only between one and ten and one and 100
of those cracks will eventually go through wall al nost
irrespective of enbrittlenment | evel, whereas with the
primary site with a stuck open valve that |later
recloses, it's the pressure stress that's failingit,
and so if it initiates it, it will certainly fail

DR. WALLIS: This is one stuck open val ve.
Does two stuck open valves, you couldn't quite sea
the bottomline for that in your --

MR. EricksonKIRK: Two stuck open val ves
contri butes somewhat nore -- well, it contributes --
hol d on.

Hol ding all other factors constant and
just conparing one stuck open valve with two stuck
open valves, two stuck open valves is a little bit
nore severe because since you' ve doubled the valve
opening area, Yyou've increased the cooling rate,
you' ve dropped the m ni num t enperature sonewhat, and
so at the tinme of valve reclosure when you get that
sudden pressure stress, you've got alittle bit higher
thermal stress and a little bit | ower toughness. So

you get a little bit nore through wall cracking
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frequency.

But the thing that nakes two stuck open
val ves not be a dom nant contributed to the through
wal | cracking frequency is the weighting by the
initiating event frequency because it's so much |ess
likely to have two than one, and once you get up to
three, forget it.

MR. ROCSEN. And al so you have to consi der
that both stuck open val ves recl ose.

MR. EricksonKIRK: Yes, both stuck open
val ves have to -- well, no. GCkay. I|I'mwnging it now
because | haven't actually | ooked at this plot, but
t he thing t hat makes two worse t han one, one recl osing
is enough to produce the conplete return to full
system pressure, assuming the operator doesn't
throttle in a tinmely fashion.

But if you've got two stuck open, you've
got twice the water going in. So you've got tw ce the
cooling rate.

MR. ROSEN: | understand that, but |'m
t hi nki ng about what happens at the end of the
transient. One recloses or both reclose? |Is there a
difference in --

MR. EricksonKIRK: Yeah, once you --

VR. ROSEN: There certainly is a
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probabilistic difference in both reclosing.

MR. BESSETTE: Yes, necessary to have two
of themstick open and two of themrecl ose, yeah, if
that's what you're saying. So in a probability
sense --

MR. ROSEN: Just not thinking about the
frequency of both reclosing at essentially the sane
tinme.

MR. BESSETTE: Yeah, yeah.

MR, ROSEN. | mean, clearly that's not
going to happen with a frequency of --

DR. WALLIS: Unless they're the kind of
val ve that has a bl ock valve or sonmething in series
and the operator could shut them both.

MR. ROSEN. Well, yeah. Manual action
could do that, but not --

DR. WALLIS: Anyway, it's the frequency
that makes it uninportant, the initiating frequency.

MR, EricksonKIRK: GCkay. |I'mgoing to
nove bol dly on because we're runni ng behi nd.

Just sone observations on the transient
cl asses of control failure. Secondary side breaks are
much | ess damagi ng than primary si de breaks, the major
reason being not because the cooling rate is any

different, but because the min steanline breaks
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you've got a nulti-square foot opening. That cools
down every bit as fast as a big pipe break. The mgjor
difference is and the dom nant factor controlling the
t hrough wal | cracking frequencies is that the m ni mum
tenperature doesn't get so | ow.

When a secondary side break occurs, the
| onest tenperature the primary can get is to the
boiling point of water at the pressure of the break.
So 212 for a break outside of containnent, about 40
degrees higher for a break inside of containnent.

So since the tenperature is higher, the
t oughness is higher, and you just don't get that big
a contribution.

Overall, and ny PRA colleagues will go
into details onthis, we have credited operator action
t hroughout this analysis, and | know that's been a
concern that, you know, we m ght be devel oping a rule
that's based on credits for operator action.

However, when you get to the end of the
day and you look at the transients that are
contributing the nost to the through wall cracking
frequency, you find that the operator action credits
really haven't had a very big influence on those
frequenci es.

Certainly for the prinmary side pi pe breaks
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there were no operator action credits at all because
t he operator can't do anyt hi ng.

DR. WALLIS: Wll, you can turn off the
cool ant injection and stop the thermal shock.

MR. EricksonKIRK: Well, you could, but
then you'd nelt and --

DR. WALLIS: That's right.

VR. Eri cksonKIRK: -- presumably
procedures woul d prohibit that.

For stuck open valves, operator action
credits are inportant. However, we have found that
t he operator has to act very, very rapidly in order to
prevent the repressurization, and he can only
successfully prevent repressurization when initiation
has been at hot-zero power. So the net effect of the
operator action credit has been very small in the end
result.

And al so, and again, this is all sumary.
So we're going to go into the details. W believe
that with only a few caveats our findings should be
applicable to PWRs, in general -- |'ve said a |ot of
this before -- because the transients that contribute
to nost of the through wall cracking frequency have a
approxi mat el y equal occurrence rate and approxi mately

equal severity across plants.
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Qperator actions have only a snall
influence on the final <calculated through wall
cracking frequencies for the transients that are
i mportant.

Simlarity in PW designs plays a big
part. W have simlar dianmeters, simlar system
pressures, simlar thicknesses and so on, and al so as
we'll go into, there are a nunber of conservatisns
t hat have been left in the nodel

DR. BONACA: The question | have was on
the issue of steamine break versus LOCA, and you
al ready went through this before. But this steanline
break was the limting transient before, used to be.

MR. EricksonKIRK: That's only because
| arge break LOCAs weren't anal yzed.

DR BONACA: Ah.

MR. EricksonKIRK: Yeah. 1In the old
anal ysis -- and M ke can correct ne if |I'mrenenbering
nmy plants wong -- but | believe it was Cconee for
whi ch t he mai n st eam i ne break was dom nant transient.
It was the dom nant transient only because | arge break
LOCAs weren't anal yzed and stuck open val ves weren't
anal yzed.

DR. BONACA: Well, but they assune that

t he feedwat er woul d keep runni ng.
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MR. EricksonKIRK: And they nade a very

conservative treatnment of both, what happened, and
al so the frequency with which it occurred.

DR. BONACA: Wiich is an incredible thing,
that the operators would not stop it, but wouldn't the
operat or be significant action?

|"mjust, | guess --

MR.  EricksonKIRK: For the steamline
break, again, well, we can do all of the presentation
now.

DR. BONACA: No, no, no.

MR, EricksonKIRK: A steamine -- well, if
a steam ine break breaks, it breaks within the first
ten or 15 mnutes, long before operator action is
i kely because the thing that produces the high
stresses in a steamine break is that rapid cool down,
and if you can survive that, you' re okay.

DR. BONACA: We'll see when we get there.

MR. EricksonKIRK: 1'mnot sure how much
detail we want to go into on these type of plots
because clearly, the comrittee is |looking for nore
details, but what we're proposing as arevisionto the
PTS screening limt is a nulti-parameter approach
where you cal cul ate a reference tenperature for your

flaws i n your axi al welds, a reference tenperature for
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your flaws in your plates and a reference tenperature
for your flaws in your circ. welds, and this can al
be done based on information that's available now to
the Iicensees and is in the RVID dat abase.

And based on that, based on those netrics,
you can place a point which represents a plant in a
space, say -- let's just look at plate welded
plants -- of the axial weld reference tenperature and
the plate reference tenperature, and then this is a
failure probability space where the further you get
fromthe origin, the higher your failure probability
becones.

And using alimt on failure probability,
one times ten to the mnus six, you can construct a
| ocus where if the plant assessnment point is inside
the locus, you're at a | ower failure probability, and
if it's outside, you' ve passed your |imt and you need
to do sonething el se.

So that's going to be where we' re headi ng,
but al so by neans of summary, suffice it to say that
at both end of l|icense and even end of |license
ext ensi on none of these assessnent poi nts and what you
see on here are assessnent points for all the PWRs
that are currently licensed to operate by the NRC

none of themare anywhere closetothelimts that are
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cal cul ated by this procedure.

CHAI RVAN SHACK: Now, those tenperatures
that you're showing us there don't have the margin
ternms, do they?

MR. EricksonKIRK: No, they do not have
the margin terns.

CHAI RVAN SHACK: But you're arguing that
you don't need those margin terns because you' ve built
that uncertainty into your boundi ng envel ope.

MR. EricksonKlIRK: Because we've built the
uncertainty into the boundi ng envel ope and because of
t he conservatisns; that the conservatisnms |eft in the
nodel far outweigh the nonconservatisns left in the
nodel .

The point 1'd like to make here is just in
terms of this graph, and you can kind of discern it
fromthe graph that was on the previous page. This is
a histogram of an estimate of through wall cracking
frequency for all the PWRs that are currently |licensed
to operate by the Nucl ear Regul atory Comm ssion. W
showed distribution for forged vessels and for plate
vessel s, and you can see that even the worst plate
vessel doesn't have a through wall cracking frequency
estimated at EOL that exceeds ten to the m nus seven,

and by and large the average value is much, nuch
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| ower .

But to get to Dr. Shack's comment,
certainly currently a margintermis assignedto -- is
used i n our current assessnent procedure to attenpt to
account for unknowns and uncertainties that weren't
considered in the process that generated the 270 and
300 degree limts, and that's certainly an appropriate
reason to use a margin term is to account for things
that we believe to be outside of your analysis.

Certainly we believe we've tried to do a
much nore conprehensive job in setting these bounds,
but also in the process of building any nodel, you
never have perfect know edge,a nd so there are al ways
j udgnents that you have to make al ong t he way, and so
at the end in assessing this type of screening
procedure and whet her you believe that an additi onal
mar gi n needs to be attached or not, to kind of put it
in perspective, | think it's appropriate to | ook at
the residual conservatisns in the nopdel and the
resi dual non-conservatisnms in the nodel

DR. WALLIS: This is where it would be
useful for us to | ook at the actual technical reports.

MR. EricksonKIRK: That's right.

DR WALLIS: If we |look at, say, the nodel

of RT shift due to enbrittlement, | renenber there was

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

55

a lot of stuff in your technical details which was
interesting on that subject --

MR. EricksonKIRK: That's right.

DR. WALLIS: -- in the previous report,
and | didn't find any of it this tine.

MR.  EricksonKIRK: In the nysterious
mssing 18 mnutes of report, yes. And we'll be
di scussi ng these over the next fewdays, but certainly
it's at |l east ny personal view-- | think it's a view
that's held by nost of the staff -- that both the
nunber of conservatisns in the nodel and their
magni t ude f ar out wei ghs t he non-conservati sns that are
left.

So | personally would be pretty
confortable with using these risk based limts and the
proposed cal culational procedures to get plant
specific points without having to add an additional
mar gi n term because --

DR. WALLIS: Wy is the heat transfer
nodel non-conservative? Actually for the worst case
it doesn't matter anyway, does it?

MR. EricksonKIRK: For the worst case it
doesn't natter anyway. Dave can go into detail. The
pl acenent of any one of these words on either side is

obviously a matter of judgnent. So this is biased by
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t he person that made the slide.

However, in Chapter 9, the use of the heat
transfer nodel that was proposed by Professor Catton,
| think, showed a factor of three increase in through
wal | cracking frequency relative to the one that we're
using for the 12 dom nant transients in Palisades.

So that was nmy basis of putting it there.
As you all know, |I'mnot a heat transfer expert. So
if you folks decide it belongs over there or to be
conpl etely scrubbed, |'d be happy to make that
nodi fi cati on.

MR SIEBER Do we have this slide in our
package?

MR. EricksonKIRK: No, you don't.

MR. SIEBER: Could you provide us with a
copy?

MR EricksonKIRK: Yes, we will. [|'l
have to get together with Dr. Shack to find out
exactly what's missing and we'll provide you with a
conplete finalized set.

I guess this was the nobst rmajor
nodi fication, and the reason being is we got Dr.
Murl ey's conments yesterday, and one of his conments
was he said, "I see your nice list of conservatisns.

To be fair, guys, you really need to have a |ist of
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non- conservati snms, too, because | know they're in
there."”

And so we' ve gone through and tried to do
our best job at listing or at providing a bal anced
Vi ew.

MR- ROSEN. Go back to the slide that
Murl ey comrented on and |let nme torture you some nore
on that, but only in the stuff above where he
conmment ed.

MR. EricksonKlI RK: Ckay.

MR. ROSEN. Well, now, you see, that's
different fromwhat | have in ny package.

MR EricksonKIRK: \What's that?

MR. ROSEN: | was going to ask about in ny
package it says -- it's the third bullet that says the
results are not nuch different at the end of the
license renewal period, and | assune that's referring
to this chart on the right.

MR. EricksonKIRK: That's right.

MR. ROSEN:  Wich, by the way is at EOL 32
effective pull power years.

MR. EricksonKIRK: That's right.

MR. ROSEN. Which is not the |icense
renewal period, which is why they nade that coment on

the earlier version of the slide.
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MR. EricksonKlI RK: Ckay.

MR. ROSEN. Now, noving ten to 20 degrees
Fahrenheit closer to the screening limts and EQL,
guess, is what | was seeking, to get a sense in the
sl i de package that was handed out, the statenent that
their results are not much different isn't
particularly helpful, | nmean, at the end of the
i cense renewal period because this comrttee spent so
much of its time on license renewal .

MR. EricksonKIRK: Right..

MR. ROSEN. What happens to these through
wal | cracking frequenci es? Wat happens to the bul k
of these plants when you go out to 60 years?

MR. EricksonKIRK: Yeah. If you look in,
and | can pull it up on the screen, but if you have
the summary report, if you got to -- there's a
hi stogram of that in Chapter 11, of the summary
report, and if | can look at it, | can describe it to
you.

CHAl RMVAN  SHACK:  You go to your
scatterpl ot and just nove the points ten or 20 degrees
over, and they're not going to nove very far.

MR. EricksonKIRK: |In other words, you
don't get --

MR. ROSEN: But characterize it in words.
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Mark, work with nme on this one. Just |ook at the
slide on the upper right-hand, what you' re show ng
now, on through wall cracking frequency. Wat happens
to the bulk of those plants? Do they nove half an
order of nagnitude or l|less than half an order of
magni t ude?

Eri cksonKI RK:  About hal f.

ROSEN: About hal f?

2 3 3

Eri cksonKI RK:  About hal f.

MR. BISHOP: If you go back to your Slide
14, Mark, you've got a lot of the through wall
cracking, which is the reverse of Part A and Part A
is one of the ten or 20 degrees, and you get back for
t he worst axial flaws.

MR. SIEBER.  Coul d you use the m crophone,
pl ease?

MR.  EricksonKIRK: |'msorry, Bruce.
Fourt een?

MR. BISHOP: That right there. You can
just see ten or 20 degrees. Those degrees are --

MR SIEBER  You have to use the
m cr ophone.

MR. EricksonKIRK: Ckay. What Bruce
Bi shop from Westinghouse is pointing out is that

actually the slopes on these lines are all very cl ose
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to each other. So if you |l ook at changing 20 degrees
on any one of these lines, you're |ooking at
i ncreasi ng the through wall cracking frequency by hal f
an order of nmagnitude or |ess.

MR. ROSEN. Ckay. That's very hel pful.

MR EricksonKIRK: And, indeed, that's
what you' d expect because you're getting out, you're
using up the enbrittlement in the vessel. It's
starting to plateau. It's not getting rmuch worse.

MR. ROSEN. So, now, let's extrapol ate.
| f you wanted to go 100 years for the plant or 500
years --

MR. EricksonKIRK: O perhaps 1, 000.

MR. ROSEN. -- you're saying at sone point
it's just not going to change anynore. The vessel is
not going to becone |imted because of physical --

MR EricksonKIRK: Well, froma materials
vi ewpoi nt you reach a physical limt on enbrittlenent
where it's just not going to get any worse.

Now, whether the driving force is |ow
enough to keep you fromfailure, that's another issue.

MR. ROSEN. But the vessel material just
gets as bad as it's going to get, and that's all it
is.

MR. EricksonKIRK: That's right.
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MR. H SER: Hol d on one second. This is

Al en H ser fromthe Engineering Branch of Research.

You've got to watch out because our
understanding of fluence effects on enbrittlenent,
there's after a certain level of fluence, we don't
know what happens outside of those. There may be
there are postulates of additional enbrittlenent
phases and nechanisns that kick in. So we need to
stay in the box, if you will, with the data that we
have before we extrapolate too far.

MR ROSEN. | wasn't really advocating a
1, 000 year plan.

MR H SER. |'mnot sure that 100 gets us
there either.

MR. EricksonKlIRK: Ckay. Just one nore
slide. Since we're already behind schedule, so for
the remai nder of the briefing, we've structured the
briefing to parallel the summary report whi ch you have
received, fortunately. So the next thing we're going
to go through are our fundanental assunptions which
you'll find in Section 3. 3.

W'll then go on to address significant
changes that we've made in our nodels since we | ast
bri efed you, and i n sone cases tal k about significant

peer reviewers' coments and, of course, changes in
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our nodel s.

That will take us up to lunchtinme, and
then after lunch we' Il be briefing you on our baseline
cal cul ations which are in Chapter 8, generalizationto
all plants, and Chapter 9, reactor vessel failure
frequency acceptance criteria, and Chapter 10, Chapter
11 on PTS screening criteria, and then a sumary.

And t hen tonorrow norning we'll go into a
nore detailed discussion of the peer reviewers'
corments. And at |east on sone of the slides you'l
see indices to sections, figures, chapters in your in
your detailed reports so that you can see where we're
getting the informati on from

That's all | have on this section unless
there are any nore questions.

(No response.)

MR. EricksonKIRK: In that case |I'Il ask
Donni e Whitehead to join ne up front. Donnie is from
Sandia National Laboratories an has perfornmed a
probabilistic risk assessnent.

MR. VH TEHEAD. Good norning. M/ nane is
Donni e Whi tehead, and I' || be naking a presentation on
at | east the PRA/HRA aspects of this analysis.

The first topic that we want to cover this

norning has to deal with basically the fundanenta
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assunptions that have been made as it relates to the
PRA aspect of the project, and basically there's two
types of assunptions that we' ve nade.

If you will, the typical type assunptions
that are always generally nade within the PRA work,
things like, you know, the exanpl e given here, in the
actual plant system configuration is represented by
t he as-built, as- oper at ed i nformation that's
docunent ed.

What |'d like to concentrate nore so this
nor ni ng though is on the assunptions that we've made
specifically for the PTS anal ysi s, and those basically
can be categorized into seven different sets of
i nformati on.

The first one is Project Execution, and
basically by that I nean just what kind of | essons did
we | earn ad we went through our anal yses. The first
plant that we dealt wth was the Cconee plant, and
the anal ysis that was done for that plant was a very
detailed exhaustive analysis where we |ook at
basically all types of initiating events. W |ook at
all types of systemand equi pnment response and try to
identify, you know, any possible conbination of
equi pnent failures and/ or successes that mght lead to

conditions that would produce thermal stress in the
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reactor vessel, ultimately leading to failure from
PTS events.

We then used the information that we
| earned fromthe Cconee anal ysis to nodi fy what we did
for the two subsequent analyses, both the Beaver
Val l ey and the Palisades anal yses, and so basically
we used information that we learned |ike what thing
were showing up to be inportant, what things were
showing up to be not inportant to nodify the rest of
t he anal yses as a neans of saving resources for the
proj ect .

The next issue that we dealt with has to
do with initiating events. There are basically two
types of initiating events that we didn't |ook at or
actually didn't analyze. W did |ook at them but we
screened them from our anal ysis.

The first oneis basically the anti ci pated
transi ent wi thout SCRAM EVENTS. W elim nated that
type of event because typically these generally begin
with severe under cooling. |In essence, there's
actual ly too much power for the cooling that you have,
and so we used that plus the frequency that typically
occurs with these events to elimnate them from
further anal ysis.

The other initiating event that we renoved
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fromthe detail ed anal ysis was i nterfacing systeml oss
of cool ant accidents. Wile we recognized that these
could involve over cooling from the start of the
event, it was also recognized that significant
| SLOCAs often fail or are assuned to fail the various
mtigating equipnent in the PRAs, which ultimtely
woul d | ead to an under cooling event rather than an
over cooling event.

So we used that argunment to elimnate
them from our detail ed anal ysi s.

One other thing that we did was we had to
deal with the fact that we're | ooki ng at both at power
and hot-zero power initiators. W decided that the
best approach for that was to |ook to see basically
what fraction of tine plants are at hot-zero power as
opposed to being at power operation, and to look to
see if there were any evidence associated with an
increase initiating event frequency for various types
of initiators dependi ng upon whet her you were at power
or whether you were at hot-zero power.

And what we found was that the only type
of initiating events that were typically nore prone to
occur to occur at hot-zero power than at full power
were those involving reactor or turbine trips.

And what we did was |ook at the
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i nformati on and made an estimate that, you know, about
a factor of ten increase in those types of frequencies
woul d bound the information that we were seeing.

And so what we did was we nultiplied the
fraction of tinme that plants are typically at hot zero
power by this factor of ten, and resulted in a
multiplier of .2 for an initiators that initiate at
hot - zero power and involve either reactor or turbine
trips.

MR. ROSEN. Donnie, |let ne ask you about
your definition of hot zero power.

MR. VWH TEHEAD: Yes.

MR ROSEN: Is that a critical condition
or is it just normal operating pressure and
tenperature and not critical?

MR VWH TEHEAD: It would be norma
operating tenperature and pressure and basically not
critical. Zero --

MR. ROSEN. kay. This is Mdde 3
basi cal | y?

MR. WH TEHEAD:. Yes, basically.

MR. ROSEN: Rather than Mbde 2 because Md
2 you're in a very, very short tinme.

MR. VWHI TEHEAD. Yes, that is correct, yes.

MR. ROSEN:. And then Mode 3, it's possible
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a plant might linger in Mode 3. Point, oh, two is the
nunber you're using.

MR WHI TEHEAD: That's correct.. That was
based upon the i nformati on t hat we had for the typical
type of outage that plants m ght be in.

MR. ROSEN. So that's |ike seven days, as
long as, right?

MR. WH TEHEAD: Sonething |ike that, yes.

MR. ROSEN: That's probably conservati ve,
t 0o.

MR. VH TEHEAD:. Actually we found that the
real nunber that we actually | ooked at is sonewhere
around one and a half to one and three quarters
percent. Here's one of the areas that Mark would tal k
about where we have, you know, essentially sonme smal
conservatism built in. Instead of calling it, you
know, one and a half percent, we just sinply rounded
that to two percent.

MR, ROSEN. Well, you're effectively
saying the plant is going to stay at normal operating
pressure at tenperature during any given year for
seven days, and | think that's conservative. | don't
think plants will do that unless some very unusua
ci rcunst ance.

A nore typical nunmber mght be in the
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hours range really, and sone years they won't beinit
at all.

MR. VWH TEHEAD: That's correct. | nean,
this is based on, you know, Ilooking at rmultiple
refueling type outages and things like that, and so,
you know, again, this is an area where we woul d expect
there to be sone conservatismin, but again, it's an
assunption that doesn't significantly or does not
af fect the overall conclusion that we've been able to
reach, that is, that, you know, there appears to be
sufficient roomto warrant maybe a nodification to
t he PTS rul e.

I nthe area of scenari o devel opnent, there
were a couple of things that we want to tal k about.
As Mark has alluded to there were sone of the classes
of initiating events where we basically did not take
any credit for any type of operator actions or
anything |l i ke that. These consist mainly of the |arge
break and medi um break LOCAs.

They were basically just the initiating
event frequency, and that was then passed to the
thermal hydraulics people with the appropriate break
si zes, break size spectruns that we | ooked at for the
vari ous breaks.

The reasons being is that at this point in
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time if you have a nediumor |arge break LOCAthere is
really nothing that the operators can do other than,
as someone el se pointed out, turning off the injection
equi pnent that wll affect the outcome of the
scenari o, and so basically we just sinply assuned t hat
equi pnrent would respond as appropriate, and so
therefore, we didn't really take any credit for sone,
you know, snmall, .99 nultiplier that you m ght use to
reduce the frequency for high pressure and | ow
pressure systens' injection failures.

Anot her issue that we dealt with was the
stat us of pressure operator relief valves and t he SRVs
on the pressurizer. W assuned that the failure of
t hese types of val ves or the demand for these types of
val ves woul d be uni nportant for snmall LOCA scenari os.
The basic reason for that is if you have a LOCA event
occurring, you're going to have a pressure drop within
the system and, therefore, this should preclude the
demand for the opening of any primary side PORV or
SRV.

And then the third bullet basically says
that there are sone things that we just sinply didn't
i nclude in the nodel s because they didn't really have
any i npact or had very little inmpact on PTS risk, and

those were things |Iike ©pressurizer sprays and
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heaters.

Continuing wth scenario devel opnent,
we -- and this again goes to one of the points | nade
for the | arge break LOCA and medi um break LOCA -- is

that we sinply assune the function for certain SSCs,
for certain scenarios. W assune that the

accurmul ators would object if conditions warranted
their injection.

W did not include the failure probability
associated with the check val ves failing to open. So,
| nean, instead of nultiplying sonething by .999 t hat
the injection valves would not open, we just sinply
assurmed that they would do so. You know, very smal
conservatisnms, but we wanted to point those out.

Anot her issue that we dealt with was the
i nportance of when operator actions occur or when a
pi ece of equi pment changes state due to vari ous i ssues
associated with PTS. W |looked at a limted set of
i nportant operator actions, for exanple here, we have
operator fails to throttle high pressure injection,
and equi prent state changes, stuck open, pressurizer
safety relief valves, that either renmain open or that
subsequent |y recl ose.

VW included those into our analysis.

Things that had long-term effects on
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scenarios we typically tended to not include those
into our analyses, such as heating and ventilation
failures were i gnored because typically those failures
show up I ong termseveral hours into various types of
scenarios, and that tine frame is such that any PTS
i ssue would I ong be decided and the failure of those
types of systenms would just sinply not be inportant.

There were a few cases where we used
engi neering j udgment to det erm ne failure
probabilities for various SSCs. Typically we tried to
be conservative when we had to nake these estinates.

An exanpl e that |'ve already given is the
fraction of tine associated with being in not-zero
power condition. W used the value of two percent,
where in reality the data that we were |ooking at
showed sonet hing on the order of maybe one and a hal f
per cent .

But there were a few ot her cases where we
had to use that information

Human reliability analysis. W had two
types of human actions that we | ooked to. These were
the pre-initiator human failure events. For the
Beaver Valley and Cconee nodel, we did not include
these explicitly within our nodel. They were assuned

to be inthe industry-w de data that was used to nodel
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system unavail abilities.

The Palisades nodel is different. The
approach there was different in the sense that this
was an existing utility nodel that was nodified to
address various PTS issues that we had identified, and
basically we just sinply left as is any of the human
failure events that they had in their nodel because
nost of these were events that sinply wouldn't have
any real inpact on what we were doing, and we felt
that there was no real need to exam ne those or to
make nodifications to themin detail.

Now, for the tinme at which operators
performed the actions on the, if you wll, post
initiator actions, we typically | ook at, at |east for
t he ones that were inportant, we | ooked at a spread of
operator actions, that is, the earliest time at which
an operator action could occur and the |latest tine at
whi ch an operator action could occur that m ght
possi bly have sone inpact on the PTS progression of
the event itself.

And we would then sonetines choose an
i nt ernedi ate val ue, one in between those two, just to
see if something in between m ght have sone inpact.

Anot her issue was what do we do with the

human acti ons when we're at hot shutdown or hot-zero
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power. The human reliability analysis that was done
is one that's typically based upon the ATHENA
approach, and using the ATHENA approach, we did find
that there were sone cases where it might be that
because of what was going on in hot shutdown and so
forth, that the human error probabilities could
i ncrease sonewhat. And so we did account for that.

In the PTS bin devel opnent, obviously as
you're aware of, you know, we would have --

DR. BONACA: Excuse ne.

MR VWH TEHEAD:. Sure, yes.

DR.  BONACA: The human reliability
analysis, you didn't nmention any operator actions
during secondary site events for breaks.

MR. WHI TEHEAD: Yes, we did include those.
Typically those would have been things like the
operators controlling the steaming from the bad
generator, nmaking sure that either feedwater or
auxi liary feedwater |evel was controll ed.

DR. BONACA: So you did include that?

MR. WHI TEHEAD: Yes, we did include those.
Those types of actions were included, yes.

In the bin devel opment, there were | arge
nunbers of potential PTS scenarios that were actually

generated for the Cconee anal ysi s, and smal | er nunbers
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for the Beaver Vall ey and the Pal i sades anal ysis as we
became smarter and, you know, had a better
under st andi ng of what was potentially inportant.

VWhat we were faced with was obviously
there's no way that we could have done thernal
hydraulic calculations for the literally tens of
t housands of individual scenarios, and so what we were
faced with was trying to bend the scenarios into a
nore limted nunber of calculation or bins that we
could actually then pass to the thermal hydraulics
peopl e for cal cul ati ons.

And basically what we did was i f we as the
PRA anal yst judged that a scenario's response woul d be
simlar to existing TH cal cul ations that we already
had, then we would bin that into the existing
calculation. |If we judged that a scenario's response
could be significantly different than what we had as
exi sting cal cul ations, then we requested new TH
cal cul ations and we created new bins.

So obvi ously, there's judgnment associ at ed
with this and, you know, it was a process of
identifying what we believed to be, you know,
scenarios that could fit into things that we already
had, the various types of calculations that we had

al ready done, thermal hydraulically, and also then
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| ooking to see whether or not we -- you know, if the
scenari o devel opnent was sufficient different that we
needed to see what woul d happen, you know, if we did
a new TH cal cul ati on.

And that was a natter of give and take on
t he PRA peopl e wanting, you know, typically to do al
of the cal cul ations and the thermal hydraulic people
sayi ng that, you know, we can do only a certain nunber
of cal cul ati ons.

MR. ROSEN. Well, you're inplying that
there was a give-and-take. That neans you nmet with
the thermal hydraulic people and --

MR VWH TEHEAD:. Yes, yes.

ROSEN: -- discussed these scenari os.

VH TEHEAD: Yes.

2 3 3

SI EBER:  Now, you know, in the
presentation vyou indicate all of this spinning, and
t he reason | keep aski ng questions about the secondary
side break is really for B&Wplants. | nean, there is
a significant difference between a steanline break in
a B&Wplant and a steamine break in a C plant where
you have a huge inventory of water.

In a B&W type of plant you have, like
Cconee, you have essentially noinventory in the steam

generator. So you're feeding steamwater and fl ashing
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and cooling dowmn at nuch faster rates so that the
intervention of an operator is nuch nore inportant at
some point to stop the cool - down.

So I"'m having a hard tine in seeing the
generalization of the treatnent for all of these types
of plants when | see such a significant difference
bet ween, on one hand, Beaver Valley and the Pali sades

and, on the other, the Cconee plant.

MR, VH TEHEAD:

DR. BONACA:

MR, VH TEHEAD:

Ckay.

But you deal with that issue.

| think we'll tal k about

that in the generalization issue, but let nme just add

t hat what you poi nted out

is absolutely correct, and

that is actually reflected in sonme of the hunman error
probabilities that were assigned to the sane type of
action dependi ng upon whether it was at, say, Oconee
rather than Beaver Valley. Because at Cconee the
operators are nuch nore sensitive to what happens on
t he secondary si de than necessarily is the case at the
other plants with the larger inventories in the steam
generators because they know that there's tine
avai l able for themto respond.

So those types of issues and conditions

wer e consi dered, | ooked at, and incorporated into the

anal ysi s.
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DR. BONACA: Yes, because, again, you
know, the elimnation of secondary side as
consideration is acceptable to nme. | nean, it's
obvious for the Wstinghouse and C type of steam
generator, but the burden, it's higher in elimnating
t hose scenarios fromthe B&Wtype pl ants.

MR. VWH TEHEAD: Yes, but even --

DR. BONACA: Because you have to assune,
you know, and | believe it's possible and we di scussed
it alongtinme ago, regarding the effectiveness of the
operator to follow procedures and to isolate and to
term nate the event.

But that is why it was such a limting
event for BRWplants when it was originally anal yzed,
because they assunme continuous feeding of water and
all, but as an intervention.

MR. WH TEHEAD: Right, and as we're al
awar e, assum ng that the operators will do absolutely

nothing is not necessarily the best course of action

to take.

MR. SIEBER  How many bins did you end up
wi t h?

MR. VH TEHEAD:. Typically we ended up
with, let's see, you know, in the tens of bins.

Cconee, I'mtrying to renenber off the top of ny head.
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W had, you know, 40 or 50 bins.

MR. SIEBER: And each one represents a
different thermal hydraulic anal ysis?

MR. VWH TEHEAD: Yes, it represents a
t hermal hydraulic analysis that we, both the PRA and
t he thermal hydraul i cs peopl e believe was sufficiently
di fferent enough that it warranted its own bin, yes.

MR. SIEBER. Ckay, and the bins were
di fferent dependi ng on t he manufacturer of the plant?

MR.  VWH TEHEAD: There could be sone
differences in the bin, though typically there tended
to be quite a bit of overlap because the response of
the plant would be the sane.

For exanple, the bins that dealt wth
LOCAs, the nedium break LOCAs and the |arge break
LOCAs, | think in each plant we had t hree nedi um br eak
LOCA bins and one |large break LOCA bin because the
t hermal hydraulic response coul d be characterized by,
you know, that set of bins both for the nedi um and
the | arge break LOCA

And so you know, we ended up wth
essentially the sane nunber of bins, though there
could be sone small variation in break size and/or
equi pnent response dependi ng upon what was

particularly inportant at one plant versus another.
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MR. SIEBER. Yeah, and the ultimte result

was a cool -down curve for each bin?

MR. VWH TEHEAD: That is correct. Both a
m ni mum downconer tenperature, the pressure plot, and
the heat transfer coefficient plot.

MR. SIEBER: Ckay. Thank you.

MR. WHI TEHEAD: Yes. And let's see. The
way the bin devel opnment process occurred was we, as
t he anal yst, |ooked at m ni mum downconer tenperature
as our primary means of making a determination as to
whet her or not we needed a new bin or not, and if the
m ni mum downcomer tenperatures were approxi mately the
same, then we typically tried to fit the scenarios
into the ones that had the higher pressure.

So, | mean, given the sane mninmm
downcorer tenperature profile, we then | ooked to see
what kind of variations we were seeing in pressure
response and, you know, as long as the pressures
response was not substantial, then we typically tried
to pick the one that had the highest.

Qobviously if the pressure responses were
vastly different, then that was one of the keys that
we had to go and request, you know, additional
information, different calculations for the expected

equi pnent response, t he expected tenperature, pressure
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response for the various sets of operating conditions,
equi pnent failures, successes, operator successes,
failures.

So | nean, you know, basically we | ooked
at tenperature first and then as a deci ding factor, we
| ooked at pressure response.

| believe that is mne. Any other
guestions?

MR. SI EBER:  Thank you.

CHAI RMAN SHACK:  Al'l right. Forty mnutes
behind already. 1'd like to propose we take a break
for ten mnutes and then we'll cone back.

(Wher eupon, the foregoing matter went off

the record at 10:11 a.m and went back on

the record at 10:27 a.m)

CHAI RMAN SHACK: We can hear about pl unes
finally.

MEMBER SI EBER: There aren't any. Thank
goodness.

(Laughter.)

MR. BESSETTE: Yes, there aren't any.

CHAI RMAN SHACK: And if they are, they
don't make any difference anyway.

MR. BESSETTE: Yes. And if they are -- if

there aren't any, and if they were they woul dn't nmake
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any difference.

(Laughter.)

I'"'m going to talk about the Dbasic
assunptions in the thermal hydraulics analysis, and
it's-- first, it's that we' ve done an adequat e nunber
of calculations to resolve the accident space or the
spectrum of acci dents.

And we have a corresponding |evel of
detail between the thermal hydraulic cal cul ati ons and
t he PRA bins, and t hat RELAP5, which was the basis for
all of the analysis, is able to adequately predict
downcomner tenperature, pressure, and heat transfer
coefficient, and that nulti-dinmensional effects, in
particular in the cold leg and downconer, are
adequately represented by RELAP.

| shouldn't say adequately represented,
but are not significant to the answer.

MEMBER RANSOM \What about the heat
transfer coefficient? Because isn't it what really
governs the thernmal stress in the wall?

MR. BESSETTE: Well, it's really the heat
fl ux.

MEMBER RANSOM Wl l, the heat fl ux,
right.

MR. BESSETTE: And which is a conbi nati on
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of tenperature -- fluid tenperature and heat transfer
coefficient.

MEMBER RANSOM  Ri ght.

MR. BESSETTE: Qur starting prem se, which
has held true throughout the analysis, was that you
have these three factors. The nost inportant is
t enperat ure and pressure and heat transfer
coefficient. So it's not that heat transfer
coefficient is inconsequential. Effects can be seen
in any results, but that -- we understand the
magni t ude of these effects, and we' ve | ooked at these
effects.

MEMBER RANSOM One thing that | don't
recall is why you're able to nake these other plots
with RTndt as the governing paraneter, as far as the
material. But then, you know, to relate that to the
stress in the wall, which is -- | guess there's an
assurmed pressure, but also the cue is the other
factor, |ike you nentioned.

MR. BESSETTE: Well, as you know, you have
to do -- let's say your thermal hydraulic boundary
conditions have to be, in effect, individually
determ nistic, because it's the whole tenperature
hi story or the whole heat flux as a function of tine

that gives you the tenperature distribution in the
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vessel wall.

MEMBER RANSOM  But the previous plots we
saw are sort of generalizations of a |lot of
transi ents, and apparently there nust be sone of these
effects that are comon

MR. BESSETTE: | think -- you know, |
think one thing we can say is we've covered such a
spectrum of transients that we' ve covered all -- al
possibilities that can happen.

MEMBER RANSOM  Ckay.

MR. BESSETTE: | wanted to show the PRT
that we -- we based -- in effect we based our work on
toillustrate a point. First of all, we did a PIRT to

try to identify the dom nant features of the plant
desi gn and the physical nopdels in RELAP.

And this is col or-coded, so that the green
are itens that form part of the RELAP input deck or
t he RELAP pl ant nodel that was used in the analysis.
And t he bl ue are the physical nodels in RELAP, and t he
red is a conbination of boundary condition and
physi cal nodeling.

And the interesting thing about when you
do this PIRT is that nost of the inportant features of
the analysis relate to the input deck, how the plant

is nodel ed. And as well as how the plant is nodel ed,
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it's the actual event sequence, the initiating event,
and things like tripping the reactor cool ant punps,
and so on, and operator actions.

So when -- in the previous slide when we
tal k about plant behaviors resol ved adequately, what
we try to do is take these -- this PIRT, and since so
many of these things are actually a definition of the
event sequence, it is to evaluate these features by an
adequat e nunber of individual RELAP cal cul ati ons.

