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Conmmi ssion, Two White Flint North, Room T2B3, 11545
Rockville Pike, at 8:30 a.m, Dr. WIIliamShack, Vice
Chai rman, presiding.
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P-ROGCGEEDI-NGS
8:34 a.m

DR. SHACK: This is the neeting of the
ACRS Subcomm ttee on Materials and Metal lurgy. | am
W |iamShack, Vice Chairnman of the Subcomm ttee. The
ACRS nenbers in attendance are Mari o Bonaca, Peter
Ford, TomKress, G ahamLeitch, Steve Rosen and G aham
Wallis and Vic Ransom

Qur Consultant, M. Sanjoy Banerjee, is
al so i s attendance. The purpose of this neetingisto
reviewStaff's draft report on the technical basis for
revision of the pressurized thermal shock screening
criteria in the PTS Rule 10 CFR 50. 61.

The Subconmmi ttee wi || gat her i nformation,
anal yze relevant issues and facts and fornul ate the
proposed positions and actions as appropriate for
deli beration by the full conmttee.

Since | aminvol ved i n NRC sponsor ed wor Kk
at Argonne Nati onal Laboratory on the air oxidation of
zirconium cladding, | will not participate in any
deli berations relating to that work.

Dr. Kress wll act as Subcommttee
Chai rman during t hese di scussi ons, shoul d t hey occur.
Ri chard Savio is the designated federal official, and

Ram n Assa is the cogni zant ACRS Staff Engi neer for
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this neeting.

The rules for participation in today's
nmeet i ngs have been announced as part of the notice of
this neeting in the Federal Register on January 21st,
2003. Atranscript of this neeting is being kept and
wi Il be made avail able as stated in Federal Register
Not i ce.

It is requested that speakers first
identify thensel ves, use one of the m crophones, and
speak with sufficient clarity and vol une so that they
can be readily heard. | would |like to point out that
copies of the staff's presentation are in the back of
t he room

In addition, a few copies of the draft
report are al so avail abl e for reference i n the back of
the room W have received no requests for tine to
make oral statenents or witten coments fromnenbers
of the public regarding today's neeting.

W will now proceed with the neeting. |
call upon M. M ke Mayfield, Director for the Division
of  Engineering Technol ogy, Ofice of Nucl ear
Regul atory Research, for opening remarks.

MR. MAYFI ELD: Good norning. Thank you,
Dr. Shack. Let me start by apologizing to the

commttee and the audience. Qur |ead presenter is
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hung up in traffic and he hopes to be here, he said in
fivetoten mnutes. Based on his ability to forecast
schedul es, |I'mnot optimstic.

(Laughter.)

MR. MAYFIELD: So, we'll see. Once he,
the other dilenmma is that he does have the conputer
that contains the only copy, electronic copy of the
slides. So, what we've proposed to do --

DR.  SHACK: Redundant back up systens
here?

MR. MAYFI ELD: Pardon ne?

DR. SHACK: Defense-in-depth.

VMR.  MAYFI ELD:. We've apparently failed
open here, yes. So what we woul d propose to do is do
this the old fashioned way, as it was suggested
earlier, and start with -- Nathan Siu has vol unteered
to step forward and start the presentation.

Once Dr. Kirk arrives, then we'll get the
conput er hooked up in short order and continue with
the presentation. | don't think that based on the
degree to which there has been an interdisciplinary
approach and a nunber of staff nenbers have been
heavily involved, | don't think the commttee wll
suffer for lack of technical content.

It's just a bit of irritation in the way
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we're going to have to present it. This neeting does
represent a major mlestone for us in, along the path
we've had with the PTS Project.

Thi s has been a maj or undertaking for us.
Al'l three technical divisions in research have been
heavily involved. W've had the benefit of a nunber
of nmeetings with this Subcomm ttee and the Ther nal
Hydraulics Conmittee.

So this has been sonet hi ng where we have
benefitted froma nunber of interactions with you and
we' d hope that your comments and concerns have been
taken into account appropriately along the way.

And that you're going to be as pleased
with the product that we have as we are. W have
briefed wup through senior nmanagenent in the
organi zation and they have expressed their general
satisfaction with the project, but they are also
keenly interested in what the conmttee may have to
say.

So, wwth that, | would Iike to introduce
Dr. Nathan Siu, and | et himbegin our presentation.

DR. SIU Good norning. |'m Nathan Siu
with the Ofice of Research PRA Branch. And |'m no
Mark Kirk, but 1'lIl try to step in and do this

presentation. |'ve heardit afewtinmes and hopefully
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"Il do it some justice.

Wth me are Dave Bessette, Ed Hackett and
Al an Kol aczkowski . VWhat we're going to do in the
nmorning is to tal k about the approach that was taken
in the re-evaluation project and then later on we'll
get to the plant-specific results.

| guess | suggest to the Subcomm ttee that
we can certainly be flexible in the agenda that you
see posted. So if you' d like to take nore tinely,
obvi ously, onthe plant-specificresults andlesstine
on sone of the later itens in the agenda, that would
be just fine.

And we'll just adjust our presentation
accordingly. GOkay. The first slide shows sone of the
principle team | eaders here. Again, Mark and Ed on
t he Probabilistic Fracture Mechanics.

Roy Whods, sitting in the back, on the
PRA. Donnie Wiitehead from Sandia National
Laboratories, Al an Kol aczkowski fromSAIC. Also the
PRA | eads. Dave Bessette on Thernmal Hydraulics.

We haven't listed University of Maryl and
contributors, with James Chang hel pi ng us on Ther nal
Hydraulic Uncertainty, for exanple, is also here in
attendance. And so we have a nunber of fol ks who can

answer questions as the need ari ses.
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Qur second slide shows, again, the
proposed agenda, which you have in front of you. So,
and the notion would be we'd provide an overvi ew and
background before the break and then get into
pl ant-specific results after the break.

And then |l et the presentation go where it
will at that point. And as you see we have a massive
nunber of slides and so |I'm sure we won't cover
everything that's in those slides.

Qur third slide shows the governnent and
i ndustry participation. This has been an activity
that has been supported trenendously by industry.
Specifically the MRP and EPRI. And you'll see a
nunber of the organi zations invol ved here.

W had to do plant-specific studies as
part of this work, and wi thout the cooperation of the
utilities and other nenbers in the industry we
couldn't have gotten the job done.

We' ve al so had very good revi ews al ong t he
way of a nunber of the technical products and tools
and interactions are still continuing in that area.

DR, WALLI S: This is very good, but |
t hi nk when one reads the docunents you put out, I|ike
the NUREG, it's clear that different bits werewitten

by different people? 1Is this think working?
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DR SIU  Yes.

DR. WALLIS: And soneone needs to put it
all together so the whole story is perhaps clearer.
That's an observation | have. And if you have too
many cooks and not enough tine to put together the
mai n di sh and explain it.

DR. SIU Yes, thank you for the coment.
And that's certainly an i nportant point. W've tried
to present an integrated approach, but clearly there's
sonme pl aces where the i ntegration wasn't as good as in
ot hers.

MR. HACKETT: | think one of the points
we'd add here, too, is the fact that in briefing this
with the Ofice Director, there have been nunerous
opportunities for public interaction.

Al the neetings with the groups that you
see here. We just had one recently, for instance,
just two days ago, where there was a public neeting
with a lot of these entities here. But also the
opportunity for public participation.

Inpracticality, there hasn't been a whol e
ot of interaction with other interested nenbers of
the public of late, but that said opportunity has been
avai |l ed, you know, for at | east the last two or three

years now.
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DR, FORD: On that point, public
interaction, isitliterally people off the street, or
is it informed professors fromfracture nmechanics or
what ever it m ght be?

MR. HACKETT: It actually, when we started
this out was, | believe, April, 1999, is when we
ki cked the project off. And there was interest at
that point from the types of news and press
organi zations that covered the NRC typically.

| don't believe there's typically been a
whol e | ot of interest other than that. And | think,
frankly, this topic, as technically conplex as it is,
| think some folks in that regard | ost i nterest al ong
t he way.

So we haven't had that sanme |evel of
participation. But we've gotten questions, you know,
along those |ines. So that, you know, that
avai l ability has been there.

DR.  FORD: The reason for ny coment
relates to one of the comments that you had, G aham
In Thadani's covering letter for this NUREG docunent
it intimates that the ACRSis the only Peer Revi ewer.
That cannot be the case, | hope.

MR. HACKETT: No, in fact that's not the

case. W have a detail ed Peer Reviewthat's basically

NEAL R. GROSS
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been engaged right now. We're hoping to conplete
that this year.

DR. FORD: But it hasn't happened yet. |
mean Thadani says there has been a thorough Peer
Revi ew. And when you read his letter you find out,
now who is this Reviewer? It's the ACRS. No, we are
not Peer Reviewers of your report.

MR. HACKETT: Let ne back up a bit. There
have been a couple of things we've done, early on in
the project, that as Dr. Walli s indicates, there needs
to be nore than that.

Early oninthe project we engaged Dr. Tom
Murl ey, he's aformer Director of NRR And Dr. Mirl ey
dida, | guess we'd call it, that's not a Peer Revi ew
ei ther.

He did a technical and programmtic
critique of what we were proposing at the tine. He
wote a letter to the NRC, | think it was to Ashok,
that was fairly conplenentary of the approach we were
t aki ng.

So that's just an el enent of the type of
t hi ng we' ve been doi ng t hroughout the project. There
isthecontinual interactionw ththe commttee, which
we obvi ously appreciate, but does not substitute for

a Peer Revi ew.
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But frankly we have gotten a |ot of
detail ed cooments fromthe conm ttee and subconm ttee
and full conmttee that we have addressed and are
continuing to address, so |I think that's been very
val uabl e.