So, for exanple, for break |ocation, we
| ooked at breaks in the hot leg and cold leg, the
break -- main steamline -- main steamline breaks can
be either wupstream or downstream of nain steam
i sol ation val ve.

This is an inportant aspect, because a
break downstream of the valve or outside a
cont ai nnent, reactor cool ant punps don't trip, whereas
if the steamline breaks inside containnent it
generates an i solation signal which would result in a
trip of the reactor cool ant punps.

For exanple -- and this was discussed a
little bit earlier -- we did a large nunber of
cal cul ations on hot, full power, repeated themat hot
zero power, to look at the effect of decay heat. The

pressurizer -- class of events of pressurizer SRV
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stuck open, which we closed. W basically -- we
| ooked at -- broke that down into they reclose at
3,000 seconds, 6,000 seconds, or never.

And, in addition, inresponse to a request
fromDr. Mirley, we did a nore conpl ete spectrum of
reclosure times to characterize a whol e range of
possibilities.

And as Donnie was saying, |ike operator
actions, we | ooked at variations in the timng of HP
throttling, the feedwater isolation, to cover
basically the spectrum of possibilities.

And this is a continuation of the PIRT.
Again, you can see that nost of the features are
boundary conditions. W did do sensitivity studies on
the wal | heat conduction, which I'll tal k about today
or tonorrow.

This we can't represent in RELAP -- ECC
RCS mixing in the cold |egs and downconer. But we
| ooked quite a bit at experinental data. This | ook at
the effects of thermal stratification in the cold Ileg
and tenperature distribution and downconer we feel --
we have a story on that, which we'll tell you --

MEMBER WALLI'S: Well, doesn't RELAP just
bring everything to equilibriumin a node? It doesn't

have two different tenperatures and things. It just
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brings everything to a --

MR. BESSETTE: That's right. This is a
single fluid tenperature, a single liquid tenperature
and a single vapor tenperature.

MEMBER VALLIS: So they're not necessarily
t he same.

MR. BESSETTE: They're not necessarily the
same. But you only have one liquid tenperature.

MEMBER WALLI'S: One |iquid tenperature.

MR BESSETTE: Yes. So there's no
possibility of representing thermal stratificationin
the cold |eg.

MEMBER WALLIS: There's no possibility of
a plune.

MR. BESSETTE: There's no possibility,
really, of --

MEMBER ROSEN. Which is plunes are
i mportant.

MR. BESSETTE: Yes. So that's why we
spent a fair anount of tine worrying about do pl unes
exi st, and how |l arge are they.

MEMBER WALLIS: Well, you have these
wonder ful pictures where you have red dye pluned
which are really spectacul ar, obviously are there.

MR. BESSETTE: Well, actually, | guess you
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m ght say --

MEMBER WALLIS: Wen you do thernal
hydraulic, you do the thermal study, and they don't
seemto be there. They're there when you visualize
them but they're not there when you --

MR BESSETTE: Yes, but | think the
t hernocouple is nore accurate than the eye.

So this speaks to item1, whether we have
adequate resolution of plant behavior. And when we
| ooked at the results, we see that the range of
t hermal hydraulic conditions in a given bin, as finely
as we di scretized pl ant behavior, is large conpared to
the uncertainty --

MEMBER WALLIS: | was a bit surprised by
this factor of 10 range in break size within a bin.
The break size doesn't mmke that nuch difference,
then, so you can bin it?

MR. BESSETTE: Well, I'Il get to that. W
break -- first of all, we take LOCAs and we break them

down into four, say, "uber bins," you know, a snall
break, nmedium break, large break, and very snall
br eak.

MEMBER WALLIS: That's your factor of 10

range.

MR. BESSETTE: So when | speak of a factor
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of 10 range in a bin, |I'm talking about this "uber
bin." And then, we further break down this uber bin
into -- | call them sub-bins or bins. So we

di scretize, let's say, small break LOCAs into five
RELAP cal cul ations, and i nternmedi ate breaks into three
RELAP cal cul ations, and | arge breaks into one.

And we feel that this is about as finely
as it makes sense to break these bins down, because of
the -- how accurately you can define the frequency of
a small break LOCA. And you can't -- if you have a
smal | break LOCA classified as a break 1.54 inches,
it's hard to say, "Wll, within that total frequency,
this is how the frequencies of a 2-inch break, 2.5-
inch," and so on. So | don't think that the PRA
know edge exists to break these bins any finer than we
di d.

As Donnie said, there was a close
rel ati onship between the PRA bin process and the
thermal hydraulic uncertainty analysis where we net
periodically and had a lot of discussions on what
cal cul ations to run.

And i n our uncertainty anal ysis, we | ooked
at both the -- in RELAP space can be broken down into
a code input deck, which is defining the boundary

condition to the thermal hydraulic problem and the
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physi cal nodels and nunerical solution nethods in
RELAP itself.

CHAI RMAN SHACK: But does your first
bullet inply that you're telling nme that the second
sub-bullet in your last bullet really is sort of
enconpassed by the first bullet? |Is that the
i mplication?

MR. BESSETTE: Yes. |I'mtrying to say --
from this bullet, I'm trying to say that this
uncertainty range you get fromhere is small conpared
to this uncertainty range.

CHAI RMAN SHACK: So you're really only
going to sanple fromthe code input nodel

MR BESSETTE: Well, we tried to cover al
t he bases.

CHAI RVAN SHACK: Ch, you did.

MR. BESSETTE: Yes. |In our uncertainty
anal ysi s.

DR. NOURBAKHSH: Can you tell -- being
that it has the characteristics of plune is nore
important -- for exanple, if other |oops are -- you
have fluid in other |oops, there is nore possibility
of breakage. So have you made a bin that
characterized to maxi numpotential for a strong pl une?

Then, based on the frequency, we can --
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MR. BESSETTE: Yes. Wll, it's probably

-- | should that defer that to the plune discussion,
but --

MEMBER VALLI'S: Essentially, | think we're
learning that RELAP is surprisingly absolutely
accurate conpared with all these other variations.

MR. BESSETTE: Yes. Actually, |I'm going
to get to that in a second. As you say, RELAP is
amazingly accurate. This cones froma RELAP agnostic
or a CODAC agnosti c.

| was surprised when | saw t hese results.
W | ooked at -- in support of this study, we did 12
integral systemtest, assessnment cases, and we chose
sequences or event sequences from ROSA, ROSA-1V,
ROSA/ AP600, APEX, LOFT, and M ST.

Now, these -- ROSA, APEX, LOFT -- are
basically configured to Westi nghouse CE designs, and
M ST was nodel ed according to a B&W desi gn.

And we did do sonme statistical
comparisons, just summarizing the assessnent results
here. And where | use 12 tests, on the average RELAP
is within four degrees of the experinental data. And
the -- when you tal k about an average of a standard
deviation, it works out to -- the typical standard

deviation is about 10 degrees K
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VMEMBER WALLI S: Is this in the final

report, this table?

MR. BESSETTE: |I'mnot sure if it got in
t here or not.

DR. NOURBAKHSH:. You di scuss qualitative,
Chapter 6 maybe.

MEMBER WALLIS: Because in the final
report there's all kinds of conparisons with --
bet ween RELAP and all sorts of experiments. And it
didn't seemto be pull ed together into where they gave
nme sone sort of a netric on how well RELAP is doing.
This seens to be doing that.

MR. BESSETTE: That was the intent, yes.

CHAI RMAN SHACK: Yes. The four-degree
nunber is quoted everywhere.

(Laughter.)

MR. BESSETTE: Well, | guess the bottom
line m ght have been, but --

CHAI RMAN SHACK: Yes. That you see
ever ywher e.

MR BESSETTE: So that -- this, to nme, was
amazing when | saw it.

MEMBER DENNING Help us a little nore in
the interpretation of this in ternms of, is this -- if

you |l ook at the tenperature transients, is this the
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maxi mum di fference, or what is -- what is the left-
hand col um, and then what's the right-hand col um on
t he standard devi ation?

MR BESSETTE: W have maxi mum and m ni num
di fferences, which | didn't present here. This is an
average difference over the course of the experinent.
So if the experinent runs for 3,000 seconds --

MEMBER WALLIS: That's the average.
Because sone of these experinmental -- it's in
Chapter 6 of the final report. There are sone really
bi g spi kes in the RELAP nodel, which obviously aren't
shown here.

MR BESSETTE: Yes. Well, the standard
deviation is going to capture the -- | nmean, you can
get a small average by being above half the tinme or
bel ow hal f the tine.

MEMBER WALLI'S: That's that an average is

MR. BESSETTE: Yes.

MEMBER WALLIS: Al nost.

MR BESSETTE: But standard deviation wll
-- captures how -- in general, how far off are you.

MEMBER WALLI'S: But the actual -- the
wor st devi ati on may be 100.

MR. BESSETTE: Well --

CHAI RVAN SHACK:  Yes.
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MR. BESSETTE: -- yes. So this is one

signma, SO you --

MEMBER WALLIS: Right. So that is pretty
big there, isn't it?

MR BESSETTE: For this one, within -- at
the two signal level, it nmeans 90-sone percent of the
time you're within 50 degrees K of the experinent.

CHAI RVAN SHACK: Were your tine chops of
t he downconer tenperature sort of calibrated with the
penetration depth of the wall? | mean, so that any
spike within this thing that I mssed really woul dn't
affect the overall tenperature transient very nuch?

MR BESSETTE: Well, nost of these
conparisons are fairly -- these are very fine
tenperature fluctuations, |like on the order of one
second, don't penetrate sufficiently to --

CHAI RMAN SHACK:  Ri ght.

MR BESSETTE: -- to be a factor. You
have to stop worrying about tenperature fluctuations
of the order of 10 or a couple of tens of seconds.

CHAI RMAN SHACK:  Well, that's my question.
s this -- were these histories that you derived t hese
fromfine enough to capture all of that? | mean, you
didn't do it every second, but did you do it

frequently enough to capture everything that woul d be
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of interest to the wall?

MR. BESSETTE: Well, | think the way we
did it -- you know, it -- ‘typically, in the
experiments you have recording frequencies of about
1 Hertz or so. And so we would have done it on that
frequency.

MEMBER WALLIS: But if you | ook at the
ROSA data, the biggest nunmbers you get in a standard
deviation there are for ROSA. ROSA data showed a
downward spike in the tenperature in the data. So
there's sonething real there in terms of a quenching

of the wall in RCSA

MR. BESSETTE: Well, it -- yes, see, sone
of these experinents, in particular ROCSA, include
these |like bifurcations -- bifurcating events, which

is |like the opening of the automatic depressurization
system And so if RELAP -- and the timng of the
opening of the ADS is key to the level in the core
makeup tank.

And so if you're off a little bit on
timng, you'll get a big error in your calculation.
And al so, you have -- you know, an opening of ADS
val ve causes a dramatic change in the event sequence,
where you can get sudden changes in tenperature.

MEMBER RANSOM Are these data all for
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prototypical initial tenperatures and injection
t enper at ures?

MR. BESSETTE: Pretty much. LOFT, M ST,
and ROSA start from prototypic initial conditions.
APEX is sonewhat reduced. It starts at about 400
degrees Fahrenheit instead of 550.

MEMBER RANSOM  Well, wouldn't it be
better to use a non-di nensi onal tenperature and make
a conparison on that basis rather than absolute
t enper at ures?

MR. BESSETTE: In the end, yes. But
since, you know, | considered APEX was sufficiently
close to these others or that -- it really wasn't
worth the additional conplication or sinplification,
particularly when you | ook at it.

MEMBER WALLIS: Well, also, what was
m ssing fromthe di scussion in Chapter 6 was there are
all kinds of data shown. There's MT pressurizer and
Semi - Scal e, UPTF, and so what does this have to do
with the scenarios of real interest for PTS?

MR. BESSETTE: That's one of the mi ssing
l'i nks.

MEMBER WALLIS: It is.

MR. BESSETTE: The separate effects cases

were chosen to explore what we felt were the nost
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significant physical nodeling features.

MEMBER WALLIS: Well, we know that RELAP
does a pretty good job on Iots of things. The rea
guestion is: howgood is it for the kinds of
scenari os which are nost inportant for PTS?

MR. BESSETTE: Yes.

MEMBER WALLIS: It's not clear that this
kind of a matrix or table covers that at all. Are
these LOFT tests relevant at all to PTS?

MR. BESSETTE: Well, that's why this
particular |ist was chosen fromthe --

MEMBER WALLI S: Because it's not rel evant?

MR BESSETTE: No, to be of nost
rel evance. These were chosen as representative
scenarios --

MEMBER WALLI'S: Can there be sone output
inthe report, this connection between these scenari os
and the PTS scenari 0s?

MR BESSETTE: It can be init. It wll
be.

MEMBER WALLIS: But the MT pressurizer
test has nothing to do with PTS.

MR BESSETTE: Well, it does -- it does in
the sense that you have this class of events that

i nvol ve repressurization. And what you want to know
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-- is RELAP doing a reasonable job under
repressurization conditions? Wich is what the MT
pressurizer test gives you.

MEMBER WALLI'S: So could this be spelled
out in the final report? This is the question we're
asking, and this is the sort of degree of effect that
we need in order to answer this question, and, yes,
we've got it, or whatever?

MEMBER SIEBER: Yes. But this is just a
denonstration that RELAP5 can  nodel certain
transients.

MEMBER WALLIS: Ch, yes.

MEMBER S| EBER: Ckay. Well, it's nice to
put it down in your report.

MEMBER WALLIS: It may nodel 99 percent of
all of these transients, but the one which is nost
critical for PTS, it may not nodel well at all.

MEMBER SI EBER: Yes, and you may not be
able to determine it fromthe series of tests.

MEMBER WALLI S: Unl ess they cover sonehow
the typical scenario that |leads to a PTS.

MEMBER S| EBER: Well, one woul d hope
there's sone continuity fromone test to another.

MEMBER DENNI NG What about scaling

guestions here, too? Most of these are clearly much
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smaller than the real system which would affect
things |ike plunes and stuff like that. 1s there sone
di scussi on of that?

MR. BESSETTE: Well, 1'll get into that.
| think the nost inportant scaling factor in terns of
these integral systemtests fromthe perspective of
PTS is a power-to-volune scaling. And that was one of
the basic principles used in all of these facilities.
This power-to-volune scaling gives you the right
energy inventory behavi or.

MEMBER SI EBER  Ckay.

MEMBER WALLIS: Does that necessarily
nodel how far a plume penetrates?

MR. BESSETTE: No, that's a separate
issue. And there you have to look at all of the
avai l able data, and 1'Il get into that l|ater.

MEMBER WALLIS: You'll get into --

MR. BESSETTE: It's probably best to --

MEMBER WALLIS: |Is there a theory of
pl umes which is used, or is it just |ooking at data?

MR BESSETTE: Well, we started off
| ooki ng at the theory of plunes and then deci ded t hat
what we were dealing with was not decay of plunes. It
was sonething quite different.

MEMBER WALLI'S: Are you going to get into
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t hat ?
MR. BESSETTE: Yes. Ckay. So this is a
simlar result with the same set of experinents, now

| ooking at the pressure statistics. And, again, the

conmparison is -- absolute conparison is quite good
within RELAP -- is within 10 psi of the data, which
is --

MEMBER WALLIS: Just follows the whole
system pressure, doesn't it?

MR BESSETTE: Yes, within -- it's an
absol ute conparison. So within the context of system
pressure it's -- the difference is trivial.

DR NOURBAKHSH: UPTF is here as far as
pressure constant, but for tenperature you didn't show
it -- the previous slide. UPTF is mssing as far as
t enper at ur e.

MR BESSETTE: Yes. This is --

DR NOURBAKHSH: UPTF is relevant to --

MR BESSETTE: This UPTF test is a
condensation test. | don't knowreally -- it was --
it was intended to be run as kind of a steady-state,
but it ended up being a -- kind of a transient. But
basically what we're looking for is to try to see if
-- how well RELAP was doi ng, but condensation during

ECC injection gives us an inportant factor in

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

100

det erm ni ng downconer tenperature.

So the bottomline is RELAP conpared wel |
to the experinments, and basically the reasons are that
pressure and tenperature are global paraneters
representing basically the energy of the reactor
cool ant system And RELAPS -- the code itself is
based on conservati on of mass and energy, solution to
t he conservation equations. And that what this says
is that you can | ook upon your reactor cool ant system
as a control volume probl em

MEMBER WALLIS: There's no nmonmentumin
there. Wen you start putting nmomentum flux in the
downconer, you get weird and wonderful behavior.

MR. BESSETTE: Yes. So far we're only
t al ki ng about conservation of mass and energy. W'l
get to nonmentum | ater.

And so, basically, as a basic thernal
hydraul i c control volune problem it's characterized
by its initial condition and then its boundary
conditions. And the point | nade before is that
i nt egral system test facilities are directly
i nstructive, because they're based on power-to-vol unme
scal i ng.

Now we get to the heat transfer

coefficient, and the issue here of course was the
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possi bl e underprediction in RELAP since it did not
nodel buoyancy opposed m xed convection conditions
that you get in a downcomer, which is based -- you
have an annulus with heated walls on both sides and a
col der fluid noving dowward past the heated wall s.

And in those conditions, you expect an
enhancenent to heat transfer -- to, let's say, the
heat transfer you get from an ordinary forced
convection nodel, which is what RELAP had. The base
case RELAP includes Dittus-Boelter for turbulent
forced ~convention and Churchill-Chu for free
convecti on.

MEMBER WALLIS: | would think that you
m ght get a stagnation point where the hot plune rises
up the wall and the cold fluid cones down, and at sone
poi nt they bal ance each other and the fluid comes off
the wall .

VR. BESSETTE: You get these
instabilities, yes.

MEMBER WALLI'S: Well, there m ght be sone
regi on where those aren't --

MR. BESSETTE: | think what you find is
t hat --

MEMBER WALLIS: -- neither natural

convection nor forced convection is happening. One is
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actual ly stopping the other.

MR. BESSETTE: Yes. | think basically the
down flow wi ns out over these boundary jets.

MEMBER RANSOM  Well, one thing | would
think you' d want to try to quantify to sone degree
woul d be | ocal effects. You know, the RELAP5 nobdels
are basically fully developed heat transfer
coefficient nodels for both natural convection and
forced convecti on.

And | guess you'd worry that you m ght
sonewhere have an interaction between two flows into
t he downcomer that nay create a | ocal scrubbing effect
and higher turbulence and higher heat transfer
coefficient. And I'm wondering how big that variation
m ght be, or maybe we'll see that you' ve taken that
into account sonme way.

And nost of the experinents that you show,
of course, they don't neasure enough heat transfer
information to ever reveal these kinds of things.

MR BESSETTE: Yes. Well, | think the
first -- of course, the first thing is you wanted to
know i f we got the average tenperature right, which |
t hink we can --

MEMBER RANSOM  Ri ght.

MR. BESSETTE: -- we've denonstrated that
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we did. And then, the second thing then is to know
whet her -- how non-uniform are the conditions in a
downconer ?

MEMBER RANSOM  Ri ght.

MR BESSETTE: So this is what's -- the
basic nodels in RELAP that get applied to the
downconmer during these PTS transients are a
conbi nation of Dittus-Boelter and Churchill-Chu, and
RELAP t akes the -- cal cul ates heat transfer both ways
and takes the higher of the two.

So wunder natural circulation or flow
stagnation conditions, Churchill-Chu gives a higher
val ue of heat transfer than Dittus-Boelter, and so
that's what gets applied. W had this -- of course,
t he suggesti on was that we -- of course, that we ought
to | ook at m xed convection, and so we i npl enented --
what we did is we inplenented the Petukhov -- test ny
pronunciation -- Gielinski -- Gielinski, is that
right?

MEMBER WALLIS: And what is this for?
This is for mxed --

MR BESSETTE: This is -- so Petukhov-
Gnielinski is pretty simlar to Dittus-Boelter. It
has sone slight corrections on it, but we did hand

cal cul ati ons and we di d cal cul ati ons as i npl enented in
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RELAP. And it gives results pretty close to Dittus-
Boelter over the range of --

MEMBER WALLIS: So Churchill-Chu is for
flowgoing up the wall, and Dittus-Boelter is for flow
coming down the wall. It seens to nme rather strange
that you don't try to nodel what really happens by
using fluent or something, where the flow is com ng
down on the outside but nmaybe goi ng up near the wall.

MR BESSETTE: Yes. But Churchill-Chu
actually seens to be surprisingly -- well, actually,
it's fairly --

MEMBER WALLIS: These are then conpared
wi th APEX or sonething, are they?

MR BESSETTE: Well, what we did is we
conpared it against -- what we did is we conpared it
to the -- what Swanson and Catton did, you m ght know
why we did this particular conparison -- was they ran
sonme experiments back in the late '80s and | ooked at
annul ar geonetry. And they suggested that the use of
the multiplier, rather than doing a free convection
type of correlation, they -- they suggested using a
mul ti plier on Petukhov, which is this equation here.

So we i npl enented a conbi nati on, and t hey
related it toamultiplier. Their nultiplier is -- so

this termhere is this one here. And so this is their
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multiplier, and we inplenented this in RELAP, and we
did a nunber of cal cul ations.

MEMBER KRESS: These heat transfer
coefficients are assunmed to be, in effect, 360 degrees
around the vessel, right?

MR. BESSETTE: Yes.

MEMBER KRESS: And to be substantially
nore inmportant at the mdline, the baseline, or the
m dpoi nt of the vessel where the wells are, where the
hi gh fluence is.

MR. BESSETTE: Yes. | nean, we're really
only worried about the region of the vessel adjacent
to the core.

MEMBER KRESS: Which is al nost a region of
wel | -devel oped flow prior to the L over D annul us.
I"mtrying to get to a state where | can say, okay,
it's a well-devel oped flow --

MR BESSETTE: Oh, | see.

MEMBER KRESS: -- and you're being a bit

conservative, because you're applying it only around

t he vessel

MR. BESSETTE: Yes. Well, | think --
well, I'I'l get tothat. | think -- | don't know if we
-- if we ever -- at what point we get the fully
devel oped fl ow at the downconer. In fact, | 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

106

flowis sufficiently conplex where it -- and varying
with time, but fully devel oped is an approxi mation.

MEMBER KRESS: But there are a lot of L
over D s.

MR. BESSETTE: Yes. OCh, yes. This -- in
terms of the -- that this -- well, in other words,
whet her we have enough to get the fully devel oped fl ow
-- it's certainly several L over D at |east.

MEMBER DENNING | think the problemwth
that argunent, Tom is that we don't know what's goi ng
around azi nut hal perhaps.

MEMBER WALLIS: It's a very short L over
D azimuthally. [It's going around. |It's very squat.
So it's never fully devel oped azi nuthally.

MR. BESSETTE: Well, going around --
actual ly, you coul d probably get nore L over D s goi ng
around - -

MEMBER WALLIS: Are you going to tell us
you get stratification, is that what's going to nmake
everything uniformin the downconer?

VR. BESSETTE: That we don't get
stratification.

MEMBER WALLIS: Don't get stratification.

MR. BESSETTE: That we have fairly uniform

downcorer t enper at ures.
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MEMBER WALLI S: Now, aren't these heat

transfer coefficients so big that it doesn't natter
anyway ?

MEMBER KRESS: Yes. It's the penetration
in the wall that governs that seens to --

MR. BESSETTE: Well, that's one of the
i ssues we | ooked at, because, of course, going back to
1980 or so, people have | ooked at the BO nunber in
this situation and deci ded that is conduction control.
But al ong the way we' ve gotten the results that popped
up which show sone sensitivity to heat transfer
coefficient, nore than you m ght expect when you | ook
at the BO number

And so the reason for that was sort of
what was comng up a little bit earlier, is that the
fl aws when you do the FAVOR anal ysis or the analysis
that was done in the 1980s -- | forget the nanme of the
fracture code then -- the flaws that cause the vessel
to fail are located near the inner surface, in the
first inch or |ess.

And so when you do a BO nunber anal ysis,
of course, you have to choose a | ength term when you
do the BO nunber analysis. And if you choose one
inch, let's say, or -- instead of the whole vessel

wal | thickness, you get a nuch different result which
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shows that you' re no | onger conduction controlled.

So we had this -- we had -- we're dealing
with a potential non-conservatism in the heat
transfer.

MEMBER WALLI'S: Are you going to explain
why you have now a good heat transfer coefficient
rather than just the fact that there are four
t heori es?

(Laughter.)

MR. BESSETTE: Well, you know, as | said,
by itself Petukhov-Gnielinski gives results that are
simlar toDittus-Boelter. And references |'ve | ooked
at say that for the conditions for which they are
devel oped they have accuracy, good accuracy, and --

MEMBER WALLIS: Petukhov is a Russian
reference? It doesn't have any kind of NRC quality
control or anything, and yet you believe it?

MR BESSETTE: Well, | nean, it's --
there's been conparisons with data that showed good
agreenent, and 90 percent of that data is within plus
or minus 20 percent.

CHAI RVAN SHACK: So they both agree when
they' re tested under the appropriate conditions, but,
again, are the conditions which you need here.

MR. BESSETTE: Well, that's where Swanson
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and Catton cone in, because they -- they devel oped
their correlation based on the experinents they ran,
whi ch were the appropriate conditions. And so they
apply a multiplier to -- to Petukhov, and which is
what we used.

MEMBER WALLIS: |Is your Petukhov right?
It looks very, very strange. |s the nunber
proportional to the Reynolds nunber? 1Is that -- |
guess it could be, because of the CF over 2. | guess
it would --

MR. BESSETTE: It's basically the sane
formulation. It's just a little bit added term
They're all --

MEMBER RANSOM Well, they still have a
friction coefficient apparently. | don't know if you
can have applied friction correlation or --

MR. BESSETTE: Well, it's based on -- yes,
wel |, you have to cal cul ate the Reynol ds nunber wth
RELAP.

MEMBER RANSOM  But then you have to get
an actual C sub F.

MR BESSETTE: OCh. Yes, that's cal cul ated
t hrough RELAP.

MEMBER DENNI NG Does the fact that the

correction factor makes the di fference which is -- has
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a Grashoff nunber init, it inplies that there is sone
sort of recirculation that's going on in that annul us
that's of significance, a natural convection-driven

circulation added on to the general downfl ow?

MR. BESSETTE: Well, | think it's alittle
bit -- it deals with it nore locally than that. It
deals with the -- the fact that you have these wall

boundari es, these buoyant wall boundaries, which are
counter to the predom nant flow, which was downwar ds,
and that increases the -- basically, the turbul ence,
the local turbulence, and, therefore, it gives you
nore heat transfer. On top of that you may have
| arge-scal e fl ows, too.

MEMBER RANSOM  That's kind of a strange
correlation, though. It has the Gashoff nunber tines
t he Reynol ds nunber. |If you had stagnant flow, there

woul d be no natural convection, which is counter to

intuition.

MR BESSETTE: Well, there's kind of a
Grashof f over Reynol ds squared that -- basis that
Catton used as ki nd of determ ning what -- how nuch of

your total behavior is, you know, buoyancy controlled
versus bul k flow controll ed.
MEMBER WALLI'S:  Well, Petukhov just |ooks

i ke a Reynol ds analogy. That's all it is. Wy don't
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we nove on.

MR. BESSETTE: Wat we did, we applied
t hi s new heat transfer nodel to -- based on Pal i sades.
W chose the 12 risk-domnant transients for
Pal i sades, and we ran sensitivity studies with the
default heat transfer, which is Dittus-Boelter,
Churchill-Chu, and with Petukhov -- | call it the
Pet ukhov- Cat t on nodel .

And then, in addition, we applied on top
of that to cover residual uncertainty -- well, we
applied multipliers of .7 and 1.3 to the values
obt ai ned usi ng Pet ukhov-Catt on.

MEMBER WALLIS: But this Petukhov is for
flowin a pipe, isn't it?

MR. BESSETTE: Yes.

MEMBER WALLI'S: So what has it got to do
with the downconer?

MR BESSETTE: Well, that's the Swanson-
Catton. | nean, the Swanson-Catton correl ation was
determ ned fromthe --

MEMBER WALLIS: That's the only one that's
related to downconers, right?

MR. BESSETTE: Yes, determined fromthe
downcomer experinments they ran. So it's an

enhancenent over pipe flow
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These are the 12 cases -- | told you we
ran 12 -- the 12 Palisades risk-dom nant sequences,
and these are the 12 cases that we ran. There was a
range of --

MEMBER WALLIS: Did you check -- did you
run themto -- use themto predict sonme APEX results
or sonething? Wy did you sort of validate the
met hod?

MR. BESSETTE: Validate the nodels, do you
nean, the heat transfer nodels or --

MEMBER WALLIS: Well, you ran RELAP and
all these things. D dn't you run them agai nst sone
experiment at APEX or something to see which of these
t hi ngs you show on slide 13 worked? O you just ran
t henf?

MR. BESSETTE: Well, they both work in
this. | mean, the reason we know they work is that we
-- we knowthat interns of the fluid tenperature, the
heat transfer fromthe wall to the fluid does not have
a strong effect.

MEMBER WALLI'S: But the Reynol ds nunber is
just the flowrate averaged over the whol e downconer,
is that what it's based on, the velocity?

MR. BESSETTE: It is determ ned by a

velocity and the hydraulic dianeter.
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MEMBER WALLIS: So it's a nean velocity

over the whol e downconer.

MR BESSETTE: Well, it's determned in
each node, but --

MEMBER WALLIS: But it's a one-di nensi onal
node.

MR. BESSETTE: Yes. But you do -- you
still have a hydraulic dianmeter of RELAP.

MEMBER RANSOM How was the downcormer
nodel ed for these transients, just one single pipe?

MR BESSETTE: No. It's six channels and
about 10 axial elevations.

MEMBER RANSOM  Were they cross-1inked,

t hen?
MR BESSETTE: Yes, it's a --
MEMBER WALLIS: So it's a 2D nodel
MEMBER RANSOM So it does give you sort
of a 2D --

MEMBER WALLIS: It's a 2D nodel ? |
couldn't figure out fromthe report whether you had a
2 or 1D nodel of the downconer. Sonetines it seens to
be 1, sonetines the other.

MR. BESSETTE: Well, we did those kind of
sensitivities, too.

Bill, I can't -- I'"'mnot entirely sure.
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Did we use a 1D downconer for this, or 2D? 2D. So we
used a 2D nodel, base -- the basic nodel. But as you
can see, we ran a range of these. These 12 dom nant
cases in Palisades include a nunber of different
sequences -- the stuck-open valves on the secondary
si de, stuck-open valve on the prinmary side, main steam
line break, and a spectrum of LQOCAs.

MEMBER WALLIS: You did themall wth
t hese different nodel s?

MR BESSETTE: Yes. W did themall wth
the different nodels.

We checked Pet ukhov-Grielinski -- or ']l
call it Petukhov-Catton for sinplicity -- against the
heat transfer predicted by the base case RELAP. And
overall it increases heat transfer by about 20
percent, heat transfer coefficient by about 20
per cent .

So we checked that both through sone spot
checks, hand cal cul ati ons, but also as inplenented in
RELAP.

MEMBER WALLI S:  Suppose the heat transfer
coefficient is infinite. Wat does it do?

MR. BESSETTE: Eventually -- well, it has
-- of course, like | say, it has sone effect on the

probability of vessel failure. The probability of
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vessel failure -- the tendency is to go up as heat
transfer increases.

MEMBER WALLI'S:  Well, it nust level off at
Some poi nt.

MR. BESSETTE: You reach an asynptotic
l[imt, and we | ooked at that in the past. Eventually,
you reach an asynptotic limt.

MEMBER WALLIS: You need to convince us
that you're close enough to that already, and you're
not going to be too concerned about the heat transfer
coefficient.

MR. BESSETTE: What we can do is show you
the sensitivity.

So Pet ukhov-Catton, we've got an increase
in CPF by a factor of 3.2 over base case RELAP.

MEMBER WALLIS: Are you going to tell us
what the heat transfer coefficient is typically?

MR BESSETTE: Well, of course it has a
range. It starts off at about 25- to 30,000 watts per
square meter degrees C when the punps are on. And
t hen, under natural circulation it drops down to about
in the range of 2,500 or so watts per neter degrees C.
And t hen, under flow and stagnation conditionsit's in
the range of 1,000 to 2,500.

So this gives you an idea of the -- and
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then, on top of that, we applied factors of .7 to 1.3
on heat transfer, and we got changes in CPF of .3 and
2, respectively.

MEMBER VALLI'S:  You used those multipliers

because you had sone idea that that's how accurate it

is?

MR BESSETTE: Yes. | nean, based --

MEMBER WALLIS: You could have applied
nunbers -- factors of .5, whatever.

MR. BESSETTE: Well, looking in the
literature, a nunber like 1.2 or 20 percent
uncertainty is -- is what's often quoted.

MEMBER WALLIS: Well, that's for when
you've got a lot of data, like pipes. And for

downcorers you' ve got very little data.

MR. BESSETTE: Yes. So we used -- instead
of 20 percent, we used 30 percent.

So this is -- the first bullet here is
tenperature and pressure are determined from
conservation of mass and energy, and these are gl obal
par anet ers.

Even under flow stagnation conditions,
there's still a fair amount of flow present in the
system It just means you no |onger have | oop flow,

but you still have flows driven by the break, by ECC
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i njection, by in-vessel natural circul ation processes
where you' ve got m xing occurring at the downconer
and so these -- the fact that you still have these --
a lot of flows being driven by natural processes
precl udes pronounced variations in tenperature and --

MEMBER WALLI'S: You don't get any boiling
on the surface of the downconer?

MR. BESSETTE: Yes.

MEMBER WALLIS: You do.

MR. BESSETTE: W do. Well, we know what

RELAP tel |l s us, because these -- like Dittus-Boelter,
and so on, they're for -- they're not -- they're for
convection processes, not I|ike nuclear boiling

processes. So we checked that for these various
transients, and typically you find we're in convection
rather than boiling in a downconer.

MEMBER WALLI'S: Do you sonetinmes get it?

MR. BESSETTE: Say agai n?

MEMBER WALLIS: Do you sonetines get
boiling, or you don't?

MR. BESSETTE: Yes. Sonetines we'll get
to saturation or nuclear boiling in the downconer.

MEMBER WALLIS: Then the heat transfer
coefficient goes up a lot?

MR. BESSETTE: It goes up a lot, and
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you're using a different correl ation.

MEMBER WALLIS: Right.

MR. BESSETTE: You no |onger have this
uncertainty or this proposed uncertainty about m xed
convection versus free convecti on.

MEMBER RANSOM  Are those cases generally
when the pressure is dropped, | assume?

MR BESSETTE: Yes. You tend to see it
nore for larger break LOCAs when the whole system
pressure and energy are conm ng down so fast. You tend
to stay closer to --

MEMBER WALLIS: Don't you get sone
subcool ed boiling then?

MR. BESSETTE: You can get subcool ed
boiling sonetines, yes.

MEMBER WALLIS: | would think the worst
case would be when you get the pressure going --
shooting down, pouring this cold water, and you get
subcool ed boiling, which quenches the wall |Iike
throwi ng a piece of hot steel into -- quenching an
i ngot or sonething. You actually get boiling on the
surface of it.

MEMBER SI EBER  Ri ght.

VEMBER WALLI S: It's the worst case, isn't

it?
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MEMBER S| EBER:  Yes.

MEMBER RANSOM It's worse fromthe
thermal stress point of view. But by that tine, the
pressure has dropped, so presumably --

MEMBER WALLIS: Yes, but that's the worst
case i s when you have the big break and you have the
-- essentially the thermal stresses dom nating,
because the tenperature differences are so big.

MR. BESSETTE: Well, | nean, | guess it's
-- are you speaking now of |ike a bubble growh and
col |l apse on the wall or --

MEMBER WALLIS: | just want to see that
you've covered the water found, that your analysis
i ncludes the cases where there is boiling, and that
your RELAP runs put in boiling when there should be
boiling and calculate a reasonable heat transfer
coefficient. That's all I'"'mtrying to find out.

MR. BESSETTE: Yes. Wll, that's -- |
don't -- nobody -- | think a couple of factors cone
into that, of course. You have to know if RELAP is
correctly the right bulk fluid conditions and if has
the right -- it's one thing to say it has the right
subcool ed boiling nodel, which |I don't think is in
guestion, but also, is it invoked at the right tine?

Which is, | think, the nore basic question.
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MEMBER WALLIS: So RELAP does have these

boiling nodels init, it has criteria for when boiling
happens and when it doesn't.

MR BESSETTE: Yes. It has -- it has
nodel s for the entire, you know, heat transfer regi nes
from -- you know, everything. It covers -- it has
nodel s for the whole spectrum of heat transfer
regi mes.

MEMBER RANSOM  Saturated boiling and
subcool ed boiling. |I'msure it covers that entirely.

MR BESSETTE: It has distinct nodels for
subcool ed boiling versus saturated boiling.

MEMBER VWALLIS: Well, did any of these
experinments that you cited earlier with your table --
was the boiling in any of those experinments?

MR. BESSETTE: There probably was. |
didn't look at it in that nuch detail.

So nowthat -- item3 is adequacy of a 1D
code for nodeling potentially non-uniform fluid
tenperatures. And what we see in all of the
experinments that they showed earlier is that there are
| arge tenperature gradients in the cold |leg, but
there's little tenperature variationinthe downconer.
And this is from |ooking at UPTF, LOFT, ROSA, and

APEX, the same |ist of experinments | showed earlier.
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SoI'll cover thesein turn. W |ooked at
-- there's one mxing test run in UPTF, and that was
Test 1. And actually -- this actually conprised five

i ndi vi dual experinments.

So UPTF is a full-scale test. 1In this
test, they put -- injected HPlI water into one of the
four cold | egs, and the system the cold -- the rest

of the systemwas filled with stagnant hot water.

Now, UPTF doesn't have all of the steam
generators and all of that, but it had the vessel and
the cold |l egs and the hot | egs.

Initial system tenperature was, you can
see here, 456 K, which is 360 F, and it was at a
pressure of 260 psi. And the injection was in the
cold leg, too, and the injection tenperature was
90 degrees Fahrenheit, so you had a delta T of
270 degr ees.

They covered the range of injection rates
that you m ght expect fromHBI and accunul ator. What
|"mgoing to show is one case.

This is -- let's see, showi ng data from
three locations in the downconer, in the upper
downcomer. This is the -- away fromthe -- this is in
the downconer away from the cold leg that had

injection, and this is in the upper downconer
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i mediately below the cold leg that had the ECC
i nj ection.

And these are the RELAP cal cul ations for
this experinment at two -- two |locations. You know,
they had the parallel channels. These are two
di fferent channels in the downconer. So you can see
that in RELAP you have a small variation but a -- it
falls m dway between t he upper and | ower tenperatures
you get from UPTF.

MEMBER WALLIS: So sonehow t he 150-degree
difference in the cold | eg has beconme a 20- or 30-
degree difference in the downconmer. |s that what has
happened?