But that is not the substitute for a
detai |l ed Peer Review. W have that activity engaged.
It's not conpleted right now W are expecting we
will conplete that in 2003. So that's where we are
wi th that one.

DR RANSOM |1'dlike to add alittle bit
to Professor Wallis' comments on the docunentation.
| knowthat in the mai n docunent, | guess that you are
going to present today, there was very little or no
expl anati on of why the heat transfer coefficient and
the downconer is relatively uninportant to this
anal ysi s.

And you have to read this other report by
University of Maryland to find out why that is. And
"' m wondering what is the relationship between this
report and, you know, the main NUREG? And |I' mhopi ng
that will be answered, | guess, today.

MR. HACKETT: Let's see if Dave can
address that one.

DR. SIU. Do you want to get that now or

NEAL R. GROSS
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maybe we can address that later on in the discussion.

DR. RANSOM Yeah, that's fine.

DR. SIU. Thank you for the coment. Mark
Kirk is clearly here. He's setting up the conputer,
in body at least. So | guess |I'd propose that we j ust
wait for Mark to set up.

MR, ROSEN: You beanmed himup, right?

(Laughter.)

DR. KIRK: | apologize for ny | ateness.
One needs to allow a considerable margin in chaotic
systens and | think we can all be glad that PTSisn't
one of them

DR. WALLI'S: No, | think we have, now we
have a data poi nt on your appreciation of the need for
conservatism

(Laughter.)

MR. ROSEN. But it's only one data point,
we can draw any line through that we choose.

DR. SHACK: W can get a full
di stribution.

DR. KRESS:. You can drawa circle through
t here.

DR. WALLI'S: No, one data point is enough
to denolish a theory which clains to be correct.

t hi nk consistent with that theory. Well, if he clains
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to be absolutely correct.

DR. KRESS: Vell, we could let Dave
Bessette answer your question while we wait.

MR. BESSETTE: If you want. The nmain
NUREG is not necessarily intended to be conpletely
stand alone. But it will reference the University of
Maryl and report which itself wll be a NUREG CR
rel eased as a NUREG CR in the com ng nonths.

DR.  RANSOM The strange thing is his
guestion is answered in a couple pages in Appendix A
of this report. And why that wasn't put into the
introduction of the other, I, it's a real nystery.

DR. WALLIS: And the sanme thingis true of
OSU wor K. | mean OSU has been working for two or
three years on downconer mxing and | don't think
we' ve yet seen the final reports, so we don't really
know t he concl usions and the evi dence.

And yet it is very inportant to this PTS
work, it doesn't appear at all in this NUREG

MR. BESSETTE: Yeah, well, it's a draft.

DR. WALLIS: So what do we concl ude? That
it wasn't, | don't know what to concl ude.

MR. BESSETTE: The Decenber NUREG is, of
course, it'sadraft andit still needs alittle work.

DR, WALLIS: Wll, are you now going to
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put in a summary of the OSUwork and it's concl usi ons
and supply sone evi dence?

MR, BESSETTE: Yes.

DR. RANSOM Well, are there results from
t hat work that woul d change any of the concl usions, |
guess, that are in this NUREG?

MR. BESSETTE: No, no. | think the,
certainly the results of the OSU report are inplicit
in the NUREG

DR.  WALLI S: Either that or soneone
decided to ignore them

DR. KRESS: Vell, that work, as
remenber, was taken just to confirmyour assunpti on on
the mxing. And pretty nmuch did confirmit.

MR. BESSETTE: There was a couple of
pointstoit. This one was to investigate phenonenon,
m xi ng phenonenon. Second was to perform integral
system experinents of PTS type thermal hydraulic
transients to produce data.

It was sonet hing, you know, in previous,
all the previous experinental prograns we've had t hat
t he enphasi s has been on core, ultimately on does the
coring cover peak clad tenperature and things I|ike
t hat .

lt's the first time we tried to focus on
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the, our enphasis on downconer characteristics. So
that was the second main purpose of the OSU testing
program and it also, in producing this integra
system data to provide sonme assessnent data base
specific to PTS for the conputer codes, RELAP.

DR, KIRK: Wthout this, the briefingwl|
end early. | have one of those five hour batteries
that | asts for approximately two and a half. Not the
quite the length for a transcontinental flight.

What slide are we on, Ed?

MR. HACKETT: Three, actually four. While
Mark is still setting up, just to go through, |I guess
the Committee woul d have the draft NUREG by now.

DR. KIRK: One al so begins to appreciate
some of the advantages of so-called old technol ogy.
Ckay, again | apologize for ny | ateness.

The objectives of the neeting are to
review the draft NUREG t hat was issued at the end of
| ast year fromresearched NRR. Detail ed and techni ca
basis that we've outlined in that NUREG that we
bel i eve provi des a strong case to support rul e maki ng.

Di scuss our ongoing activities, both in
research and in NRR Address concerns that you
previously raised, and Ed is it correct to say that we

are requesting a letter?
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MR. HACKETT: That's correct.

DR, KIRK: Ckay. W'Ill start at the end,
soincasethere's afiredrill, you know where we're
going. And we wi ||l be working towards this at the end
of the day. As a result of the, | guess it's about
been three years of very concerted effort on the PTS
re-eval uati on, we believe we've provi ded the techni cal
basis to recomend revi sion of the PTSRule, mainly 10
CFR 50. 61.

Two points to bring out fromthe work are
that in plant-specific evaluations of two of the nost
enbrittled plants in the fleet, including two of the
nost enbrittled plants in the fleet, we find that we
have t hrough-wal | cracki ng frequency at or belowfive
tinmes ten to the mnus eight at the end of what woul d
be currently anticipated as the |icense extension.

Anot her way to | ook at the current result
is we examned what the through-wall cracking
frequency is at our current RT, Screening limts and
t hat works out to sonething on the order of one tines
ten to the mnus eight.

And that can be conpared wth what we
t hought we' d been accepting, which is five tines ten
to the mnus six. Qobviously the plants are a | ot

safer than we previously believed themto be.
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DR, WALLI S: Mark, in your figure 1.1,
that's a pl ot of frequency versus surface tenperature.
And it says that 270 RT,,, Wwich is a present
screening criterion, the frequency istento the m nus
four.

DR. KIRK: That, yeah, | apol ogize for
that graph. That's a msinterpretati on of that plot.
And what we shoul d not have done, as you see t he graph
on the screen, is we shouldn't have put the two sigm
margi n on there.

Because once one adds the tw sigm
mar gi n, then you have to change the X axis frombei ng
a nean to a nean plus two signa. So the --

DR. VALLIS: It still seens the wong way.
| meanif it shoul d be screened at two, now why shoul d
you al | ow people to go to 2707

DR, KI RK: Well, it's really adding
sonething to the screening criteria and then also
addi ng sonething to the way that it's eval uated.

DR. WALLIS: You add the sanme thing to
bot h?

DR, KI RK: You basically add the sane
thing to both.

DR. WALLI S: It's extraordinarily

conf usi ng.
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DR, KIRK: | would concur.

MR. MAYFI ELD: This M ke Mayfield. Let's,
we need to back up and provide alittle history. Wen
we did the original PTS Rule, there was a concern, as
was not ed.

The cal cul ati ons were done based on nean
surface tenperature. And the intent was to then use
t hat nmean val ue as the point of conparison. However,
the enbrittlenment correlations that were used, in
Regul atory Guide 1.99, included a two signa margin

And t here was sone consi derabl e i nterest,
and at that point was vi ewed as a persuasi ve i nterest,
to use the sane enbrittl enment correl ati on net hodol ogy
t hat people used when they were |ooking at setting
their pressure tenperature limts.

So that you didn't have two different
schenes, two di fferent nethodol ogi es that peopl e had
to make use of. So they took the 60 degree nmargin
that was in Reg Guide 1.99, and they added it to the
210 degree nean val ue.

And said now we'll use that as the point
of conpari son. So there's one nethodology for
calculating enbrittlenment. So that was the history
behind it. It's not that we're actually all ow ng

people to run to a nore enbrittled state than
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reflected by the --

DR. WALLI S: That's the way it sinple
appears. | nmean evenif this figure, you can see 270,
ten to the mnus four.

MR. MAYFI ELD: Well, we wouldn't allow
anyone to go to 270 as a nean val ue, sir.

DR. WALLIS: | know, I don't care what you

woul d allow. | nmean the figure says it. So sonething

MR. MAYFI ELD: The figure does not say it,
sir. The figure says we woul d, that on a nean surface
tenperature, not the, not the way we woul d cal cul ate
RT\or-

DR. WALLI S: But that's the problemis
your RT, there is so many different RT s that the
reader can't figure out which one you' re using.

DR. SHACK: If you look at their Figure
6.1, they plotted that graph the way they shoul d have
plotted this one with RT --

DR. WALLIS: | don't care about that. So,
are you going to clear this off. Because --

DR. SHACK: Reg Guide 1.99 is the X axi s.

DR. KIRK: Certainly one of the ains of
the project and one of ny personal ains is to make it

a lot less confusing this tinme through.
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DR. WALLIS: Because it |looks tonme as if
you've gained a factor of ten to the fourth, by
conparing this with what you' re saying today. And
that is an extraordi nary achi evenent.

DR. KIRK: | guess I'lIl say one of our --

MR, MAYFI ELD: |'msorry, | can't, | can't
et that go unrefuted. W do not allow plants to
operate at that |evel on a nean surface tenperature.
| sinmply can't allow that to stand.

DR, WALLI S: What do you nean by nean
surface tenperature?

MR. MAYFI ELD: 1t's the nean val ue of the
surface enbrittlenent. The enbrittlement at the
vessel surface, as characterized by the reference ni
ductility.

DR. WALLIS: Are there other places where
it's higher?