MR. BESSETTE: That's right. Yes. So
you're starting off at 270 degrees delta T, and the
maxi mum plune -- here you do see sone evidence of a
pl une, but the maxi mum plunme strength is about --

MEMBER WALLI'S: 30 degrees, right?

MR. BESSETTE: It's about 30 degrees.
This is at the top of the core elevation. You can see
by the time you get to the bottompart of the m d-core
el evation, the plunme, such as it is, is disappearing.

MEMBER WALLIS: But there is still sone
pl une, right?

MR. BESSETTE: Yes. But as you m ght
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expect, you're getting a decay -- plunme decay.

So it's about 20 degrees K in the upper
downconer, and it's down to about 10 to 15 K in md-
pl ane. RELAP is falling to between -- which is
probably what you would expect of RELAP -- is to
predi ct the average.

"1l show you the results froma LOFT

test. This was a four-inch break in the cold |leg, and

LOFT starts with prototypic initial conditions. Core
power in this case was about 50 negawatts. |Its whole
systempressure and tenperature, the ECCi njection was
89 degrees Fahrenheit. So we're starting off with
460 degrees delta T -- 480 degrees delta T.

And the reactor was tripped just prior to
t he opening of the break, and the punps were tripped
when the break was open.

MEMBER SI EBER: Pretty stable.

MR. BESSETTE: Now, this is what's going
on in the cold leg. So you' re seeing tenperature
stratification of 100 to 200 degrees K. Initially,
it's as nmuch as 200 degrees K, then decreasing it with
time. So you're getting a |lot of therma
stratification in the cold leg, and --

MEMBER WALLIS: What's all the bouncing

due to?
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MR. BESSETTE: All this here?

MEMBER WALLIS: Well, RELAP is bouncing,
but al so the thernocouple is bouncing. G een.

MR. BESSETTE: RELAP is -- well, let's
see, RELAP is the red and bl ack.

MEMBER WALLI'S: RELAP is presumably that
bl ack one. It bounces all over the place there.

MR BESSETTE: This is -- | think this is
when the accurul ator conmes in. This is a sharp drop.

MEMBER WALLIS: Right. It's a squirt of
cold water comng in.

MR. BESSETTE: You're seeing the squirt of
cold water, and | suspect this is -- these bounces
here are probably due to condensation, particularly
down here.

MEMBER WALLIS: Later on it |ooks Iike
some kind of regular oscillation.

MR. BESSETTE: Yes.

MEMBER WALLI'S: Well, | guess we can nove
on. It's --

MR. BESSETTE: Yes.

MEMBER WALLIS: -- a feature of that
pi cture.

MR. BESSETTE: This shows the tenperatures

inthe downconmer, and this is LOFT at two t her nocoupl e
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rates in the downconer. One was near the intact cold
| eg, and one was near the broken cold leg, and --

MEMBER WALLIS: Wit a mnute. That's
RELAP, that bottomthing there. There's a RELAP --

MR BESSETTE: Well, two of these are LOFT
t her nocoupl es.

MEMBER WALLIS: But they're the top one.

MR. BESSETTE: The green and the blue --

MEMBER WALLIS: Are LOFT.

MR BESSETTE: -- are LOFT. And the black
and the red are RELAP. And the difference between the
two is we ran this both ways, with a 2D downconer and
a 1D downconer. So, basically, RELAP is getting
somewhat | ower tenperatures in here, if you can
i mgi ne this down here.

These are part of the statistics | showed
in terms of the accuracy of RELAP for predicting
downcomrer tenperature. This experinment was incl uded.
But it shows --

MEMBER WALLI S:  What about when it sort of
wiggles like this, is this what fed that into the
thermal hydraulic analysis for pressurized therma
shock? Are you actually |ooking at all at these
oscillatory tenperatures |ike that?

MR. BESSETTE: Well, they would be if --
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if a plant calculation had these sane particul ar
phenonena occurring, it would be feeding into these
wi ggl es.

So this one is the upper downconer, and
this is the intact | oop, and this is the broken | oop.
So one of the things that shows is that this, at |east
in LOFT, is no evidence of a plune.

MEMBER WALLIS: Well, | don't quite know
what the green -- what's the green thing?

CHAI RMAN SHACK: The green is the data.
There's three RELAP cal cs there.

MEMBER WALLI'S: That saturation is
essentially the --

MR. BESSETTE: Oh, yes. Yes.

MEMBER WALLIS: -- saturation tenperature
corresponding to the pressure.

MR. BESSETTE: So what this is saying is
that the data are at saturation.

MEMBER WALLIS: Right.

MR BESSETTE: And to |ook at the
conpari son of the broken | oop and the intact |oop --

MEMBER WALLIS: It could be saturation,
yes. It could be because it's boiling.

MEMBER S| EBER: The bl ue and the green.

MEMBER RANSOM  The bl ue triangl es are not
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actually a calculation | guess. They're just the
saturation tenperature?

MR. BESSETTE: Yes.

MEMBER RANSOM From the RELAP pri or
pressure.

MR. BESSETTE: Yes.

MEMBER WALLIS: Is that because it's
flashing or sonmething, or the data is at saturation?

MR. BESSETTE: Well, what this says is
that it |ooks |like the water in the downconer, the
saturation, was --

MEMBER S| EBER: That's not unreasonabl e.

MEMBER RANSOM  Wel |, | guess the RELAPS
cal culation is showi ng sone subcooling, right?

MR. BESSETTE: Yes, it's show ng sone
subcool i ng.

MEMBER WALLIS: So what's the bottomline
here? You' re showi ng us that tenperatures aren't
going to be very different, that 20 or 30 degrees
doesn't matter? |Is that the bottomline?

MR BESSETTE: Well, | think the bottom
line, you know, since we |ook at such a -- since our
PTS anal ysi s enconpasses such a range of conditions,
the best we can show you is to take a range of

representative experinments and show the conparison
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between RELAP and the data, which showed that on
average RELAP is very accurate. And then, secondly --

MEMBER WALLIS: Well, it depends what you
nmean by "accurate.” And here it's not very accurate.
Soyou'rereally telling us that 30 degrees i naccuracy
doesn't matter?

MR BESSETTE: Well, | -- over the schene
of things, you <can't focus on one particular
i naccuracy and say, well, the worst is always going to
happen.

MEMBER WALLI'S: Well, you see, naybe what
matters is D tenperature/D tine, in which case RELAP
is showing a nuch bigger quenching D tenperature/D
time at one point than the data.

MR. BESSETTE: Yes.

MEMBER WALLIS: Does that natter or not

matter?

MR BESSETTE: That's not --

MEMBER RANSOM Wl |, there's a |lot nore
to that than you would think, | believe, because the
-- | assune those neasurenents are near the wall. For
exanple, if you're in subcooled boiling, the wall is

seeing essentially a saturation condition, whereas the
bulk fluid, which is the RELAP5 calculation, is

actual |y somewhat subcool ed.
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MR. BESSETTE: Another thing is you can't

-- you can't say if sonething matters or not until you
run it through FAVOR, because FAVOR is the bottom
line. | nean, sonetinmes you'll see 30 degrees doesn't
matter at all when you run it through FAVOR, and
sonmetimes you'll see it makes a difference.

But you don't know -- you can't tell just

from looking at thermal hydraulic calculations if

sonething matters or not. | mean, you can get sone
general -- you get sone general ideas, but you don't
know how rmuch it matters until you run it through
FAVOR.

MEMBER WALLI'S: That's why | have trouble
wi th the concl usions of this RELAP part of the report,
whi ch says RELAP is good. Now, on what basis is it
good?

MR. BESSETTE: Well, it's good as far as
we can define it.

MEMBER WALLIS: But is it good enough?
What's the -- how good does it have to be?

MEMBER ROSEN:. That's al nost a
phi | osophi cal questi on.

MEMBER WALLIS: No, no, that's the key
guestion. That's an engi neering question always: is

it good enough?
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CHAI RMVAN SHACK: Well, doesn't that go

back to your argunent that the change you get fromthe
boundary conditions sort of covers this whol e range of
hi stories that you' re getting?

MR. BESSETTE: That's right. Since we
covered the whole --

MEMBER WALLIS: The whol e cl ai n®?

MR BESSETTE: Since we covered the whol e
map, we -- we had to have found the worst thing that
can happen, because we've covered everything you can
t hi nk of .

CHAI RVAN SHACK: But | guess the other
thing fromthat graph is, you know, the fact that it
really doesn't seemto rmake any difference which side
of the loop you're on, | nean, whether you're under
the --

MR. BESSETTE: That's the other point.

VWhat I'mtrying to show in these experinents is that

fromthe experinents we | ook at we don't see -- the
worst -- the worst plune we see is UPTF, which was
about 20 degrees K. And we'll show you |l ater on that

doesn't matter again with a sensitivity study.
MEMBER RANSOM Well, from a PTS point of
view, what part of that transient is nost inportant?

You know, the early part or the |later part?
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MR. BESSETTE: Well, the whole -- | nean,

the whole thing really is inportant, because t he whol e
thing gives you the tenperature profile through the
vessel as a function of time. You have to have the
whol e transient.

MEMBER RANSOM How | ong does it take for
that profile to devel op?

MR. BESSETTE: But when | say that, within
t hat whol e schene, obvi ously sonet hing -- when you see
something likethis, that's potentially inportant when
you run it through FAVOR, because it's a sharp -- it's
a large, sharp drop. So we know from-- from | ooking
at a bunch of RELAP analyses and a bunch of
corresponding FAVOR analyses, this is probably
inmportant in terns of FAVOR

MEMBER RANSOM Wul d you say it's al so
conservative?

MR BESSETTE: Well, in this case,
obvi ously, RELAP is conservative, yes.

CHAI RMAN SHACK: |I'mgoing to let you run
until lunchtinme at noon, but you've still got a lot of
slides to get through. So --

MR BESSETTE: Yes, |'ve got to go a
little faster.

Now we turn to ROSA. And, again, this
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appears on that list I showed you earlier. [|'m going
to show you a test froma one-inch cold | eg break

MEMBER WALLIS: Are you going to get to
APEX soneti ne today?

MR. BESSETTE: Yes, right after ROSA

In these tests, you had potential for
three cold plunes. You had the PRHR, this passive
residual heat renoval system feeding cold water
through one of the cold |egs, and you had direct
vessel injection at two |l ocations in the vessel where
cold water from the core nakeup tanks cane directly
into the downconers. You would have no potential for
pre- m Xi ng.

| "' mgoing to show you, again, this is the
kind of thermal stratification you get inthe cold|eg
as a result of the passive residual heat renoval
system

MEMBER WALLIS: That's huge.

MR. BESSETTE: You can see it's quite
| arge, about 100 to 200 K

This is the PRHR | oop. You can see you
end up with stratification in the other |oop, too.
Even though you don't have any injection into this
| oop, you get backflow from the downconer into this

| oop. So despite that large thermal stratification,
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it doesn't -- in the cold leg, it doesn't show up in
t he downconer.

This is -- agai n, ROSA has two
t her nocoupl e stal ks --

MEMBER WALLIS: We're just |ooking at
RELAP versus data, right?

MR. BESSETTE: Yes.

MEMBER WALLI'S: There's no neasurenent
here of -- | nean, there's alnost stratification.

MR. BESSETTE: Well, you're |l ooking at the
two -- you're looking at two thernocouple breaks in
t he downcomer, and the noisier one is the data, and
t he black one is --

MEMBER WALLI'S: |s RELAP.

MR BESSETTE: -- is RELAP. And here
again, the data -- red is data, and black is RELAP.
And RELAP is a little bit high, and we think that's
due to -- we can trace that back to the nodeling in
| RABT, get the wong tenperature or too high a
t enper at ur e.

When we conpared the data for the two
t hernocoupl e stalks, we see a difference of about
7 degrees K from one side of the downconmer to the
ot her.

MEMBER WALLI'S: RELAP is predicting that
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because it's 2D RELAP?

MR. BESSETTE: Yes, it's 2D RELAP. Yes.

MEMBER S| EBER:  What's the di sturbance at
t he 5, 000-second point?

MR. BESSETTE: This is when the | R\ST
starts to conme in, so at this point you' re down to
cont ai nment pressure roughly.

MEMBER S| EBER  Ckay.

MR. BESSETTE: And you're getting a
different flow rate from the gravity drain of the
refueling water storage tank

MEMBER SIEBER. So the different -- the
shift between the tenperatures is --

MR. BESSETTE: It mght --

MEMBER S| EBER: -- some vol une scaling
somepl ace?

MR. BESSETTE: Well, during this part of
the transient, pressure is decreasing very slowy.
And if you're just alittle bit off in RELAP, you can
get a significant difference in the -- you can see --
you can end up wth a several hundred second
difference in the kind of --

MEMBER SI EBER. Right. GCkay, thanks.

MEMBER DENNI NG  Excuse ne. Do we believe

the -- the thernocouple data, that's a real effect,
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rather than -- | mean, that's real. |Is it noise, or
isit --

MR. BESSETTE: Oh.

MEMBER DENNI NG -- really respondi ng that
rapidly to some really rapid change in tenperature?

MR. BESSETTE: Yes. | think what you're
seeing is the fl ow of eddies is kind of going past the
thernocouple. So | think this is real -- these are
real tenperature variations the thernocoupl e sees.

And let's see, this is at the | ower
downcomer. Again, this -- you know, generally, you'l
see excel | ent agreenent bet ween RELAP and t he dat a and
no evi dence of pl unes.

APEX -- APEX has the best downcomer
nmeasur enents of the various i ntegral systemtests that
we | ooked at. One of the advantages of APEX is it has
a very good aspect ratio, so you're getting -- in
ternms of multi-dinmensional mxing effects, you should
be doi ng better.

MEMBER WALLIS: Now, APEX did sone salt
mxing tests, which were not consistent with the
thermal tests. They seemto have been thrown out of
the report all together.

MR BESSETTE: | think so. You know, the

original intent of those was just sone visual tests.
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MEMBER WALLIS: Well, they | ook very

interesting. They showed plunes and everything el se

and - -

MR. BESSETTE: Yes.

MEMBER WALLI'S: Now they've been thrown
out ?

MR. BESSETTE: That's because you didn't
i ke them

MEMBER WALLIS: | didn't |ike them Ckay.

(Laughter.)

MR. BESSETTE: So, again, we --

MEMBER WALLI S:  Sel ectively presenting the
evi dence here, and they're not presenting the salt,
because you didn't like it? O was there sonething
wong with the tests or --

MEMBER SIEBER: Didn't get the right
answer .

MR. BESSETTE: Yes, yes. W seemto be
getting too nmuch mxing for sonme reason. They
couldn't interpret them really, when it cane right
down toit, with their mnimal measurenents. Too nuch
uncertainty in interpretation.

Again, you see that the sane -- in all
these different facilities, you see the sanme kind of

characteristicthernmal stratificationoccurringinthe
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cold leg due to the injection. W're getting about 50
to 150 K, which, given the fact that it starts at a
col der tenperature is --

MEMBER WALLIS: This tenperature
di fference disappears in the first one dianeter or
something when it falls out of the cold | eg? Because
this stuff is cold when it comes out of the cold | eg
on top of the --

MR. BESSETTE: Well, that's right. This
is -- this stuff you see down here is what's flow ng
toward t he downconer.

MEMBER WALLIS: Ch. It cones out of the
cold | eg.

MR. BESSETTE: Yes.

MEMBER WALLI S: How does that tenperature
di fference di sappear?

MR. BESSETTE: Well --

MEMBER RANSOM That's top to bottom is
that right?

MR. BESSETTE: Yes.

MEMBER RANSOM  Across the cold | eg?

MR. BESSETTE: Yes. This is top to
bottom This is the three-and-a-half-inch pipe, so
you're getting this nmuch tenperature --

MEMBER WALLI S:  What pours out of the cold
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leg is that cold stuff on the bottom

MR. BESSETTE: That's right. So what's
going on in the downconer is you're getting a |lot of
m xi ng at that change in the -- at the down turn, and
on top of that you're not dealing with a free pl une.
You're dealing with [ arge eddy circul ation

MEMBER RANSOM In fact, is that sone of
that at the top of the cold | eg actually backfl ow?

MR. BESSETTE: It could be. It probably

iS.

MEMBER KRESS: If you --

MR. BESSETTE: Cenerally, you do see
backflow toward the -- when you |l|ook at the

experiments, you generally see backflow com ng from
t he upper downconer into the cold leg, and then from
the ECC is flowing underneath in the opposite
direction toward the downconer.

MEMBER KRESS:. |If you assune that flow
comng in, or the cold water in the downconer,
i nstantaneously m xed 360 degrees around, would you
get that kind of tenperature in the next curve?

MR BESSETTE: Yes. Well, that's the
thing. |'ve looked at all of the data --

MEMBER KRESS: That's what it |ooks Iike

to me. It looks like -- it looks like it's just
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m xi ng al nost instantaneously all the way around the
360 degr ees.

MR BESSETTE: And this is the nost
per suasi ve set of experinments for ne, because it has
t he nost conpl et e neasurenent systemin t he downconer.

MEMBER WALLIS: That's what puzzles ne,
because then you have this purple plunme which | ooks
very intact. At sone point it isn't cold and it m xes
instantly --

MR. BESSETTE: Yes.

MEMBER WALLIS: -- as far as the
t hernocoupl es go. But the purple plune doesn't seem
tomx at all. It conmes down --

MR. BESSETTE: Which one is --

MEMBER WALLIS: Figure 1136 is a
beautiful, purple plune.

MEMBER KRESS: Wi ch one are you | ooking
at?

MEMBER WALLI'S: |I'm | ooking at the APEX --
t he APEX report.

MEMBER KRESS: (Oh.

MEMBER WALLIS: | just can't reconcile
this business of the -- thermally, it's perfectly
m xed. But when it's colored water, it doesn't seem

to mx at all.
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have is:

MEMBER WALLI S:
t 0o.

MEMBER KRESS:
going to be the sane.

MEMBER WALLI S
same, yes.

MR. BESSETTE:

MEMBER KRESS:

MR. BESSETTE:
Fi nni sh experi ments?

MEMBER WALLI S:
APEX report, which is part

MR, BESSETTE:

the things | concl ude, because you do see -- well,

not sure that
MEMBER WALLI S:
it's mxing.
MEMBER KRESS:
m xing is by eddies.

MEMBER WALLI S:

There's no mxing by diffusion

sl ow.

MEMBER KRESS:

140

Well, the question | would

if the mxture is by strictly eddies --

I[t'1l mx up the col or

-- you're mxing up -- it's

It is going to be the

You're referring to this --
If | transfer sone way --
You're referring to those
I"mjust referring to the
of the package we got.

vell, |1

think -- so one of

[''m

pl ace any faith in col ored plunes.

But it's the sane thing

It's only the same if your

Vell, it is by eddies.

That's infinitely

Yes. But the tenperature
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may i nfluence the eddies.

MEMBER WALLIS: No way that you can m X
the fluid, the tenperature --

MEMBER KRESS: The fact that you actually
have tenperature differences is going to i nfluence the
eddi es, and you don't really have that influence in
the --

MR BESSETTE: Well, one of the
conclusions is that, you know, back in the '80s we ran
a lot of experinents in these separate effects m xing
experiments, like Creare, and in Finland, and so on,
and Purdue. And those experinments -- of course, they
were in these -- they were not in full system
geonetries. They were -- typically had a sector of
t he downconer, |ike Creare had a 90-degree sector of
a downconer unw apped, so it was a sl ab.

So they didn't include a |lot of the flow
processes, which | think you see in these integra
systemtests. You didn't have typically break -- you
didn't have break flow, constant pressure, basically
a -- you had a m xing cup environnent, which is not to
say that's incorrect, but it had -- it didn't have the
full integral system test in ternms of break flow,

i n-vessel bypass flow. You didn't have heated cores.

MEMBER WALLIS: So you're saying there's
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some | arge eddies in the downconer which are stirring
t hings up, keep fromagetting it well m xed.

MR. BESSETTE: Yes. And you had the
addi ti onal boundary conditions, because you only had
90 degrees of the downconer with the wall. You had
additional wall boundary conditions that you don't
have in the 360-degree geonetry.

MEMBER KRESS: | think that's your answer
right there.

MEMBER WALLIS: So in that case, this
woul d - -

MEMBER KRESS: Your initial conditions of
flowin that are --

MR BESSETTE: So | conclude that the
separate effects tests that were done in the ' 80s have
m ssed sone things that we're picking up in integra
system tests.

MEMBER WALLIS: Wth those big eddies
stirring up and mxing the fluids, then this is also
going to affect the heat transfer, and it's not going
to be governed by Dittus-Boelter or Petukhov, or
anything. 1It's going to be governed by these big
eddi es.

MR. BESSETTE: Yes. Well --

MEMBER WALLI'S: So you count it both ways.
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You can mi x it up very, very quickly and not have that

affect the turbulence |evel, which affects the heat

transfer.

MR. BESSETTE: Well, RELAP -- if RELAP is
calculating -- under Dittus-Boelter, of course, RELAP
is calculating a Reynol ds nunber, which is -- | nean,

basically what you have to do is calculate the right
velocity to get the right answer.

MEMBER WALLIS:  Well, the Reynol ds nunber
characterizes the turbul ence.

MR. BESSETTE: Yes.

MEMBER WALLIS: And if you've got these
big eddies, then it would seemto ne they're bigger
than the thick -- than the width of the downconer.

MR. BESSETTE: Yes.

MEMBER WALLIS: So you've got the wong
di mension in there. You should bring the azinutha
dinension in there, so that the wdth of the
downconer --

MEMBER KRESS: Yes, | think I'd -- rather
than do these as eddies, | think we're thinking the
fl ow com ng strai ght down t he downcomer everywhere at
360 and going up, but it's not. It's comng in and
spiraling around, and com ng up, and that's the eddy

we're tal king about. And that -- that nay or nmay not
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be much different than the Dittus-Boelter type
equati on.

MEMBER RANSOM  Well, the other thing is
t hese --

MEMBER KRESS: We're tal king about well -
devel oped fl ow anyway in this --

MEMBER RANSOM -- cold | eg connections
here inpinging directly on a wall across from the
pi pe, which undoubtedly you get eddies created from
t hat .

MEMBER KRESS: Yes. And that tends to
make you spread out al so.

MEMBER RANSOM  Yes.

MR. BESSETTE: But, yes, |'ve | ooked at
all the APEX data. It all looks like this. |'mgoing
to show --

MEMBER RANSOM  But could | ask you:
where are those tenperature neasurenents? That first
bull et down there, it's not quite clear. It says at
0O, 1.3, 8 cold leg dianeters axially. Do you nean
down t he downconer wall ?

MR. BESSETTE: Yes. Wll, you see, 1.3D
or 8D, that's -- that's 1.3 cold | eg di aneters down - -

MEMBER RANSOM  Down the downconer.

MR. BESSETTE: -- and 8 neans 8 cold | eg
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di ameters down.

MEMBER KRESS: These are sort of in the
m ddl e of the annul us?

MR. BESSETTE: Well, this includes --
unless | -- we let that -- we include thernocouples
i mredi ately bel ow each cold |leg, and then away from
the cold leg --

MEMBER RANSOM  Where are the "away from
the cold leg"?

MR. BESSETTE: Let's see.

MEMBER RANSOM  Because those are the ones
that | think would show these plunes that you're
tal ki ng about.

MEMBER WALLIS: Are you going to show us
the circunferential variation?

MR. BESSETTE: Right. That's --

MEMBER WALLIS: 1In the APEX report,
there's some nice pictures of the circunferenti al

vari ation of tenperature.

MR. BESSETTE: Yes. Well, | picked these
out -- | mean, basically, when you look at all of
these -- the tests, and you |look at circunferenti al

variation, you see this. And when you | ook at axi al
variation, you see this behavior. You just don't --

t he maxi mrumnon-uniformty | could find was about five
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degrees K

MEMBER WALLIS: Yes, five to eight
degr ees.

MEMBER RANSOM \Well, are the | owest
t enperatures under the cold | egs?

MR BESSETTE: Yes. |In fact, that
i ncludes tenperatures just this 1.3 dianeters bel ow
the cold leg. So when you travel down one cold | eg
dianeter, it's already m xed.

MEMBER WALLIS: It doesn't seemto be
anything like the usual plune.

MR. BESSETTE: No, that's what |'m saying.

It's --
MEMBER WALLI'S: What' s happeni ng?
MR. BESSETTE: It's nothing |ike --
MEMBER VALLI'S:  What's happeni ng? There's
sonmet hing --

MR. BESSETTE: This is not |ike the plunes
we' ve cone to know and | ove, you know?

MEMBER WALLIS: Sonething different is
happeni ng.

MEMBER KRESS: You'll recall the flowrate
of the plume goi ng down i s overwhel ned by these ot her
t hi ngs.

MEMBER WALLIS: What are these ot her
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t hi ngs, though?

MEMBER KRESS: | think it's spiral flowin
t he downconer.

MR. BESSETTE: This is showing -- | can't
-- this is showing -- for exanple, the green is
directly under Cold Leg 4 -- under Cold Leg 4. The
black is 1.3 dianeters down, and 2 dianmeters away.
And | don't know if you can see -- the red is 1.6
di aneters down and 1 di aneter away.

So we | ooked at all possible conbinations
of thernocouples trying to search for plunes and non-
uniform effects. |I'mjust show ng a coupl e of
representative cases here. But basically this shows
either top of core elevation, plus or mnus one and
plus or mnus two dianeters away fromthis -- inthis
case Cold Leg 4.

And this is just showing a direct
conpari son bet ween RELAP and the data, and so it shows
on the average we're getting things about right with
RELAP.

Now, this is the COW X cal cul ati on of
H. B. Robi nson two-inch break. And you can see that
generally what COMM X shows is you're getting the
downflow regions -- still, you have downflow ng

regi ons beneath cold | egs, but upflowi ng regions in
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bet ween.

MEMBER WALLIS: So it shows definite
pl unes t here.

MR. BESSETTE: It shows sonething, but
it's -- but | think -- | tried to use this to
illustrate the fact that COW X seens to support this
idea of alarge -- basically, on a | arge-scal e basis,
these | arge eddy flows, and then undoubtedly you get
smal ler eddies if you had nore conplete velocity in
t hat .

MEMBER RANSOM Coul d you tell us a little
bit about the nodalization? How many nodes across the

downconer ?

MR. BESSETTE: This was seven nodes across

the downcomer, and so it's about a 4,000-node
downconer nodel. And so it's coarse in ternms of
t oday' s standards.

MEMBER WALLIS: What sort of velocities
have you got here conpared with the average vel ocity?
You're using Dittus-Boelter based on sone average
velocity. It seens to be conpletely wong, because
you' ve got | ocal velocities here which are far bigger
t han the average.

MR. BESSETTE: Yes. Wat we're show ng

here are vel ocities of basically sonething very smal |
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up to about 1 neter a second.

MEMBER KRESS: This is a steady-state
calculation after you run the thing for a long tine?

MR. BESSETTE: | think so, yes.

MEMBER WALLIS: It's got a big -- | would
t hi nk those t hi ngs woul d wobbl e around, especially if
it --

MR. BESSETTE: Yes. This is a point in
time, but, you know, Oregon State ran CFD cal cul ati ons
in some of their experinments, which showed these
nmeanderi ng plunes, and what not.

MEMBER WALLIS: Right. That's what
bot hered nme, too. | saw those pictures with those
col ored plumes wanderi ng around.

MEMBER ROSEN:  Wel |, you know, figures lie
and -- but pictures never do. |Is that -- the picture
that G ahamis --

MR. BESSETTE: Well, thernocouples we know
are accurate within one degree Fahrenheit. Color is
not so well defined that --

MEMBER WALLIS: Well, see, if you | ook at
that picture there, you' ve got some cold water com ng
in and flowing pretty rapidly right down to the
bott om and vyet it's never detected on the

t hernocouple. [It's very strange.
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MR. BESSETTE: Well, l|ike sone of those
t her nocoupl es show t hat when -- when you | ook at the
data, you see -- you do see fluctuations. |If you

recall the noise, you re seeing fluctuations of maybe
10 degr ees.

MEMBER KRESS:. Are the thernocoupl es on
the wall itself, near the wall?

MR. BESSETTE: These are nornally in the
-- these downconers in these experinents are typically
about two inches wide with a thernocouple in the
m ddl e.

MEMBER KRESS: Ch, | see. So they're
| ooking at fluid in the m ddle.

MEMBER WALLI'S: So now we've got sone
bi gger plunmes, a plune strength of 100 degrees F?

MR BESSETTE: Well, now that |'ve shown
you all this evidence that plunes are weak or non-
existent, I'mgoing to show you what woul d happen if
we did have pl une.

MEMBER WALLI'S:  Ah, okay.

MR. BESSETTE: This is a study we did --
where we did a plunme calculation using REM X, and
that's this mddle line. And then we basically
doubl ed and have this plunme strength, and we fed that

into an early version of FAVOR W had -- so we had
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a plume, and we had a nomnal anbient that was
cal cul at ed by RELAP.

So we used -- we inposed this plune
strength on top of the nom nal RELAP cal cul ation. And
we applied it to an area of 30 -- basically 30 percent
of the wupper circunferential weld. This is a
reasonably conservative approximation of, if you did
have a plume, how nuch --

MEMBER S| EBER: Wuld it cover.

MR BESSETTE: -- would it cover.

And so what to focus on is -- or Case 1
which is case RELAP; Case 2, which is nomnal REM X
pl unme i nposed on the upper weld. And you'll see it's
j ust about the sanme as Case 1

Case 5, which we doubled the plune
strength, so that's a pretty severe plunme conpared to
what we' ve been | ooking at. And you can see maybe 10,
20 percent increase in CPF.

And we did this back around 1997, and this
is one of the things that led us to say, well, we've
got to keep checking as nmuch as we can upon -- about
this plume stuff, but it doesn't seemto effect the
result too nuch

MEMBER SI EBER  What's Case 47?

MR. BESSETTE: Ch. On top of that, we did
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sone heat transfer sensitivities, which Case 4, which
was -- we |lowered the heat transfer coefficient |
think by a factor of 2, and then Case -- this would be
where we doubled the heat transfer coefficient,
Case 3.

MEMBER WALLIS: Do you have a factor --
it's a factor of two, or so?

MR. BESSETTE: Yes. |In fact --

MEMBER WALLIS: Well, a factor of two on
probability of failure is not insignificant.

MR BESSETTE: No. But it's kind of a
simlar effect that what we -- what | showed you,
these factors of two to three that we found in our
nore recent calculations, where we varied heat
transfer coefficient. So | would say our recent heat
transfer studies |ook to be consistent with these.

MEMBER WALLIS: Did you put in an infinite
heat transfer coefficient?

MR. BESSETTE: There's anot her study where
we did that.

MEMBER WALLI'S: And you could do that and
forget about all this stuff. Just put it in and show
that it's conservative and that --

MR. BESSETTE: Well, you could do that,

but you keep getting these increnmental increases in
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heat transfer, in CPF when you do that.

MEMBER WALLIS: Yes. But it's still
t ol erabl e.

MR BESSETTE: |In fact, well, | think we
could define how much of an increase you get, you
know, the worst it could possibly be.

MEMBER WALLIS: That woul d give you an
upper bound, which would give everyone a |ot of
security, instead of having to talk about we don't
gui te understand the eddies, and we don't understand
whether Dittus-Boelter really applies, give us an
upper bound.

MR. BESSETTE: | guess that's sonething we
could do is put in the very --

MEMBER WALLIS: It's the first thing you
ever do, isn't it, wusually, before you do anything
el se?

MR. BESSETTE: Well --

CHAI RMAN SHACK:  You call it your 95th
percentile, and sanple fromit, right?

MR BESSETTE: So | think I -- on the
average, RELAP predicts --

MEMBER WALLIS: See, that's not -- that's
not a true statenment. It predicts things which are

wi thin 20 or 30 degrees, which for the purpose of this
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analysis is insignificant. It doesn't predict it
accurately.

MR. BESSETTE: | accept your words.

(Laughter.)

MEMBER S| EBER:  Good nove.

VR. BESSETTE: These large -- we
consistently see large thernmal stratification in the
cold leg, but that doesn't translate to non-uniform
conditions in the downconer.

MEMBER WALLI'S: W don't know why.

MR BESSETTE: Well, the -- like | said,
| think even when you go back to these facilities |ike
Creare, the plunes in Creare were typically only about
23 degrees Fahrenheit, thereabout. The fact that they
don't seemto exist in these integral tests | believe
is due to the additional m xing processes that seemto
be present in an integral facility conpared to these
separate effects tests. So | think the results from
the -- all of the separate effects tests are
conservative

MEMBER KRESS: That's just another way of
saying that the interimtests are --

MR. BESSETTE: Are nore --

MEMBER KRESS: -- are not the sane as the

separate effects tests.
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MR. BESSETTE: That's right, yes.

MEMBER KRESS: But you don't explain what
t hese m xi ng processes are exactly.

MR. BESSETTE: Well, | gave sonme exanpl es
-- the fact that you have break flow, the fact that
you have a heated core.

MEMBER KRESS: Yes. But you don't
transl ate those into action, things that woul d create
this non-mxing, or would create this mxing. You
need to translate those sonme way, | think

MR. BESSETTE: Yes. There's an existing
study on UPTF Test 1, which shows that you had to
account for the bypass flow fromthe upper plenumto
the downconer. That has a significant effect on
downconer tenperatures. So we know that in-vesse
circul ation has an effect.

And I"'mgoing to talk about this further
on -- when you |l ook at the sensitivity of CPF due to
the heat transfer coefficient, you see these factors
of two or three. This is still small conpared to the
variations we get in the -- from the boundary
condi tions where they' ve been given a bin, because of
the inmportance of the bulk fluid tenperature.

CHAI RMAN SHACK: Can you speed it up?

MR. BESSETTE: | ' m done.
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CHAl RMAN SHACK: You' re done.

(Laughter.)

That's fast.

MEMBER ROSEN: He did all of that in a
m crosecond after you said it.

CHAI RVAN SHACK:  Tine for |unch.

MEMBER KRESS: Lunch.

MEMBER ROSEN:. Ckay. W can all agree on
t hat .

CHAI RMAN SHACK: Back at 1:00.

MEMBER KRESS: Lunch for the bunch.

(Wher eupon, at 11: 59 a.m, t he

proceedings in the foregoing matter

recessed for |unch.)

CHAI RVAN SHACK: Can we come back into
session? Mark, onward.

MR ERI CKSONKI RK:  Yes, did Allen discuss
wi th you maki ng Nat han's presentation?

CHAI RMAN SHACK: He's going to follow you.

MR. ERI CKSONKI RK:  Right. Right now we're
going to go through the item on PFM fundanenta
assunptions. And then |I'm going to nove directly to
PFM changes and net hodol ogy.

W' ve already done thermal hydraulics

nmet hodol ogy. In terns of PRA nethodol ogy we have one
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slide that says there have been no net hodol ogi ca
changes in the |last tw years.

So we can skip that presentation. So on
with PFM fundanental assunptions. The fundanenta
assunptions are first and forenost that a |inear
el astic fracture nechanics nodel is appropriate for
anal yzing this problem that we can ignore the effects
of sub-critical crack grow h both due to environnenta
nmechani sms and due to fatigue.

And finally, that we can elimnate a
priori as a contribution to through wall cracking
frequency of certain flaws and transients. And |'ve
just got a few slides on each of these.

The details on these are in section 3.3.3
of NUREG 1806. And they're also a separate chapter in
NUREG 1807. So, in ternms of LEFM applicability, the
first graph here shows the toughness, the aleatory
distribution of initiation fracture toughness that we
sanpl ed from

And that's represented by the red, green,
and blue line. So we're drawing randomy from
t oughness values within that. And then what we've
over plotted on that is from FAVOR sinmul ati ons where
each little dot represents a crack initiation.

So the point that we're trying to make
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here is that the applied K at crack initiation never
gets very high. They're all hugging the bottom of the
di stri bution.

And we can translate that in this graph
into a --

MEMBER WALLIS: |Is that because you have
a lot of cracks?

MR. ERI CKSONKI RK:  That's sinply because
the driving force can't get that high

MEMBER WALLIS: It never gets high enough.

MR ERI CKSONKI RK:  Yes, the conbi nation of
thermal stresses and pressure stresses s never
sufficient to get the applied K -- |I'"m sorry, the
conbi nati on of stresses and the crack sizes that we
sanple from is never enough to get the applied K
above, you know, |ike 45, 50 ksi root inch.

So you can use that informati on on applied
Kalong with material properties to construct what we
have on the right hand size, which is a cunulative
probability distribution of plastic zone sizes.

And now, of course, this depends upon the
yield strength of the nmaterial involved. But, |ooking
at the range of yield strengths, both for lightly
irradi ated materials and heavily irradi ated materi al s,

we can say that the plastic zone size ranges from 30
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mls to .13 inches, and al so, of course, in general
that as the plants beconme nore damaged by irradiation,
that increases the yield strength, and so therefore
wi |l decrease the plastic zoning size.

The general rule of applicability or the
general test of applicability of linear elastic
fracture nechanics is that the size of the plastic
zone should be very small relative to all relevant
structural dinensions.

And certainly .03 to .13 inches satisfies
that bill with the additional note that as we get out
to the conditions that we care the nost about, which
are the nore highly enbrittled conditions, the plastic
zone size is tending towards the snaller end of that
range, rather than the latter.

So, if we have an error in using LEFM
it's made in regions where the yield strength is | ow
and irradiation is low. So we believe LEFMis
appl i cabl e as a general nmethodol ogy.

And |'ve just got a few slides here that
show -- and this of course goes back to the late
1980's -- I'msorry, late 1970's, early 1980's where
the NRC sponsored several series of |arge scale
experinments at the Cak Ridge National Laboratory to

apply thermal shocks and pressurized t hermal shocks to
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cylindrical vessels.

And obvi ously whol e presentations can be
made on this. In fact, we briefed this commttee sone
time ago bringing in R chard Bass and C aud Pugh from
the Oak Ridge National Laboratory, and went through
this in detail.

But, suffice it to say, we conducted
experiments where we appl i ed prototypic thermal shocks
and pressurized thermal shocks to vessel materials.

And we found that, using the LEFM
t echni que such as those that had been programred i nto
FAVOR, allowed us to predict the run, arrest, re
initiation, and re-arrest of cracks through thick-
wal | ed vessels well.

W find that the toughness val ues that we
would infer fromthose initiated and arrested cracks
agree well with the scatter bounds predicted from
smal|l specinmen data, which is where we get our
al eatory distributions of crack initiation and crack
arrest toughness.

And al so, these experinents, both thernal
shock and pressurized thernmal shock, validated the
principle of warm pre-stress. And that's all that
slide says, again, for the pressurized thermal shock

test.
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So, we have what | would call scientific
proof that you shoul d expect LEFM net hodol ogy to work
wel |l in general for these type of |oading conditions,
fl aws, vessels, toughnesses.