MR. MAYFI ELD:  No, sir.

DR. WALLIS: Well, if it's the nean, there
nmust be other places where it's higher and | ower?

MR. MAYFI ELD: Well, thereis, if you went
all the way around the surface you would find a
variationinenbrittlenment. So, certainly, therewl|
be places that it's higher. But there's no place that

it goes up to a nean val ue of 270 degrees.
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DR, WALLI S: So when you rewite this
report youwi |l make it really clear which RT 5 you're
tal king about and which T you're talking about,
because there are al|l ki nds of different tenperatures.

MR, MAYHI ELD:.  Yes.

DR. WALLI'S: Wen you plot T m nus RTg,
the reader has, this reader has a trenendously
difficult time figuring out which one of the two
you' re tal ki ng about. Because there are di fferent ways
of defining both of them

MR. HACKETT: There's that, | think it's
obvious there's a fair bit of confusion over this
i ssue and has been over the years. \What one of our
goals today will betotry toclarify, we'll try. W
see how well we do by the end of the day.

DR. WALLIS: That's why you need a Peer
Revi ew.

MR. HACKETT: Well, that's at | east one of
the reasons. | would say there are many reasons. And
one of the things that | was going to say, while we're
on the subject, Mark will introduce this.

But, not to, you know, intentionally add
further confusion, but we are i ntroduci ng the concept
of a weighted RT,; in this report, as you' ve probably

seen. So it wll shift yet again.
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But we'll try to define that as best we can

DR.  KI RK: Whi ch would perhaps be a
conversation better left until later. But suffice it
to say, when you get through all the analysis,
obviously the first main bullet nakes the point that
doi ng a nuch nore t horough anal ysis of PTSrisk at our
currently operating plants we find that the risk is
much, mnuch | ower.

DR. WALLIS: I'mgoing to junp in again.
When you write your overviewin your introduction, it
woul d help a great deal if you would explain how you
managed to do this.

Now, when | read about floors, | flaws, |
find very different assunptions about flaws that you
made before. And it says in your report that you used
a factor of 20 or 70. Well if it gains you 70, that's
nost of your factor of 100 that you' ve gai ned.

And it neans that all of this, maybe for
the thermal hydraulics you gain a factor of 1.2 or
sonmet hing, but what you assune about flaws is
extraordinarily inportant inreachingthis conclusion.

DR KIRK: Yes, certainly it is.

DR. WALLIS: And then noving around the
RTor tOo be a best estimate rather than |imting and

doing statistics on it and so on, probably gains you
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a factor of five or sonething, at nost.

So it would clear if you could spell out
what are the contributors to this change. And what
confidence you have in the various elenents init.

DR. KIRK: W'Ill be going into that in
detai |l today.

DR. WALLIS: Thank you.

DR,  KI RK: And then the point of the
second bullet is that as a consequence of the fact
that the anal ysis suggests that the plants are nuch
safer than we believe themto be, one could use this
as a justification for a significant increase in the
PTS screening criteria to put it on roughly the sane
basis as we currently use the RT g netric.

The i mt woul d be i ncreasi ng by sonet hi ng
bet ween 80 and 110 degrees Fahrenheit, relative tothe
screening limts that are in 10 CFR50.61. W should
poi nt out, although | think it's already becone quite
clear that this project is not yet over.

We bot h, ourselves and research, and our
col | eagues at NRR have several ongoing activities in
research. W're conpleting our analysis of Calvert
Cliffs Plant. W' re |l ooking into our current results
in alot nore detail than we were able to do in the

report that you have on your desks.
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And | ooking at the steps we need to take
to generalize these results to all of the operating
PWRs. We're conducting a V&V of FAVOR. This, again,
has already been discussed. We're convening an
external Peer Review Panel to go over the project.

And we' re al so | ooki ng at the inplications
of these results on the operating limts, as spelled
out in 10 CFR, Appendix G W'IlIl discuss that in a
little bit greater detail later. But, suffice it to
say, that having renoved the conservatisns fromthe
materials [imts on an accident, we find nowthat the
conservati smvaried in Appendix G

For exanple, the assunption of a quarter
T flaw, ten percent safety factor on pressure woul d
meke the operational limts, in fact, nore limting
than the accident |limt. So there's sonething that
needs to change there to.

At NRR, again, we of course passed them
t he NUREG on 12-31-02. They prom sed us conments back
by t he end of March and of course NRR nanagenent needs
to make a decision as to whether or not it wshes to
proceed with rul e nmaking.

DR. FORD: Mar k, presumably, given the
difference intimng there, that you haven't fini shed

all the RES work, as given by the top bullet, is there
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enough flexibility in the systemthat you can take
into account any nodifications to the conclusions in
t he current NUREG docunent. |s that correct?

DR KIRK: | believe so. | nean thereis
no, at this point, formal mnagenent commtnent to
proceed. However, discussions anong the staff of RES
and the staff of NRR, there's at | east a worki ng | evel
understanding that their work could proceed in
parallel with our finishing work, w thout tripping
t hi ngs up too nuch.

DR. FORD: The reason why | bring it up
is, as you know, in license renewal discussions that
we have with |l ots of plants, there are several plants
approaching the 270 limt already.

DR KIRK: Right.

DR. FORD: And we always question them
about pencil sharpening and all this and what's the
rational e behind that. And you get the feeling that
everyone i s saying, ah, but don't worry, thisthingis
going tosolveit all. And we want to be sure this is
on sound basis before we --

DR. KIRK: Yes, yes, exactly. And | think
the, thereis, of course, isthis, you can see, if you
turn around in the back of the room there is of

course a great interest inthis result on the part of

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

28
the industry.

However, from attending public ASTM
neetings, |I'malso aware that they're certainly not,
and they can speak for thenselves, but it's not ny
understanding that they're prepared to wait on this.

Certainly if plants are approachi ng 270 or
300 and they need to mnmke business decisions to
proceed, one could logically expect the business
operators to pursue other alternatives.

MR. ROSEN: I"minterested in the |ast
bul l et onthe slide, the decisionto proceedwithrule
meki ng. W11 this depend on the weather or perhaps
how one feels when they get up on a particular
norning? | nmean are there any criteria?

MR. HACKETT: Dr. Rosen, it is probably
going to cone down to, largely, a resource decision.
W did, in addition to sending the paper to NRR, it
was briefed through the Executive Director for
Qperations actually also just this week.

| think everyone things, technically,
there is a rigorous basis that's been established to
nove ahead with this. [It's probably going to boi
down to, fromthe perspective, not for ne to speak for
NRR, but, you know, |ooking at fromthe Director of

NRR s perspective, this would go into the bin with a
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| ot of other things that NRR i s pursuing.

And they are going to have to | ook at
allocation of resources for, you know, what the
Commttee knows to be a two to three year process, at
| east, to go forward with this. So, | think that's
the type of thing it will boil down to.

Wierethisends upin NRR s prioritization
schene. And as Mark indicated, alot of that depends
on the interest of the utilities and the affected
utilities. You know, discussing that or | ooking at,
| think, I wasn't at the neeting, but there was sone
di scussion, | heard, of potential for direct fina
rul e making on this type of thing.

Whi ch could be, or a petition for rule
meki ng that m ght cone fromthe i ndustry if it doesn't
appear that that particular activity is going to get
engaged on the, you know, the nost optinmal schedul e.

But it's really, | think, what it wll
boil down to, in ny opinion, at |east, the resource
deci si on.

MR. ROSEN. So, if it's a resource call,
then | expect that the resource criteria, how you
apply resources, there are criteria. And | would
suggest that those are probably associated with the

Commi ssion's strategi c goal s.

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

30

MR. HACKETT: That's correct.

DR. KRESS: Wth respect to that other,
many plants out there now that will be pretty soon
approaching the current RTpg I mt?

MR.  HACKETT: Not soon. And the
realization, | guess at this point, is that | suppose,
and there are others here that can probably speak to
this better than | could. | think the Palisades Pl an
is still technically the cl osest.

| believe, last | remenber, that was 2011.
So in ternms of, that's close enough, in ternms of if
you' re the Palisades Licensee and you're | ooking --

DR. KRESS: If you want a relicense.

MR. HACKETT: If you want to re-license
that plant, I'msure they're | ooking that far ahead
and nuch further. So obviously the sooner the better
wWth regard to this type of activity.

Evenif this activity is goingforward and
t he pace i s not quite what a particul ar Li censee woul d
i ke, that Licensee, of course, does have options to
pursue that individually with NRR

| think it would be, obviously, nore
desirabl e to have thi s thing, you know, further al ong,
but that opportunity exists too.

DR. BONACA: At sone point, one of the
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maj or contributors, it seens to nme, as we di scussed in
the previous presentation, is the elimnation of
secondary side cool downs as |ikely contributors.

And that really is because of confidence
that you have in operator action. Now, during, you
know, when | was reviewing the material | was trying
to see a correl ati on between t hat assunpti on, whichis
so fundanental, and the precursors that you have on
Figure 1.2.

At some point during your presentation
woul d |i ke you to nmake sone connection to that and
tell me if anyone of those, because | didn't go back
tothe material and reviewit, was in fact a secondary
si de cool down.

And why shoul d we have confidence that if
any one of those were in fact secondary side cool
downs they woul d not occur again.

DR, KIRK: In fact, and we'll get to this
as we get into the detail ed di scussi on, but the reason
why secondary side cool downs have not shown up as
bei ng nearly as inportant as they were previously, is
attributable to three reasons.

One of them being credit for operator
action, however that's the ugly stepsister of the

three reasons. That's the |east inportant factor
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So, we'll, but I'lIl save that for later

DR. BONACA: Yeah, | just, | was tryingto
under st and, you know, reviewi ng the materials, Figure
1.2, howdoes it apply to the three reasons here, and
realizing that there is no discussion of that
anywher e.