And we perform nock-up experinments on
vessel s subjected to thermal shock | oadi ngs and f ound
that we predicted the results well using the FAVOR
t ype techni ques.

The next nmmjor assunption is that sub-
critical crack growh is sufficiently small that we
can ignore it. And you see this assunption manifest
by the fact that the flaw distribution that we sanple
fromwas constructed based on data and based on expert
opinions on initial fabrication flaws.

W don't attenpt to grow those flaws by
either a fatigue nmechanism or an environmental
mechanism So, that neans that when we conduct an
anal ysis at 32 effective full power years, and when we
conduct an analysis at, let's just say, a large
effective full power vyears, the flaw distribution
we're sanpling fromis the sane.

It's not tinme dependent. In ternms of
fatigue, all of the pressurized water reactors nowin
service were designed to satisfy ASME Section three,

fatigue design rules.
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Several studies have been conducted
recently by the industry which show that neither
fatigue initiation nor propagation of fatigue cracks
frompre-existing flaws is anticipated over 60 years
of nom nal operation.

In terms of the non-occurrence or non-
significance of environnental sub-critical crack
growh, first, of course, you've got a barrier to
envi ronnmental crack growh of the ferritic steel.

And that's the austenitic stainless steel
cladding. That's why it's there. Presumng that you
could get a flaw in the austenitic stainless steel
that would allow ingress of the reactor vesse
environment to the ferritic steel we can note that SCC
requires three things to be present: the aggressive
envi ronnent, which you'd get if you had a flawin the
cl adding, a susceptible material, and significant
tensile stress.

The |ow oxygen content to the cool ant
wat er during operation keeps the electrochem cal
potential sufficiently belowthat of the ferritic RPV
steel to generally preclude SCC

And, during outages, it certainly proved
that the oxygen content increases, which would

therefore increase the probability of SCC. But the
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tenperature i s down.

So, under all likely conditions, | think
we can say that we're --

MEMBER ROSEN: It's a good thing Dr. Ford
isn't here. That's all | can say.

MR. ERI CKSONKIRK: It's a real good thing.
And |'d just defer to him of course.

MEMBER SIEBER. At | oad tenperatures,
general corrosion though is taking place.

MR. ERI CKSONKI RK: But that's going to
require a long period of --

MEMBER S| EBER  Yes.

MEMBER ROSEN: It's on the wong slide,
but that's okay.

MR. ERI CKSONKI RK:  Maybe Dr. Ford could
give ne better words to use.

MEMBER SI EBER: He certainly could, a |ot
of them

MR ERICKSONKIRK: |'msure he could
kay. And then, just for purposes of conputational
ef ficiency, when we're running the FAVOR code, we
still calculate nany, many nore zeroes than we do
nunbers that are positive.

But we try to elimnate fromthe anal ysis

cal cul ation zeros, just so that we can, you know, get
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answers in this century. One of the things we do is
that, in FAVOR, we sinulate a flawis equally likely
to occur in any position through the vessel wal

t hi ckness.

But, because at | east the crack initiation
is driven by thernmal stresses, it's only the cracks
that are very close to the inner dianmeter of the
vessel that play any role in crack initiation.

In FAVORthere is a |l ogical gate that says
if the flawis simulated to occur deeper than three
eighths of the way into the vessel and three eighths
of the thickness, we just pass that and go on.

VWhat we had Terry do was to nake this
graph, which shows the percentage of flaws that are
predicted to initiate plotted versus their |ocation.
And what we find out is that by ignoring everything
beyond three eighths T we haven't elimnated any
significant contributors.

In fact, we can probably back the limt up
and still not change the calculated results. The
ot her thing, and this is sonething Donni e has all uded
to before, i s based on experi ence, previous experience
perform ng cal cul ations of this sort, we had deci ded
that if the m ninumtenperature devel oped by the

transient didn't get below 400 degrees Fahrenheit,
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there wouldn't be sufficient conbined driving force
and | oad toughness to generate any crack initiation
probability.

When all was said and done, we went back
and we | ooked at our calculations. And we found out
that we could have actually set the limt about 50
degrees Fahrenheit |ower and still not elim nated any
contribution to through-wall cracking.

MEMBER KRESS: You don't really mean
percent axis, do you?

MR. ERI CKSONKI RK:  Percent wall -- yes, it
could be fraction, yes. GCkay. So that's the sumary
of PFM assunptions. And | should say we call these
fundanment al assunpti ons because these are t he bi g ones
that you make in starting the analysis.

Qobviously there are a lot of nodeling
judgnents, all sorts of things that go on. But if you
don't buy off on these three or four, we may as well
j ust stop here.

Let's see, going to PFM procedure, what
this section is going to do is not go into the
procedure in detail because we've already briefed
t hat .

And, indeed, we wote a report about it

which didn't get out. But, to provide a high |eve
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overvi ew of the PFM nodel, show you how it interfaces
wi th the PRA and TH nodel s, and hi ghli ght significant
changes t hat have been made to t he nodel since we | ast
bri efed you.

And, in nost cases, those changes -- or |
shoul d say in sone cases those changes have resulted
fromthe nore significant of the peer group conments.

So we're also going to highlight those.
So this just shows the overall PFMnodel. W take the
input from PRA gives us the event sequence, RELAP
then tells us the pressure tenperature and heat
transfer coefficient variation.

That's an input into the crack initiation
nodel as well as what the distribution flaws is, what
the fluence | oading on the inside of the vessel is.

Al'l that goesintocrack initiation nodel.
The crack initiation nodel predicts the probability
that a crack will initiate given this |oading, these
flaws, this fluence |oading, and also it should have
the material and conposition infornation.

That initiation probability then goes
through the through-wall <cracking nodel, which
assesses the probability that that nowinitiated crack
can make it all the way through the vessel wall.

MEMBER ROSEN: |s there sone significance
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to why you did this backwards?

MR. ERI CKSONKI RK:  Backwards? GCh, you
nmean going left to right rather than right to left?

MEMBER ROSEN:  As Hebrew is witten, for
i nst ance.

MR. ERI CKSONKI RK: | nust have woken up on
the wong side of the bed.

MEMBER ROSEN:  Ch, okay.

VR. ERI CKSONKI RK:  No, there's no
signi ficance.

MEMBER SI EBER: Turn it upside down.

MR. ERI CKSONKI RK:  Okay. I'Il turn it
around. kay, so now what |I'mgoing to do is have one
slide each on the four major sub-nodels in the PFM
nodel .

So, withregards tothe flowdistribution,
t here have been no changes since we briefed you | ast.
Just to say a fewthings, relative to the fl ow node
that was used in the old calculations, both in SECY-
82-465 and in the | PTS studies, this flowdistribution
has many, many nore flaws than we had before.

Those flaws are generally smaller,
al t hough not entirely so. The big difference is that
the huge mpjority of these flaws are buried, rather

t han bei ng on the surface.
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And we believe that's justified based on
bot h physical and enpirical observations. And also,
anot her inportant factor is that all the weld and the
cl addi ng fl aws have orientations, |I'msorry, that are
tied to the welding direction.

W view the flaw distribution as being
ei ther an appropriate or a conservative representation
of the flaws in any PWR for a nunber. Cbviously we
can't justify that on an enpirical basis, that's
absurd.

But, based on the support of physical
nodel s and their incorporation into the flaw nodel,
and by the fact that as we constructed t he fl aw nodel ,
obvi ously you go through and you don't know certain
t hi ngs.

Every time we had to nmake a j udgnent, that
j udgnment was made systematically in a conservative
way. And the one big one I'll point up is that al
NDE i ndi cati ons were treated as fl aws, whereas nany of
the NDE indications are, of course, volunetric and
therefore not deleterious to the vessel.

Wth regards to the nucleonics nodel,
again, no changes since 12/02. W estinate the ID
fl uence per Reg Guide 1.190 procedures. And then that

irradi ati on danage i s then attenuat ed t hrough t he wal |
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usi ng Reg Guide 1.99 procedures.

And that will be called out later as an
inmplicit conservatism W have had changes in the
crack initiation nodel. 1'Il say what those are. But
just the significant features of the crack initiation
nodel is that the conservative bias in RINDT is
removed on aver age.

The material uncertainty nodeled is
conservative relative to any plant specific
variability, whichis to say that when we constructed
our distributions that we sanple fromon unirradiated
transition tenperature, copper, nickel, phosphorous.

Al'l of those distributions that we sanple
fromwere based on | arge popul ations of material and
different heats of material. So, unguestionably, the
uncertainty that woul d be characteristic of any pl ant
specific analysis would be smaller.

W' ve nodel ed the al eatory uncertainty in
initiation fracture resi stance. W have had a bug fix
si nce 2002 that came out of the FAVOR V&V process that
had to do with an i nproper allocation of weld or plate
properties to flaws | ocated on the fusion |ine.

So that's sonething that cane out of V&V
that was fixed. That didn't have any numerical effect

on the results of Palisades or Cconee, but it had a
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bi g nunerical effect on the results at Beaver Vall ey
because, of course, they have the highly enbrittled
pl at es.

Since then we've also inplenented
t enper at ur e- dependent t hernoel asti c properties rather
t han usi ng val ene val ues. Based on one of the results
from-- I"msorry, one of the comments from our peer
revi ewers, Dr. Schul t z, we realized sonmewhat
enbarrassingly that we had not nodel ed the effective
crack-face pressure.

And so we put that in. That, however,
turned out to have a small effect. But it was
inmportant to have it in just for the sake of
conpl et eness.

And this is not new since 2002, but we've
accounted for the effects of warmpre-stress. Mving
on to the through-wall cracking nodel, we've nodel ed
the effect of enbrittlenent on the separation of the
arrest and initiation toughness curves.

In the previous calculations, nmeaning
SECY- 82-465 error, the initiation and arrest
transition fracture curves were assunmed to have the
same tenperature separation i ndependent of the |evel
of material danage.

And that was an assunption that didn't
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agree at all well with either physical understanding
or published data. W' ve nodeled the aleatory
uncertainty in arrest fracture resistance.

We've allowed the arrest fracture
t oughness to exceed 200 ksi root inch. And that's
premsed on -- 1'Il show you the graph on that
That's based on data from w de pl ate experinents,

t hermal shock experinments, pressurized thermal shock
experi ments.

And that's new since 2002. W' ve nodel ed
t hrough-wall material property gradients and we've
al so now al |l owed for the possibility of failure of the
vessel in a ductile node on the upper shelf.

And that's al so new since 2002 and cones
out of one of our peer reviewer conments from Dr.
VanWal | e.

MEMBER SI EBER: A quick question on the
Beaver Valley vessel. You said that the plate is
highly enbrittled at Beaver Vall ey.

MR. ERICKSONKIRK: The plate is nore
enbrittled than the welds, yes.

MEMBER SI EBER. Wl |, ny understandi ng of
t he maj or problemw th Beaver Valley is that they used
copper clad welding rod, so the copper content is

hi gher than nost plants.
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MR, ERI CKSONKI RK:  Yes.

MEMBER S| EBER:  But that wouldn't affect
the plate, that affects the weld.

MR ERI CKSONKI RK:  That affects the weld.
And | mght defer to Bruce, but ny -- certainly the
data that's in orbit shows that the plates are al so
hi gh copper. |Isn't that correct Bruce?

(No verbal response.)

MR. ERI CKSONKI RK:  Yes.

MEMBER S| EBER. Ckay, for the record, he
answers yes.

MR. ERI CKSONKI RK:  Yes.

MEMBER SI EBER  Ckay.

MR. ERICKSONKIRK: So what | was -- |
already said this. Two of these changes were
noti vat ed by conments nade fromthe revi ew group, that
bei ng the inclusion of crack-face pressure, which, as
| said, was inportant to include for the sake of
conpl eteness, but didn't really change the results
because the only transients -- didn't change the
results significantly -- because the only transients
where pressure is an issue is, of course, the stuck-
open val ves.

And there was al ready enough pressure in

the nodel. There was already enough stresses
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generated by pressure in the vessel wall to cause
t hose cracks, once initiated, to go through virtually
100 percent of the tinmne.

So that didn't really make a nmmjor
di fference. But we have also included the possibility
of failure on the upper shelf, which can be anythi ng.

| just wanted to show you sonme of the new
aspects. One is that, before in our previous -- in
t he FAVOR cal cul ations that we reported to you
previously and indeed in all previous probabilistic
studies done in the United States, the arrest
t oughness was capped at 200 ksi square root inch due
to -- initially -- due to lack of data above that
showi ng that the arrest transition curve went up
hi gher .

In the 1970's and 1980's the NRC did a
nunber of wide plate tests, pressurized thermal shock
tests, thermal shock tests to generate data in that
regi e.

However, that data was never cycled back
for use in the PFM nodel. So we've done that here.
And now what this says is that as the vessel, as a
crack is propagating through-wall, you actually can
generate stable arrest at applied K s above 200 ksi

root inch.
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But what you al so find out happeni ng, and
this was -- these two things were actually I|inked
This was the reason why we needed an upper shelf
nodel , is this graph nowshows the transition fracture
t oughness behavi or of a typical RPV steel, both before
irradiation and after irradiation, and then the

vari ation of upper shelf toughness.

And what we find out is that -- this is
again fairly typical -- is that on the upper shelf --
"Il go to this slide -- on the upper shelf, over the

range of tenperatures of interest or reactive service,
200 ksi root inch represents, if anything, an upper
bound to the toughness distribution, not a | ower
bound.

So, by allowing crack arrest at higher
applied Ks, it was also incunbent wupon us to
calculate the possibility of ductile tearing and
subsequent vessel failure on the upper shelf.

Now I"Il defer to the Chairman on this
one. | have a few nore slides describing sone of the
basi cs of the upper shelf nodel because it's new.

W can go through that or we can just skip
on through to --

CHAI RMAN SHACK:  No, | think we aught to,

because that is one of the mmjor changes since 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

175

last tinme --

MR. ERI CKSONKI RK:  Ckay.

CHAI RVAN SHACK: -- we've been here.

MEMBER SI EBER: And before you rush on
et ne ask, there's been a curtailnent in the heavy
section steel research in the NRC budget, as |
understand it.

Does that interfere, or provide you with
a lack of data with regard to establishing certainty
her e?

MR. ERI CKSONKI RK:  Yes, we coul d al ways
use nore noney for nore data. Now, after that little
comerci al advertisenent --

MEMBER SIEBER: That's a not a good - -

MR. ERI CKSONKI RK:  No, no. The
information that we used to develop this nodel is al
data that was previously avail able through --

MEMBER SI EBER  Ri ght.

MR. ERI CKSONKI RK:  -- nultiple years of
testing both on our parts and internationally. The
peer reviewers have seen this. And, as we pointed
out, this is indeed a new nodel and somewhat of a
break from the past, not just in terns of what's
included in PTS, but in terns of toughness nodels in

general .
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| think it's fair to say that the peer
reviewers were generally happy to include this type of
nodel . But one of the comrents they nmade is that a
continuing effort should be made to coll ect nore data
to further validate it.

| am also aware that the I|AEA is
considering launching a program to develop further
data to validate this type of nodel

MEMBER S| EBER. Ckay, thank you.

MR ERI CKSONKI RK:  That was sort of a
roundabout answer, which is to say we' ve got good data
but nore is always better.

MEMBER SIEBER  Yes, | |ike the second
answer better than the first one.

MR. ERI CKSONKI RK:  Okay. So, we started
out by saying once we |ift the cap on crack arrest
t oughness, and so we can potentially devel op stable
arrests at very high applied K s as you nove through
the wall .

But what's going to happen next is that
that applied Kis above the crack initiation toughness
on the upper shelf, the crack will nobst certainly
start to tear and may go all the way through the
vessel wall .

So we start -- this just shows how a
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ferritic steel will behave on the upper shelf. You'l
start towhat's called blunt, you'll start by blunting
t he crack.

And then you'll begin to tear the crack.
So the crack actually initiates here at a val ue call ed
J, And then the other characterization paraneter is
the slope of -- this is called the JR curve -- is the
slope of the JR curve that's characterized by this
paranmeter N

So the two things that we need to
characterize is the value of J.and the value of N
and the variation of those val ues with tenperature and
i rradiation.

So we started off by collecting together
the data that we could find both in our own testing
progranms and in the literature. And what we show here
is just a plot of J ,, that's the applied driving
force at which a crack will begin to tear on the upper
shel f, and how that varies with tenperature.

And we've got a bunch of different
materials on here. The blue and the red specs are
reactor pressure vessel steels, both irradiation and
uni rradi at ed, both welds and plates and forgings.

It's all on there. And just for -- well,

both for scientific interest and sort of to test the
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bounds of the nodel -- we've also included on here
sone ferritic steels that are different.

W' ve got A710 steels and HSLA steels,
which are all copper precipitation hardened steels
that are used i n naval surface ship hull construction.

And we've also got sonething even nore
different, an HY-80 steel, which is of course a
martensitic steel, a different crystal structure. So
obviously there's a | ot of scatter here.

What we wanted to see as a first cut isto
see if there's a consistent variation of J,. wth
tenperature. And so what we did to try to normalize
out the material -to-material variability and just | ook
at the al eatory uncertainty, since we were focusing on
reactor steels, and since in all the irradiation
progranms everyone always did tests at the PWR
operating tenperature, we said, okay, let's try
normali zing all these data by the average val ue of any

gi ven data set at 550 degrees Fahrenheit or 288 C.

And when we done that -- and as | flip
here 1'Il note that the vertical scale on this is the
same -- you find out that nuch of that scatter

conpresses out, and that we now do see a very
consistent trend with tenperature.

Those of you that aren't too sl eepy after
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unch will notice that 1've al so scrubbed off the HY-
80 dat a because what we found is that the tenperature
dependency here very nuch mrrors that of flow as
predi cted by dislocation notion.

That' s the equation that you see, and t hat
you woul d not expect that sane tenperature dependency
to hold for a non-ferritic steel. But, for al
ferritic steels that we've seen, this tenperature
dependency holds very well -- both for irradiated
uni rradi at ed, welds, plates, and forgings, and i ndeed
for things that woul d be considered in ternms of their
basic hardening rmechanism very netallurgically
different fromferritic steels.

So, this is what we use, this is what we
sanpled fromto establish the al eatory uncertainty of
initiation fracture --

CHAI RMAN SHACK: Wiy woul d | expect a
precipitation hardened steel to have the sane
t enper at ure dependency?

MR. ERI CKSONKI RK:  Because the only thing
that controls the tenperature dependence is the
|attice structure. Only the lattice is able to --
it's the lattice atom vibration that can inpede --
that controls the flow strength, right?

All the other -- the precipitation
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hardening elenments, the interstitials, all of that,
those are all --

CHAI RMAN SHACK: | woul d have just thought
the precipitation hardening nmechanism would have
over whel ned.

MR. ERI CKSONKI RK: W see this -- it's a
consi stent thene with what's happening in transition.
You're a master curve man, right?

CHAI RVAN SHACK: Ri ght.

MR. ERI CKSONKI RK:  Ckay. And all ferritic
steels, irrespective or irradiation damage, basic
hardening nechanism fit the sane tenperature
dependency.

It's the lattice structure. It's got
nothing to do with any of the things that nake the
steel stronger, weaker, work hardening, none of it.
kay, so then -- okay, so we've got the tenperature
dependency of the curve on the upper shelf.

Now t he question comes, how do we or can
we hook that onto the transition curve? O, another
way to look at it is, where do we truncate the
cl eavage fracture toughness curve and start goinginto
the ductile fracture toughness curve?

So what we did is, now that we know the

t enper at ur e dependency of cl eavage fracture, toughness
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and transition, and we know where to put that based on
T,, and now that we know t he tenperature dependency on
t he upper shelf, we define just the tenperature where
t hose two curves cross.

And what we found is a very strong
correlation between T, which is estimated in a
roundabout way in the probabilistic code via an
artifice called RT,.

So, anyway, in the data we found a very
strong correlation between the cleavage fracture
transition tenperature and the tenperature at which
t he upper shelf and transition curves cross.

And we presented this at a neeting in
Europe in Septenber a year ago where KimWallin was
present from VIT in Finland. O course, he's the
gentl eman that devel oped the master curve.

And he becane interested in it, went back
to his laboratory, |ooked at datasets he had on VVER
steels, both irradiated and unirradi ated, and even a
ferritic stainless steel, and found that they all fit
t he sane trend.

And, having | ooked at materials data and
materials correlation for years and years and years,
all | can say is that's the best trend |'ve ever seen

based on that variety of materials.
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So, what this gives us an ability to do
now is, in our FAVOR sinulation we know -- we've
estimated the transition fracture index tenperature.
W call it RT,,. On this slide it's called T,.

But, in any event, we've estimted a
tenperature that is placed the cleavage fracture
transition curve. What we can do nowis use this
relationship to tell us how far out we have to go
bef ore we hook on the upper shelf master curve.

And we' ve al ready est ablished tenperature
dependency of that based on data several slides back.
So that's what we're using. And all of that -- sorry,
all of that was devel oped and presented in a recent
EPRI Materials Reliability ProgramReport, nunmber 101,
whi ch you can get Stan Rosi nski

To use that information inthe FAVOR nodel
we needed to add a few nore things. W needed to
gquantify the scatter in the upper shelf toughness,
which we did by just developing this variation of
standard deviation on J ,. from the nean curve as a
function of tenperature.

And we also needed to have sone
information which EPRI hadn't devel oped yet on the
t enper at ure dependency of the JR curve exponent. And

so we used data that was produced in NUREG | think
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it's 4880 by McGowan on a variety of RPV plates and

wel ds, irradi ated and unirradi ated, to establish that
t enper at ure dependency and that scatter rel ationshi p.

| think we're onto sutmmary. So we' ve nade
some changes to the PFM nodel used and reported to you
two years ago. The changes were notivated by both
revi ewer suggestions and by staff and ORNL initiatives
to i nprove the nodel

And we believe that overall those changes
have inproved the physical realismof the nodel
reduced our dependency on enpirical correlations.
Overall, both of these changes have had overall a
smal | affect on the through-wall cracking frequency.

However, they have had |l arger effects on
the prediction of what rmaterial regions are
responsi bl e for vessel failure. W're tending to see
a better order than we have before.

CHAI RVAN SHACK: What exactly does that
| ast bullet nean?

MR. ERI CKSONKI RK:  What exactly that | ast
bull et nmeans i s, when we presented the results to you
in the 12/02 report, there was no upper shelf nodel.

Shortly after that we put in an upper
shel f nmodel. But the positioning of the upper shelf

is all based on Charpy correlations. W used the
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Char py upper shelf energy values fromRVID to attenpt
to place the upper shelf.

The comment that we got -- and we ran
t hose cal cul ations. That was an internmedi ate set that
never got reported outside of the NRC. One of the
difficulties, one of the curious things we were seeing
inthose prediction was, for exanple, in Beaver Vall ey
we were seeing materials that had | ower val ues of RT, g,
contributing nore to the through-wall cracking
frequency than materials that had hi gher val ues of
RT, 4 -

And the reason for that was that the
materials that had | ower val ues of RT,, had sinul ated
val ues of upper shelf fracture toughness that were
hi gher because there was no |inkage between the upper
shelf energy and the RT,, val ue.

Wher eas, when we went back and | ooked at
the data notivated by Dr. VanWalle's conment, we saw
a very consistent relationship in toughness data that
wasn't apparent in the Charpy data.

And so, once we wired that in, now what
you see is in the nodel. Everything is indexed, al
t he toughness values, initiation fracture toughness,
arrest fracture toughness, and upper shelf fracture

t oughness.
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It's all indexed RT,,. And so now things
are com ng out consistent. Any other questions?
MEMBER SIEBER  Tinme for |unch

MR. ERICKSONKI RK: Time for lunch, snack

tinme.

MR. ERI CKSONKI RK:  Ckay. So now | have a
very few -- 72 slides on the, what we've called the
baseline results. These are the results -- oh, sorry.

Oh, Nathan is here. Sorry.

Now we' || have Nathan. No, no, | could
use a break.

MEMBER ROSEN: Nat han will wake us up.

MEMBER SI EBER. That's tough.

MEMBER ROSEN: Renenber, Nat han, what they
say about sl eepi ng dogs.

MR SIU [I'll try to say as little as
possible. How s that? Good afternoon. M nane is
Nat han Siu, O fice of Research. Wth nme is Mke
Junge, who has been very hel pful, as | was pulled off
this project a while ago to work on other things the
Commi ttee has heard about.

M ke has hel ped pi ck up sone of the pieces
and take care of -- has taken care of sone of the
comments that have cone through since the Cormittee

was | ast brief ed.
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And, since | don't think Mke's been
introduced to the Committee before, 1'll ask himto
just say a few words about hinself.

MR JUNGE: M nanme is Mke Junge. I|I'ma
new hire to Probabilistic Ri sk Assessment Branch,
wor ki ng with Nathan. M/ previous experience was |
cane fromCalvert diffs.

| was an SSRO t here, shift engi neer. And
the | atest position | held there was as an engi neeri ng
supervisor in the auxiliary systembranch in the pl ant
engi neering group.

MR SIU Mark, the slides.

MEMBER WALLIS: Is it inside this
sonewher e?

MR HSER It's in the package. It has
t he agenda on the front about 40 percent of the way
t hr ough.

MR SIU To save the Committee tinme, |
coul d just say that nothing has changed since the | ast
time we briefed you. But | don't think that woul d be
good enough. So I'Il just give you a few.

MEMBER VWALLIS: There are so many page
ones in here, it's inpossible. Could you find it for
ne.

MR SIU So what |'d like to cover,
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basically just go over quickly the history of this
particular activity. Then I'I|l nention the one result
that we canme out wth, basically a recomendation
regarding the risk-informed reactor vessel failure
frequency that Mark has al ready shown you, and sone of
his earlier slides.

"1l nmention a few observations that
support that result. And then I'Il briefly tough on
peer review coments. It was nmentioned this norning
we just got those comments.

Fortunately there were very few in this
area. And so | can nention what they were and then
think we can wap up. Gay, back in My of 2002, of
course, we wote SECY-02-0092, which identified
potential issues in establishing criteria for the
reactor vessel failure frequency.

And we identified a nunber of options. W
briefed the Commttee, both the sub-Conmittee and the
full Committee in July of 2002 and received a letter.

That | etter encouraged us to consider an
additional option. |If you recall that was to consi der
a reactor vessel failure frequency nuch | ess than 10°°
per year because of possible concerns with air
oxi dati on.

As a result of that Iletter, we had
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performed a scooping study. It's a very qualitative
assessment of the potential afternmath of a PTS event,
and tried to determne if there was a strong reason to
do a lot of analysis in the area of air oxidation
events.

W briefed the ACRS in February of 2003.
That was a fairly extensive briefing. And, in fact,
if you want nore details, | do have sone of the
material fromthat |I'Il put on the conputer.

But | hope what | present to you will be
sufficient without having to go to that detail. W
received a letter fromthe ACRS. And that basically
said that the proposed criteria of 10°° per year was
probabl y good enough to ensure adequate protection of

public health and safety.

MEMBER KRESS: | do not recall that
letter.

MR SIU |I'msorry?

MEMBER KRESS: | do not recall that

letter. Does it have a date on it?

MR SIU Yes. | do not have the precise
date. It was in February of 2003 though. And in that
letter you pointed out that the criterion that we
enpl oyed shoul d be based on LERF, and basically said

that the Staff was followi ng that approach

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

189

You made the observation that it was
likely that our proposed criterion of 10° per year
shoul d ensure the PTS risk is acceptably |low. Yes,
here it is, February 1°, 2003, Tom

MEMBER KRESS: Yes, | found it.

MR SIU  And it recommended further
consideration of late containment failure if rule
making is pursued. But that was an optional
conditional on the rule making process, which, it
sounds like fromthis nmorning we're going to go ahead
with.

So, that was the recomendati on we took
for future activity. Okay. So practically the only
thing that has happened since February 2003 is that
we' ve recei ved comrents fromindustry and i ncor por at ed
those into the report.

And also we've received peer review
corments. And |I'Il touch very briefly on those as |
nmentioned in just a second. Ckay. So, just to recap
where we are, we believe the analysis supports a
reactor vessel failure frequency criterion of 10* per
year where the reactor vessel failure frequency is
interpreted as a through-wall crack frequency, not as
a crack initiation frequency.

This is sonething that is -- of course

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

190

it's a metric that's closer to risk, even though it
isn't all the way out to risk. And it alsois
consi stent, of course, with how we've been doing
things in the past.

That 10°° per year is consistent with Reg
GQuide 1.174. And it's looking at the LERF criterion
and trying not to have any particular initiator
constitute a | arge percentage of risk

So this is 10 percent of the 10 "

criterion. Gbviously it's also saying that there's no

speci al consideration here for the possibility of air
oxi dation events.

The reason for that is because we actual |y

believe that there's very little |ikelihood that
you'll get to such events, even should a PTS event
occur.

W briefed the Commttee in February of
2003 on the potential forces involved with such events
and basically said that the Delta P's, the forces were
on the order of the design basis accidents.

W didn't expect to see any additiona
failures of ECCS or containnment isolation, certainly
not contai nnent sprays. So there's not dependency
mechani sns that woul d i ncrease the |ikelihood of such

failures.
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And, t herefore, t here shoul d be
substantial margin between the occurrence of a PTS
event and failures to mtigating systems. Therefore,
the conditional likelihood of the large early rel ease
is |ow

And that's conditioned on the PTS event
occurring, which Mirk has also shown you that
frequency is very small. And so that the large early
rel ease event does include the air oxidation event as
a subset.

And we presented a qualitative accident
progression event tree showing the very small nunber
of sequences that had the possibility even of | eading
to sonme large early rel ease events.

| think out of roughly 200 sequences we
had in that APET naybe four were worth any
considerationinterns of |ikelihood. And even those,
once you consider the forces involved, it's really
unlikely that we can follow al ong those pat hs.

MEMBER KRESS: Four out of 1007

MR SIU  Four out of the 200.

MEMBER KRESS: Four out of the 200, okay,
for an 02 conditional --

MR SIU |If they were equally weighted.

And they are certainly not equally weighted.
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MEMBER KRESS: They're not equally

wei ght ed.

MR. SIU.  Yes, the likelihoods of going
down t hose paths were very small. That's what -- if
you recall from the report -- we use qualitative

ternms, very |ow.

MEMBER KRESS: So you think the
conditional large early release is two orders of
magni t ude bel ow the t hrough-wall crack?

MR SIU It could be. Now, we did not
do, obviously, any serious quantitative analysis. W
did some scooping calculations |looking at the
def ormati on of pressure vessels.

And then we presented to you the RELAP
results looking at the delta P s associated with
postul at ed break sizes and break opening times. And
t hey were not, you know, outl andi sh.

So one would guess that it could be a
substantial margin. But, again, we did not do they
guantitative anal ysis.

MEMBER ROSEN: So, Nathan, turning this
around to an operator in the control room | take it
that you're suggesting that this would look |like a
LOCA to him not the vessel failure in this case.

MR Sl U It coul d be.
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MEMBER ROSEN: He woul dn't see anyt hi ng

different in terns of -- which would lead himto a
di fferent set of responses.

MR SIU Yes, in terns of, you know,
tearing out ECCS pi ping, pulling penetration -- no, we
didn't think that's going to happen -- don't think
that's going to happen.

So, if there are failures, these are going
to be independent failures, just |ike you have a
normal garden variety PRA. In fact, in sone cases
you're better off because you probably have electric
power and support systens, which is why you' ve got the
overcooling event, because the punp systens are
runni ng.

Ckay. The last point | mention on this
slide, that nost of the discussion, of course,
regarding the PTSrule concerning if thisis areactor
pressure vessel enbrittlenent, and anythi ng t hat we do
to that does not affect the conditional probability of
failure of the mtigating systens, i ncl udi ng
cont ai nnent .

You nmay affect the frequency of the
frequency of the reactor vessel failure. And that's
of course what we're tal king about here, the criterion

on that.
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But, in terns of the defense-in-depth,
you're not affecting the defense-in-depth through --

MEMBER KRESS: Does that assune that the
sunp bl ockage i ssue woul d get resol ved.

MR SIU That's true. That's a good
point. W do bring that on in the report, | believe,
that this is conditional on sunp bl ockage bei ng t aken
care of. And we do not try to address that through
t hi s.

MEMBER KRESS: Let's not wait until --

MEMBER ROSEN: But to ne the inportant
concl usion here, which is sort of a surprise, is that
operationally we don't really need to change anyt hi ng
if we think through the PTS problemin detail, as has
been done.

The operators will respond as i f were sone
sort of small break LOCA or a medium size break LOCA
per haps, maybe even large break LOCA. But it won't
require themto do anything different.

It comes back to the old argunent about
synpt om based procedur es ver sus event based
pr ocedur es.

MR BESSETTE: In fact, for a lot of
t hese, the way you get into a PTSrisk scenario is you

start with a LOCA anyway. So, probably your ECCS is
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on, your containnent spray is on at the tinme the
vessel fails, for exanple.

MR. JUNGE: They're already in the mddle
of a scenario through the scenarios that we nodel ed.

MEMBER KRESS: |'mintrigued by your
comment that the |ikelihood of having an air oxidation
event with pressurized thernmal shock failure is | ow
How did you arrive at that concl usion?

MR SIU That's the -- if you foll ow
t hrough the APET, we had | abel ed the sequences. In
fact, on a back up slide here, the | ast back up slide,
this one here, this is a figure in the report.

And you notice in the right hand col unms
there -- it's kind of hard to read.

MEMBER KRESS: That's all right.

MR SIU But this is early core danage
possible, large early release possible, and air
oxi dation possible. And we've identified --

MEMBER KRESS: And what's the criteria for
air oxidation? Is it that there be --

MR SIU Sinply a big hole, possibly.
You see, we're talking -- the break size is here. W
had 100 to 1,000 square inches.

MEMBER KRESS: You're coming up with

actual break sizes.
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MR SIU  Yes. Let ne walk you through

the tree

MEMBER KRESS: (kay.

MR SIU Ckay. So we had crack
orientation, axial circunferential. W had whether

the crack extends, and how far it extends. And bl ow
down forces, are they roughly designed basis or
significantly beyond design basis?

We had whet her or not the contai nnent was
isolated. So we're accounting for possible
dependenci es there. W have the containnment spray is
wor ki ng, yes or no.

Location of the fuel, whether it was
spewed outside the vessel or retained in the vessel.
Whet her ECCS continues to run, and whet her the reactor
cavity is fl ooded.

Now, it was pointed out in one of the
i ndustry comrents t hat maybe some of our logic hereis
alittle flawed in ternms of asking this question after
ECCS has fail ed.

But I'Il |eave that al one for the nonent.
Okay. So the events with air oxidation here, you see
we had failure. The large early release, of course,
requires that you have failed the isolation

contai nment and that your sprays aren't working, and
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that ECCS is not working here.

MEMBER KRESS: (kay.

MR SIU So we've had a core nelt, no
isolation. And we just sinply said it's possible.
And if you |look at an event where we m ght have a
large early release but no air oxidation, this one
here, you recall that -- the difference is this is a
small hole in the reactor pressure vessel.

So we did not track the flows through the
system W did not nodel, you know, the real way that
the air would go through the system Again, in terms
of a scooping analysis, just a very quick and dirty --

MEMBER KRESS: Now, how did you arrive at
t he break size?

MR SIU This is paranetric, some sense
of the length of the crack here. This is the one, the
crack, for exanple, that runs to the circunferenti al
wel ds and then opens up a little bit.

But, again, this is just paranetric. You
have small, medium l|arge, and then there was a very
| ar ge here.

MEMBER KRESS: Did you ascribe sone
probability to that?

MR SIU W didn't play that up very

much. Mbst of the |ikelihood assessnents were based
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on the mtigating systens and the |ack of dependent
failure nechanisns for those.

So, yes. Mark mentioned this norning, for
exanpl e, that --

MEMBER KRESS: The reason | said that, it
may be that the probability goes down towards the air
oxi dati on si de.

MR SIU Ch, well, if you |ook -- again,
| ooking at the forces invol ved, saying, do you really
feel that you would bias it towards the |arger
openings, it's not clear to me why you woul d?

Now, | haven't done the analysis, so we
can't say. But | wouldn't as ny first choice bias it
down towards the |arger sizes.

MEMBER KRESS: The reason | am going on
like this is because | feel like you need at | east two
orders of magnitude on the LERF acceptance criteria
conpared to the one tinmes 10°°

You need two orders of nagnitude to nake
up for the air oxidation. And, you know, you're
saying that the probability of air oxidationis .1 and
t he probability of containnent failure alsois .1, you
get that two orders of magnitude. But | need to see
sone definitive --

MR SIU Yes. The one thing I'll say,
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you know, again, we hadn't done a nunerical anal ysis.
But, in the end, the acceptance criterion saying 10°
is being applied to the reactor vessel failure.

So that's saying that -- that was the
point that Mark raised earlier, that --

MEMBER KRESS: That's right.

MR SIU -- it's equating the through-
wal | crack frequency, LERF.

MEMBER KRESS: Right. So | need these
other orders of mgnitude to cone out of the
condi tional probability.

MR SIU Rght. And we think -- let ne
say, | personally think you'll get there if you
actual ly do the nunerical analysis, just by | ooking at
the things that have to fail to get you to that.

MR. BESSETTE: Yes, there are only a few
ways to get there. You ve got fail contai nnent spray.
You' ve got to fail to isolate containnent. You' ve got
to fail ECCS or you' ve got to break the vessel in two
pi eces.

Because, if you have, even if you have a
fairly | arge axial crack, if you have ECCS on, even i f
you don't have adequate core cooling throughout the
top of the core, if you have enough steam generation

so that you can't get air ingress.
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You' ve got pretty high velocities out the
break, |'d say 50 nil es-an-hour or so.

MEMBER KRESS: Yes, but, by the tine
you're getting ready to get the air comng in, you
don't have those -- you've gotten rid of nost of this
steam You're at low velocity and --

MR. BESSETTE: But, you sort of have to
fail ECCS to get air ingress.

MEMBER KRESS: | do not know that.

MEMBER DENNI NG Wl |, he was saying that
he has ECCS on, and that water has to go out the
break, even though it's not getting to the core, if he
has ECCS on.

MEMBER KRESS: Those are statements | need
to see sone sort of technical reason. But we know
that in our oxidation source termwe probably increase
the pronpt fatalities by a factor of 100.

That's where | get ny two orders of
magni tude. And | can see that it's likely you could
get two orders of nmagnitude out of these conditions.
But ny problemis, it's --

MR SIU Yes, it is qualitative. There's
no doubt. And it was that way back in 2003.