DR. WALLIS: But if you're on Figure 1.2,
| think you ought to explain what it has to do with
PTS. Because there's no bridge between that and the
rest of the analysis. Andif you'dindicate what ki nd
of challenges in ternms of Ks were involved or
sonmet hing, that would be related to the other curves
in the introduction.

But Figure 1.2 is just an indication that
t here have been transients with certai n DT by DTs, and
t he reader doesn't know what this nmeans in terns of
its relationship to any criteria or anything.

DR KIRK: Well, we can certainly nake
t hat connecti on.

DR, WALLI S: When you're tal king about
operator action, | notice that in your report that you
stated that there had been a ri gorous PRA anal ysi s of
operator action and ri gorous PRAtreat nent of operator
-- I"'mnot sure there is such a thing as a rigorous

PRA treatnent of operator action.
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(Laughter.)

DR. KI RK: Alan, is that a rhetorical
guestion or do you want to try it?

MR, KOLACZKOWSKI : Let's just say we'll
address --

DR, WALLI S: It's a statement in your
report.

MR. KOLACZKOWEKI : | understand. We'l|
address that at the appropriate point. And then the
Commttee can decide whether they think it was
ri gorous enough. How s that?

(Laughter.)

DR. SHACK: One of the other things, Mark,
you know, everything deals wth essentially the
fabrication fl aws and there's no statenent about flaw
growth in an even boundi ng sense.

It would seem to be, especially as I'm
projecting lives out to 400 years to say sonething
about the possibility of flaw grow h.

DR KIRK: Ckay.

MR. MAYFI ELD: Thisis Mayfield. Just to,
t hat has been | ooked at, and it's certainly sonething
we shoul d have picked upinthe report. 1| agree. And
it's sonmething we will put in.

DR. SHACK: Yeah, | don't think it's a
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show st opper, but it's certainly sonething --

MR.  MAYFI ELD: Yeah, those kinds of
cal cul ati ons have been done in the past and for the
size flaws you' re tal ki ng about here and the range in
stresses that the vessel sees, where you woul d get
operation, you're going to operate a very long tine
before you'll substantively nodify that flaw
di stribution.

DR. SHACK: At | east based on
enbrittlenent | can now operate a very long tine.

MR. MAYFI ELD: It's sonething we need to
address in the report and will do so.

DR. KIRK: Ckay, so in ternms of the way
this has been laid out, we're going to give sone

background on the current inplenentation of the PTS

Rul e. Al t hough based on the comments that 1've
al ready received, I"mfeeling that that background is
i nadequate, but we'll give it a shot.

And tal k about the notivations for why we
undertook this project in the first place. And then
we' | | go into what is essentially a verbal
wal k-t hrough of the NUREG that you've been given.

Di scuss the scope of the analysis, the
pl ant-specific results. Tal k about the reactor vessel

failure frequency acceptance criteria, and di scuss our
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concl usions regarding a proposed new PTS screening
limt.

Qops, |'m going the wong way. So for
background, here's agraphl'vetruly cone to despi se,
and it wasn't just recently. | would whol e-heartedly
agree wth Dr. Wallis that RT,; is confusing.

And we can certainly take steps totry to
all eviate that problem But the graph, for what it's
worth, is indeed the basis of the current screening
criteria. The PRA cal culations established a |ink
bet ween a nean surface RT,y; nmeani ng an RT, accounti ng
for the effects of enbrittlenent evaluated on the
i nner di aneter of the vessel, using the peak fluence
anywhere in the vessel.

And the PRA calculations establish a
relationship between that, and at 210 degrees, a
yearly through-wall cracking frequency of five tines
ten to the mnus six. For reasons that M ke has
already tried to explain and are probably too
difficult to gointo nore detail on, a margin of 260
degrees was added to that and roughly -- 60, sorry.

Ah, 260, 60. Sixty degrees Fahrenheit was
added to that and essentially that same nmargin is
added in the assessnent process. So while it is

i ndeed confusing, it is also, in fact a wash.
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DR. WALLIS: Which is the real, it's the
RTor t hat you tal k about as being 270, really 210 pl us
a 60 degree --

DR KIRK: That is correct.

DR. WALLIS: -- artificial addition? And
is the RT you are tal king about today, as a result
of your far better analysis, is it plus 60 degrees or
isit areal RT

DR, KIRK: Absolutely not. It's a rea
RT\or-

DR. WALLIS: So | couldn't take this curve
and superinpose it on your curve in your Chapter 4 or
sonet hi ng where you show exactly the same thing with
nunbers like ten to the mnus nine and ten to the
mnus four? | can't do that?

DR KIRK: I, I, no, it would sonething
akin to plotting a fruit bow .

DR. VALLIS: Well, | thinkthat's goingto
be very cl ear

DR. KIRK: | agree, | agree. That point
is well taken.

DR. SHACK: This, | nmean, | always think
of themin ternms of real RT,, and regulatory RTy.
You know, there's the one | cal cul ate out of Reg Cui de

1.99 Rev. 2, and then there's the real world.
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These are the real world nunbers. The
ones you are plotting in Chapter 4 are the real world
nunbers, too.

DR. KIRK: That's correct. And what
we' ve, by going through the PRA frane work and the
uncertainty anal ysis we have, again, |like |l said, one
of the expressed ains of this project istotry to do
this quote/unquote right and to get rid of a need for
the very confusing margins.

DR. SHACK: Wien you get, the 60 degrees
just relates the RT oy to the regulatory RT .

DR. WALLI'S: But when you get to Appendi x
A, you begin to feel this is the real world. But
there are other, the regulatory world is a sort of
Alice in Wnderland worl d. Where you think you' ve got
sonmething, but it isn't that, it's sonething el se
defi ned sone ot her way.

Let's get rid of all that in the future.

DR. KIRK: Wrks for ne. So in the
current rule, if anybody's regulatory RT,,, to borrow
Dr. Shack's term which | really Ilike. If the
regul atory RT o IS, seened to approach the regul atory
limt of 270 degrees Fahrenheit for axial welds,
pl ates or forgings, or 300 degrees Fahrenheit for

circunferenti al wel d, the Licensee has to do
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sonet hi ng.

They either have to inplenment flux
reduction, which decreases the efficiency of their
plant but protects the beltline material from
enbrittling quite so fast. O they need to performa
pl ant-specific PRAaccordingto Reg Guide 1.154 totry
to justify to NRR why operation in excess of
regulatory limt is in fact a wise thing to do.

|"ve got three slides on notivations for
revision. The words in the yell ow box probably say
far nore than all the details I've put on this slide.
Yankee Rowe in the early, or | should say | ate 1980' s,
found that it was approaching the regulatory limt at
its anticipated ECL.

The Yankee At omi ¢ Ener gy Conpany att enpt ed
to follow the provisions of Reg Guide 1.154 to build
a case for operation. 1In excess of thelimt, again,
this is indeed a very long story which I think the
Commttee is probably, in general, nore famliar than
ne.

Suffice it to say it didn't turn out so
well, and the operating conpany nade the business
deci sion to shut down the plant in Septenber of 1991.
As a consequence of this, our Comm ssion directed the

staff to look into work necessary to revise the
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techni cal basis for both the regul atory gui de and t he
associ ated rule.

You' ve seen this slide before. One of the
things that the staff thought about, having gotten
that directive is, gee, there are a |ot of technica
i nprovenents that have been nade in the past 20 years
that suggests that the current rule is, indeed,
conservati ve.

These i nprovenents occur across the three
maj or technical areas. Those being PRA, Thernal
Hydraulics and Probabilistic Fracture Mechanics.
We' ve gone through this slide before, but suffice it
to say when one thinks and conpares the type of
anal yses, the type of data and those sorts of things
that were used in the original analysis and conpares
it with what we woul d do t oday, you i ndeed find things
t hat woul d both reduce, you would believe if you did
it right or to the best of your ability today, would
reduce the cal culated risk

Those being represented by the green
downward arrows. And i ndeed you' d find that there are
sone things that you feel you should include today
that would in fact increase the risk, as represented
by the red upward arrows.

Taking an exanple from PRA, previous

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

40

external precursor events were not consi dered. Miinly
because the <calculated probabilities of, yearly
probabilities of vessel failure in the previous
analysis in the mnus six range when conpared wth
what a scoping analysis would tell you would be an
external event frequency.

You decide that the external event
frequency is contributing at |east two orders of
magnitude less and so why bother including it.
However, our nunbers bei ng, having a starting poi nt of
two orders of magnitude | ess, there's a necessity to
| ook at external events and ot her things.

Havi ng gone t hrough t hese anal yses, we're
now in a position to put sizes to sone of these
arrows. Certainly sonme of these things matter nore
than others, but what we've tried to do, to the
greatest extent practicable, is to take an even
approach to this and include everything that we
possi bly could within, you know, within the necessary
scope and resources.

This was brought up earlier, with Dr.
Kress' question. Certainly sone plants are close to
the current screening criteria. Thisis a plot of how
many degr ees Fahrenheit the regul atory RT val ues are

fromthe current regulatorylimts, plottedversusthe
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time that the plants conme to end of |icense.

Certainly anybody that's cl ose, withinthe
red zone, and that's not an official term the
operator would worry that sonme change to their
nmeasured chem stry value, the next surveillance
capsule, analterationintheir fluence cal cul ati on or
nmet hodol ogy coul d take themfrombei ng slightly under
the line to slightly over the |ine.

So anybody t hat gets anywhere cl ose tothe
current regulatory limts is doing sonething to nmake
sure that they stay away fromthem

DR. WALLI S: Excuse ne, you referenced
chem stry. Is the chemstry of the water figuredinto
this possibility of surface flaw devel opnent ?

DR KIRK:  No.

DR WALLIS: It's not?

DR. KIRK: No. There are peopl e here that
know a | ot nore about that than I, but | don't think
that's a ngjor factor.

MR,  HACKETT: That gets back to Dr.
Shack' s previ ous questi on on, you know, whet her or not
there is potential for any type of flaw growh.
Wi ch, you know, over a very long period of tine it
woul d be prudent for us to go back and take a | ook.

You know, heretofore, has not provento be
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an i ssue. But, no, other than that, that woul d be the
only way the water chem stry would factor into it.

DR. WALLIS: Soit's not figuredinto your
analysis at all?

MR. HACKETT: No, it's not.

DR. FORD: You know, | agree with your
assessnent. | honestly don't see right now how
environnmental degradation in these particular plants
could i npact this over a reasonable tine period. But
what if you were wong?

| nmean so many tinmes, | mean we've j ust
seen this the other day. We've got a nodel
uncertainty, a systemnodel uncertainty. Wat would
happen if? So, for instance, woul d your nodel be able
tosay, if | had a surface flaw, for whatever reasons,
of say a quarter of an inch.

And we don't knowhowit got there, but it
got there. How would that inpact the results?

DR. KRESS: The standard answer to that is
we use defense-in-depth, which involves the bal ance
bet ween CDF and contai nnent failure. And they have a
contai nment failure now cal cul at ed.

And it looks to ne like it's sufficient
defense-in-depthtodeal withuncertainties |likethat.

Which is sonmething | see was lacking in the past in
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this area.

DR. FORD: My specific question to him
was, how do you take into account that nethodol ogy?

MR, HACKETT: | guess there are a couple
of ways that you could cone at that. One is that you
could say the fabrication flaw, density and
di stribution brackets that to sone degree now.

Ei ther analytically or experinentally we
have seen flaws in that range. And the experi nental
part has shown that thereis alot of small flaws that
are virtually inconsequential when it cones to PTS.

But they do, when you go beyond that and
you're trying to address this analytically with codes
i ke PRODI GAL, or you're just maki ng, you know,
statistical estinmations of what m ght be there, those
type of things do get factored i n where you have maybe
a quarter of aninch flawor even a half an inch fl aw
that's going to show up there with sone statistica
di stribution.

So to that extent, it's covered, but it's
not assuned to have gotten there by any type of flaw
grow h nechanism At | east the Deputy O fice Director
for Research, Jack Strosni der, has asked us as part of
one of our sensitivity studies, at |east to address

that type of thing.
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Not specifically the fl awgrowth. Al nost
sort of regardl ess of howa flaw m ght get there, ask
the question that Dr. Ford just asked. What if you
mssed it? You know, what if there is sonething you
just mss?

Like analogous to the Davis-Besse
situation. Previous to that we weren't anticipating
you' d see degradation of that magnitude. So that
potenti al al ways exists and we were going to try and
come at it in this project through sone sensitivity
studies that, in that case, have yet to be perforned.

DR. FORD: | was about to ask, when wl|
t hat be done?

DR. KIRK: That was on the ongoi ng work

slide.
DR. FORD: OCh, okay, | didn't see it.
DR. KRESS: Wth respect to this slide
here, I"'msure it's plant-specific, but the question

| have is is there a reasonabl e rul e-of-thunb that
could use that says if I'm say, 50 degrees or so nany
degrees away fromthe Iimt, how many years | have
left?

DR. KIRK: About a degree Fahrenheit per
year of operation. Once you're, with the proviso,

once you're on the flat part of the enbrittlenent

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

45

curve, which if you're close to the |imt, you
probably are about a degree Fahrenheit per year.

Bet ween a degree Fahrenheit and degree
centi grade per year to put an uncertainty bound onit.

DR. KRESS: Thank you.

DR, KI RK: Which is why a few degrees
seens to be fought over so hotly, because it has very
real economc inpacts. So the scope of our analysis
which, again, | believe the Conmttee is famliar
Wit h.

W sel ected four plants for very detail ed,
dare | say, PRA analysis. W've included one plant
fromeach of the maj or PWR Manufacturers. Two plants
were plants that were included in the study that
established the current PTS Rule.

Those being Calvert Ciffs and Cconee.
The other two plants in our study, Beaver Valley and
Pal i sades, are two plants that are anong the cl osest
to the current PTS screening criteria, if not the
cl osest.

MR. HACKETT: Let ne add the caveat there,
especially for the record, that that neans cl ose at
EQL, not close right now.

DR. KIRK: Yes, yes, yeah. And there is

a correction | failed to make. The word all shoul d,
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of course, be in quotes because conpl et e know edge i s,
of course, never attai nable.

MR. ROSEN. When you say cl ose at EQL, for
those plants, close at end of |ife of their current
license |ife which is 40 years?

DR KIRK: That's correct, that's correct.
Bot h Beaver Valley and Palisades are within a degree
Fahrenheit of the current screening limts at end of
40 years. And the last bullet just sinply reflects
the fact that we believe, and it remains for others,
of course, to pass judgnent, that the quality and the
detail of the plant-specific analysis is indeed very
conpr ehensi ve.

We'll go into a few details of the
anal ysi s approach. Qur approach has been briefed to
the Commttee before in even greater detail, so we
just wanted to hit the high points here.

The approach i ncl udes t wo nmai n conponent s,
the first being plant through-wall crack frequency
esti mat es. In constructing these estimtes, we've
used a frame work that was | ai d out by Nat han severa
years ago

And it's inportant to point out that
overlaid on this entire process we've addressed and

gquantified uncertainties as an integral part of the
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anal ysis process. That's quite a radical and | would
personally say good departure from the past where
uncertainties were buriedwithinplicit conservati sns
and were handled fairly non-uniformy wthout.

Here we tried to do a nuch better
front-end job. The way the anal ysis process worKks,
and of course there's many, nmany |levels of detail
bel ow this which we won't touch on today.

But one starts with an events sequence
anal ysis. That defines both the conbi nati on of things
t hat can go wong and the frequency with which they go
wrong. The conbination of things that go wong are
then fed into a thermal hydraulic anal ysis, conducted
usi ng the RELAP Code.

That estimtes the tenporal variation of
pressure, tenperature and heat transfer coefficient,
which is fed through a probabilistic fracture
mechani cs anal ysis based on |inear elastic fracture
nmechani cs techni ques perfornmed using the FAVOR Code.

That conbined with material property and
prevention of enbrittl enment i nformati on, flaw
information and fluence information, allows us to
calculate the conditional probability with which a
t hrough-wal |l crack wi Il occur.

That's condi ti oned, of course, onthe fact
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t hat the sequence has occurred, so those conditi onal
probabilities are nultiplied by the sequence
frequencies to obtain an estimate of the yearly
t hrough-wal | cracking frequency.

DR. WALLIS: May | ask you how you handl ed
uncertainties? Nowin the PFManalysis in this NUREG
we | ooked at, there's quite a long discussion of
epi stem c uncertainty, al eatory so howyou handl e t hat
w th PFM

And it wasn't clear to ne how you handl e
thermal hydraulics. Do you have a thermal hydraulic
scenario? And then for that scenario you then do
these uncertainties on PFM? O do you have a the
thermal hydraulic uncertainties also propagating
t hrough the PFM uncertainties? How do you handle
t hat ?

DR KIRK: The, once the thernal
hydraulic, once the pressure tenperature and heat
transfer coefficient variation with tinme gets to the
PFM anal ysi s, t he PFM anal ysi s treats it
determ nistically.

DR, WALLIS: It does? kay.

DR. KIRK: Yes, that's correct. The
uncertainty treatnment on thermal hydraulics is

effectively dealt with before that. And to give you
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the details |'d have to defer to either David or Al an.

DR. WALLI S: kay, so it gets
determ nistic once it gets --

DR.  KI RK: Once it gets to PFM it's
determnistic, that's right.

DR.  RANSOMV Mar k, one question on the
FAVOR Code. The second report indicates the FAVOR
Code can't be used. And yet in this one says the
FAVOR Code is a part of the analysis. So I'm
wondering what is the status of that?

DR. KIRK: " m confused. What's the
second report?

DR. RANSOM  The second report is from
Uni versity of Maryl and by Chang, Al enenas and Msl eh.

MR. BESSETTE: | think that's in a tine
sequence. Wen we, two years, one year ago when we
were doing alot of the early uncertainty eval uati on,
THuncertai nty eval uati on, t he FAVOR Code wasn't fi nal
yet.

So a ot of that work was done prior to
t he rel ease of FAVOR

DR. RANSOM (kay, this is a year old, |
guess. Was that ever released or was it just a report
to the NRC?

MR BESSETTE: It's, well it's beeninthe
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wor ks for about two years. The actual draft report --

DR. RANSOM Ckay, well FAVOR i s working?

DR, KIRK: Yes. If FAVOR wasn't working,
| wouldn't be sitting here.

DR. WALLI S: FAVOR sounds great, actually,
fromyour, the NUREG that we revi ewed.

DR. KIRK: FAVOR sounds great. Is that on
t he record?

DR. WALLIS: But we don't have, well, it
sounds great, but we don't have, you need to fiddle
the bass alittle bit. There is this big whol e about
thermal hydraulic uncertainty whichis not treated in
t hi s NUREG

And t hen we get gi ven t hese ot her reports,
you know, uncertain age, and we don't quite know what
to nmake of them Are you going to put a proper
treatment of thermal hydraulic uncertainty and then
revi se NUREG?

DR KIRK:  Yes.

DR, WALLIS: Ckay, thank you.