MEMBER BONACA: This event tree, again,

it's only addressing LOCA, right? No secondary site
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breaks. And the concern | had that | expressed this
norning was nostly the B&W type of this the pass-
t hrough steam gener at or.

Now, the reason why | bring it up, |
notice in the followup slides here there are sone
coorments, in fact, and answers to peer review
guesti ons.

MR SIU  Yes.

MEMBER BONACA: (Ckay.

MR SIU I'Il nention it in a second.
But, again, the hole size refers to the PTS induced
hole. So we're coming in here whatever way. It could
be fromthe transient.

MEMBER BONACA: Ri ght, post-event.

CHAI RMAN SHACK: And again, Tom although
his acceptance criterion might be one times 10° if
you |look at their actual frequency of through-wall
cracking, | think it starts at 10’ and goes down from
there at the end of |icense renewal.

MEMBER KRESS: Yes, but that doesn't
af fect acceptance criteria. | mean, it just saves you
-- the one --

MR SIU It sort of says --

MEMBER KRESS: |If you had to neet one two

orders of magnitude | ower, that wouldn't be so good.
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CHAI RVAN SHACK: No, but it says the

i kelihood of this thing happening is pretty renote.

MEMBER KRESS: There's a point there.

MEMBER DENNING And, Nathan, the
acceptance criterion is interpreted as a nean?

MR SIU  Yes, that is correct. That was
t he recommendation as well, and just to be consi stent
with how we do other acceptance criteria. Ckay, this
slidetalks tothe initial set of peer reviewcoments
we got.

And we got two. One concerned air
oxi dation and basically said, while it was recogni zed
as a potential issue, the reviewers didn't think that
it was a good use of resources to pursue this in any
great depth and that the PTS project wasn't the
project wused to look at establishing different
gui delines in LERF.

| " mjust sayi ng what the cormment was. And
the second conment we got was basically, it was a
guestion about docunentation. | guess at the tine
they hadn't been able to review the full chapter.

And so they just wanted to see how we
docunmented the analysis. Since these two interim
corments have gotten the -- | guess we would

characterize them as draft comments. Mark, is that
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right?

MR. ERI CKSONKI RK:  Draft final.

MR SIU Draft final, okay. And, again,
there were two corments. Basically one reviewer said
that the 10°® was reasonabl e and appropriate. And the
other one said that basically he agreed with the
framewor k for addressing these issues.

But there was no simlar concern about the
air oxidation expressed by the nmenbers of the peer
review conmmttee. So that's what we have now. And
that's all | had to say. Are there any questions?

MEMBER KRESS: When they -- the peer
review conments, when they made their conmment that
they didn't think it was cost beneficial, | guess, to
go after the air oxidation part, were they aware, do
you think, that the pronpt fatalities could be
i ncreased by a factor of 100 when they said that?

(No verbal response.)

MR SIU Mke, is he nodding yes?

MR JUNGE: Yes.

MEMBER KRESS:. They were aware of that.

MR JUNGE: | believe it is still witten
in chapter 10. It does discuss the nunber increase
that we would see with air oxidation.

MR. ERI CKSONKI RK: | apol ogi ze, we've had
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anot her slide copying mx up. So --

MEMBER SI EBER:  Turn to page one.

MR ERI CKSONKI RK:  Yes, turn to page one.
You don't have these slides yet. Shah is trying to
get them to you as quickly as our copy center wll
accommodat e hi m

I n the neanti ne you have t he i gnom nity of
having to | ook at ne.

MEMBER S| EBER:  You nay want to nove that
wat er bottle.

MR. ERI CKSONKI RK:  Onh, yes | may. Ckay.
So, inthese slides I'll be reviewing the information
that's presented in chapter eight of NUREG 1806 where
we discuss the plant-specific analyses we have
performed at Beaver Valley, Palisades, and Cconee.

The overviewof this set of slides is that
we're going to start by discussing the through-wall
cracki ng frequency estimates and their distributions.

And then we're going to tal k about the
material features that contribute or not to TWCF and

the transi ent classes that contri bute or not to TWCF.

First 1'Il just start with a table. This
is sort of a -- stop looking, you don't have them
You don't have these. That was a m x-up. |If you find

them you really win, like getting the white M&M
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And, if you do have a printed copy or an
el ectronic copy of NUREG 1806, on as many of these
slides as | could think to do it, up inthe title
you'l | see the section nunber that the information is
presented in.

I n any event, this table shows sort of the
high I evel results comi ng out of FAVOR. So we've got
anal yses of OCconee, Beaver Valley, and Palisades at
four different enbrittlenent |evels.

| put RT,. on there, not because | |like

pt's
it, just as sort of a reference and then the val ues of
frequency of crack initiation and through-wall
cracki ng frequenci es that have been cal cul at ed.

|"d like to nake two observations. One is
that the TWCF is very lowfor the current lifetine and
into the period of |icense extension ranging fromEto
mnus 11 to E m nus eight failures per year.

And that was the reason of having the RT,

colum on here. |If you look at RT nunbers at the

pts
current screening limt -- and you have to sort of do
some nmental interpolationtoget to 270 -- you'll find

out that the current screening limt per these
cal cul ations corresponds to a yearly through-wall

cracking frequency in the E to the m nus nine range,

not five times 10 °, which is the result of the
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previ ous cal cul ati on.

So, that conparison just gives you sone
sense regarding the | evel of conservatism or sone
would call it margin in the --

CHAl RMAN SHACK: Five tinmes 10°% right?
That was what you were aining for.

MR ERICKSONKIRK: I'msorry, yes. You're
right. Five times 10° It's still a big difference.

CHAI RMAN SHACK: Still a big difference.

MR. ERI CKSONKI RK:  Okay. Throughout --
and |'ve nmentioned this before, and | think used this
slide before. Throughout the bul k of our presented
material, we talk about through-wall cracki ng
frequency as if it's a single nunber.

And we're always recording nean val ues.
| just wanted to point out here that those nean val ues
are drawn fromdistributions that are both highly
skewed and very broad.

And those -- the distributions are that
way sinply because there are many, many situations
where we sanple a flaw, we sanple enbrittlenent, we
sanple a transient, and we conme up with a cal cul ated
failure probability that's zero.

So, you know t hat the physical underlying

processes are producing these distributions where
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you've got a big tail on the Iower end. And | cal
your attention to the scale.

The vertical scale on ny little graph is
the percent contribution to through-wall cracking
frequency. And the vertical axis only goes up to one
per cent .

So the values of nerit, the nmean val ues
that we're drawing from these distributions are all
way up here in the upper tails. And this graph makes
that point, | think, alittle bit better.

W | ooked at the nmean val ues that we were
recording and figured out what percentile of the
di stribution they corresponded to. And | said this in
nmy introduction, that these nean val ues correspond to
something like the 90'" percentile or greater of the
di stribution.

So, that is the end of the overview on
just looking at through-wall cracking frequency
val ues, and not trying to draw any causa
rel ati onshi ps about what materi al s cause t he frequency
or what transients cause the frequency.

So now we'll go into the discussion of
what materials cause the frequency. So, just to --
sort of a fundanmental tenant of flaw analysis or

structural integrity analysis.
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In order to correlate or predict failure
of a conponent, you need to know what the toughness
properties are at the flaw location. And, in this
analysis, and this is a comobn approach, we use a
reference tenperature to characterize what those
t oughness val ues are.

And, as we discussed earlier, the
reference tenperature indexes the l|ocation of the
cl eavage fracture initiation toughness curve, the
arrest fracture toughness curve, and indeed of the
upper shelf fracture toughness curves.

And the aleatory scatter of those three
di fferent toughness netrics about those curves has
been quantified, sanpled fromin every case, and is
shown to be the tenperature dependency of those
curves.

And the scatter about those curves has
shown to -- has been shown to be, |I'msorry,
consistent for all the materials that we're interested
in.

So, if you know the reference tenperature
at the flaw location, then you know everything you
need to know about the toughness of the material to
performan assessnent as to whether that flaw at that

| ocation will fail or not given a certain |oading
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chal | enge.

So then, given that, what we need to know
is where are the flaws? And that gets back to a graph
which | showed you before, and the basis of our flaw
di stribution, which is that we have enbedded wel d
flaws that follow the weld fusion |ines.

This is not to say that all flaws in welds
are on the fusion line. Certainly you can have
porosity, entrapped slag, blah, blah, blah. But, the
ones that get you are invariably the crack-1ike
defects which are | ack of fusion defects, which are,
| ogically enough, preferentially oriented along the
fusion lines, which are axial for axial weld and
circunferential for circunferential welds.

So, all the flaws associated with axi al
welds are axial. Al the flaws associated with
circunferential welds are circunferential. And al
the surface breaking flaws that are postulated to be
generated, even though we never observed any, are
postul ated to possi bly exi st between t he passes of the
austenitic stainless steel cladding, are oriented
circunferentially.

Qur destructive anal yses of pl ates showed
that plate fl aws have no preferred orientation. So in

FAVOR we sinul ate a coin toss. 50 percent of them go
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in as axial, 50 percent of them go in as
circunferential

Qops, I'msorry. One thing | forgot to
point out is, so now we know where the flaws are.
They're either -- they popul ate the weld fusion |lines,
or they occur sonewhere out here in the bul k.

And so, now we know where the flaws are.
W al so have our fluence map, which tells us what the
| evel of irradiation is at those locations. And so
those are several steps towards calculating the
reference tenperature at those | ocations.

MEMBER S| EBER  When these vessels are
fabricated, are these welds machi ne wel ds?

MR. ERI CKSONKIRK:  |I'msorry, are the weld
preps machi ned?

MEMBER SIEBER  No, the weld itself.

MR. ERI CKSONKI RK:  Yes. The fabrication
wel ds are invariably automatic. The repair welds are
invariably stick. Repair welds characteristically
will have larger flaws because that's nore likely in
a manual process.

And we' ve i ncl uded those flaws in our fl aw
popul ati on. However, it's also inportant to point out
that stick processes don't have the copper problens

that the automated processes did.
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MEMBER S| EBER:  Ri ght.

MR. ERI CKSONKI RK:  So that's anot her
inplicit conservatismin our analysis, is we sanple a
smal | nunber of the larger flaws associated with the
wel d repair process.

But those | arge fl aws can have hi gh copper
because we' re using the conposition of the fabrication
wel ds, not the repair welds, whereas that just sinply
can't happen in practice.

MEMBER SIEBER. Did you go back to the
fabrication docunentation to [|ook at individual
characteristics of individual vessels? O did you
j ust make general assunptions about --

MR. ERI CKSONKI RK:  No, only in the sense
that, for the vessels that we destructively eval uat ed,
we did that. But, no, in terms of placing repair
flaws into our three plant specific anal yses, those
repair flaws were smeared out.

They were part of the general flaw
popul ation that was sanpled from So, the repair
flaws can be sinulated to occur anywhere on the
vessel , which neans -- let's see, let ne think about
t hat .

Unl ess you happen to be so unlucky as to

have the repair | ocated snack dab at the peak fluence
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| ocation, |I'd argue that that procedure is generally
conservative

MEMBER S| EBER. Ckay, thank you.

MR, ERI CKSONKI RK:  Yes, Bruce?

MR. Bl SHOP: Bruce Bi shop at Westinghouse.
| know that the expert panel that was involved in
addressing sone of the flaw distributions and so
forth, and sone of the questions they were asked were,
you know, what's the probability of large flaws, snal
fl aws occurring during di fferent fabrication
processes.

And they actually went back and got
retirees and people that actually helped fabricate
sone of the vessels, and tried to take nmaxi numuse of
t hat advantage -- you know, take advantage of that
i nformation.

And so, while it wasn't specifically, you
know, destructively, or taken into account, it was, in
fact, factored into the general distributions that
were -- they subdivided into snmall and | arge.

And there were specific factors that
applied to account for sone of that variability based
on their experience.

MR. ERI CKSONKI RK:  Thank you. The ot her

thing that we'll get to when we tal k about sensitivity
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studies, which will either be nuch later today or
tomorrow, is | know a concern that people frequently
had is that sonmehow we've give short shift to the
| arger repair defects.

But, when you | ook at the defects that are
responsi ble for the Lion's share of the through-wall
cracking frequency, it's not the big flaws that get
you, it's the smaller flaws.

Qoviously there's alimt to that. They
can be so small they won't initiate at all. But, if
we were to pour in five tines nore |arge defects, it
woul dn't have a big effect because once you get a
| arge defect, you ve got to go down farther in the
vessel to get the thermal shock

And the driving force just isn't there.
This slide points out the reason that axial flaws
contribute so nuch nore to the through-wall cracking
frequency than circunferential flaws.

This is a plot for a particular flawthat
this is for. These are all either 360 degree
circunferential or infinite length axial. But, what
you see is the driving force for crack initiation of
both a circunferential flaw and an axial flaw of the
same initial depth is the sane.

So, given all the same conditions,
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circunferentially and axial flaws are equal | y probably
toinitiate. But, as you ago through the vessel wall
out to the eight inch thickness, the driving force
produced by thermal shock | oading steadily clinbs to
reach a peak only very close to the back wall for an
axi al flaw.

Whereas it reaches a peak very early on
and then starts to drop off toward the circunferenti al
flaw. So, circunferential or cylindrical vessels
subj ected to thermal shock | oadi ng have essentially a
natural crack arrest nechanismwhen it conmes to
circunferential flaws.

So, | said beforethat, if you' re goingto
do the defect assessnent right, if you're going to
hope to correlate the through-wall cracki ng
frequencies, if you' re going to hope to predict what
transients are worse than other transients, you need
to have flaw |ocations, specific reference
tenperatures to characterize all these things.

So we've come up with a couple. And I
prom se these are -- | think these are not only the
wor st equations |I'm going to show, they're also the
only equations |I'mgoing to show.

MEMBER S| EBER.  Good.

MR. ERI CKSONKI RK:  Good, yes good. But,
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"1l jut put themall up. Wat we've done is we've
come up with reference tenperatures for flaws and
axial welds, reference tenperatures for flaws in
circunferential welds, and reference tenperatures for
flaws in plates.

And, even though the specific fornula is
different, the i dea behind calculating all of theseis
the sane. And that's to say let's |look at the axial
wel d.

| f you' ve got a flawin an axial weld, you
want to find the location of highest fluence al ong
that axial weld fusionline. And then, since an axi al
wel d can have either -- it's got a potential of one or
two material properties, the properties associated
with the weld or the plate.

So you calculate the irradiated RT,, at
that worst fluence for the weld in the plate, and you
take the higher of the two. And that's the reference
tenperature for that axial weld.

Now, the axial welds can have fluences
that aren't the peak fluence of the vessel, depending
upon how the welds line up with the core flats.

Wher eas, the reference tenperature for the
circ welds and the plate is nmuch easier to calculate

because, you know, ignoring vertical variations
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i nfluenced, within the core region essentially the
circ welds will sonewhere see the peak fluence, as
will the plates.

So, calculating the reference tenperature
for the circ welds and the reference tenperature for
the plates is a sinple matter of figuring out what the
peak fluence is in the vessel, calculating what the
irradiated RT,, is for all the plates and all the circ
welds in the belt line and just picking the maxi num
val ue.

And that way we get a netric that is
associated with the worst conditions that a flawcould
see at these various locations. And those are the
val ues that we then use to correlate the through-wall
cracki ng frequenci es.

So, what can be said about the failure
probabilities of these flaw populations, just by
i nspection, before we run any analysis. So the axial
wel d flaws are generally larger than the plate fl aws.

They can be up to two inches deep,
al t hough very rarely, whereas the plate fl aws can only
be up to half an inch deep, again although very
rarely.

So they are generally larger than the

plate flaws, and they are axially oriented so they
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have the high through-wall driving force. The circ
weld flaws, since they are weld flaws, are fromthe
same popul ation as the axial weld flaws.

They are the sane size. In all likelihood
the circ weld flaws are burdened with a higher
fl uence because they have to see the maxi num fl uence
in the vessel, whereas the axial welds don't.

However, the big thing, again, to
differentiate circunferentially weld flaws from
axially oriented weld flaws is the difference in the
t hrough-wal | driving force.

The plate fl aws you' ve got two di fferences
going on. First, they're half circ half axial, so the
circ ones effectively don't matter. The plate flaws
are nmuch smaller than the axial flaws.

But, again, if we use Beaver Vall ey, which
is the nost interesting case because it's got welds
and pl ates that sort of conpete for what's drivingthe
t hrough-wal I cracki ng frequency.

And what you find out is that as you goto
hi gher and higher |evels of enbrittlenment in Beaver
Val l ey the higher -- and |' musi ng Beaver Vall ey as an
exanpl e.

The higher fluences that occur in the

m ddl e of the plates overwhelmthe snmaller flaw size
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of the plate flaws. And so you start to get
contributions of those plate flaws through the
t hr ough- wal | cracking frequency at the higher
enbrittl enent |evels.

At the |l ower enbrittlement | evels the flaw
size dom nates the axial welds. So | showed you this
graph before, which now, |I guess hopefully will make
alittle nore sense.

The statistics that cone out of FAVOR tell
us not only what the through-wall cracking frequency
is, but it's, you know, it's sonmething | dream of
bei ng at hone.

Somet hi ng breaks and | | ook at ny seven
year ol d son and ny 11 year ol d son and say, who broke
it? And they both say |I didn't. But FAVOR gives ne
statistics saying who broke it.

And it will tell me when the axial weld
fl aws are responsi bl e and when the circ weld fl aws are
responsi bl e, and when the plate fl aws are responsi bl e.

And what we see here is that when we
correlate those failure frequencies, which are
cal cul ated by FAVOR and plotted on the vertical axis,
with these three reference tenperatures, calcul ated
usi ng the equations that are designed to give us the

reference tenperature of the worst |ocation of the
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axial weld, circ weld or plate, we find we get a
pretty reasonable correlation between the different
vessel s.

And, again, point out that in general
terns, at an equivalent |evel of enbrittlenent, axial
weld flaws are responsible for 100 tines nore the
t hrough-wal | cracki ng frequency than are pl ates.

And then circ welds are 50 at reduction
even on that.

MEMBER DENNI NG  Before you go on, could
you go back two view graphs to the equation and show
us -- | mssed the, what |ooks |like an averagi ng on
the axial. What's the --

MR, ERI CKSONKI RK:  Yes, what -- and that's
been pointed out before. And that's sonething that,
you know, probably deserves a little nore thought.
The axial welds can be -- well, lets gowith circ and
t he pl ate.

The circ and the plate always have the
hi ghest fluence in the vessel. Wereas the axial weld
fl aws, dependi ng upon how the core is oriented with
respect to the welds, can have sonetines different
| evel s of fluence along each axial weld fusion |ine.

So the averaging is an attenpt to take

that into account. The fact that you m ght have one
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axial weld fusion Iine at a much higher fluence than
anot her axial weld fusion |line.

MEMBER DENNI NG And the L-primis what?

MR. ERICKSONKIRK: |'msorry, the L is the
| engt h.

MEMBER DENNI NG  The | engt h.

MR. ERI CKSONKI RK:  The length of it.
Because, obviously, if you have a very short weld
it's going to have less flaws than a very |ong weld,
because the nunber of flaws scale the length or the
fusion line.

MEMBER DENNING And this is preferable to
| ooking at every one of the flaws in its |ocation?
That's what |'m missing here. Wy do you do an
aver agi ng?

| mean, what's the |logic of doing an
averagi ng rat her than | ooking at ever flaw?

MR. ERI CKSONKI RK: Wl | we fundanentally
can't look at every flaw because there are thousands
of them But, what we're trying to do is construct a
nmetric to represent the | evel of enbrittlenment of the
vessel based on things that you can know w thout
havi ng performed a probabilistic analysis.

But, the intent of the averaging is to

take into account the fact that, agai n, dependi ng upon
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the core orientation, you mght have one axial weld
that's at a nuch |lower fluence than another axial
wel d.

And, for exanple, if you had an axi al weld
that's at a fluence trough and another axial weld
that's at a fluence peak, the axial weld at the
fluence trough is going to contribute nmuch |l ess to the
t hrough-wal | cracki ng frequency.

MEMBER DENNI NG And you -- but |I'mstil
-- it sounds to nme |ike you' re averagi ng sonething
that you don't want an average value of, that you
really want to look at a -- do you actually use the

RT,, in the FAVOR anal ysi s?

MR. ERI CKSONKIRK:  No, this is all --

MEMBER DENNING Oh, this is just a --

MVR. ERI CKSONKI RK:  This is post-
processing. This is -- we use the RT,_.,and plate to
effectively characterize the level of enbrittlenent
for post-analysis correl ations.

In the same way that you would use, you
coul d cal cul ate these val ues for any vessel that's out
there. And | think perhaps the general coment is,
you know, maybe you want to think about this, or maybe

you want to try other relationships.

You know, yes that's probably so. And
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certainly of al | these three, in terns of
i npl enentation, thisis the nost conplex to cal cul ate.

So, if we could do sonething sinpler just
by taking a mxinum and get an equally good
correlation, that would be a good thing. And that's
probably sonething to | ook into.

MR. ERI CKSONKI RK: | thought you were
actually using this in the analysis.

MR. ERI CKSONKIRK: No, this is a post-
process, because, renenber, before neeting and current
regul ations, we have one netric that tries to
characterize the enbrittlement of the entire vessel,
RT, 4 -

And we get that by taking the worst
fluence in the vessel, and the worst chem stry in the
vessel, and the worst unirraidated toughness in the
vessel and conmbining all those things together,
despite the fact that all those things mght not
physi cally be possible to have at the sane tinme, and
there m ght not be a flaw there anywhere.

So what we're trying to do is to devel op
sort of flaw | ocation specific netrics. But no, this
is an input to FAVOR This is calculated after the
fact.

MEMBER ROSEN: But thinking about this in
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terms of if | were to send you out there to a vessel
and say find ne the nost -- the worst threatening
flaw, it seens to me you' d go and | ook at the axi al
intersection of the -- the axial weld intersection
with the circunferential weld.

And right at that, on the axial weld
itself, though, right above the <circunferenti al
intersection -- | think you ve got a slide there, a
cartoon that shows this.

MR. ERI CKSONKI RK:  Yes.

MEMBER ROSEN: And you'd say, if | find a
significant flaw there -- a two inch flaw two i nches
into the material -- on the axial weld, on the fusion
line of the axial weld, but very close to the
circunferential, that woul d probably be a very seri ous
flaw.

MR. ERI CKSONKI RK:  Yes.

MEMBER ROSEN:. That woul d be -- and
could go looking around all the rest of the vessel,
and | probably couldn't find anything nore serious
than that. 1Is that one way of looking at it?

MR. ERI CKSONKI RK:  Possibly. But, | have
to say it depends. Because, for exanple, in Beaver
Vall ey they've intentionally |l ocated all of the axial

wel ds at the fluence troughs.
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And so, even though | nmight be able to
find a much -- and I know | could find nuch |arger
flaws along the weld fusion lines irrespective of if
it'sat thecirc intersection -- sonetines the smaller
flaws out at the fluence peaks woul d be nore danmagi ng.
So it's not --

MEMBER ROSEN: Ckay.

MR ERICKSONKIRK:  This is one of those
cases where it's not just size that matters.

MEMBER ROSEN: But if a plant hadn't taken
t hat precaution?

MR, ERI CKSONKI RK:  Yes. But, | nean, |
agree. Just in ternms of the reasons flaws are where
they are, if you have an intersection of two welds,
yes, it's nore likely to find a flaw there.

And it's nore likely it will be bigger.
Al though, if | went to my inspection record and |
found where the repairs were, |'d actually start
| ooki ng there.

But, those repair flaws, even though they
are large, are associated with | ow copper material s.
And so, they probably have a hi gher toughness. And |
want to hasten to point out that these are all things
that the anal ysis has consi dered probabilistic.

You' ve got finite probabilities of having
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very large flaws. You' ve got finite probabilities of
havi ng very high coppers. And that's essentially al
in here.

It's not incunbent upon us to find the
worst flaw or the worst location. Even if you did,
that's not going to drive the through-wall cracking
frequency.

It's not going to make it one. Ckay.
That ended the presentation -- excuse ne, the part of
the presentation on materials. So now |'mgoing to go
into what's the nost | engthy part of this discussion,
which is, what are the classes of transients that
control through-wall cracking frequency?

What are their characteristics? Wat's
important, what's not? So, in our analysis we
considered both primary system faults, secondary
systemfaults, and i ndeed sonething this slide doesn't
say, which is conbined primary and secondary system
faults.

Primary systemwi th t he pi pe breaks, stuck
open valves are later re-closed. Feed and bl eed
secondary systemfaults, main seamline breaks, stuck
open val ves, steam generator tube rupture, and pure
over f eed.

These graphs like this are in the report.
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This shows -- and | just want to draw one inpression
from this, and then 1'Il take it away. On the
hori zontal axis it shows all of the different

transients in this case that were anal yzed for Qconee.

And on the vertical axis it shows the
per cent contribution to through-wall cracki ng
frequency. And there's one line for each
enbrittlement | evel we anal yze.

And the main thing | wanted you to take
away fromthis is that, again, we cal cul ated an awf ul
| ot of zeroes even though we a priori elimnated way
nore transients than we've ever anal yzed.

W still -- our screening criteria for
what gets into the analysis isn't so -- we don't
assune that we know so much nore that we're
elimnating things that actually contri bute.

W're still calculating an awful |ot of
zeroes. And what we find out is we perform-- we
anal yze 30 to 60 transients. And invariably a handful
to two handfuls are the ones that are dom nating the
t hrough-wal | cracki ng frequency. And the rest just
don't matter at all.

MEMBER ROSEN:. Coul d you go back for a
m nut e?

MR. ERI CKSONKI RK:  Oh sure.
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MEMBER ROSEN: |'ve taken away anot her

pi ece of information fromthat. And that is that in
some cases going to 60 EFPY -- | was going to say
shows like it matters.

Let's take a | ook at the right hand peak,
my right hand, at SO 1.65, | guess.

MR. ERI CKSONKI RK:  Yes.

MEMBER ROSEN: That one says what to you?

MR. ERI CKSONKI RK: Wl | that says that --
okay, that's a stuck-open valve. It stays open for
6, 000 seconds, re-closes, operator doesn't throttle
until you get full systemre-pressurization

At 32 EFPY it was over two thirds of the
t hrough-wal | cracking frequency. But, by the tinme you
increase the enbrittlenent |evel to what we've called
extended levels of enbrittlenent to avoid using
ridi cul ous nunbers of EFPY on slides, the through-wall
cracki ng frequency of that transient at the extent of
enbrittl enent |evel has continued to clinb.

The absolute contribution has gone up.
But, the percent contribution is now highest for the
LOCAS. And we see that very consistently. And Bil
pointed that out before, that, at |ower I|evels of
enbrittlement, you need the over-pressurization

associ ated wi th stuck-open val ves that | ater re-cl osed
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to punch the crack through the wall.

Once you get to the higher Ilevels of
enbrittlement, what people often call thermal only
transients, or transients with a small pressure
conponent, the vessel is sufficiently brittle that
t hose cracks can go all the way through.

So, just | ooking at -- and renenber, we've
anal yzed for each of these vessels a spectrum of
enbrittlement |evels, and indeed taken it out to
enbrittlement |evels that are just ridiculous, not to
say that those enbrittlenment |levels are likely or even
achi evabl e, but just to say that the transients that
matter -- you can't just | ook at one snapshot and say,
oh, it's main seamline break, oh, it's a stuck open
val ve.

You need to look at the whole
enbrittl ement spectrumin order to get a good feel for
the types of transients you contribute. So, to
sunmari ze that, dominant transients -- and this is
| ooki ng across the enbrittlenment spectrum

The transients that contri bute 80 percent
or nore to the through-wall cracking frequency are
ei ther mediumor |arge dianeter pipe breaks -- and by
that | mean four to five inches and above and st uck-

open valves in the primary side but |ater re-closed.
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Secondary systemfaults only play a m nor
role, and then only at very rmuch higher |evels of
enbrittlement, again because in a secondary system
fault you can get a really fast cooling rate.

Because the primary is still sealed you
can have that really fast cooling rate in conbination
with pressure. But, the tenperature's just not |ow
enough to drop the toughness enough to allow the
vessel to fail

But, at higher |levels of enbrittlenent we
do get sone contribution to nmain seamline break. And
we'll talk about that. And then everything else is
essentially negligible or zero.

Smal | seaml|ine break, small breaks, pure
overfeeds, feed and bl eeds, those all fell into the
transients and contributed next to nothing or
absol utely nothing to any of our cal cul ations.

So, inthe follow ng sets of slides, we're
going to present a nore detail ed exanm nation of both
t he dom nant and the minor transient classes. And ny
aiminthis is to be very boring.

|"m going to go through this in exactly
the sane way each time for each transient class.
W're goingto start with a general description of the

transients in that class, howthey progress, what the
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operator actions that could be take are.

What are the operator actions that we' ve
nodel ed? In the next part we'll discuss how we' ve
nodel ed this transient class. Then in the third part
of the discussion we'll discuss the relationships
bet ween the system characteristics and the thernal
hydraul i ¢ response.

W'll then go on to tie those thernmal
hydraul i c responses to PFMresults. And finally, at
t he end of each presentati on on each dom nant cl ass of
transients, we'll discuss how the nodel that we' ve
adopted in these calculations is either simlar to or
different fromthose previously enpl oyed.

And we' Il | be contrasting both our current
results with both those that we presented in February
of 2003 and those that were used to establish the
basis for the current PTS rule.

kay, sowe're goingtostart with prinmary
site pipe breaks. In primary site pipe breaks you' ve
got two cooling mechanisns. The nmjor one at the
beginning of the transient is of course the rapid
depressuri zati on because of the break that causes a
rapi d tenperature drop.

It's the only thing that matters for the

very large breaks. And it's what's dominating early
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on for any break size. But then |later on you start to
get injection of colder ECC water.

The i njection tenperatures can range from
-- actually that should be 40 degrees if the water is
stored in an external tank in the winter up to 120 if
you exhaust what' sin the RWST and you start to pul
fromthe sunp.

The tenperature of the injectionwater can
beconme an inportant factor, but only for the snaller
break di aneters, because only those |ast |ong enough
to see the warner injection water.

And al so, the break | ocation can be a
factor. For exanple, cold |l egs for given break size,
cold legs tend to be sonmewhat | ess sever than hot |egs
because you can | ose injection water flow out of the
cold leg break, so it's not going into the downconer
and it's not cooling,

The m ninmum-- |'ve got another error, it
should be 40. But, the mninmmtenperature is
controlled primarily by the ECCinjection tenperature.

Which neans it can go down to the
tenperature of the water stored in the external tanks,
whi ch of course can vary with seasonal conditions.

But t hat eventual | y you exhaust that wat er

supply and you have to start pulling fromthe sunp, at
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whi ch point you're pulling in sonething that's I|ike
120 degree Fahrenheit water.

And we've nodeled that where it's
appropriate. The cool down rate as I'll show you when
we get to the thermal hydraulic part is controlled
primarily by the break size.

And then it is noderated by the secondary
factors, which is the total RWST inventory, safety
i njection punp set points when you switch over to sunp
and so on.

In terms of our initiating event
frequencies, the graph shows the initiating event
frequenci es we used for the PRA bins as a function of
break di aneter.

And, for all practical purposes, there are
two popul ati ons here. There are the |arger breaks,
four inches and above, that have an initiation
frequency of something like one tinmes 107°.

And then there are the breaks four inches
and bel ow where the initiating frequency i s sonething
like one times 10°*. As we nentioned before, we've
nodel ed no operator actions here because safety
i njection --

MEMBER WALLI S: Wiy does the trend go |ike

this for palisades, 16, and goes up agai n?
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MR. ERI CKSONKI RK: "Il have to defer to

Donnie to answer that specific question. But, ['1lI
just point out --

MEMBER WALLIS: Is this a surge line, or
what is that 16?

MR ERI CKSONKI RK:  Donnie? It should be
poi nt out --

MEMBER ROSEN:  The pal i sades surge line is
not 16 inches.

MR ERI CKSONKI RK:  Pal i sades is different
from the other two because Palisades did its own
anal ysi s.

MR WH TEHEAD: Yes. As | said earlier
this norning, there were two cases that we dealt wth.
The Beaver Valley and Cconee anal yses were done in-
house.

The Palisades analysis was done by the
utility using their nodel with adaptati ons necessary
to account for the issues that we were interested in
for PTS.

The Pal i sades nodel actual |y nodel ed four
break sizes, a snmall break size, a nediumbreak size,
a medium |l arge break size, and a | arge break size.

And the difference that you see for the

event here, the 16 i nch di aneter break, has to do with
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the way in which we collapsed their four break sizes
and the frequencies that they assigned to themto our
t hree cl asses of break sizes.

So, there's just a -- there's a snall
variation in frequency that was used for the two types
of anal ysis, the one done i n-house and t he one done by
the utility.

But that frequency, if |'m renenbering
correctly, was, you know, typically on the order of
maybe a factor of two, possibly a factor of three
difference in the overall frequency.

And we did not believe that it was
necessary to force themto use the nunbers that we
were actually wusing for our initiating event
frequenci es.

So it's just an artifact of the
differences in the nodels, basically.

MEMBER WALLIS: Did the 16 cover the nmain
-- RCS piping, it's --

MR BESSETTE: The nmain dianmeter, or the
di anet er behind Pal i sades is about 30 inches.

MEMBER WALLIS: But Palisades is even
bi gger.

MR. BESSETTE: Palisades is about 30

i nches.
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MEMBER WALLI'S: Sixteen is covering that

as well, it's an average?

MR BESSETTE: Yes. You know, we did
break spectrum And we anal yzed oursel ves breaks up
to 22 inches. But we found the answer wasn't changi ng
bet ween ei ght and 22 inches.

MR. ERI CKSONKI RK:  Bruce, did you have
somet hi ng?

MR. BI SHOP: The Palisades hot leg is nuch
| arger than any of the other plants because they only
have two hot | egs and four cold |egs.

MR. BESSETTE: Yes, the hot |eg m ght
actually be 36 inches and the cold | eg about 30
i nches.

MR BISHOP: The OD is around 40
somet hi ng.

MR. ERI CKSONKI RK:  What we'll get to in
the PFMresults is -- you and David alluded to this --
is once you get into break dianmeters, half a foot and
above, the thing that's controlling the cooling rate
of the vessel, and therefore the thermal stress of the
vessel is the vessel itself, not the rate at which it
can deliver water.

So now we get into the part where we can

| ook at different systemcharacteristics and how t hey
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control the thermal hydraulic response.

CHAI RMVAN SHACK: Does that nean you're
really governed by the four to eight inch break then,
because they're just so much nore |ikely?

MR ERI CKSONKI RK:  |'m not sure | can
answer that. W get big contributions from both
medi um breaks -- which are four to six -- and |arge
breaks -- which are six and above. | do not remenber
the rel ati ve percentage.

CHAI RVAN SHACK: Because based on the
elicitation that |ooks Iike an awfully high frequency
for the 16 inch break.

MR. ERI CKSONKI RK: | haven't gotten the
new nunbers fromthe elicitation. So, if they wish to
drop their nunbers, 1'll add them | do not know.

That's something where -- and it's
rel evant to the rest of your briefings this week. Rob
and | need to get together to make sure that |' musing
his -- well, | know that I'm not using their fina
results right now

So, if you're saying their nunbers are
| ower, that's a good thing.

CHAI RMAN SHACK: | nean, your nunbers | ook
like, what is it, 35 to 50 percent, the I NEL nunbers.

MR. VH TEHEAD: Donni e Wi tehead agai n.
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The | ocal frequency nunbers that we used in the PRA
anal ysis actually were the nunbers that were provided
tous inan interimletter, neno that | think canme in
sonmewhere around the m ddl e of 2002.

| do not have the date on the top of ny
head. But, it was a reflection of what was believed
at that time to be the nunbers that were com ng out of
t he consensus group that was |ooking at initiating
event frequencies for breaks.

MR. ERI CKSONKI RK:  Yes. That's correct.
W got interimresults fromthe internal expert
elicitation. And we've not yet synched with Rob on
what those frequencies are.

But that's just a post-processing -- |
should say just, calculationally it's easy because
it's post-processing step. And we do intend to
synchroni ze that.

So there won't be an i nconsi st ency bet ween
the informati on you' re getting on | arge break LOCA re-
eval uation and the information you' re getting out of
this.

CHAI RMAN SHACK:  Yes. Wth their targeted
adjustment, which I think is their best estimte for
a 14 inch pipe, they get like three tines 10",

MR. ERI CKSONKI RK:  The screening limt
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j ust went up.

CHAI RMAN SHACK:  Good.

MR. ERI CKSONKI RK:  Ckay. So we'll be
| ooking at the effects of break diameter, break
| ocation, season of the year, and nmaki ngs and pl ant -
t o- pl ant conparisons to | ook at how sensitive or non-
sensitive the thermal hydraulic response is to these
vari abl es.

So, first off, just | ooking at a conpl ete
break si ze spectrum this being for Beaver Valley, you
see other ones in the -- in NUREG 1806. And,
obviously, reducing the break size considerably
reduces the cooling rate.

And what you al so see out here is that, as
you go out in tinme for the larger breaks, you can
conpletely drain the reactor water storage tank. And
so, in order to continue safety injection you have to
switch over to the sunp.

And that's why you get this pop here
bet ween the | ow tenperature stored in the externa
tank and the water that's in the sunp. But you see
this very nice gradation of very rapid cooling rates
with eight and 16 inch breaks, and then beconi ng nuch
nore gradual as you go up to the smaller break sizes.

Looki ng at pressure, same transients, the
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one point 1'd |ike everybody to take away fromthis
graph is -- except for the very |argest of breaks --
it takes a very long tine to get to pressures that can
truly be regarded as negligi bl e.

And | think thisis inpart acontribution
to the reason why large breaks, |arge medium size
breaks which weren't previously considered to be LOCA
contributors are.

It's because the ol d experinents where we
severely thermal |y shocked the vessel at Cak Ridge
and we found that the cracks could go alnost all the
way through, but not -- but, at unequivocally no
pressure.

And that's just clearly not case for a
real vessel. | should skip anything on heat transfer.
MEMBER WALLIS: Wait a mnute.

MEMBER S| EBER: Just keep flipping.

MR. ERI CKSONKI RK:  Heat transfer
coefficient is at this scale simlar irrespective of
break si ze.

MEMBER WALLIS: Wuld it be used for --
per hour per foot-squared?

MR BESSETTE: That's the units that are
com ng of relip.

VEMBER KRESS: It's on the back.
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MEMBER VALLIS: It's pretty low. You

multiply by 3,600. It's still pretty low. Okay.

MR. ERI CKSONKI RK:  Ckay. Now, | ooking at
break | ocation effects, and | need to orient nyself,
the surge line break is the red curve, whereas the
cold line break are not the red curves.