DR. KIRK: Okay, so once you've figured
out how often you think you're going to get a
t hrough-wal | crack i n your plant per year, you need to
conpare that with sone netric of how frequently you

woul d find that okay.
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So we devel oped an acceptance criteriafor
t hrough-wal |l cracking frequency consistent wth
current NRC policy and Conmm ssion guidance,
specifically as expressed in Reg Guide 1.174.

And taking due account of the coments
fromthis Conmttee and other areas, and Nathan w ||
be di scussing that in much greater detail |ater as we
wi Il be discussing the plant through-wall cracking
frequency esti nates.

And just notionally you can think of
conmbi ning those two figures as shown on the |ower
graph conputi ng t hrough-wal I cracki ng frequenci es for
different plant ages, and then using those data to
di scern a new screening limt.

And we can say upfront that we didn't go
inwiththe apriori assunption that we woul d be usi ng
RTr, 1t turns out that that | ooks |ike a reasonable
thing to do. But that's certainly not the only way to
do it.

So what we' Il do nowis go into sone nore
details of each of the major parts of the anal ysis.

DR, WALLI S: Could vyou have used
consi stent acronyns throughout, so that when, the
out put of this box is RT or sone, TW no, it's TWC

FTWC or sonet hi ng?
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DR, KIRK: O what box, I"'msorry?

DR. WALLI S: The output of this whole
thing on the left, the frequency of through-wall
cracki ng?

DR KIRK: Yes, vyes.

DR. WALLIS: There's an acronymsonewhere
|ater in the report, although this part of the report
tal ks about the CP. Are you going to nmake it clear
which is the output of this process here?

MR. HACKETT: | think what we'll cone to
i's, what you're |l ooking at is what we're calling |l ater
on as RVFF, Reactor Vessel Failure Frequency.

DR. WALLIS: They are different things.

MR, HACKETT: You're right.

DR, WALLI S: Are you going to make it
clear which is which and howthey fit in and howt hey
link to each other and so on?

MR, HACKETT: Yes, at |east hopefully.

DR, VWALLIS: Ckay.

DR. FORD: Mark, could I just ask, since
this is approaching the end, just to look further
forward. The acceptance criteria, once it is decided
upon, wll be an absol ute val ue. The other, the
plant, will be plant-specific.

Inthe early round you t al ked about Yankee
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Rowe being shut down because they couldn't use,
couldn't usefully use the existing Reg Guide. WII
this be user-friendly enough that the Licensees can
use?

DR KIRK: I'mnot sure | want to speak
for the Licensees on that one. But it certainly would
be the intent to, you know, express what we' ve done in
a way that people could understand it.

However, froma practical standpoint, one
woul d need to ask the question of if we take, okay,
right nowlet's say that we've got a plant within a
degree of the screening criteria.

If indeed we do raise the screening
criteria by sonething |i ke 90 degrees Fahrenheit, is
any plant likely to ever have to do a plant-specific
anal ysi s? Probably not.

DR. WALLIS: But if they did, would they
have to do all the things that you were describing in
your NUREG?

DR KIRK:  Yes.

DR. WALLIS: Well, howwoul d they do t hat ?
Wul d they regenerate all your data and epistemc --

DR,  KI RK: | think the parts that the
pl ant woul d have to redo, and I, you know, encourage

anyone to chime in with ne. Certainly the fracture
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mechanics part is fairly generic. The materi al
characterization is fairly generic.

The pl ant s al r eady have docketed
enbrittl enent val ues and materi al conposition val ues,
so all that is essentially done. They have sone
estimates of fluence, so that's already done.

The specific parts that they woul d have to
do is the front end. 1Is the, is the plant-specific
PRA whi ch indeed sone plants have and sone plants
don't. And then they' d need to the thermal hydraulic
anal ysi s.

DR. KRESS: Your curve is based on fluence
as it's associated with the four plants you --

DR KIRK: That's correct.

DR. KRESS: Now, if a given plant says now
|"ve got a fluence that's considerably |ower than
that, is there a real sinple rule for them to say
this, this neans | can change ny screening criteria by

DR, KIRK: You wouldn't change the
screening criteria. You'd sinply --

DR, KRESS: | nean you'd change their --

DR. KIRK: Onh, yes, yes, yeah. The netric
we get to in the end, the so-called weighted RT isS,

it looks a little ugly when you put it on the page,
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but it's nothing nore than a sinpl e al gebrai c fornul a.

DR KRESS: It's linear in fluence.

DR KIRK: Yeah, that wuses materi al
property information that's available, fluence
information that's avail able and vessel geonetric
configuration information which is avail abl e.

DR. KRESS: So that's the reason you use
that netric is cause it's relatively easy for the --

DR, KIRK: That's right.

DR, KRESS: -- utilitytojust pluginhis
case and get that nunber.

DR KIRK: Yeah, that's correct.

DR. KRESS: And he doesn't have to go
through all this stuff.

DR. KIRK: That would be the hope, yes.

DR.  RANSOM Incidentally, one thing I
don't understand about this. You talk about the ni

ductility tenperature as an instantaneous val ue that

you don't want to reach, i.e., or the tenperature you
don't want to go, | guess, below that, you know, in
ternms of chilling it down.

But yet, interns of thermal stress in a
vessel wall, it's clearly a tine-dependent function.
You know, it depends on the rate of which you achieve

these tenperatures. Howis therate actually factored
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into this?

DR. KIRK: The rate is factored in the
FAVOR Code, if you want to think about it sort of at
a very high level, FAVOR is doing two cal cul ati ons.
It's on the one hand cal cul ating the applied driving
force to fracture, which is nostly dependent upon t he
rate of cool down and the pressure.

And at the sane tinme it's cal culating the
resistance of the material tothat driving forceor to
that demand. And that's nostly dependent upon the
tenperature and the fluence and the enbrittl enent
characteristics and then those two are conpared.

The, in terns of the screening netric,
something we'll get to, and this is sort of stealing
a concl usion. 1n goingthrough these cal cul ati ons, of
course, we've cal cul ated the driving forces resulting
fromantici pated PTS sequences and put those through
t he anal yses.

And what we find out, comng out of all
three of these anal yses, is that the, the |l evel, even
though these are plants made by different
manuf acturers, different tinmes, if you get into the
details, you |look at them as being very different.

In fact, the |l evel of demand relative to

fracture toughness is fairly consistent from
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pl ant-to-plant. But, again, we'll gointothat |ater.

DR. BANERIJEE: | guess the tunne
hydraulic input is taken by the FAVOR Code and nade
into a stress of sonme sort?

DR KIRK: That's correct. W take
pressure, tenperature and heat transfer coefficient
all versus tinme and sol ve the conduction equation

DR. BANERJEE: Right. Now is this done
one di nensional ly, nulti-dinensionally?

DR, KIRK: One dinensionally.

DR. BANERJEE: So you don't take account
of variations in the tenperatures and pressures or
what ever ?

DR KIRK: No, no. And we've --

DR. BANERJEE: And how accurate is that?
What's the uncertainty in taking that into account?
Not taking the nmulti-di nensional aspects i nto account.

DR. KIRK: Relativetothe fully detailed
analysis, at least froma fracture perspective, not
nmuch. Because the cracks tend to grow very |ong
before they grow deep. And once you get a crack
that's at least six tines its depth, you may as wel
be doi ng a one dinensional anal ysis.

| know Davi d has done, |ooked at the 3-D

aspects of the thermal hydraulics.
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MR. BESSETTE: So, yeah, of course that's
one of the things --

DR. BANERJEE: How have you done that?

MR. BESSETTE: That's one of the things we
wer e concerned about fromthe start, is whether this
one di mensi onal anal ysi s was adequate or not. Wat we
did was a conbi nati on of |ooking at experinents and
suppl enented by sone CFD anal ysi s.

So we | ooked at the, of course that was
one of the objectives of running the Oregon State
Programwas to provi de addi ti onal integral systemdata
on tenperature distribution in a downconer.

That was in the, during the ‘80's, there
was a lot of work done at Creare in Finland and
pl aces, |ike by Theo al so | ooki ng at downconer m xi ng
and kind of separate effects, salt water systens.

So we still had a concern or 1'd say an
interest in knowing that this uniform treatnent of
tenperatures was adequate. And so, so like | say, we
did additional experinents at Oregon State and CFD
anal ysi s.

And in addition to |ooking at other
avai | able data, |ike ROSA, where we do have an
i nstrument ed downconer, and assured ourselves, let's

say, t hat the tenperature variations axi al
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circunferential are with, let's say, ten degrees
Fahrenhei t.

DR WALLIS: This is whereabouts?

MR. BESSETTE: In the, let's say, in the
downconer region

DR. WALLIS: How far down the downconer?
| mean it evol ves.

MR. BESSETTE: So, yeah, sothisis, we're
particularly interested in the downconer region
adj acent to the core, which is about, the top of the
core is about five feet below the cold Ieg.

DR. BANERJEE: Are you going to discuss
this uncertainty or is, what's going to happen? |
don't see very nmuch on this --

DR, WALLI S: There's nothing in this
NUREG. It seens to ne it ought to be in this NUREG
It's a big part of the whole picture, it ought to be
there. WIIl it be there?

VMR, BESSETTE: 1'll add it.

DR. WALLIS: WII it be there? WII this
NUREG be twice as fat, or will there be two or three
NUREGs or what? You can't have this the final word on
PTS wi t hout goi ng thoroughly over these things which
aren't in there?

MR BESSETTE: I know, well, in the
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thermal hydraulics area we have four NUREG CRs t hat
will be issued to support this NUREG

DR. VWALLIS: Well, they will be. But we
can't sort of say we approve what you're doing until
we al so check that out, can we?

MR. HACKETT: This obviously needs to be
addr essed. It's a fundanental assunption. Terry
Di ckson is here, who is the author of the FAVOR Code.
| think Terry would say if this assunption were
grossly violated we couldn't use FAVOR the way it's
currently configured.

So we do need to docunment that. "' m

hoping it nmeans that this NUREG won't be thicker

Li ke David indicates, |I'mhoping it neans that we can
refer to another docunent that will cover that in
detail, because we agree that has to be, that has to

be docunent ed.

DR. KRESS: In general the, where the
water first cones in to the downconer the thernal
shock is worse but the enbrittlenent is a |ot |ess.
So those things of fset each other until you get to the
beltline, which is probably your worst condition.

So you're primarily interested in the
t hermal shock at the beltline?

MR, BESSETTE: That's correct.
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DR.  KRESS: Yeah, and the thermal
hydraul i cs that were done, pretty nuch, you assune no
m xing, | think, so that you're using the col dest
tenperature of the incomng. Don't you assune no
m xing in your --

DR. BANERJEE: This is opposite.

DR KRESS: Just well m xed.

DR. BANERJEE: Yeah, in fact, | think we
need to see the uncertainty anal ysis because it's not
a convincing story to say it is well m xed.

DR. KRESS:. Yeah, and that's why the OSU
tests are supposed to validate or confirm that
assunption.

DR. BANERJEE: Both the nul ti-di nensi onal
aspect and the well mxed assunption need to be
exam ned.

DR.  RANSOM By well mxed | guess you
mean node by node they're well m xed, right?

DR. BANERJEE: Well, there was, that's
sonet hing that Dave can explain in nore detail as to
what the assunptionis. So, but ny inpression was it
was a well m xed downconer.

DR. RANSOM  Well, unless they use one
node for the entire downconer, it would not be.

DR, WALLI S: Now you're talking about
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conmputation. W're tal king about reality.

DR. RANSOM Well, reality --

DR. BANERJEE: Well, why don't we ask Dave
what the assunption is.

MR,  HACKETT: Either Dave or Jack
Rosent hal woul d be able to --

DR, WALLI S: Maybe it's too much for
today. We've got a lot to do today.

MR. HACKETT: There are a |lot of things
going on here, obviously, as Dr. Kress indicated.
When t he pl une cones in, dependi ng on t he NSSS Vendor
and how t hi ngs are set up, not only do you have to get
down to the beltline, but you have to get down to an
enbrittled beltline weld.

Whi ch may or may not be in that vicinity
of the col dest area of the plune. So there's an awfu
| ot going on here, conputationally. But we can get
into that Ilater. Maybe during part of David's
presentation or take that as a take away.

DR. WALLIS: Yeah, | think we'll get toit
when we get to David's presentation. He's going to be
pr epar ed

DR. KIRK: And David has as |ong as Al an
tal ks to get prepared.

MR, KOLACZKOWSKI : |'"magoing to be brief.
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DR KIRK: What we wanted to do now is
wal k through the details of the plant through-wall
cracking frequency estinmates. And we're going to do
that in the sequence of a discussion of the PRA
analysis, followed by discussion of the thernal
hydraul i c analysis, followed by a discussion of the
PFM anal ysi s.

DR. RANSOM Even on that previous slide,
| noticed you' ve dropped t he heat transfer coefficient
al ready. You know, that that was never explained in
the wite up. You know, you're going to pressure and
tenperature versus tinme out of thermal hydraulics.

And i ndeed | under st and now, after readi ng
the other report, why you can do that.

DR, KIRK: Well, that, nowyou' re perhaps
reading too nuch into the graphic. And comng froma

guy who |l oves solid nechanics and got a C mnus in

fluids, | just didn't include the heat transfer
coefficient because | still don't wunderstand the
units.

But then again | talk in ksi square root
inch and everybody thinks I"'mweird. So, no, we do
use the heat transfer coefficient. | apologize for
| eaving that off. Alan. Alan Kolaczkowski, who is

our contractor in the, one of our contractors in the
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PRA area was going to do the briefing on how we step
t hrough the PRA anal ysis.

MR. KOLACZKOWSKI :  Ckay, onthis slideyou
see a blow up of the PRA portion. The Conmttee has
seen sone of this before so I'll try to go through it
briefly and perhaps, |I'msure you'll slow ne down if
you have a question sonewhere.

The | eft-hand side shows, again, the PRA
part that eventually is providing both the sequence
definitions, in terns of the overcooling transients
that may present a PTS challenge that we need to
nodel , both thermal hydraulically and then eventual ly
in the fracture nmechanics.

And, of course, the frequencies of those
sequences which, again, a nunber that's going to be
carried forwardthat ultimatelyisgoingtomnultiplied
by the conditional probability of vessel failure for
that scenario, to arrive at the through-wall crack
frequency, which is a yearly nunber.

While 1'Il explain this as if it is a
serial, done in serial fashion. O course, in
reality, as with any PRA project, youtendtoiterate
on these tasks. You go to Task 6 and then go back to
Task 2, etcetera, etcetera.

But I'lIl try to explain it in a serial
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fashion for clarity. Qobviously, the first thing
you' ve got to do is get a bunch of information. And
hereis just highlightedreally the three major i nputs
that went into defining the scenarios that we had to
worry about.

Qoviously, first look at all the old
i nformati on that was done before. At all the previous
PTS anal yses. Started with that as a baseline from
which to then extend the current anal ysis.

We have done t hree specific plan anal yses
and are working on the Calvert Ciffs. Cbviously in
order to node a pl ant-specific anal ysis, you' ve got to
get information from the plant. And again, as
hi ghli ghted here, just sone of the nmmjor types of
i nformation that was gai ned on each plant in order to
devel op the nodel s.

And then finally the last bullet, it
didn't stop there. There were al nost continuous, in
fact, | don't knowif any of the Licensees are here,
but they woul d probably tell you that we called t hem
too nmany tines sonetines.

But there was continuous feedback of
i nformati on goi ng back and forth between t he Li censees
and us to nake sure that the nodel s had been devel oped

appropriately and actually did represent the as-built
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pl ant conditi on.

In terns of the PRA nodel itself, |ooking
at it fromkind of two general perspectives first.
You see in the top bullet, the initiators that we
| ooked at involved all kinds. Primary system LOCAs,
all types of transients which then have sone
subsequent fault, such as a stuck-open secondary
relief valve or whatever as a result of the reactor
trip, which would then induce the overcooling
scenari o.

So al | types of transients were | ooked at,
st eam gener ated tube ruptures, steamline breaks and
so on, on the secondary. Belowthat you see just sort
of major classes of groupings of accidents that are
included in the PRA nodels for the plants.

Not ed here are overcooling events, both
with either controlled RCS pressure, where RCS
pressure remains high. Were RCS pressure perhaps
initially drops and then we get a repressurization
event.

Faul ts both in the RCS or the secondary or
conbi nations. And lastly, we |ooked at this under
both full power conditions, as if the trip occurred
while the plant is nornmally operating at full power,

as well as during hot zero power conditions.
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Where you don't have the fission heat to
act as sonmewhat of a suppressant in terns of
controlling the down of the cool down event. So we
| ooked at both hot power, excuse nme, hot zero power
and full power.

This is just an event tree format of
really saying the sanme thing that the previous slide
said. Across the top you see the major functions of
interest that we're worried about that can affect the
nature of the PTS chall enge.

That is what is the status of the primry
integrity? What is the status of the secondary
pressure and secondary feed? And then what else is
goingoninthe primary in ternms of force fl ow versus
natural circ, because that has sonmething to do with
the potential for stagnation, as well as what's goi ng
on with the pressure in the primary system

And all this is nmeant to display here is
just that we | ooked at all various conbi nati ons and
interactions of those functions and what scenarios
coul d cause those types of interactions to occur.

And ul timatel y pass that informationonto
the TH fol ks, etcetera, to nodel the plant thernal
hydraulically for the various types of scenarios, and

then again ultimately that was an input to the
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fracture nechanics folks.

DR. WALLIS: Are you going to tal k about
operator actions, are you?

MR KOLACZKOWBKI :  Yes, | am

DR. WALLIS: Because what struck nme was
how many of these seenmed to be influenced by operator
actions.

MR. KOLACZKOWEKI :  Yes, that is true, Dr.
Wl |is. Part of that rigor that we tal ked about
earlier.

DR. WALLIS: Wwell, your rigor consists of
considering the operator action. But how you treat
them 1 don't think there is a rigorous nethod. And
you certainly admt that there.

MR,  KOLACZKOWEKI : I guess, well, I'm
about ready to tal k about the operator action, so |et
me see if | answer your questions, and if not, then
"1l try to be clearer

That is part of the scope. | nean | think
it is inportant to recognize that for sonme kinds of
over cooling events, not in all cases, but in sone
ki nds, the operator plays a very key role in the how
severe the over cooling becones.

And so clearly if we were goingtodothis

correctly we had to consi der what the operator may or
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may not do to either mtigate the event or perhaps
even exacerbate the event.

And we've tried to do that in the PTS
wor k. And so we' ve nodel ed, not only their successes,
but errors of omssion. And |et nme point out, again,
adding to part of the rigor, if youwll, we went to
great | engths to think about things that the operator
m ght do that woul d exacerbate the cooling situation

And particularly | ooked at those things
t hat were procedure-driven. \Were there are places in
t he EOPs where, under certain conditions, because of
course we were trying to nmake sure that we prevent
under cooling events.

Where the operator will actually take
actions that wll, to sone extent, exacerbate the
cooling of the scenario. And so we wanted to neke
sure that those actions were included in the nodel

MR.  LEI TCH: Did you reach these
conclusions by observing operator actions in a
simul at or or just by | ooking at the EOPs and see where
the likely errors of om ssion or comm ssion coul d be,
coul d occur.

MR, KOLACZKOWBKI :  Al'l of the above. In
fact, | have a slide, which I'll get to, that wl]l

describe that a little further.
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MR, LEITCH  Ckay.