Thank you. So, to conpare the sane size,
a four inch surge line and a four inch cold leg
conpare red to green. And what you find out is that
the surge line is cooling nore rapidly because all of
the injection water is going into the downconer,
whereas, with the cold leg, you're starting to |ose
i njection water.

It's not all getting to the downconmer.
The other thing I want to -- so, you do see sone
di fferences between surge lines and cold lines inthis
intermedi ate break size.

But the other thing | wanted to poi nt out
is that, you know, here's a four inch surge line
here's a four inch cold leg. They're still in
basically the right -- back up

Break | ocation effects are still -- should
be consi dered secondary to break size effects because
both four inch breaks are still being bounded on one

size by 2.8 and on another side by a 5.7.
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So, it's an effect. It can be inportant
in the internedi ate break size. But, by and | arge,
break size is still the controlling factor. Seasona
effects, let's see, everything here is winter, except
for the green is sunmer.

And, again, summer is sonewhat |ess
severe, but not out of the break size order. And now
some cross plant conparisons. Here we will just do a
spectrumof break sizes going fromlarge to small, and
conparing the various plant anal yses.

So, very large breaks, 16 inch and ei ght
inch, not rmuch difference plant-to-plant. You get
di fferences out here in terns of when you switch over
to sunp and how hot the water is in the sunp.

But the cooling rates are still very
simlar.

CHAI RMAN SHACK: Now, is the Palisades
also a surge line, or is it a different line?

MR. ERICKSONKIRK: | can't tell you based
on what's on -- | can tell you, but |I can't tell you
based on what's on this graph.

MR. BESSETTE: Well, for 16 inch, | think
we switched the break | ocation fromthe surge line to
t he hot | eg.

MR. ERI CKSONKI RK:  This is eight inch.
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MR. BESSETTE: Onh, eight inch surge.

MR ERI CKSONKI RK:  Pal i sades is call.

CHAI RMAN SHACK: So all eight inch breaks
| ook alike.

MR. ERI CKSONKI RK:  Ei ght i nch breaks | ooks
alike. Four inch break simlar, 2.8 inch breaks.

G ven a certain break size and a | ocation, we've got
very good simlarity plant-to-plant.

So, | ooking at the conditional probability
of through-wall cracking, so conditional neans,
assum ng the transient occurs, what's the probability
of through-wall cracking.

And this is what David was referring to.
The |l arger dianeter breaks pose a very consi stent
chal l enge from plant-to-plant because under those
situations the steel can't cool as rapidly as the
depressuri zi ng wat er.

Soit'sinwhat's been called a conduction
controlled situation. And that neans the thernal
stresses are controlled solely by the thernal
conductivity and the vessel thickness, and nothing
el se matters.

MEMBER WALLI S:  Presunmably the tenperature
of the water.

MR. ERI CKSONKI RK:  But the tenperature of
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the water --

MEMBER WALLIS: It is the driving force.
It may take tinme to penetrate. It didn't have any
cooling. You wouldn't have any thernmal stress. |It's

got to be the proposed --

MR. ERI CKSONKI RK: Wl |, yes. |If you were
injecting water at 212 it would be different. But the
i njection tenperature of the water is al so very sinple
situation.

So, with those provisos the details of the
transi ent becone uni nportant.

MEMBER WALLIS: As long as it is
depressuri zed and cool ed down?

MR. ERI CKSONKIRK: Yes. CGo to smaller
breaks and now the transient properties, nore of the
secondary effects can becone inportant. Because, in
this situation the steel vessel can cool as rapidly as
t he depressuri zing water.

And so, it's the water that's controlling
the cooling rate and the thermal stresses in the
reactor cool ant system

MEMBER WALLIS: If the vessel cooled as
rapidly as the water it would be uniformtenperature
and there wouldn't be any stress in it. It cools

conpar abl y or sonet hi ng.
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MR. ERI CKSONKI RK:  Yes.

MEMBER WALLIS: The resistance to heat
transfer is --

MR. ERI CKSONKI RK:  Yes, you're right. 1'm
sorry. But, of course, the thing to point out here
overall is --

MEMBER WALLI S: The outside of the vessel
doesn't cool in any of these transfers.

MR ERI CKSONKI RK:  No. As you get to
these smaller breaks the through-wall cracking
frequent becones much, nmuch | ower than for the | arger
br eaks.

Looking at break |ocation and seasona
effects, at the internmediate break size we see that
they can be inportant, you know, to the order of
magni tude or to --

CHAI RMAN  SHACK: What degree of
enbrittlement are we tal king about here?

MR. ERICKSONKIRK: This is at 60,
Pal i sades at 60, which would be beyond the current
limts. Sone other sort of interesting facts, if you
will, internms of break tine, if the breaks occur --
break tinme on the left hand side of the screen.

| f the breaks occur, they occur very early

in the transient. And so, you know, again, sone of
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these things tend not to matter. For exanple, we at
one point thought we had made a terrible over
conservati smby not including the higher tenperatures
of re-circulation fromthe sunp.

W thought if we did that that the |arge
break frequencies or the large break failure
probabilities would go way down. It turned out it
didn't change at all

The thing we weren't paying attention to
is that, for the large breaks, the failures occurred
| ong before you ever get to switch over to sunp. So
it doesn't matter.

And al so, as | pointed out before, over
here, that while pressure is certainly not a dom nant
factor in controlling the through-wall cracking
frequency of these transients, it's not zero.

There is sone finite level of pressure
there. So, if the thernmal part of the transient is
sufficient to propagate the crack to vary near the
back wall of the vessel, the lining pressure is
sufficient to fail.

MEMBER WALLIS: You're not show ng the
st uck-open val ve here.

MR. ERI CKSONKI RK:  No, because that's

next. So, to summarize, primary site pipe breaks,
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there are several factors that suggest t he
applicability of these results to PWRs in general.
First, there's no influence of operator

action. So differences in training, protocols and so

on plant-to-plant can't be a factor. |It's the |arge
di ameter breaks -- five inches and above -- that
dom nate the pipe break through-wall cracki ng
frequency.

Five inches and above contributes 70
percent to the pipe break portion of the TWCF on
average. And then it's just the four inch breaks that
contri bute nost of the remainder of that.

And everything else smaller you nmay as
well forget it. So, you know, the take away here is
that the transients that donmi nate the pipe break
t hrough-wal | cracki ng frequency of the class are the
| east dom nated by plant specific factors.

And that's a good t hi ng for
generalization, which is why | think that when we pl ot
t he through-wal | cracking frequency that's due to the
class of primary site pipe breaks, versus a reference
tenperature derived fromwhere the falls are, we find
a fairly consistent trend plant-to-plant because the
|l evel of challenge is fairly consistent plant-to-

pl ant .

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

247

kay, so differences from previous
analysis relative to our Decenber '02 results,
obvi ously our specific nunerical results are somewhat
different.

But the general trends are the sane.
Rel ative to the anal ysis that establish the tech basis
for the current rule, there's a big difference because
mediumto large dianmeter pipe breaks were included a
priori from those analyses due to the erroneous
assunptions nade regarding the need for significant
pressure to fail the vessel.

CHAI RMAN SHACK: Do you track which of the
failures actually involve tearing?

MR. ERI CKSONKI RK:  Yes, we do. Terry, yes

we do?

PARTI Cl PANT:  Yes.

MR ERI CKSONKI RK:  Yes. And no, | haven't
| ooked at that. But | will. Yes, that's part of the

statistics that come out. GCkay, so now stuck-open
primary val ves, because this of course involves re-
pressuri zati on components.

So we begin with a demand on an SRV. The
open SRV depressurizes the prinmary with arate
equi valent to sonething |ike the two inch dianeter

pi pe rate.
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So we' ve got relative to | arge break LOCAS
a very slow cooling. ECC injection accelerates the
cooling by direct injection of cold water. At sone

time |ater the val ve recl uses.

The continued safety injection will now
begin to refill the primary. Right after the valve
re-closes throttling will probably not be satisfied

because of conbi nation of factors.

And, of course, the throttling criteria
different plant-to-plant. But generally right when
t he val ve re-cl oses there will be no sub-cooling. And
the pressurized level will be too | ow

After about 15 mnutes the pressurizer
will be full. The throttling criteria will be net.
And now, unl ess the operator acts very pronptly, the
system will rapidly re-pressurize to full system
pressure or to a safety valve set point unless the
operator throttles.

So that's the general -- in very generic
terms, that's what we're trying to nodel.

MEMBER ROSEN. How | ong does he have
before he has to throttle typically?

MR. ERI CKSONKI RK: He needs to do it
within a mnute to stop re-pressurization.

MEMBER ROSEN: A minute fromthe begi nning
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of the transit?

MR ERICKSONKIRK:  No, I'msorry. A
mnute fromthe tine that his throttling criteria is
met. \Wen the valve re-closes -- and we'll see sone
thermal hydraulic transients in a mnute.

Once the valve re-closes he can't throttle
because the pressurizer lever is too |low and there's
no sunp cooling. So you're going to start to slowy
refill the vessel

Tenperature and pressure are going to
start to rise slightly. But, once you collapse the
bubbl e, pressure is going to go through the roof very
qui ckly unl ess you throttle.

And what the calculations show is that
unl ess you show catch it very quickly, you' re going to
go to full system pressure.

MEMBER ROSEN. So, any kind of | ook at the
HRA invol ved would say it's very unlikely he's going
to catch it?

MR. ERI CKSONKIRK:  We'll go into that.

MEMBER ROSEN:  Ckay.

MR ERI CKSONKI RK:  So our nodel of stuck-
open primary valves, we've |ooked at initiations of
these types of transients from both full power and

from hot zero power.
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We of course stick -- the nunber of val ves
that stick open we've | ooked at. W' ve re-closed the
valve at either 50 or 100 mnutes. And I'll talk
about why we believe that's an appropriate
di scretization of the conplete possibility of re-
cl osure tines.

W' ve considered that the operator m ght
throttle, m ght never throttle, m ght never get toit,
m ght throttle one mnute or ten mnutes after their
throttling criteria is net.

And then we've |ooked at other m nor
variations on thene. Mre than one val ve open, |ess
than the total nunber of valves open re-closing,
sunmer versus winter, and so on

Looki ng at t he initiating event
frequenci es, which is shown by the histogramand just
for purposes of conparison, showthose relative to the
initiating event frequencies for | arge di anet er breaks
and small dianmeter breaks, we find that these
transients are just a little bit less likely than the
primary site pipe breaks in our nodel.

So, |l ooking at -- nowon to the part where
we | ook at thermal hydraulic response. W're going to
| ook at the effect of the tim ng of valve re-closure,

the power level at transient initiation, and the
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timng of operator action to throttle charge once

throttling is allowed.

kay. We're going to start off, these are

plots. And here |I'musing for exanple plots from
Cconee. We've | ooked at the plots fromthe other
pl ant s.

The sanme trends exist. So you've got a
tenperature on the left hand side of your screen,
pressure on the right, and valve re-closure at 3,000
seconds.

So the valve is slamed shut here. But
what you see i s you' ve got about anot her 1, 000 seconds
before re-pressurization is going to occur. But,
during that time it's only at the end of that tinme
that the operator would be allowed to throttle. So
what you see here is --

MEMBER WALLI S: Does the pressurizer fill
or sonething? O why does it --

MEMBER SI EBER:  Yes, it fills. And then
the flow goes to zero and the pressure goes to the
shut-of f --

MEMBER WALLIS: There's no pressure and
the pressurizer is the problem The water is too
cold. Isn't it?

MEMBER S| EBER. Say agai n.
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MEMBER WALLIS: There's no vapor pressure

in the pressurizer because the water is too cold.

MEMBER SI EBER  Ri ght.

MEMBER WALLIS: It goes up till it hits
t he roof.

MEMBER ROSEN: It's called no bubble in
t he pressurizer.

MR. BESSETTE: Basically the steam bubbl e
col |l apses and then you go quickly to the PORV set
poi nt because the whole systemis water solid.

MEMBER WALLIS: That's right, because
there's no hot water.

MR. BESSETTE: There's no conpressibility
anynor e.

MR. ERI CKSONKI RK:  So, what you see is --
if | wereto put a 16 inch or an eight inch pipe right
here you' d see a very nuch faster cooling rate.

But you woul dn't have that | ate stage re-
pressuri zation. And what you see fromthese three
curves is that, unless the operator throttles within
a mnute of neeting the criteria, you can't prevent

re-pressurization to full system pressure.

And also, | mght point out froma
fracture perspective -- and | know |I'm getting a
little ahead, but, once you get -- when you get the
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full systempressure, it doesn't matter that he saved
it out here, because you went to full pressure at a
time when the tenperature was | ow.

Dropping the pressure out here when the
tenperature is higher, if the vessels failed, it wll
al ready have been gone at that point.

MEMBER S| EBER: But throttling at that
point intinme, if the systemis solid and tight -- in
ot her words, the PORV is closed -- you can't control
pressure by throttling because there's no flow.

MEMBER WALLIS: [It's controlled by the set
poi nt .

MEMBER SIEBER: No, you can't do that.
You have to shut the punp off.

MEMBER WALLIS: It's the valve that
controls the pressure.

MR. ERI CKSONKI RK:  Ckay, so now |'m goi ng
to overlay --

MEMBER S| EBER:  Yes, the PORV does.

MR ERICKSONKIRK: So the title of the
slide was | ooking at valve re-closure time. So |I'm
now going to wi pe and show what happens at 6, 000
seconds.

And now we can have fun and go back and

forth. So you see that at 6,00 seconds, |ooking at
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tenperature, just continues to cool wuntil about,
again, 1,000 seconds after the valve re-closes.

And then we see the sane thing happening
again. Unless the operator throttles very rapidly,
you'll go back to full system pressure.

CHAI RVAN SHACK:  Mark, where are we in
your presentation?

MR. ERI CKSONKI RK:  We're at Vi ewgraph 42
of 72. You want to get to the end of this, of stuffed
val ves and take a break or --

MEMBER WALLIS: | think we're about 6,000
seconds.

MEMBER S| EBER:  Page 22.

MEMBER ROSEN: What's this NRC New with
Chi cken at the bottonf

MR. ERI CKSONKI RK:  That's ne.

MEMBER ROSEN:  You're the chicken?

MR. ERI CKSONKI RK:  But | took away -- the
chickenis the logo. But |I took the | ogo away because

MEMBER ROSEN:  Oh, that chicken

MR. ERI CKSONKIRK: It's an eagl e.

MEMBER WALLIS: It's only a chicken when
it's at Sandi a.

MR ERICKSONKIRK: that's it. And no nore
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guestions about the | ogo.

MEMBER KRESS: That was uncalled for.

MR. ERI CKSONKI RK:  That's right. So later
val ve re-closure produces |ower tenperatures at re-
pressurization. Here, at 3,000 seconds when we re-
pressurize, the tenperature was up here.

Wher eas now we' ve re-pressurized and the
tenperature is considerably colder. And that would
tend to make the transi ent worse. But you' ve al so got
| oner stresses at re-pressurization because the
tenperature -- you're starting to get out of the
transient, and the cold is soaked into the wall.

So, at least wthout performng the
fracture cal culations, you couldn't necessarily say
which of these is worse. Now |l ooking at val ve re-
closure tine, first we'll note that the val ve can re-
close at any time after the transient begins.

And we haven't attenpted to nodel causa
factors here. As we just said, the conpeting effects
of thermal stress, which tend to go down as the re-
closure tinme goes out, which reduces the severity of
the transient, and mninmum tenperature, which again
goes down, but increases of the transient conpete to
gi ve us situation where re-closure -- al nost i medi ate

re-closure yields very low through-wall cracking
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frequencies, and long time re-closure yields |ower
t hrough-wal | cracki ng frequenci es.

And there's sort of a, you know, a worst
of all possible tines where re-closure could happen.
However, after about two hours we don't really
consi der re-cl osure, because after this |ong a peri od,
if you're that far into a transient, the operators
woul d have initiated new procedures.

And so you wouldn't be in this type of
transi ent anyway. And we haven't nodeled that. And
so --

CHAI RMAN SHACK: So your scale is wong
there, that's seconds rather than m nutes.

MR. ERI CKSONKI RK:  Absol utely.

CHAI RVAN SHACK: | thought that was a
pretty long transient.

MEMBER ROSEN: After two hours.

CHAI RMAN SHACK:  Ni ne thousand.

MR. ERI CKSONKI RK:  There we go. Ckay,
seconds. Sorry. So after two hours sonething el se
woul d have happened. So that's beyond the scope of
t hi s nodel .

And so, what we've done is we've divided
this part, which is inportant to us, into two bins.

We' ve nodel ed val ve re-closures after 3,000 seconds
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and after 6,000 seconds.

And the thing to point out here is that
what we're trying to do is we're trying to represent
this entire continuum of a through-wall cracking
frequency using only two re-closure tines.

So, at least inmy view, it's not terribly
i mportant that we've mssed the peak out here. And
it's also not terribly inportant that we perhaps
overestimted things back here, because what we're
essentially trying to get is the area under the curve.

And it seens that we've done a fairly
reasonable job on that. Now, going on to | ook at
power |evel effects on transient initiation time and
of operator actions.

Here we' ve got a transient initiated from
full power, re-closure at 6,000 seconds. And what you
see is the full power. O course, if the operator
does nothing, you go to full system pressures.

If the operator throttles after ten
m nutes, you go to full systempressure. |If the
operator throttles within a mnute, they are able to
delay the tine of re-pressurization.

But you still go to full systempressure.
And you see that consistently in all the analyses,

because there's enough heat in the system that you
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Wi nd up re-pressurizing.

That' s not to say that the operator hasn't
hel ped because, by delaying the tine that | go to full
systempressure by about 1, 000 seconds, |'ve gone from
the tenperature that's down here, up to a tenperature
that's al nost at the point where | don't care about
it.

So, transients initiated fromfull power
can't stop the -- at least in our nodel, within the
confines of our nodel -- throttling within a mnute
after you're allowed to do so.

You can't save yourself from re-
pressurization. But you can save yourself -- the
operat or acti on does gi ve you sone benefit in through-
wal | tenperature.

MEMBER WALLI'S: But your tenperature is
only on the surface. You've still got a tenperature
wave goi ng through the wall.

MR. ERI CKSONKI RK:  That is correct.

MEMBER WALLI'S: So there may be places in
the wall which are still cooling down. So the stress
coul d be actually going to a place where you had a bad
flaw.

The stress could be rising in a place

wher e you have a bad fl aw concei vably, even t hough t he
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surface is heating up

MR. ERI CKSONKI RK:  Yes, you're right. The
netal tenperature and the netal stresses are going | ag
that, which is the fluid. Yes, absolutely.

MEMBER WALLI'S: The wave going in.

MR. ERI CKSONKI RK:  Yes. \Wereas, if we go
to a transient initiated from hot zero power, the
di fference that you see between those two plots is if
you focus on the red line, which is if you focus on
the red line, which is throttling after a mnute, in
this case there's not enough residual heat in the
system

And the throttling within a mnute keeps
you fromre-pressurizingto full systempressure. The
other thing to notice is that hot zero power
transients are nore severe on the front end because
the cooling rate is faster and you go to a |ower
t enper at ure.

| f you now focus on the tenperature side,
here is full power, and there is hot zero power. So
you've got a nore rapid transient, and you're going to
a |ower tenperature, which is going to nake the hot
zero power transient nore severe assuning that the
operator is in successful -- nodeling.

So thermal shock, nore sever, but the
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operator action is nore effective under hot zero
power. Throttling within a mnute will stop re-
pressuri zation under hot zero power, whereas it only
del ays it under full power conditions.

And throttling within ten minutes is the
same as not ever throttling at all. Ckay, so |ooking
at plant specific effects, there are sone, but they
are m nor.

kay. I'msorry, |like the nunber of
val ves that stick open and fractions of themcl osing,
or perhaps a valve only sticking open 30 percent of
the way, those are all really mnor factors relative
to these three donmi nant vari abl es t hat we' ve just gone
t hr ough.

Let's see now, probability. General
observations on vessel failure probability, just the
fact that we've re-pressurized doesn't necessarily
lead us to conditional probability through-wall
cracking that's either non zero or even | arge.

| f you re-pressurize, if the tenperature
is above 400 degrees Fahrenheit nothing happens.
However, again, as | pointed out, the re-
pressurization makes it a virtual certainty that, if
a crack initiates, it's going all the way through.

The val ve re-closure tine, obviously, as
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we showed before, influences the through-wall cracking

frequency as does the power |evel of transient

initiation.

The conditional probability of through-
wal | cracking for odd zero power transients is
approximately 1,000 times that for full powered

transients, again, if re-pressurization occurs.

And that has to dowith the |l ower fracture
t oughness and the hi gher thermal stresses associ ated
with the hot zero power transients. And that in fact
generally overwhelns the fact that hot zero power
transi ents occur |ess often.

The increased severity of hot zero power
transi ent overwhelns the fact that it doesn't happen
as often.

So now a few words on effectiveness of
operator action. |It's shown in the plots. The
operator really has to be on top of things. They have
tothrottle withinless than a m nute of nmeeting their
throttling criteria to either delay or prevent re-
pressuri zati on.

In terms of the credits for operator
action in our analysis -- and if you have questions
here | "mgoing to have to direct themto Donnie. But,

based on si nul at or observati ons, discussion w th plant
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engi neers, we gave credit for Cconee operator
successfully throttling approxi mately seven ti mes out
of ever ten.

Beaver operators weren't quite as on top,
but they basically successfully throttled within one
m nute 40 percent of the tinme. Now, Palisades, | need
to say this carefully.

In Palisades the PRA analysis said that
operators would successfully throttle. But that
didn't get into the thermal hydraulics nodel because,
by that point, we knew that if the operators were
successful, t hey general ly st opped t he re-
pressuri zati on.

And it didn't count anyway, so we figured
that was a zero we didn't need to calculate. So, in
t he end nodel, even though the PRA said the Palisades
oper at or shoul d be given credit for throttling, inthe
transi ents that were anal yzed, there is no credit for

operator action at Palisades. And that shoul d be t aken

MEMBER ROSEN: So even though it's --
well, I"'mnot sure if | agree with that 68 percent and
40 percent. But, neverthel ess, even though you're not
likely to stop the damage, the procedure should

require operators to throttle.
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MR. ERI CKSONKI RK:  Ch, absol utely.

MEMBER ROSEN: Because they have a chance
of doingit. Even if it was a non-zero chance, it may
even be a 50 percent chance. So that's absolutely.

Yes, the procedure should -- and training
and all the rest -- should include this.

MR. ERI CKSONKI RK:  Right. Just because
t he wel ds can be nade even though you don't inspect
them vyou should still inspect them Sorry Bruce.
Yes, this is not to say that operator action is a bad
t hi ng.

MEMBER ROSEN:. The flavor as al ways the
operator -- what you've been saying all along, nmaybe
you don't see it, but the flavor has al ways been wel |,
there isn't nmuch the operators can do.

But, quite the contrary. There is quite
a bit they can do. They just wouldn't always succeed.

MR. ERI CKSONKI RK:  That's right. And the
other thing to mention here is that, you know, indeed
sayi ng, you know, that the operators get it right
basically half the tinme, that's effectively saving
yoursel f half the tinme.

But the other thing is, renmenber that the
time when the operator really saved the day was for

hot zero power initiation, where they actually could
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prevent the re-pressurization, rather than just del ay
it.

So, saying that the big contributors here
to the through-wal |l cracking frequency are stuck-open
val ves that re-close where the operator hasn't been
successful in preventing the -- hasn't throttled
within a mnute, but the ones that are contributing
under hot zero powers, again, is tending to dimnish
the effect of operator actions in the end result.

MEMBER WALLI'S: The only thing which woul d
really change these nunbers here is putting in
elicitation results, which m ght reduce the Palisades
frequency of breaks in |arge pipes and m ght have a
big effect on the highest nunber here.

MR. ERI CKSONKI RK:  Yes.

MEMBER WALLIS: Let's see what would
change these nunbers. That's the only thing.

MR. ERI CKSONKI RK: Wl |, actually, as it
turns out, now | ooking at this, where we've plotted
now t he through-wall cracking frequency due to stuck
open valves, and this --

MEMBER WALLIS: This is valves.

MR. ERI CKSONKI RK:  Yes, all of them
aggl onerated together. Renenber | said Palisades,

even though we said -- even though the PRA said they
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shoul d get a credit for operator action, that actually
didn't get into the final anal ysis because we figured,
you know, why cal cul ate nore zeros.

So there's no operator action credit here,
whereas there is sone operator action credit here.
And clearly it's not making a huge difference in the
nunber s whet her you include it.

So, again, factors suggesting that these
results, while they are for three specific plants,
have sonme applicability to PARs in general. 1Is it re-
pressuri zation?

Is it dominant factors influencing the
transi ent severity? And all PWRs have sinilar system
pressure, so simlar |oading challenge. And that
while we have provided reasonable and appropriate
credit for operator actions, the physical factors that
control the transient severity limt those effects on
t hrough-wal I cracki ng frequency.

So, if we were to take themall out, like
we did at Palisades, we're not seeing the Palisades
wi th no operator action credit, you know, way up here,
relative to t hese where we've gi ven what we feel is an
appropriate | evel of operator action credit.

MEMBER SIEBER Is it fair to be able to

extrapol ate the Beaver Valley and the Cconee data?

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

266
MR. ERI CKSONKI RK:  Wth the usual provisos

on extrapol ation, yes. | nean, | think we're seeing,
you know, the same curve shapes going out. | wouldn't
take it too far.

And certainly, you know, it would be
interesting to test these by going out to get a hi gher
| evel of enbrittlenment on Beaver Valley. But, |, you
know, |1'd bet you a beer that it still agrees.

MEMBER SI EBER  Ckay.

MEMBER WALLIS: How nuch is the actua
probability of a stuck-open valve? And this is the
whol e story. This is the conditional probability and
the probability of initiating event. This is the
whol e story.

MR. ERI CKSONKI RK:  Yes.

MEMBER WALLIS: How nmuch is the
probability of an initiating event?

MR. ERI CKSONKI RK:  The probability of the
initiating event -- | need to go back. Yes, that's
it. Here we go. On average 10°to 10°,

MEMBER WALLIS: So it's a large part of
t he whol e story?

MR. ERI CKSONKI RK:  Yes, it is.

MEMBER S| EBER: Wl |, that's one scenario.

MEMBER WALLIS: It's nost of the story in

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

267

fact.

MR. ERICKSONKIRK: [|f you take the
contribution of stuck-open prinmary val ves and a nmedi um
and |l arge break LOCAS, you've got 80 percent or nore
of the through-wall cracking frequency, which neans
that 20 percent or less is on the secondary side.

But after the break that | know the
Chai rman wants to take, I'mgoing totell you that the
only reason that the secondary side is 20 percent in
Beaver Valley at high levels of enbrittlenent is we

used a conservative anal ysis.

But I do have one or two nore slides on
stuck-open valves if you'll indulge ne, because the
| ast part of the story was -- oops -- how does our

nodel i ng now conpare with before?

And this is the one area on transients
where our story has changed fromthat we wote about
i n Decenber of 2002 and briefed you on in February of
2003.

And we have the egg on our face of
t hi nki ng that we knew too nuch, because the previous
way we conducted the FAVOR anal yses was to start out
by perform ng an analysis of a particular plant at a
very high level of enbrittlenment, figuring out what

were the transients that dom nated there, taking the
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top ten, and just running those at the | ower | evels of
enbrittl enent.

What |' ve al ready showed you suggests t hat
was a really dunmb thing to do because different
transients nmake their inportant contributions at
different enbrittlement |evels.

So we stopped doing that. And now we
anal yze all the transients that are given to us from
t hermal hydraulics and PRA and run t hemt hr ough FAVOR

And so, before we believed that the
primary site stuck-open valves were only inmportant in
OCconee. And that was an erroneous concl usi on because
of that flawed met hodol ogy.

Wher eas, what we see now i s when we take
all of the transients that have been specified by PRA
and TH and run them t hrough the PFM nodel, we get a
very consi stent pl ant -t o- pl ant, responds very
consi stent challenge to this type of transient from
all the different plants.

So, that's a maj or change. Previously we
t hought this was a plant specific effect. And now
it's quite clear that it's not. In ternms of the
differences between this nodel and that, which
establish the technical basis for the current PTS

rule, in the previous analyses of OCconee and H. B.
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Robi nson, stuck-open primary valves weren't really
considered at all.

They were considered in the previous
anal ysis of Calvert Ciffs using a nmuch | ess refined
treatnent than we have here. And when it was
analyzing Calvert diffs, it was found to be a
significant contributor.

MEMBER BONACA: Coul d you go back to that.
| don't understand. When you canme in here in 2003,
you al ready were telling us. This is nothing new that
you shoul d present to us.

| don't understand this conparison here.
Current technical basis not considered in previous
anal ysi s.

MR. ERI CKSONKIRK:  No, I'msorry. The
basis of the current rule.

MEMBER BONACA: (kay.

CHAI RMAN SHACK:  Ni net een ei ghties vintage
tech basis.

MR. ERI CKSONKI RK:  Yes.

CHAI RMAN SHACK: It's not a current tech
basi s.

MR. ERI CKSONKI RK:  yes. Break tine?

CHAI RVAN SHACK: Tine for a break.

MEMBER ROSEN:  When we cone back, you'l
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tell us what the inpact of this is on 50.46
consi derati ons.

MR, ERICKSONKIRK: "Il go haul ny
col | eague back down from upstairs.

CHAI RVAN SHACK: Back at 3:40.

(Wher eupon, the above-entitled matter

went off the record at 3:26 p.m and went

back on the record at 3:43 p.m)

CHAI RMAN SHACK: Back into session.

MR KIRK: Miin steamline breaks. As a
result of that, you rapidly depressurize the affected
generator through a nultiple square foot hol e and you
depressurize the pressured break |location. That
causes a rapid tenperature drop in the affected
generator to the boiling point of water at the break
| ocation which is 212 degrees, obviously, the boiling
poi nt of water outside of containment for about 250,
260 inside of containment because the containnment
beconmes pressurized by the steam escaping from the
faulty generator.

The tenperature inthe prinmary tracks that
in the affected generator because of [|arge heat
transfer area of the steamgenerator tubes. The rapid
cooling shrinks the primary inventory and so

depressurizes. Safety injection would then be

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

271

initiated automatically. However, the prinmary
tenperature will remain at or above that of the
af fect ed generator due to the | arge heat transfer area
provi ded by the steam generator tubes.

Safety injection can then refill and
repressurize the prinmary and at sone point later the
operators will be allowed to throttle safety
i nj ection.

So operator actions to isol ate the break.
If a break is downstream of the MsIV, they sinply
close the MSIV and the event is over. |If the break is
upstreamof the MSIV, but outside of contai nment, the
operator would close both feedwater isolation valve
and the nmain steamisolation valve. At that point,
the generator would boil dry and the primary
tenperature will now be controlled by the intact
generator and the event is over.

| f the break is upstreamof the MSIV, but
i nsi de of contai nment, again, the operator action w ||
be to cl ose the feedwater isolation valve and the main
steam isol ation valve. However, now we're venting
steam into the containment which would cause an
adverse containnent condition, so the engineered
safety features actuation system will automatically

i sol ate cont ai nnent .
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That nmeans that the operators are now
obl i gated to secure the reactor cool ant punps, because
they have no coolant water and if they don't stop
them they're going to seize. Wthout the reactor
cool ant punps, safety injection water will not be as
well mxed in the primary and so the downconer wil|
becone cooler if the break is inside a containnment
than if the break is outside of containment.

MR. ROSEN. Wiy do you say the operators
must act to isolate the break. | thought nain steam
i sol ation was automatic on nost plants.

MR. JUNGE: |f you have steam generator
i sol ation signal, 800 pound, yes, they would shut.

MR. ROSEN. So you're going to get
automati c MSIV cl osure.

MR. SIEBER. On | ow | evel

MR. ROSEN. Yes. For a break of main
steam it's going to go to low level faster than the
operators can --

DR. BONACA: |I'mnot sure Cconee has
isolation --

MR. ROSEN:. Sone don't, but many do. But
if you have MsI Vs, they have automatic isolation and
if you have feedwater isolation valves nost of those

have automatic isolation too. |It's just the point,

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

273

the operators don't really have to do it. The system
does it.

MR KIRK Well, then it's virtually
assured that warping the head of the fracture
nmechanics results, it doesn't matter anyway because
the vessel will have failed before the operators are
able to take any action at all.

DR. BONACA: | just want to point out the
conversation we had that | think there are significant
di fferences between the B&Wdesi gn and t he particul ar
CE design that has a totally different dynamc in the
transience. | don't see how you can |unp them al
t oget her, draw the sane conclusions, etcetera. The
Rancho Seco event where they had t he cool down for one
hour and a half or whatever and could not have been
possible in a CE plant, the way | see it.

MR.  KIRK: But that influences the
initiating event frequency, not what happens after.

DR. BONACA: | understand that. [|'m
saying that when we net in 2003, | renenber the
gentl eman was sitting there and gave a very specific
description of the B&Wresponse which is different.
| mean you have four steam generators wth no
inventory practically, so you bl ow dowmn one and you

are flashing through and the others are not providing
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back any heat to the primary side. The CE plant has
t hese huge pots of water. One of themis bl ow ng
down, but still it takes a long tine to enpty it and
t he ot her one provides back heat to the primary side.
Therefore, you have a nmuch slower transient and --

MR KIRK: [|'msorry, which plant has
sl ower transient?

DR. BONACA: The Conbusti on Engi neering
type plant. And all you have to do is go to the FSAR
analysis and | ook at the curves and see that. |'m
only saying that |I'm not sure you can |unp together
the secondary side breaks for these two types of
anal yses. | renmenber that plants are so fundanentally
different and the whole TM experience shows a
di fferent response and ot her kinds of behavior.

|"m not saying that the concl usions of
this should not be simlar. | believe that the
gentl eman who spoke there spoke of the fact of the
operators were successful, they inplenent their
procedures, they isolate nanually and they're able to
control the cooldown and to nake the I|ikelihood of
|l eading to the conditions for plant initiation and
expansion to very | ow probability.

MR. BESSETTE: There are a nunber of

pl ant -specific features that affect the events. For
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exanple, after the early 1980 study, B&Wi npl enent ed
automatic isolation of feedwater.

DR. BONACA: Yes.

MR. BESSETTE: Things |ike that.

DR. BONACA: But again, sone plants still
have main steamisolation --

MR BESSETTE: Yes. Cconee doesn't -- for
exanpl e, Oconee does not have MBI Vs.

DR. BONACA: Right.

MR. BESSETTE: They just have it -- the
stop val ves near the turbine.

DR. BONACA: That's right. So all |I'm
trying to say is that even when you conpound the
probabilities of success of certain actions, etcetera,
it makes a difference whether or not you have a
treatment and whether or not the systemresponds one
way or the other.

| think you have to | ook at the different
behavi or of those plants.

| see that the peer review raised the
i ssue of the Rancho Seco event.

MR KIRK: And we've -- Roy mght renenber
that response better than nme, better than nyself, I'm
sorry, but in looking through our anal yses to find the

transi ent that nost closely natched Rancho Seco, even
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at the highest level of enbrittlement analyze, it had
a failure probability of zero.

DR. BONACA: | believe that. I'monly
sayi ng that you ought to have a solid technical basis
that is not arguabl e.

MR KIRK: | think we need to take an
action to better understand, describe the differences
bet ween the two plant types.

MR. ROSEN. Right, and don't say that
operators have to close valves in plants where the
val ve action is dramati c.

MR. KIRK: Right.

MR. BESSETTE: | would say the operators
will close the valves faster than the signal will get
to them

MR KIRK: Okay. So our nodel of main
steam |l i ne breaks, sonewhere on this slide | should
have big words that say intentionally conservative.
As we got to this stage in the nodeling process, our
prelimnary anal yses had showed us that as bad as we
tried to nake nain steamline breaks, they were still
asnmall contributor tothe total through-wall cracking
frequency relative to primary systemfaults stuck open
in valves and primary system breaks.

So we didn't refine these anal yses as nmuch
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as we would have had they nade a | arge nuneri cal
contribution. So our nodel features del ayed operator
actions relative to what | think npost people would
consi der creditable. For specific exanples, we allow
feed to the faulted generator for 30 mnutes or
indefinitely. Certainly, you' d have to have a fairly
dunb operator to allowthat to happen. And throttling
of HPI 30 to 60 m nutes after all owed.

Ve i ncl ude exacer bati ng equi pnent
failures, MSIVs failed to close, if there are MBI Vs
and | think at | east for me the easiest to understand
is because I'm not a systens guy and a very
significant conservatismis that we have physically
unrealistic mninmum tenperatures even for breaks
i nside containment, we haven't nodel ed containnment
pressurization. So for breaks inside contai nment, we
all ow the mnimumtenperature to go down to 212 which
is clearly too low. It should be about 40 degrees
Fahrenheit hi gher and that 40 degrees can have a big
effect on the calculated through-wall cracking
frequenci es.

Again, theinitiatingevent frequencies of
all the main steam |ine breaks, we've analyzed, not
trying to separate out plant-specific facts in any

way, but as shown by the histogram and again shown
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relative to the LOCA break frequencies, so we' ve got
-- excuse e, initiating events that are sonmewhat | ess
likely.

And again, as | said, a conservative
treatment, notivated by scoping cal cul ati ons, shows
mai n steam | ine breaks have a snmall effect anyway.

So looking at the effect of system
characteristics on thermal hydraulic response, we're
going to | ook at power |level of transient initiation,
break location inside or outside of containment,
feedwater flow isolation and timng of --

MR. ROSEN. Hi gh-head safety injection.

MR KIRK: Yes. Power level effects are
mnimal. |In the cooldown rate, generally, you'd
expect the hot zero power transient in red to have a
faster cooling rate than the full power transient in
bl ack. And indeed, that's true, but renenber, this is
a big break. This is bigger than any of the primry
si de breaks we nodel ed. You're at the point where the
tenperature is crashing down and so even though you
initiate under hot zero power and it cools faster, for
the failure frequencies, it just really doesn't
matter.

DR. KRESS: |'mnot sure what you nean by

| ack of heat on this slide. You nean |like a stored
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energy or like a heat production due to decay energy.
It's stored energy?

MR. KIRK: Yes, stored energy, |'msorry.

MR. BESSETTE: Decay heat.

DR. KRESS: And decay heat al so?

MR. BESSETTE: It's primarily decay heat
because -- yeah, primarily decay heat. Basically,
your initial system energy is quite close, whether
you're at hot standby or full power. It's alittle
bit higher at full power, but you don't have the decay
heat conponent as wel .

DR WALLIS: The fuel is a lot hotter.

MR. BESSETTE: Yes, but if you | ook at the
total systemenergy at hot standby versus full power,
it's not a lot different.

Decay heat is the nore inportant factor
here.

MR. KIRK: Looking at the break |ocation
ef fects, again, break outside of containnent is -- |'m
sorry, is |less severe than break i nside of contai nment
because when you get the break inside contai nnent you
have to shut down the RCPs and so you get faster
cooling in the primary.

Lack of feedwater isolation allows the

tenperature to continue to drop whereas once you
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i solate the feedwater, the tenperature starts to rise
again, so you're isolating there.

And then high head safety injection
throttling all owobviously the pressure to drop sooner
than it would if you didn't throttle.

However, not nmuch of that matters at al
because fromthe fracture cal cul ati ons we | earned t hat
failures occur, if they occur, between 10 and 15
mnutes into the transient. So going back, 10 to 15
mnutes is 10 tines 60, 600 to 900 seconds. So the
second tick mark here, about 1000 seconds, and if you
go back through these various effects, the only thing
that's happening out to 1000 seconds is the initial
cooling. So that neans that break inside or outside
of containnent is going to have an effect as that
affects the initial cooling rate, but not isolating
feedwater as is it included in our nodel can have an
ef fect because it's out beyond the tine that the break
has occurred and simlarly wth high head safety
injection throttling, you're dropping the pressure,
but the event is over anyway from a fracture
per specti ve.

So that's a very inportant finding and
tends to nmean that all these differences in plant

desi gn, operator actions, autonmatic systens and so on
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don't really have a big influence on the through-wall
cracki ng frequencies, saidthe first secondary bul |l et,
but that things have changed the initial cooling rate
Iike the power level and break | ocation can have an
ef fect on the through-wall cracking frequency al beit
m nor .

So again, we've got several factors that
suggest the applicability of these results to PWRs, in
general. W've got intentionally conservative node
whi ch we did not because we're nasty regul ators, but
sinply because we realize it didn't matter much
anyway.

W've got essentially no effective
operator action credits because all the operator
actions we've credited didn't happen until after the
break had occurred. And it's the rapid cool down that
controls the vessel failure probability. It's so
rapid, it's in the conduction limted regine and t hat
really tends to mtigate plant specific factors. So
you' ve got big breaks, intentional conservatisnms and
even with that, the failure probability is still |ow,
relative to all the primary side events.

DR. WALLIS: Wiy is there just one point
for Cconee?

MR KIRK: Because Oconee never got --
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that's t he Cconee 1000 BFPY anal yses. All the rest of

the results are down here and they didn't even get on
t he scal e.

DR. BONACA: Wy didn't they get on the
scal e?

MR. KIRK: Because the enbrittl ement was
so low all the other anal yses are down here.

DR. BONACA: Ckay.

MR. KIRK: And the failure probability is
zero.

D fferences from the previous anal yses,
relative to our previous anal yses that we presented in
February of 2003, we've got different nunerical
results with the sane general trends, relative to the
anal yses that establish the basis for the current PTS
rule. 1n Oconee and H. B. Robinson, MSLB was the nost
important transient, but that's because the medi um
| arge break LOCAs and the stuck open valves weren't
nodel ed, so MSLB was pretty rmuch all that was |eft.

In Calvert diffs, stuck open primary side
val ves were nodeled and found to be nore inportant
than main steam line breaks consistent with these
anal yses.

So now we nove on to stuck open valves in

t he secondary side. So steam supply system contains
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several valves to control the pressure. Al those
val ves have openi ng areas that are nuch, much snmall er
than those in the main steam |ine which neans the
depressurization rate is going to be snmaller and the
cooling rate, consequently will be smaller. O her
than that, the progress of stuck open val ve transients
on the secondary side is generally simlar to MSLBs
with the notable exception that all the valves are
out si de of containnent, another factor that tends to
limt their severity.

As you can see |'m saying | ess about the
things that natter |ess.

Agai n, our nodel of stuck open secondary
valves is not a best estimate, notivated by the fact

that we thought it didn't matter. W tended to

exanm ne boundi ng cases and al so we'll point out that
the Palisades -- even though all of these anal yses we
didn't do a very -- as refined an anal yses as we did

say for primary side pi pe breaks and stuck open val ves
and Pal i sades was even |less refined than Cconee and
Beaver Valley. |In Palisades, nore sequences were

bi nned together. W needed higher initiated event
frequencies as is shown here. And we nmade a
conservative selection of transients to represent the

bi n.
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So t hat neans you' Il see sone contri bution
to the through-wall cracking frequency for Palisades,
but we believe that's because of the intentionally
conservative nodel i ng, not because of anything that's
i nherently bad to Palisades.

Let's see, effects of val ve opening area.
Okay, so in the following slides, we're going to | ook
at main steam line break transient for reference.
Then we' re going to | ook at all secondary val ves st uck
open, all together, and then one or two secondary
val ves stuck open. So nain steam/|ine break for
reference. Here's the conparison of break inside
contai nment, break outside of containment and we've
got through-wall cracking frequencies in 10° to 10°°®
regi e.

Overlay on that all main steam safety
val ves stuck open. W get simlar cool down rate,
simlar bottom tenperature, sonewhat |ower through-
wal | cracki ng frequenci es.

And then with just one val ve stuck open,
again, we're stretching out the cooling rate because
we're not depressurizing as fast and the m ni num
tenperature i s goi ng higher to the point where it just
doesn't matter.

So to sunmari ze, stuck open secondary si de
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val ves, t he t hr ough- wal | cracki ng frequency
contri buti on, stuck open secondary valves is
negli gi bl e, except for that at Palisades where we got
a small percentage contribution, but we believe that
that contribution is due to the conservativeness of
the nodel, not due to anything in particular at
Pal i sades that makes it different.

Factors that suggest that these results
apply to PWRs, in general, is that we've got a --

we've intentionally done a conservative nodel and we

still get little to no contribution and that even
something as bizarre as sticking open all the
secondary si de val ves pr oduces condi ti onal

probabilities of failure that are truly negligible
relative to that produced by the dom nant transient
cl asses.

Agai n, conparison with previous anal yses,
no real differences fromthe results we presented you
before and rel ative to those anal yses that established
the tech bases for the current rule, even though we've
done a conservative analysis generally. |It's been
nore refined than what was done before.

Ckay, so now |'ve ignored all the other
transi ent cl asses, just pure overfeed, feed and bl eed,

st eam generat or tube rupture and m xtures of failures
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in both primary and secondary system |In all cases,
a conbi nation of | owprobability of occurrence and | ow
consequence conmbined to make the contribution of
transients in those classes to through-wall cracking
frequency either negligible or zero.

Now here's sonet hi ng we coul d argue a | ot
about. So I'll put a big disclainmer on it to say that
this is an attenpt to qualitatively collect together
inone slide inwat nmy wife would call a garish col or
schenme, all the information we presented in the |ast
two hours. So we've |ooked at the various transient
cl asses and | ooked at the factors that control the
transient severity, the <cooling rate, m ni mum
tenperature and the pressure and the transient
i kelihood and just categorized whet her those cl asses
of transients made large, small or essentially zero
contributions of the through-wall cracking frequency.

And you can pour over this and agai n,
these are judgnents that are made relative to the
information we had before us and we haven't really
tried to do anything rigorous, but just tried to
condense the results in a form that hopefully
sunmari zes it all

And | think main take away fromthis is

that of the various factors, the m ninumtenperature
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and the Ilikelihood are the nost inportant things.
Qobviously, if things happen a lot, they' re going to be
nore i nportant than things that don't happen a | ot and
you need to go down to | owtenperatures to get failure
probability. Then the cooling rate is inportant and
then finally, pressure. But of course, it's the
conmbination of all these things that nmatter. But
again, we've said it before, primary side breaks and
stuck open valves that |ater reclose make up al nost
everything that's going on. W've got a snall
contribution to main steam |line break because we've
used a conservati ve nodel i ng approach and not hi ng el se
matters.

So to put all that on one slide and
finally now conpare the through-wall cracki ng
frequency attributable to the different transient
cl asses. And what |'ve done here is |'ve just drawn
upper bound curves to the plant-specific results in an
attenpt to draw a conpari son and we find -- we've said
all these things before. Primary side events natter,
main steamline break matters alittle, but we believe
only because we've taken a conservative nodeling
approach. If we were to refine that, | think you'd
see the contribution of main steamline break actually

go down quite a bit.
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And again, those -- the differences
bet ween primary side and secondary side is nostly tied
up in the fact that you just can't drive the
tenperature in the primary for a secondary side
failure bel owthe boiling point of water and r enenber,
all of these have in themthe conservati smthat even
if the break is in containnent, we're boiling at 212.

This is aslide | used inthe intro and
think | said it all already, so I'll spare you ne
goi ng through it again. But I will focus on the | ast
one in that the next section we're about to go to is
what we call generalization. But | do want to point
out that even going through the plant-specific
anal yses, we found factors that suggest strongly that
these analyses can be applied to develop a PTS
screening criteria that applies to PWRs, in general.
And that's because the transients that contribute the
nost to the through-wall cracking frequency have for
all intents and purposes, simlar occurrence rates and
simlar severity across the plants, even though we've
nodel ed operator actions for the dom nant transients
where they <either have no influence or snal
i nfluence. The PWR designs are simlar and we've got
a fair nunber of conservatisns left in our nodel.

DR. BONACA: Yes, | nust say that | stil
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have heartburn on this i ssue of secondary side breaks
for the following reason. W debated it a year ago,
again, and the issue that was driven home was a | ong
di scussi on on the enmergency operating procedures, why
t he operator would not allowthe feedwater to continue
to run indefinitely.

W discussed at length all these issues
and those were central to why the nain steam line
break had becone the top dog in 1980, especially for
t he BLMrequirenent, had beconme a no-neverm nd i ssue.

Now t oday on slide 60 says OCconee MSLB was
nost i nmportant because LOCAs and st uck-opens were not
nodel ed.

They were not nodel ed because they never
assurmed isolation of main feedwater. They kept
feedi ng, they kept cooling, so they nade a transient
which was very artificial. | agree with that. And
therefore they thought the LOCA will never be as
severe as that one.

So it wasn't they ignored. They sinply
made t he steamline break so severe, solimting, they
couldn't make anything nore limting than that. And
that -- and so | listened to this presentation a year
ago and | bought it, | bought all these procedures,

i solation and so on and so forth. Now |'mtold that
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that wasn't the issue. The issue is all PWRs behave
simlarly and all you need is to look at the initial
cooldown and that's it. So there is a change in the
basis that you're presenting to ne and it troubles ne
alittle bit.

| really would appreciate it if you would
| ook back in the record.

MR KIRK: Ckay, we'll do that.

DR. BONACA: To what was presented because

it's different fromnow and | think you have to have
a consistent basis for elimnating the nost severe
transient that has caused 20 years of heartburn in
this industry fromthe board. That's gone.

And that's an inportant issue because if
it hadn't gone away, it would still be here giving us
pr obl ens.

Any way - -

MR KIRK: The staff can tal k afterwards
and maybe we' || get a better answer to your question.

DR. BONACA: Sure. But again, all you
have to do is go back to the record and the
presentations we have. The gentleman, | can't
remenber - -

MR KIRK: That was Al an Kol asckowski .

DR. BONACA: Exactly.
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CHAI RMVAN SHACK: And it may be that he

included all that in his nodeling, thought that made
t he difference.

| f you change sonething and you get a
di fference, you assune that was the reason for the

di fference.

MR. KIRK: | hope |I'mcorrect in saying
that neither Alan nor | have said anything that's
wong and |I'm hoping that we're looking at two

different parts of the elephant and --

DR. BONACA: Maybe.

MR KIRK: We'Ill try to get a response to
t hat tonorrow

DR. BONACA: He clearly spoke of the B&W
t he Cconee plant and in fact, he spoke very clearly of
t he operating procedures, interviews they had with t he
operators, the training they're having and all these
t hi ngs being af fected negating the event that in 1980
became the basis for PTS concern. It was an B&Ww th
assunptions of no isolation of feedwater isolation
support.

MR KIRK | think in all fairness we did
nmention at that tinme the fact that just from a
fracture perspective the secondary si de events have to

be | ess severe sinply because you can't go to a | ower
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t enper at ure.

MR. VWH TEHEAD: Donni e \Witehead. Let ne
see if | can answer that, your question alittle bit.
| think part of what we're seeing here is we're
| ooking at two different aspects of the problens. |
t hi nk what Al an Kol asckowski was tal ki ng about was
that the frequency of the occurrence of secondary side
probl enms, main steam |ine break, if you account for
the changes in operational procedures and actually
give credit to the operators for being able to perform
some of the actions that they can and will perform
that would tend to drive the frequency of the
occurrence of what we call the initiator for the PTS
bin, that would drive that down, but not only does
t hat happen. And we get |ower frequencies than we had
originally fromthe original analyses. But | think
we' ve al so found that froma fracture nechanics point
of view, we see that the events that are anal yzed now
are not as inportant froma fracture nmechani cs point
of view as they were perceived to be during the
original analyses back in the early 1980s. And it's
the conmbination of those two that really nmake
secondary side breaks really particularly all that
i mportant froma PTS point of view

DR. BONACA: I'monly saying that | think
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you have to go back to the record to |ook at it
because | mean you can | ook around, all these issues
t hat cone together, but the event that was the driver
of the analysis has been elimnated from the table.
And for good reasons, probably. But the reasons that
were presented a year ago are different fromwhat |
heard today and so | want to nake sure that since it
is a major step, | nean the very driver of all this
pain and suffering for the last 24 years has been
elimnated as the driver.

| think it's interesting that one of PR
comments was essentially focused on Rancho Seco. Wy
isit gone? And you have sone answers there which are
different fromthose even here.

But anyway, | think | have bel abored t hat
enough, but | think it has to be | ooked at.

DR. NOURBAKHSH. We don't have a hard copy
of this presentation.

MR KIRK: That's all right. [It's a short
one.

kay, thisis just theintroto what we've
call ed the generalization chapter or Chapter 9. The
guestion that we're trying to address is to what
extent can our detailed analysis of pressurized

t hermal shock at these three specific plants be
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required to develop a screening limt that our
col |l eagues in NRR could use to apply, in general, to
assess all PWRs operating in the U S.

So our nmet hodology is to perform
sensitivity studies on our thermal hydraulics and PFM
nodel s, both to assess robustness of those nodels and
to assess the applicability of those nodels to the
assessment of PWRs, in general.

W' ve also |ooked at plant design and
operational features of the three study plants that
are the key contributors to PTS risk and seei ng how
t hose desi gn and operational features either represent
or bound t hose features in the general PWR popul ati on.

And finally, we've | ooked at the question
of if there's a significant contribution to PTS risk
posed by external initiating events |ike earthquakes
and fires that we've ignored, and I'll spare you the
rest of the details because we just said it. But I
think it's also inportant to renenber what we just
went through and that's that our baseline anal yses is
al ready denonstrated that there are many factors that
suggest that our results should be expected to apply
to PWRs in general. And we've just gone over that.

So with that, by way of introduction, 1'd

like to invite Dave Bessette up to do -- | think Dave
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is up first, PRA? Who ever wants to come up

DR. WALLIS: This is on sensitivity
studi es of thermal hydraulics? |s that where we are?

MR. KIRK: Yes. Wat's on the agenda? |
don't have the agenda in front of me. kay, then it's
Don.

MR WH TEHEAD: As Mark indicated what |'m
going to talk about is basically the generalization
approach that we used.

DR. WALLIS: Is this sonething we have in
t he handout ?

MR. ROSEN: It's on the disk they sent us.

DR WALLIS: VWhich one?

CHAI RVAN SHACK:  It's in the one with the
agenda on the cover.

DR. WALLIS: The one with all the pages 1s
init?

CHAI RVAN SHACK:  Yes.

(Laughter.)

DR. WALLIS: It's the second page one?

CHAI RMAN SHACK:  Yes, the second page one.

DR WALLI S: Generalization. | don't
like all these slides entitled judgnental analysis.
Maybe you'll explain what that neans.

CHAl RMAN SHACK: W could be here for a
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long tine once we hit those.

MR, ROSEN. Qualitative PRA.

MR. VWH TEHEAD: The objective of the
general i zati on approach that we took was basically to
determ ne whether or not the design and operationa
features that were key contributors to the risks that
we identifiedinthe detail ed anal yses, whet her or not
t hose woul d vary significantly enough anongst the rest
of the plants in the industry to whether or not --
whet her or not they would vary enough such that what
we had identified fromthe detail ed studies would no
| onger be valid for the plants in general.

And we did this generalization work by
first of all identifying a set of PWRs that have, if
you will, they're close to the current rule, the
current screening baseline for PTS. And we wanted to
| ook to see whether or not those plants or at |east a
subset of those plants, if we l|look at what was
important fromthe detail ed anal ysis plants, whether
or not conditions, operator actions, tenperatures of
various water injection sources, things like that,
whet her or not they woul d vary enough that we coul d --
we woul d have a problemw th any generalization pl ant
when it came to trying to extrapol ate the results that

we had to deternmine for our plants that we had | ooked
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at in detail.

So what we did was we developed a
guestionnaire that we asked various utility nenbers to
provide us information from and for which we were
eternally grateful. It was one of the good things
about this process was the cooperation that we had
fromthe utilities and | believe it was EPRI who was
responsible for helping us to get sonme of the
i nformati on.

We used that information that we coll ected
fromthe questionnaires and analyzed it basically to
det ermi ne whet her or not the results fromthe detail ed
anal yses woul d be applicable to the additional PWRs.
And we finally determ ned whether the generalization
plants could be bounded by the detail ed analysis
pl ant s.

This slide just basically gives you a
listing of the plants that we | ooked at, the ones that
we | ooked at, in detail are in blue; the ones that we
| ooked at froma generalization point of vieware in
the - -1 guess the yellowcolor. And you can see that
we have corresponding plants for each of the vendor,
NSSS vendor types. W have three Westinghouse and one
each for B&W and Conbusti on Engi neeri ng.

So we have plants that are simlar from
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t he NSSS vendor point of viewand typically we try to
choose plants that were high on the paraneter that we
used to identify the nost inportant plants.

MR ROSEN: Wi ch was?

MR. VH TEHEAD: Wich was at this point in
time, this was -- this |ist was generated
approximately two years ago was RIndt wth an
irradi ated shift of 40 degrees at -- | think this was
done at end of life, is that correct?

CHAI RVAN SHACK: End of |icense.

MR. WH TEHEAD: End of I|icense.

MR. ROSEN. Wit a mnute, RT, a positive,

ndt? That was the only criterion? It had to be

positive?

MR. WHI TEHEAD: It's just a ranking.

MR. ROSEN. Ckay, when | read that report
it didn't have all the plants, all the PARs onit. It

only had Iike 30 of them

MR KIRK: That's because all the rest of
t hem were | ower.

MR. ROSEN:  Uh- huh

MR. WH TEHEAD. Right. |'mjust show ng
you the ranking here, a list here --

MR. ROSEN: You're showing us a |ist

that's even abbreviated fromthe report list and the
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report list was inconplete.

MR. WH TEHEAD: That's correct. The
reason why we didn't show any of the ones bel ow t hat
was because the | owest one that we | ooked at was
Cconee and the val ues that we were getting for Oconee
were -- froma through-wall cracking frequency point
of view
-- were extrenely small and so it was felt that
| ooki ng at any plant that woul d be ranked bel ow Oconee
woul d not give us any new and insightful information.
So we tried to pick our plants fromthe top portion of
this ranking because those are the nost enbrittled
plants, if you will.

MR. ROSEN: But all the rest of themwl|I
still -- this will apply to generalized --

MR. VWH TEHEAD: Yes. |If we can generalize
to the ones at the top of the list, then the ones at
the bottomof the list should be no problemat all.

Basi cal | y, in t he guestionnaire
devel opnent, we used the insights that we gai ned from
our three plant specific analyses. W focused and
collected information on five general event types:
secondary breaches, secondary overfeeds, LOCA types,
PORV- and SRV-rel ated events and feed and bl eed

rel ated events.
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Ve request ed i nformation on 28
generalization issues and we were able to obtain
information fromthat.

The process that we used was a two-step
process and it is truly a judgnental process. Step
one, we produced separate PRA/HRA and then TH
judgnmental analyses for the information that we
obtai ned and then taking the insights that we gai ned
from that judgnental process, we conbined themto
produce an overall observation and final concl usi on as
to the generalization to all of the plants.

DR WALLIS: What is a judgnental
anal ysi s?

MR. WH TEHEAD: A judgnental analysis that
we used was basically to pull together the engi neering
insights that we had gai ned from doing the detailed
cal cul ati ons, doing the detailed probabilistic
cal cul ations, the PRA cal cul ations, the determ nation
of the frequency of each individual bin, determ ning
froma TH point of view the expected response given
t he changes that we had based upon the infornmation or
the simlarity in response that we had given the
information that we obtained fromthe --

DR. WALLIS: So it's kind of

extrapol ati on?
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MR. WH TEHEAD: |It's an extrapol ation

where we didn't really actually go back and physically
run the anal yses through the nodels, except for one
case. There was one case where we found that by a
conmbi nation of both frequency of the bin and the
t hermal hydraulic response that we couldn't elimnate
t hat one and that one we actually did a surrogate type
of analysis on and we were able then to make a
judgnment, a final judgnent as to the inportance of
that one, but I'lIl talk about that alittle bit later.

But this is basically applying engi neering
knowl edge and judgnment as to -- given that you have
the sane types -- for exanple, for LOCA frequencies,
| arge and nedi um break LOCAs, the frequencies that we
used for the Cconee and t he Beaver Vall ey anal yses are
generic frequencies. W would expect there to be no
reason why those frequencies would be different from
one plant to the next. So therefore, we would
conclude that from a frequency point of view al
large and nedium break LOCAs should be the sane
regardl ess of which plant you're | ooking at.

So it was those types of judgnments and
anal yses t hat were bei ng done. Except only in the one
case did we do anything that was, if you wll, a

detail ed cal cul ati on.
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Let's go through each of the sets of
information that we collected. 1'll talk about, first
of all, the PRA/HRA judgnments that were nade and t hen
| will go through the process that was used on the
thermal hydraulic side and then we will put together
both those and see what happens at the end.

For the secondary breaches, we had two
issues or actually we had only one issue where we
t hought that there m ght possibly be sone difference
between the plants. And this was issue 7 which is
basically the auto i sol ation of the turbine-driven aux
feedwater punp. This had the potential to be worse
for one of the generalization plants, the TM plant.

However, when we conbined that one
generalization issue with other issues that were
col | ected, Generic Issue 3 and 4 which are
respectively the procedures associ ated with secondary
breaches and the training associated with secondary
breaches, we felt that the i nportance of the potenti al
difference in Generic Issue 7 would be minimal. And
so therefore, froma PRA/HRA point of view, we don't
really expect there to be any real difference in the
secondary breach set of scenari os.

In the secondary overfeed, overfeeds and

the LOCA-rel ated i ssues, these were real |y not PRA/ HRA
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i ssues. They nore or less dealt with the things that
woul d have af fected t he t her mal hydraul i cs
cal cul ations such thing as main feedwater and aux
feedwat er capabilities, the nom nal steam generator
inventory, the different feedwater tenperatures that
could be introduced into the reactor vessel, things
like the injection tenperature of the primary water,
recircul ation tenperatures, fl ows and pressures of the
i njection sources. Those are not things that we woul d
have | ooked at froma PRA point of view, but they were
| ooked at on the thermal hydraulic side of the
anal ysi s.

For the PRV/ SRV-rel ated i ssue, we had two
CGeneric |Issues, 20 and 21; 20 being the nunber, size
and operational features of the valves, and 21, the
instrumentation indicating the status of the val ves.
W found a potential difference there. W perforned
some subsequent investigation and basically found t hat
the potential differences associated with Generic
| ssue 20 which really affected the probability of
sticking open and subsequent reclosure of valve, we
found that we could resolve the issue and thus we
basically elimnated it from consideration. And so
the final judgnment for General |ssue 21 which is the

human error probability that's associated with the
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failure probability, the throttle high pressure
injection, we found that this possibly could have a
factor of at nost about a factor of five higher than
the one that we cal cul ated for Beaver Vall ey.

Basically, it came down to final -- this
one had to do with the fact that there was | ess clear
indication in the information that we got from Sal em
that would | ead us to believe that we woul d have the
same human error probability assigned to the
particular event, failure to throttle, than we were
able to assign for Beaver Vall ey.

For feed and bleed-related issues, the
only one that had any potential of being different
would be the one that has to do wth the
unavailability of the aux feedwater or energency
feedwater and this was only for Fort Cal houn and goi ng
through the process of |looking at the what the
differences were, we found that at nost we m ght
expect that the unavailability for aux feedwater at
Fort Cal houn might increase by a factor of three.

Gettinginto-- |ooking at the information
from a thermal hydraulics point of view, it was
deci ded because -- well, the thermal hydraulics
analysis looked at this in a little bit different

light than the way we | ooked at it froma PRA point of
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view. And the reason for that was because it |ent
itself better to collapsing sonme of the information
into a different grouping that we had actually
solicited the information fromthe utilities. And
this was based upon an exam nation of the dom nant
types of scenarios that are inportant. W |ooked at
those in nore detail than we did for the scenarios
that were | ess inportant.

The THcharacteristics of the scenarios in
the group, we had to wunderstand what was the
di ff erences anongst the four groups that we col | apsed
this into and we also had to understand the systens
and how those systens determ ne the downconer fluid
t enper at ure behavi or.

Basically, we sinply collapsed the five
general scenarios that we had into four. These were
the large break or large dianeter pipe breaks, the
smal | and medi um di anmeter pipe breaks, stuck open
valves in the primary system that reclosed and then
the fourth group were the main steamline breaks and
ot her secondary side failures.

Group 1, the large dianmeter pipe breaks,
we really found no differences in the plant system
designs that could cause significant differences in

t he downconer fluid tenperature froma TH perspecti ve.
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Wiile it's possible that there wll be sone

tenperature variati ons due to power |evel, these were
not necessarily felt to be particularly all that

i nportant for these | arge di anmeter pi pe breaks because
basi cal | y what happens with the breaks in this range,
they're sufficiently Iarge such that the water that's
being injected into the system due to both the high
pressure and | ow pressure injection and the injection
fromthe safety injectiontanks will basically | argely
govern the downconer fluid tenperature.

So the injection of water fromthe higher
pressure and | ow pressure systens and t he t enperat ures
associated with those injections that are inportant in
the large break LOCAs, as well as the fact that |
believe as was nentioned, we're in a regime where if
a bl omdown i s happeni ng so fast that we're conduction
[imted in our cool down.

The snmal | and nmedi umdi anet er group, G oup
2, the conclusions that we reached for this one is
that all generalization plants should basically have
depressuri zation i n cool down rates that are conparabl e
to their correspondi ng detail ed anal ysis plants.

Here, the points that are i nportant there,
the break flow and the energy rel eased through the

break will govern the rate of cool down and
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depressurization. W do expect for the hot full power
cases, the rate of cool down and depressurizati on woul d
be sl ower for reactor systens that operate at a hi gher
thermal power than those that operate at a |ower

t hermal power.

However, it's inportant to note that the
flow capacities of the injection systenms, the high
pressure injection systens, particularly at Fort
Cal houn, which has a lower thermal rating than its
detail ed anal ysis plant, Palisades, is only half the
flow capacity. So we have | ess energy, but we al so
have I ess flow fromthe systens that are inportant to
determ ning the cool down rates.

And di fferences in cool down and
depressuri zation rates should have | ess of an inpact
on the downcorer tenperature if the transients begin
fromhot zero power conditions than they would if they
began at hot power.

Okay, now feed and bl eed LOCAs and LOCA i s
in quotes here, should have thermal hydraulic
behavi ors that were simlar to the smaller end of the
pi pe break LOCA category, if you will. So we were
able to collapse the feed and bleed LOCAs into this
group here and the sane things that we've said about

t he pi pe breaks above woul d be characteristic of the
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feed and bl eed LOCAs here al so.

Group 3, stuck open valves and a prinmary
that reclose. Basically, we found that al
generalization plants, except for Fort Cal houn, will
be warmer than their corresponding detail ed anal ysis
plants. And we'll see that Fort Cal houn showed up
both here and at TH and it also showed up in the
fracture -- the PRA part of it. This is the one that
we had to |l ook at in nore detail.

Group 4, main steamline breaks and ot her
secondary side failures, basically, here for the steam
line breaks, the generalization plants should be
warmer or about the same as their corresponding
detail ed anal ysis plants. For sinple overfeeds, the
pl ant - speci fi c anal yses showthat PTS chal | enges, that
the PTS chall enge associated with conpletely filled
steam generators is not significant and that's
sonmet hing that Mark has al ready all uded to.

These types of events, where we just had
si npl e overfeeds, are just sinply not inportant to the
anal ysi s.

Ckay, if we conbine both the PRA and the
t hermal hydraulics observations that we had for each
of the groups, for Goup 1, we found that there were

no real differences expected froma PRA/ HRA poi nt of
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view. And effectively, that there would be no

di fferences froma TH poi nt of view. W concl ude that
t he generalization plants could either be bounded or
represented by our detail ed anal ysis plants. W found
nothing to indicate that there would be any rea
di fferences for the | arger dianeter pipe breaks.

For Group 2, fromthe PRA/ HRA per specti ve,
no real differences were found. We did find that for
the feed and bleed LOCAs, the only difference that
mght affect the frequency for the Conbustion
Engi neering generalization plant. However, this
di fference was estimated to be only about a factor of
three higher for this particular type of scenario.
And it was judged that this factor of three increase
woul dn't really affect the overall generalization of
the plants based upon the detailed analysis results
because feed and bl eed LOCAs in our detail ed anal ysis
just sinply were not particularly all that inportant.
And so even if you increased them by a factor of
three, it's not inportant to begin with, raised by a
factor of three is still not going to be particularly
all that inportant.

From t he TH per specti ve, al
general i zation pl ants shoul d have depressuri zati on and

cool-down rates that are conparable to their
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corresponding detailed analysis plants. Thus, we
woul d concl ude that again, the generalization plants
can be bounded by what we -- the information that we
have on our detail ed anal ysis plants.

Group 3, this one was the i nteresting one.
This one posed the nost challenge for us. Fromthe
PRA perspective, we didn't find any real difference in
the way the accident scenarios could progress.
However, we did find that we could have a frequency
di fference associ ated with t he Westi nghouse pl ant t hat
we | ooked at, the generalization plant Salem There
coul d be a factor of five increase associated with the
frequency.

The inmportance of this factor of five
increase was approximated by taking the detailed
anal ysis plant, Beaver Valley, nodifying the failure
probability for that particular basic event in the
nodel , requantifying the results. Once you do that,

the total point estinate for the Beaver Valley

increases by a factor -- 2 percent change. So we
didn't -- there was really nothing inportant there.
However, for Fort Cal houn, it was

initially a different story. W had both -- for Fort
Cal houn, we had an expect ed downconer tenperature that

could be colder than its corresponding detailed
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anal ysis plant at Pali sades.

W perfornmed a surrogate anal ysis using
the Palisades nodel and overlaid on the Palisades
nodel the differences in the size of the valves and
the differences in the flow rates of the injection
syst ens.

Because what we had here was -- we had a
case where Fort Cal houn, which is a plant that has a
| ower thermal rating than its correspondi ng detail ed
anal ysis plant, happened to have |larger SRVs so if --
than the detailed analysis plant. So if a valve at
Fort Cal houn were to open, one would rightfully expect
that the cooldown rate would actually be worse for
Fort Cal houn than it would be for Palisades.

Si nce the stuck-open val ves that reclose
was one of the inportant groups that we had identified
fromthe detailed analysis, we felt it prudent to do
a surrogate analysis where we took the Palisades
nodel, nodified it to reflect conditions that, you
know, we nmight expect from Fort Cal houn, and then
propagate that TH information through FAVOR, again
using the Palisades -- the Palisades nodel in FAVOR
and see what would happen with the conditiona
probability of through-wall cracking.

What we found out was that, yes, indeed,
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if you look at this particular analysis here for this
-- for this set of conditions, that it's having a
| ar ger stuck-open val ve t hat subsequently recl oses --
we found that you could result in nmuch higher through-
wal I cracking frequencies for Fort Cal houn than you
could for Palisades for the same sequences. In sone
cases, many orders of magnitude greater.

However, if you put it all together, the
-- in an absolute sense, the through-wall cracking
frequency was still lowin the approximtely 10° so,
you know, in the end even though you coul d have sone,
you know, quite large difference between, you know,
one plant and the other, the absolute value, the 10
value is still low and so basically we assuned that
Fort Cal houn can be bounded by Pal i sades.

Group Three -- well, basically, this --
that's what | just said. You know we coul d conbi ne
both the PRA for Salemand the thernmal hydraulics part
for Fort Cal houn -- we basically think that, you know,
the plants can be bounded.

For Group Four, no real differences from
a PRA/HRA perspective. Froma TH perspective, we
expect that we can bound these. The worst is that the
t enperature, the downconer tenperatures woul d be about

t he sane, however, in some cases they could actually
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be warner than the tenperatures that we cal cul ated for
our detailed anal ysis plan.

Ckay, this all put together is |ooking at
both the PRA and the HRA part of it, considering what
we did with the Goup 3 for the stuck-open val ve t hat
could reclose case. Overall conclusion is that the
generalization results indicate that our detailed
analysis plants can be used to bound the
generalization plants that we |ooked and thus, by
i nference, all of the renaining PARs because t he ones
that we | ooked were typically the highest ones on the
list and so if we can bound those, then we would
expect to be able to bound the ones that would be
| ower on the list.

DR. BONACA: | have a question on the HRA

MR WH TEHEAD: Ckay.

DR. BONACA: | nmean | have already spoken
enough about system differences and | nust be com ng
froma different perspective, but the HRA also is an
issue, it seems to nme -- we tal ked about the fact that
some B&W plants do not have automatic isolation of
mai n feedwater, of steam-- steamisol ation val ves.

And they have to rely on operator action
to isolate a steam flow. And | think there are

di fferences of that kind on the feedwater side.
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W al so know frompresentati on we had | ast
year that it was significant reliance on operator
action consistent with EOPs. | don't think that those
are true of other PWRs which are nore automatic.

So | don't understand how we can concl ude
that froman HRA perspective no differences were
found. | nean -- the significant differences between
operator action required in sonme plants and not
required in others, wouldn't it make a difference on
t he HRA?

MR.  VWH TEHEAD: There obviously are
di fferences i n the HRA val ues t hat woul d be esti nat ed,
dependi ng upon the different, let's say NSSS vendors.
What the generalization process did was | ook at what
was i nportant and what the expected, if you will, HRA
human reliability estimates would be wthin a
particular class of plant, that is, if we wanted to
| ook at BNW we | ooked at what did we know about the
pl ant that we | ooked at in our detail ed analysis and
how did that conpare with the information that we
col l ected fromour generalization plants.

If in looking at that information we saw
no reason to see any difference in what we woul d
cal cul ate for an HEP for the generalization plant than

we did for the detail ed analysis plant, we concl uded
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effectively there would be no real difference within
t hat pl ant.

Now that's not to say that, you know,
there m ght not be sone actual real difference in the
human error probabilities that are cal cul ated for B&W
versus Westinghouse versus CE plants. But within B&W
plants, we think that our detailed anal ysis plant
bounds t he one that we | ooked at in the generalization
process.

Wthin the Westinghouse set of plants, we
believe that the detailed analysis plant that we
| ooked at bounds the -- | think it's three that we
| ooked at on the Westinghouse side, and subsequently
the sane thing for the Conmbustion Engineering. So |
nmean the generalization process tried to account for
the differences in the plants and |ooked at them
wi t hi n NSSS vendor type.

DR. BONACA: But you say it does it by
i nference that rem nd themof PWRs. You are making a
further step. You're saying that all PWRs pretty much
from the perspective of this concern behaves
simlarly.

MR. VWH TEHEAD: Again --

DR. BONACA: O the conclusions that you

can draw i s the sane.
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MR. VWH TEHEAD: The concl usi on woul d be

the same within a particular NSSS vendor class and
since we believe that all three NSSS vendor cl asses
are bounded by what we did in the detail ed anal ysis,
and we |ooked at the nobst inportant plants in the
general i zation process, we woul d suspect that the sane
woul d hold for any of the other renamining plants in
the various NSSS categories that what we |ooked at
woul d bound them

DR. BONACA: The previous slide, what do
you rmean t he outconme of tenperature -- if you could go
-- or warnmer. At what time? The outcone of
t enper at ure changes, as opposed to the transient, so

MR, VWH TEHEAD: Yes.

DR BONACA: Are the sanme or warner?
When? How? Were?

MR. WH TEHEAD: We woul d expect that the
trace, the tinme history trace that we woul d have for
the downconer tenperature for Westinghouse and
Combusti on Engi neering to be about the sane as we had
for the trace we had for the detailed analysis plants
which, let's see --

DR. BONACA: kay, | see what you mnean.

MR. WH TEHEAD: And subsequently for the
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B&Wpl ant, we actually expect that the trace woul d be
slightly warner than what we cal cul at ed and | ooked at
in the detailed analysis plant.

DR BONACA: So | ess severe?

MR VWH TEHEAD. Less severe, Yyes.

DR. BONACA: By the cooldown rate --

MR. WH TEHEAD: The cool down rate woul d be

| ess severe, therefore, everything el se being equal,
you woul d expect that fracture mechani cs-w se, there
woul d be less of a problemfor this particular case
here, woul d be | ess of a probl emat the generalization
BWR plant than there would be for the detailed
anal ysi s pl ant.

DR. BONACA: Thank you.

CHAI RMAN SHACK: O her questions? Allen,
| was going to suggest that everybody can be here
tomorrow, that we actually break at this point and
just finish up tonorrow norning. | think everybody
woul d be fresher in the norning.

MR H SER  How nuch tine do we have in
t he norni ng?

DR NOURBAKHSH: You have until 11:45.

MR. H SER. Because |'m | ooki ng at about
two hours yet today on the agenda and we had about an

hour and a half of the PRA or the peer review, soit's
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three and a half hours there. That woul d take us
right up to noon.

CHAI RMVAN SHACK: Do you want to take
anot her hal f hour tonight then?

MR. H SER. | think we should probably get
done what we can tonight.

DR WALLIS: What is next?

MR H SER. Dave's -- sensitivity.

MR BESSETTE: | can do it now since
you're all worn out and thernmal hydraulic sensitivity
and then PFM sensitivity.

CHAI RMAN SHACK: W'l take on Dave, you
can take everybody tuckered out.

(Laughter.)

You don't want to do this the first thing
i n the norning.

DR WALLIS: He doesn't want to do it at
all .

MR. BESSETTE: You m ght have to help ne
find my presentation on here.

DR. WALLIS: The last thing we hear before
di nner i s what we renenber.

(Laughter.)

MR. SIEBER: It helps us digest. More

aci d.

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

319
MR. BESSETTE: kay, we did a fair nunber

of sensitivity studies, generally in part, notivated
by peer review comments, so this presentation al so
relates to the |l ast agenda itemwhich is peer review
comment s.

So these studies included heat transfer,
which | tal ked about earlier today. |'mnot going to
go back to it again.

The cool down rate sensitivity study al so
conbi ned heat transfer which | will talk about. W
| ooked at conparing 2D downconer nodal i zation versus
1D downconer nodal i zation

MR. S| EBER. Dave, could you speak into
the mc?

MR. BESSETTE: I'Il look at this print
instead of that.

MR. SIEBER Al right.

MR BESSETTE: The 2D downcormer
nodal i zati on versus 1D and the use of danping in the
cold legs to counteract the nunerical effects.

DR. WVALLIS: Is this where you're going to
tal k about noment unf?

MR. BESSETTE: |'mgoing to touch on
nmonment um here, yes.

| just wanted to showthis. This is a
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point simlar to what Mark showed i n his presentation.
This is a conditional probability of failure versus
break size and | just wanted to illustrate again the
fact that once you get beyond a break of about 6
inches, the CPF remains about constant after that.
And the breaks smal | er than about six inches, you can
see there's quite a large sensitivity, about within
that break range. And this kind of -- we felt how we
subdi vi ded our three basic categories of snall breaks,
medium breaks and large breaks, into snaller
cat egori es.

For small breaks, breaks |ess than four
i nches, we represented that range by five individual
RELAP runs; four to eight inch by three or so RELAP
runs; and beyond ei ght inch by one RELAP run.

One of the points to nake here is that it
certainly, from this, seens that you're reaching
asynptotic maxi mum of probability to vessel failure,
SO0 in a sense you can bound your overall LOCA risk by
t aki ng the LOCA probability which is about 10° tines
the probability of vessel failure which 10* and you
get a boundi ng nunber of about 107 for risk.

DR. WALLIS: You have pretty high LOCA
probabilities there.

MR. SI EBER  Yes.
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MR. BESSETTE: This is for the entire --

MR SIEBER Al kinds of LOCAs.

MR BESSETTE: Al kinds of LOCAs and |
didn't check to make sure | have the latest. These
nunbers, | think were accurate as of May. Okay, those
are the | atest.

DR. WALLIS: The latest, large break LOCA
5 times 107%?

MR BESSETTE: | think so.

MR KIRK: Those are the sane data that we
showed earlier. Check the slide.

MR. SIEBER: They can only use what's on
the record now as opposed to the proposed --

CHAI RMAN SHACK: It's a six-inch break.

DR DENNING What is "uncertainties are
bounded"? How are we supposed to really interpret
t hat ?

MR. BESSETTE: Let's say for small breaks,
for exanple, the results can be sensitive to many
t hi ngs i ncl ude break size and so on. But these -- you
have uncertainties in very small nunbers. You m ght
have a | arge uncertainty in a nunber that's very snal
and so rather than worrying about each individual
contribution to uncertainty and say howdo | know, you

know, how do | know that | know this, you can do
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sonmet hing |i ke what G aham proposed.

You know, why don't you just use an
infinite heat transfer coefficient and bound the
result? Well, I'mtrying to say here is rather than
going into all the details of uncertainty, you can say
well, I'Il just take this S on top of maxi mum for CPF
multiply it by our probability nunmber and get a
boundi ng nunber for failure.

MR. SIEBER: But you don't know this
uncertainty in CPF.

MR BESSETTE: Wsat I'lIl show, we did a
| ot of sensitivity studies in this range and not hi ng
seened to affect the answer because agai n, the overal
event is so donminated by a large flows out the break
in the large ECCS fl ow.

DR. WALLIS: It depends what's in there.
| nmean there's uncertainty in the flaw distribution,
things like that.

MR. BESSETTE: Well, this is |ooking at -
well, that's true. | think that's what's in here.

DR. DENNING Are you limting this to a
t hermal hydraulic perspective in saying --

MR. BESSETTE: That's what I'mtrying to
guess -- it's froma thermal hydraulic perspective.

The TH paraneters that affect tenperature and pressure
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and so on, the uncertainties in those paraneters don't
seemto inpact the probability of vessel failure.

DR. WALLIS: It's a very sinple problem
You j ust cool down, you match the pressure pretty well.
And the conduction in the steel limts the therma
shock.

MR BESSETTE: Yes. That's the
inmplication is that we get down to a very sinple
probl em

DR. DENNING But then the part that isn't
in there is how well do we really know probabilistic
fracture mechani cs?

MR. SIEBER. Yes, that's the next topic.

DR WALLIS: W're going to get to that.
That's the bit that's going to keep us awake.

DR. DENNING But then you're bounded by
that 10“

MR. BESSETTE: The peer review group |iked
it alook sol thought I ought to showit to you guys.

W did sensitivity studies to | ook at the
cool down rate and we t ook a stuck-open pressurized SRV
transient which is Palisades Case 65 and we
represented the cooldown rate by this -- you see the
si npl e exponential decay equation and this, by the

way, the Creare people did the sane sort of thing in
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the early 1980s when they ran their experinments. And
they were able to fit their cool down -- the cool down
data to this thing --

DR. WALLIS: By varying beta?

MR. BESSETTE: By varying beta. So the
bottomline, 1'Il show you --

DR NOURBAKHSH: That beta was inconstant
based on the flow and vol une of the m xed vol une.

MR. BESSETTE: Yes. Now I'Il show you
what we did. But in fact, to show you again the
sinplicity of the problem you can represent the
syst em cool down, whoops. |If you don't want to use
RELAP, you can get the approximation of the system
cool down by this equation.

This was a study we did. The curve that
has sone --

DR. WALLIS: You can probably get a
solution to the tenperature of transient in the steel,
t 0o.

MR BESSETTE: Yes. The curve that has
some squiggles to it is the actual RELAP 5
cal cul ation, is beta value of -- here of 0.00029 is
the best fit to the RELAP cal cul ati on and using that
as a basis, we varied the value of beta in both

directions. To get a spread and cool downs t hat
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enconpass the uncertainty in the RELAP predictions of
tenperature that | showed earlier, the RELAP had an
accuracy of seven degrees Fahrenheit and a standard
deviation of 18 degrees Fahrenheit. So | had a 2
Sigma | evel, this range enconpassed that uncertainty.

DR. RANSOM Dave, | have a question
What information is fed to FAVOR to determ ne the
possibility of vessel failure fromsay the therna
hydraul i ¢ cal cul ations? | know you've said the heat
transfer coefficient and downcomer tenperature, but
what about the distribution of tenperatures through
the wall? Does FAVOR do its own conduction?

MR BESSETTE: Yes, FAVOR does its own
conducti on sol ution.

DR. RANSOM Ckay, so you trust the
gradients that are predicted, | guess.

I'ma little concerned about the kind of
nodal i zation they use for the vessel wall?

MR KIRK: FAVOR has been benchnarked
agai nst ABAQUS.

DR RANSOM Pardon?

MR KIRK: FAVOR has been benchnarked
agai nst ABAQUS and reported as a NUREG CR

DR. RANSOM Ckay, good.

CHAl RMAN SHACK: There's one cal cul ati on
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one probably believes is the heat conduction in the
nmetal, right?

MR. BESSETTE: So using a famly of
curves, we got -- on top of that we vary heat transfer
coefficient by factors of 0.7 and 1.56.

DR. KRESS: Those seem|ike strange
nunbers to nme. Is there a basis for that?

MR BESSETTE: The 0.7 conmes with the sane
basi c uncertainty of plus or m nus 30 percent that you
often see for heat transfer. The 1.56 is 1.2 tines
1.3. So what it isis the -- if you renmenber, | said
that the Petukhov-Catton gives about a 20 percent
hi gher heat transfer than RELAP, so if | introduce
this 1.2 assay as a bias, and then put an uncertainty
on top of that, that's where the 1.56 cones from

DR. WALLIS: These nunbers aren't very
i mpressive. In the previous slide you said an order
of magni tude change?

MR. BESSETTE: Yes, | wanted to point that
out .

DR. WALLIS: The previous slide you' ve got
an order of nagnitude change. Wat was the one that
said there was an order of nagnitude change?

MR. BESSETTE: Yes, okay, for the range of

cool downs we | ooked at which is on the follow ng slide

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

327

DR. WALLIS: This is such a big effect.

MR BESSETTE: W see a variation in CPF
bet ween - -

DR WALLIS: Factor of 10 fromthese
transi ents?

MR BESSETTE: Between this bottom curve
and the top curve.

DR. WALLIS: Factor of 107

MR. BESSETTE: It's a factor of 10.

DR WALLIS: But sone transients are nuch
st eeper than that.

MR BESSETTE: | wanted to show --

DR. WALLIS: Maybe that's what it is.

MR BESSETTE: | wanted to show this to
show -- again, to illustrate which |'ve been saying
here and there is that the cool down transient is nore
significant than the uncertainty in the heat transfer
coefficient.

That's why | Kkeep saying in terns of
ranking these three paraneters as tenperature,
pressure and then heat transfer coefficient.

DR. WALLIS: Assuning that one of those
equations is really relevant to predicting heat

transfer.
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MR. BESSETTE: W al so | ooked at the use

of the 2d downconer nodali zati on.

DR. WALLIS: See, that's the thing that's
mssing fromall. 1'd like to see a conparison
bet ween t hese heat transfer correl ati ons and sone dat a
for downconers.

MR. BESSETTE: Certainly, there's been
conpari sons done by Dittus-Boelter with heat -- this
type of data which shows good agreenment. So RELAP in
Dittus-Boelter, they say well, there's no reason to
di sbel eive RELAP as long as RELAP calcul ates are
anything else correctly. Wat does it need to
calculate correctly? You need to calculate
tenperature and velocity. Fluid tenperature and
vel ocity.

DR. WALLIS: Velocity is an average over
t he whol e downconer.

MR. BESSETTE: That's for sort of higher
flowrates. Once we get into stagnation, velocity is
not even there any nore.

DR. WALLIS: It predicts no heat transfer.

MR. BESSETTE: It's basically tenperature
it calculates wall tenperature and fluid tenperature
and it cal cul ates the thernmal physical properties from

t he tenperatures.
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So in a downconer issue is RELAP being a
one-day code doesn't have cross fl ow nmoment um

DR. WALLIS: | think if you put it in, you
get into trouble.

MR. BESSETTE: So again, we use the sane
set of 12 Palisades transients |I've been tal ki ng about
and we conpare the 1D nodel with the standard 2D nodel
that we use for all the cal cul ations.

DR. WALLIS: Is this the one where you put
nmomentumin. You' ve got a fluctuation of a factor of
10, 000 or sonething? |s there some enornous -- where
did 1l read that? 1In the report, sumary report?

MR BESSETTE: |'m not sure.

DR. WALLIS: The APEX report.

MR. BESSETTE: Wen we conpared to 1D
results with the 2D results, what is that for a hot
side break, for a hot leg breaks, namin steam line
breaks, we got simlar values for a CPF between the
two sets of cal cul ations.

For the cold leg breaks, we found the
| ower val ues of CPF usi ng 1D downcomrer conpared to the
2D and | attribute that difference to the difference
in the cal cul ated EEC bypass, the 1D downconer has a
tendency to bypass nore of the flow fromthe inpact

cold leg, out of the broken cold Ieg.
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DR. RANSOM Wien you say 1D, you nean 5,

6 stack sources as one?

MR. BESSETTE: That's right, one single
channel for the whole downcomer versus parallel
channel s.

So we no di sadvantages in using a 2D and
we see -- we did conparisons with termnal data. This
is the sane LOFT experinent | showed earlier. The 4-
inch cold leg break. It shows the results for 1D and
2D downconer .

The bl ack is the 1D and you see on aver age
it's sonewhat warmer than the 2D. In fact, it's on
t he average of about 10 degrees K warner than the 2D.
If 1'"ve got this correctly -- the 2D is colder by 10
degrees than the 1D

So from that we think that the 2D
downcomrer i s appropriate.

DR. WALLIS: |Is appropriate?

MR. BESSETTE: |s appropriate. |Is
appropriate to use a 2D downconer.

DR. DENNI NG Because it's nore
conservative? |s that why you said it's appropriate
or you think that you' ve denonstrated that it shows
reality?

MR BESSETTE: Well, | think, I'm
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convinced that the 2D downconmer is a closer
representation of reality than the 1D, particularly,
in particular for cold | eg break.

DR WALLIS: The test data are further
fromit. The data nust be w ong.

| thought all of this PVS anal ysis was
based on a 1D downconer ?

MR. BESSETTE: No. W use a 2D.

DR WALLIS: This was used in the stuff
that Mark was tal king about? | thought that was a 1D
downconer .

MR. BESSETTE: In all the conparisons |
showed earlier were all using the sane -- a consi stent
nodal i zati on between experinent of facilities with
what we used for the plant nodels.

And all the statistics on the tenperature
conpari sons and pressure conparisons --

DR DENNING For the 2D nodel to have
| oner values. Does that inply that there has to be
bypass, ECC bypass from an energy bal ance?

MR. BESSETTE: Well, you're always going
to get sone bypass fromthe -- if you nodel each cold
| eg i ndividual which we do, this one cold legis going
to have to break. So the ECC injection into that cold

leg tends to be bypassed, but you also tend to get
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some bypass fromthe three intact cold | egs. You see
simlar results between hot |eg breaks because while
the ECC fl ow has to go t hrough t he downcomer to get to
the break, so it results in simlar whether they use
the 1D or 2D nodali zati on.

DR. RANSOM Well, is a possible
expl anation of buoyancy with the 2D downconer, the
cold water tends to, by natural convection, reach the
| oner parts of the downconer?

MR. BESSETTE: | think that's part of it.
Yes, because you don't have that degree of freedom
when you just have a 1D downconer.

Anot her issue that arose early on, which
we noticed in the inial part of the study --

DR. WALLIS: D d the 2D downconer predict
t he t hermal plunes t hat APEX neasured the variati on of
t enperature around t he downcormer ?

MR. BESSETTE: Well, in general, we |ooked
at axial and circunferential variations in the RELAP
calculations and in the order of 5 degrees K or so.

DR WALLIS: That was al so neasured in
APEX.

MR. BESSETTE: But that's what RELAP says
and then you say how close is RELAP to reality and

reality is as reflected in the experinents and we see
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basically --

DR. WALLIS: | saw the APEX report.
They' ve got these flunes. They've got tenperature
di stribution and they've got places which are call ed,
they're underneath the call letters, these plunes.
That's something that | didn't see conpared with the
RELAP proj ecti on.

Then you' d say ah, RELAP is -- predicting
reality as you call it.

MR. BESSETTE: Well, this norning, | did
show conpari sons of RELAP with APEX

DR. WALLI'S: The circunferenti al
vari ation?

MR BESSETTE: Well, circunferential and
axi al .

DR. VWALLIS: Are you sure it's
circunferential ?

MR. BESSETTE: Yes.

CHAI RVAN SHACK: But he showed the
stacking four together, right? You didn't actually
have a 3607?

MR BESSETTE: Let's see, in RELAP, |
t hi nk our APEX nobdel was six channels, if | renenber

correctly and you tend to get nore distribution of

t hernocoupl es. But we conpared, tried to conpare pick
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t hernocouples that fell within particular nodes of
RELAP for conpari sons.

DR. WALLIS: Six channels are supposed to
correspond to four coldlegs and two hotl egs?

MR. BESSETTE: |I'mtrying to renenber.
Did we use a six channel? |'mtrying to renenber
ever yt hi ng.

| believe it was six channels to represent
APEX because it's four coldlegs and -- so while we're
waiting for that. The other thing we were concerned
about was we noticed the presence of recirculating
flows in the coldl egs when we were | ooki ng at Qconee.
And when you make a code nodel and you have two
paral |l el coldlegs those two coldlegs are identical.

W only see this in a situation where you
have li ke a two by four arrangenent that you typically
have in B&Wand CE and what you have in a situationis
you're connecting an outlet plenum of a steam
generator to a downcomer through two parallel paths
and as far as the code is concerned is identica
friction, identical elevations and so on. But then --
| guess | should have Vic explain this, but when you
go to the matrix solution you start at one spot and
you wor k your way around.

So because of round off errors, you start

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

335

to accunul ate this what you m ght say flows or forces
that exist that are induced by these small nunerical
round of ferors which tend to accunul ate with each tine
st ep.

DR. WALLIS: So you can flow it around
circular. It has no definite.

MR. BESSETTE: That's correct, yes.

MR. ROSEN. Perpetual notion

MR. BESSETTE: Now the only way we found
how to deal with this is to put in danping to
counteract the nunerics and so what we did was we
added danpi ng at reactor cool ant punp --

DR. WALLIS: This is the only place RELAP
does this, too, isn't it?

MR. BESSETTE: Certainly you have -- well,
| should al so say that TRAC does the sanme thing. And
if you swap -- whatever your nodal schene is, if you
just swap the nonencl ature, the flow reverses.

DR. WALLIS: Solution schenme, it drags the
fluid around.

MR. BESSETTE: That's right. Yeah. So
the only way to deal with it is when you get these
fl ows when there's no physical mechanismto -- where
there should be a recirculating flow. | mean what

starts to flow is solving things in one node. You
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build up a snmall physical difference |like tenperature
or buoyancy.

So you have a physical conponent to this,
but it's actually induced by the nunerics.

We went back and | ooked at the 1984
reports. W found the sane kind of behavior there and
they sort of noted it in passing, but didn't worry
about it.

So we added high loss coefficient and
reverse flow direction to provide danpi ng.

And we did a conparison with experinent al
data. This is data from APEX. This is the sane
experiment | showed earlier today for a downconer
t enperature conpari son and you can see the effect, we
put in the entire | oss coefficient.

DR. WALLIS: It doesn't | ook inportant.

MR. BESSETTE: The green is a higher |oss
coefficient and the red is without it.

You get nmaybe here it's -- it's 8 degrees
difference. And so it's not a big effect, but we
t hought this coul d be a nonconservati sm so we deci ded
to get rid of it.

That's it for --

DR. RANSOM This only occurs, | guess,

when you have the 2D representation.
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MR. BESSETTE: O the downconer?

DR RANSOM Recircul ation.

MR ARCIERI: This is Bill Arcieri from
| SL. Wen we | ooked at the I PTS study, it was a 1D
downconer .

You saw the recirculating fl ow for the 2-
inch break for Cconee.

MR BESSETTE: So whether it was a 1D
downconer or 2D downconer, it doesn't --

DR, WALLIS: | thought this was actually
seen in an experinment. WAs it SPES or sonething where
they actually had a recircul ation?

MR. ARCIERI: MST had it.

MR. BESSETTE: That's a funny thing.
There was actually a M ST experinent that showed a
recirculating flow But it's because there's so nuch
heat loss in the cold leg and MSt that the flow
didn't have to go to the steam generator. There was
the cold Il eg acted as a heat exchanger.

That's the problem with very snall
facilities. That's why in SPES they had nore
tenperature conpensation for heat loss that their
actual decay heat was.

DR, KRESS. One way to deal with round

offerors is to increase the nunber of significant
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figures. Didyou try that?

MR. ARCI ERI: RELAP was al ready in double
preci si on.

DR KRESS: |It's already in double
preci si on.

MR. ARCIERI: That's as far as you can go.

MR. BESSETTE: But | guess -- you have a
nuneri cal solution scheme. You have to keep an eye
out for --

DR WALLIS: It's not a roundoff because
of the outgoing difference, sonething like that. [It's
not a numerical thing.

DR. RANSOM Wl |, you have to be careful.
When you ignore the nonmentum flux term you can
actually -- that can act as a loss actually. That
doesn't show up in the calculation, so it's a
nonphysi cal sort of thing. You' re not satisfying the
ener gy equati on.

MR. BESSETTE: That's it.

DR. WALLIS: So what's your concl usion?
What's the bottomline of all this stuff?

MR BESSETTE: Well, the bottom bottom
line for usis that inthe end, we're not dealing with
a highly conplex system W're dealing with basically

a consunmati on of mass and energy.
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DR. WALLIS: What's the effect of PTS. S

t he message you' re doing a few degrees here and t here?

And the effect on the curves, certainly on the |og

scale, it's alnost invisible -- is that --
MR. BESSETTE: | think I showed sone
exanples. | showed for exanple that the cool down rate

is nore inportant than heat transfer co-efficient.
It's not to say that heat transfer coefficient has no
effect, but --

DR. WALLIS: But do we adjust the Kirk
curves that are 10 °°? Do we put a fuzziness around
that of a factor of 10 or a factor of 1 or 2?

MR. BESSETTE: |If you | ook at the dom nant
character rates, you have basically nedium and | arge
LOCAs whi ch experience a rapid cool down or rapid ECC
injection so it's basically being controlled by the
inflow and outflow of the system dom nating the
energy and inventory.

So those are tenperature dom nating
tenperature rate of change domi nated. Then the other
class of events where these stuck open SRVS are
recl osed. There you have a fairly mld noderate
cool down when can get pretty cold if it goes far
enough. But at the end, those tend to be pressure

dom nated. What tends to dom nate the transient is
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the repressurization to the valve setting and the
val ve setting is a pretty definite thing. At your
reset valve setting, if you don't throttle HPI

So | think you can divide the total risk
base into these two groups of transients which | think
basically the behavior is pretty well -- can be pretty
wel | understood with thermal hydraulic behavior.

DR. WALLIS: What does it nmean? | thought
this curve, it's a red curve and a green curve and a
green curve, all relative resofracture versus RT. How
much does this change that bottomline? Does that
make it very fuzzy or does it --

CHAI RVAN SHACK: He's off the Kirk curves.
Of in failure space.

DR. WALLIS: Yes, in failure space. Well,
maybe Mark can tell us. Does it nake nuch -- how
fuzzy do these |lines get when you do this?

MR BESSETTE: Well, | think the best
indication of that is this --

DR. WALLI'S: Not your curves, his curves.
The failures --

MR SIEBER Solid as a rock.

MR BESSETTE: Wthin this kind of
variation we see a one order of nmagnitude.

DR. WALLIS: So that sounds significant to
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me. | nean we're tal king about 10° instead of 10°?
Whi ch way does it go?

MR. BESSETTE: Well, | would say it's al
-- because we | ooked at so many transients, you see
all these effects are in there.

DR WALLIS: | don't know what that neans.

MR. BESSETTE: This, you recall is a
fairly slow transient. This is a stuck-open SRV
It's a cooldown transient for a stuck open SRV that
recl oses.

DR WALLIS: He covers his uncertainties
by statistical approach and that's the whol e idea of
his anal ysis for all the statistics and uncertainties.
And you just get one curve at the end of it. But now
you're introduci ng sone new uncertainties are you?

MR. BESSETTE: Not exactly. | think this
is supporting --

DR. WALLIS: Were do you figure it into
hi s anal ysi s?

MR. BESSETTE: He showed, for exanple, the
effect -- the tenperature at cl osing the val ve at 3000
seconds versus 6000 seconds.

That variationin the valve reclosuretine
is nmore inportant than the uncertainty in the RELAP

cal cul ati ons of downconer tenperatures. So | think
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again, this all kind of illustrates the fact that it's
really these boundary conditions about when the val ve
recl oses. W chose to categorize it and cl oses at

3, 000 seconds, 6,000 seconds or never.

DR WALLIS: But in all the statistical
treatnments that he does, isthis figuredintoit or is
this a separate thing?

MR. BESSETTE: Well, you know, the only
way thermal hydraulics is captured directly in the
bottomline whichis the probability of vessel failure
i s by individual RELAP cal cul ati ons.

DR. WALLIS: Yes, with different plant
condi ti ons.

MR. BESSETTE: Yes.

DR WALLIS: Is that where we left areas
or the uncertainties in RELAP are not figured into the

MR SIEBER  Each curve has a set of
uncertainties associated with it.

DR WALLIS: RELAP is assunmed to be

determ ni sti c.

MR. BESSETTE: That's correct. Each RELAP

DR. WALLIS: Are you telling us here --

CHAI RVAN SHACK: But the RELAP boundary
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conditions are distributed things, so you get an
al eatory uncertainty, soit's the aleatory uncertainty
overwhel ns the nodel uncertainty.

MR BESSETTE: That's correct.

CHAI RMAN SHACK: He does capture the
al eatory uncertainty.

DR. WALLI'S: Whatever appli es.

CHAI RMAN SHACK: This is aleatory
uncertainty here. Hi s next page has an epistemc
uncertainty in his heat transfer coefficient and he's

saying 1.38 is less than a factor of 10.

MR BESSETTE: | couldn't have said it
better.

MR. SIEBER. Just capture that and say |
agr ee.

DR DENNING But the whole issue is have
you really bounded -- | shouldn't say bounded, but

have you really covered the true uncertainty range in
t hose epistenm c uncertainties and | don't thin you' ve
devel oped a convincing argunent that you have -- |
think you're right, but honestly, we don't trust 2D
RELAP t hrough the conpari sons between RELAP and at

| east for the exanples you' re using here with the | oft
one where you' ve done your sensitivity study but they

don't even look |like the environnental results.
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| think there are serious concerns that
we're not really nodeling accurately what's happeni ng
in the downconer and whet her they have a big enough
effect to be greater than this kind of 30 percent type
of uncertainty that you' re dealing with. That's the
whol e issue.

MR. BESSETTE: Mark has sone graphs that
showed the variations in tenperature that you get for
different sizes of LOCAs and different tinmes of val ve
reclosure. And | think if you could put those side by
side you could see that the range of variation that
you get by changing the tine at which the valve
recloses is much greater than these --

DR. DENNING If you believe that heat
transferred the uncertainty and the heat transfer
coefficient is 30 percent, rather than a factor of 10.

MR. BESSETTE: All | can say is what heat
transfer nodels were in the code, but extensive work
to benchmark to assess those. |It's correl ated agai nst
dat a.

DR. WALLIS: That's the flow in pipes and
things like that. [It's now a downconer with these
weird flow patterns and flumes and all that.

MR. BESSETTE: So really don't think

there's any question about the correlations that are
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in RELAP. You nmight say the uncertainty comes from
these, like you said, the secondary considerations
like well, in order a correlation to work properly,
what does RELAP have to calculate correctly? It's
things |i ke Reynol ds nunber which is velocity. So it
really has to calculate things |ike a fluid velocity
and a fluid tenperature for the correlation to get the
ri ght answer out of the correlation.

DR. DENNING It's a question of flow
regi e.

DR. RANSOM What's nore or less saving is

the fact that you're adding cold water at sone rate

and it cannot instantly becone cold. |In other words,
it's not a step function type of thing. It's nore of
a dilution curve Ilike you're showing in these

paranmetric results and the rate of cooldown of the
vessel wall is related to that rate of drop in
tenperature and the cooling nedium

MR. BESSETTE: |If | can get the sane
cooldown with this equation as | get with RELAP and i f
| can also know that this equation is going to apply
to beta |ike Creare, how bad can RELAP be? If the
cooldown is basically a mxing cup analysis or a
backm x vol une.

DR. WALLIS: See, | have a problemwith
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this because the Dittus-Boelter flowin a pipe. It's
a straight pipe, flows down the pipe. It's a slope
flow. Nowyou're telling neit's a well m xed
downconmer and this is sort of an equation for a
stirred up downconer. So | say how can you use heat
transfer coefficient based on a one dinensional flow
in a pipe to a mxed situation, where the m xing
itself is what's creating the heat transfer?

MR. BESSETTE: What RELAP has to get
corrected is the fluid tenperature and the velocity.

DR WALLIS: | don't understand. It's a
different flow pattern. A mxed downconer isn't a
flowin the pipe, so Dittus-Boelter shouldn't apply to
it.

This idea, | forget the Russian's nane --

MR BESSETTE: Pet ukhov.

DR. WALLIS: That is a Reynol ds anal ogy.
There's a friction factor there and again, it's based
on a one-di nensional sort of flowin the pipe. | get
the i npression that things are going on with these big
eddi es in the downconer which are giving this kind of
m xi ng cup behavior. That's not what's in the heat
transfer nodels.

| think you have to sonmehow justify the

heat transfer nodels when the flow pattern of the
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downcorer isn't one dinensional flowin the pipe.

MR BESSETTE: Well, | tried to indicate
this. This is a second order effect.

DR WALLIS: W don't know that.

DR RANSOM A lot of this, | think
t hough, is resolved. You took the plus or mnus 30
percent which is characteristic of what's been
observed when you use sinple Reynol ds anal ogy type
nodels |ike Dittus-Boelter and apply them to rather
conpl ex situations. Typically, if you know nore about
this systemthey can be cut down to |less than that,
but plus or mnus 30 percent, | think, pretty well
covers the spectrumother than boiling and phenonenon
of that type.

DR WALLIS: It covers it for flowin
pi pes, but this is --

DR RANSOM Well, it's used for flow --
it was originally for flow in radiators which are
pi pes.

DR. WALLIS: Wat's the velocity when it's
doi ng sonmething -- the fluid is going down here and up
t here and around sonewhere el se. \What's the velocity?

Dittus-Boelter is sinply taking an aver age
vel ocity over the whole thing which is much | ess than

these | ocal velocities.
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DR. RANSOM | wouldn't argue that it's

correct.

DR. WALLIS: So you need sone data for the
heat transfer in the downconer.

| think you have from APEX.

MR. BESSETTE: Well, | can say Dittus-
Boel ter has been conpared with the Creare data.

DR WALLIS: How about the APEX data?
Does Dittus-Boelter conpare with the APEX data?

MR. BESSETTE: W didn't have good enough
wal | tenperatures in APEX to rmake a conpari son.

DR WALLIS: The whol e idea of APEX was to
do enough heat transfer neasurenents to be useful for
PDS work. The whol e i dea of the experinent.

MR. BESSETTE: Yes, but --

MR SIEBER It fail ed.

MR. BESSETTE: Yes, they put in a |lot of
noney to i nstrunent the vessel in an adequate fashion.

DR. RANSOM | think one thing that |1'd be
concerned about is they feed the heat transfer
coefficient in FAVOR And | assune FAVOR wants the
heat transfer coefficient because it wants to know how
much of a gradient isinitially produced in the vessel
wall and if you just let in the surface tenperature

equal to the downconer tenperature which inplies an
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infinite heat transfer coefficient, you break the
vessel because of thermal stress or at |least track it,
you know, initially. And so the results do seemto be
guite dependent on how big this heat transfer heat
coefficient is that you feed the FAVOR

| don't have nmuch grief with the downconer
tenperature. | think it's, just froma mxing cup
poi nt of view, you can estinmate that quite well, but
the heat transfer coefficient is nore difficult.

DR. WALLIS: | thought it was so big that
heat conduction in the wall got --

DR. RANSOM What ?

DR WALLIS: Wren't we told that it was
so big the heat transfer coefficient and heat
conduction in the wall governed?

MR. BESSETTE: So |ike PO anal ysis.

DR WALLIS: So it was like an infinite
heat transfer coefficient?

MR. BESSETTE: Yes.

DR. WALLIS: Suppose we wote you a letter
saying all this is so uncertain that you ought to
assunme an infinite heat transfer coefficient. Does
that really throw a wench into the works?

MR BESSETTE: W could do that. There's

a study like that done by Terry, | think it was. You
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did a study, didn't you, about 1997? Do you want to

MR DI CKSON:  Yes.

CHAI RMAN SHACK:  You showed the 1997 st udy
with a factor of two above and below your best
esti mat e.

MR. BESSETTE: Yes. There's another study
| didn't talk about, but Terry did.

MR DICKSON:. | think there are a couple
of studies being tal ked about here. One study was
just to try to find the value of H, conduction
convected heat transfer coefficient at which it no
| onger matters, at which point the stress becones
esentotic and | wote a letter report, | don't recall
off the top of ny head, but I'mpretty sure it was
considerably higher than the values that we're
inputting into these anal yses.

MR. BESSETTE: | think you were up to
100, 000.

MR. DICKSON: If you nade ne quote, |
woul d say somewher e around 3, 000, 4, 000 English units.

DR. WALLIS: EDUs per hour per square
f oot ?

MR. DI CKSON: Yes. Wich typically, |

think, if you | ook at the input that RELAP puts out,
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that's typically a value at the beginning of the
transient, but it decays away pretty quick.

DR WALLIS: That has sort of |ost several
feet a second. It would seemthat this has to be
somewhat crisper in terms  of rationale and
concl usi ons.

MR. BESSETTE: You know, when you | ook at
this kind of result, for exanple, when you vary
i ncreased heat transfer coefficient by a factor of
1.56, we get only a 1.38 change in CPF for this
particular famly of curves.

DR. WALLIS: Wiat we're saying is we don't
really believe 1.38. Maybe it should be five or
sonmet hing. Maybe the heat transfer coefficient should
vary by 5, not by 1.56.

MR. BESSETTE: Well, you know, the inpact

-- when we look at -- | can tell you that -- what can
| tell you? Under flow stagnation conditions,
Churchill-Chu gives a high value of heat transfer

coefficient than Dittus-Boelter, so you' re not even
applying Dittus-Boelter.

DR. WALLIS: The sanme name, | suppose, it
gi ves you not hi ng.

MR. BESSETTE: You're not even using

velocity. W then conpare that with Catton- Swanson
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Cat t on- Swanson gi ves about 20 percent higher in the
end --

DR WALLIS: Catton is based on data from
downconer s?

MR BESSETTE: Based on his data fromthe
downconer .

DR WALLIS: So that's the nost reliable
correlation, it would seem

MR BESSETTE: | think so. So if Catton
i s 20 percent higher than Churchill-Chu, we stick that
in to RELAP, we show you the result. | don't know

what el se we can do.

DR KRESS: | think we need to see the
Catton --

CHAI RMAN SHACK: That's a fairly
convincing sort of thing. |It's relevant.

DR KRESS: Show us the test data and how
it was run to show we know it's rel evant.

VR. BESSETTE: |I'Il give you the
references. Yet there's an EPRI report and there's a
coupl e of journal papers he did.

DR WALLIS: Now what does he do, he
nodi fi es soneone el se's correl ati on?

MR. BESSETTE: He puts a multiplier on

Pet ukhov.
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DR, WALLIS: Petukhov is very sinple-

m nded. It assunes you know the friction factor and
he uses Reynol ds anal ogy, it |ooks I|ike.

MR. BESSETTE: Yes, and he puts this
nmul tiplier based on the ratio of Grashoff nunber over
Reynol ds nunber squar ed.

DR WALLIS: That's reasonable. So ratio
of convection to natural to force convection.

MR. BESSETTE: Yes.

CHAI RVAN SHACK: It's a transverse
gradient that he's worried about, right? Across the
channel. Is that --

MR. BESSETTE: Well, you get nore of a
vel ocity rating across the channel under this opposed
fl ow conditions and since you increase the velocity
gradi ent, you're increasing the turbul ent exchangers.
It gives you a heat transfer enhancenent.

MR KIRK: Is this the correlation where
we weren't getting stable results out of RELAP because
when velocity went to zero, the heat transfer
coefficient just bounced all over the place?

MR. BESSETTE: W nade one attenpt in My
whi ch we then had or May or June tine period which we
then had to go back because were getting too nuch

instability in the calculation. So we repeated that
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in the July-August tinme frane. That's what | showed
here was the --

DR. WALLIS: See, the problem ' m having
isyouretellingusit's a well mxed dowmconer. |If
| had a pipe and | put in some dye or sonething, it
takes a while to get mxed in. | think it takes nuch
longer to get mxed in than you are mxing in your
pl unes here.

So it appears there's sonme m xi ng goi hg on
in the downcomer that's nore effective than in the
pi pe.

MR BESSETTE: That's true. | think in
t he pi pe geonetry you have nore of a tendency to be
stably stratified. There's |less mxing between the
hot | ayer and the cold | ayer.

DR. WALLIS: This mxing nmust be due to
t ur bul ence whi ch nust sonehow affect the --

MR. BESSETTE: You've got enhanced
turbul ence in the downconer.

DR WALLIS: You can't have turbul ence for
the m xing and not have it again for -- not have it
for the heat transfer, the two are really based on t he
same physi cal phenonenon.

MR SIEBER. Different orientation, so the

buoyancy is different.
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MR. BESSETTE: That's what -- Catton's

whol e thing is you get enhanced turbul ence which
i ncreases the heat transfer.

CHAI RVAN SHACK: But there's clearly an
enormous anmount of mxing that occurs just at that
entrance. As the flow cones in, it hits the flat wall
and does all sorts of strange things up there.

DR. WALLIS: Does it junmp across and hit
the inside of a wall, the internal wall --

MR BESSETTE: As best | can tell, the
size of the flowstreamas it enters the downconer is
about the sane size as a downconer gap.

DR. WALLIS: The question of the velocity,
does it --

MR. BESSETTE: Does it go? That's --

DR. WALLIS: O does it just dribble down
t he outside wall?

MR BESSETTE: Does it cone down in a
sheet? | think it kind of

DR DENNING COW X kind of indicated it
dri bbl ed down.

MR. BESSETTE: | didn't put in that much
detail in the COMM X cal cul ati on.

It showed us the m d-plane velocities.

DR. WALLIS: Wwell, | think you have
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condense all this detail into sone really convincing
argunments for what's being used to make the
predi ction.

CHAI RMVAN SHACK: The Catton experinents
sound like a good place to start.

DR. WALLIS: This is a report we haven't

seen yet.

MR. BESSETTE: Well, I'Il get copies to be

di stributed, the EPRI report and the Journal.

DR WALLIS: And I was concerned that
APEX, the whole idea of APEX was to do sort of
definitive experinments for PTS and they conme up with
a report which has all kinds of interesting Star-CD
beautiful pictures and stuff. There's nothing that
comes out of that which says CDS shoul d use this heat
transfer coefficient, this correlation, this so and
so. It doesn't do that.

MR. BESSETTE: That's because it's very
difficult to merger -- | nean to get a good --

DR. WALLIS: If Star-CD can predict that
flow pattern and things, they can predict heat
transfer coefficient, can't they? They can be
conpared with whatever you want to use. | don't see
t he connecti on between the APEX report, which | read,

and what you need for your analysis here.
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There's all kinds of stuff about m xing
the HPI line and mixing in the cold leg, but you
haven't wused that at all. You just used sone
gual itative argunents.

MR. BESSETTE: | think the objective of
t he experinent was to | ook at downcomer m Xi ng.

DR. WALLIS: | thought the objective was
very clear. It was to give you what you need to do a
PTS anal ysi s.

MR. BESSETTE: But we weren't intending to
| ook at total heat transfer problem

"' mdone. | thought | was done about 20
m nutes ago, but it turned out | wasn't.

MR SIEBER  You're not sure now either.

(Laughter.)

CHAI RMAN SHACK: | think we'll close it up
for tonight.

MR SIEBER. (Good i dea.

(Wher eupon, at 5:48 p.m, the neeting was

concl uded.)
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