MR. KCLACZKOWSKI : But the short answer is
all of the above.

MR, LEITCH  Ckay.

MR. ROSEN. What does the parenthetical
wor ds, procedure-driven, mean under acts of
conmi ssi on?

MR, KOLACZKOWSKI :  Well, just that while
we di d do sone anount of searching for, shall we say,
wher e t he operator m ght just do sonet hi ng even t hough
t he procedure nmay not even suggest that a certain act
be taken.

While we did do sone searching for that
and di d i ncl ude one or two others that | can think of,
operator actions in the nodel that were of that type,
we found enough of places in the procedures where it
woul d direct the operator to enhance the cooling.

That clearly we wanted to make sure that
t hose were included in the nodel and that's were the
enphasis went. But we did try to think alittle bit
nore about what else mght the operator do in a
realistic sense that mnaybe even isn't in the
procedure, where they woul d enhance the cooling.

And we did come up with one or two events

addi ti onal that are not necessarily inthe procedures.
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MR. ROSEN: Well, we'll come back to this
point, but let nme et you go further.

MR KOLACZKOABKI :  Okay.

DR. BONACA: Did you, you focused on the
three plants, of course, but did you |ook at these
precursors | was tal king about before? | nean there
are precursors, particularly for B&Wpl ants and al so
for Robinson's there are two that |ed to extrenme cool
downs. Did you | ook at those?

MR, KOLACZKOWSKI: Yes, we did. And we
tried to look at the types of errors that operators
have made in the real events, again, as a check to
meke sure are we including those types of acts in the
nodel ?

And so it was an i nput into decidi ng what
ought to be nodel ed, yes.

DR. BONACA: Because, | nmean, | knowthese
pl ants had si gnificant nodifications because of those
cool downs. And also clearly a big nodification has
been the EOPs which are systemoriented.

But we can't understand howthey coul d be
still defeated, for exanple, in the EOPs, to get back
to transients that such as severe as this.

MR, KOLACZKOWSKI :  Well, as | said, you

don't even have to defeat the EOPs. You sonetines, in
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following the EOPs, you will enhance cooling which
could, at least, be a potential challenge in PTS
space.

DR. BONACA: The reason why | raise the
issue of steam line break is because, you know, a
break used to be the limting transients before. And
now t hey have di sappeared fromthe horizon. W don't
have t hem anynore.

And I, you know, when | saw the previous
analysis, it was very strange to ne. But you
understand that that's really an area where we have to
drill because the whol e scenari o has changed.

MR. KOLACZKOWSKI : | understand, and as
Mar k poi nted out, the operator action credit is only
one of three reasons why t he secondary faults go away.
And when we get to that point hopefully it will becone
cl earer.

DR. BONACA: But it di sappear as a steam
line break is a big contributor | understand. | don't
know what is the factor or contribution, but I believe
itisasignificant contributionindegrees, isn't it?

MR, KOLACZKOWSKI : I n the early work, in
the Cconee work, | think the main steam|ine breaks
were cl ose to 50 percent contributors and nowthey're

nore like five percent or |ess.
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DR. BONACA: Yeah, yeah, so it's a big,
big contributor. Okay.

MR, KOLACZKOWSKI : Yes. These are the
classes, if youw ll, of human failures that we tried
to consider. And what is indicatedis the function of
goi ng and | ooki ng at those four functions on the event
tree that you saw earlier.

The function which those actions nost
af fect. Now actually sonme of these actions affect
nore than one function at atinme, but we triedto, for
category purposes, associate themwth the function
that they nost affect.

And | guess the only point I want to nake
about this is that not only will you see so-called
errors of omssion in this list, but as |I said, we
tried to consider things that the operator m ght doin
an act of conmm ssion which mght worsen the over
cooling scenario.

Just to take an exanple, if you | ook at
the first colum there, Primary Integrity. Not only
do we |look at things |ike where the operator would
fail toisolate and isol able LOCA, which would be an
error of om ssion, where the procedure says nmake sure
you cl ose off all isolable paths first in case indeed

that's the source of the LOCA
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And if the operator failed to do so, the
cooling would continue because the LOCA would
conti nue. But we also |ooked at situations where,
what woul d i nduce the operator to cause a LOCA and
woul d agai n exacerbate the cooling situation.

And there are places in the procedures
where operators do induce LOCAs under certain
conditions. And we tried to nmake sure that that's
i ncluded in the nodel.

MR. ROSEN: Now maybe this is the right
time to ask ny question about wuncertainty and
particularly the kind of uncertainty that has troubl ed
this Conmttee nost, which is nodel uncertainty.

And that goes to the question of what
haven't you included in this which could dramatically
change the PRAresult feedinto the thermal hydraulics
result feed into the fracture nechanics results and
lead to you an answer which isn't real.

An answer that says that pressurized
thermal shock is very unlikely and therefore we can
raisethecriteriaandlet plants run | onger than they
woul d have ot herw se been able to run. So you get to
the wong answer in the regulatory franme work if you
get this problem w ong.

And where it could get wong is right
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here. Not including things that could lead to
pressurized thermal shock, that operators do, could
do. Now you've nmade a pass a that, clearly, by
i ncluding acts of comm ssion. And | applaud that.

But have you attenpted to go beyond your
statenents of, that thisis arigorous anal ysis, grant
that. But also say, but, we don't know that we've
concluded all the nodel uncertainty.

In fact, it's unknowabl e. And so we need
to do sonething with that know edge, that we have an
unknowabl e condition. W needto factor theseresults
in sonme reasonable way. Do you understand ny
guestion?

MR KOLACZKOWBKI : I think | do, Dr.
Rosen. And let ne try to answer it now and hopeful |y
again with further slides in the presentation may it
becone cl earer. But |et ne make, | guess, a coupl e of
poi nt s.

First of all, we have done and are still
doi ng, as you see sone of the ongoi ng work, additi onal
sensitivity anal yses. Were we can do things |ike,
well, what if we're wong? Well, what if the operator
error probability were one?

Wuld it make a difference? How nuch

hi gher would the nmain steam line break scenario
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becone, etcetera? And we're in the process of doing
t hose ki nds of things.

What we're finding sofar is that we woul d
have to be so grossly off, it seenms. And | knowit's
hard to defi ne what gross is. But we woul d have to be
so grossly incorrect for the conclusions to change,
that it al nost seens inconceivabl e.

The other thingis if youl ook at what the
dom nant results are, youw ||l see that LOCAs seens to
dom nat e. In LOCAs, operators, for the nost part,
especially if the LOCAis nuch beyond, say, three or
four inches in equival ent dianmeter size.

There's not nuch the operator can do
anyway. Short of shutting off the HPl a la TM, al
they can dois |l et the event happen. The cool down is
goi ng to happen at whatever rate it's going to happen,
which is largely defined by the break.

And t he operator is essentially out of the
pi cture. So, with the exception of, you know,
recogni zi ng t hat we have taken operator credit for the
secondary faults, otherw se we said, there are other
reasons why secondary faults are also not as
i nportant, t hat are thernal hydraul i c-dri ven,
etcetera.

That aside, if the LOCAs then really do
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dom nate, the operator is not that inportant part of
t he equati on on how inportant these events are. So,
| guess, | don't want to overenphasi ze the operator
actions here.

Because if indeed if we're right and the
LOCAs are t he dom nate types of over cooling scenari os
to worry about, for the nost part, especially in the
| arger size breaks, the operator is out of the
equati on anyway.

Soit's not soinportant toconpletelytry
to quantify every little bit of the uncertainty.
We'll try to, I'll try to showyou what uncertainties
we have addressed. You're really asking the age old
guestion, how do you know you' ve been as conpl ete as
you can possi bl e be?

Peer Review, discussions with Licensees,
presentations in front of the ACRS. The subsequent
Peer Review we're going to do. We' re doi ng about
everything we think we can do to say, have we
addressed the issue sufficiently? Nathan?

DR, SIU  Yeah, | just wanted to add to
that. Wthout overstating the, or over using the word
rigor, we've tried to be systematic. And there is a
systemati c process that the teamused to identify not

only the human failure events in the nodel, but the
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conditions that would |ead to reasonably high
probabilities for those human failure events.

Soit's not just a nodel that says thisis
the ATHEANA approach, which | think many on the
Subcomm tt ee have heard about. It's not just a matter
of saying here's a human failure event and there's a
random probability.

No, there's a search process that triesto
identify what are the contextual factors that would
tend to increase the likelihood of that event in the
PTS exanpl e. And then, so it's that process that
gives us sone degree of confidence that we aren't
m ssi ng things.

Now obvi ously you can't claimthat you're
perfect. But, again, | wouldn't necessarily claim
rigor here. But it is a state-of-the-art or perhaps
beyond state-of-the-art anal ysis.

Clearly, there are sone pl aces wher e hunman
reliability analysis was weak. W've talked to the
Comm ttee before about our research programin this
area and the area of quantification.

For exanple, it's not what you would, a
process that you would say is rigorous, but it's
systematic and it makes use of available information

as best we can. And as Al an indicated, we do take
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i nput from observations of actual crews. W talk to
trainers.

So it's not just the analysis team
huddl i ng toget her and dream ng up sonet hi ng.

MR, KOLACZKOWBKI : Let ne just highlight.
This is the first step of that systematic process. |
mean if you decide, if you agree these are the
functions of concern, our first question was rather
than just sort of dream ng up, well, what could the
operator do wong?

We sai d howcoul d the operat or effect each
of those functions. And thisis the first step of that
systemati c process. Trying to deci de howt he operat or
can affect each function. And then fromthere, then
going the next step and starting to derive the
specific actions that could occur, that would then
affect those functions and then include those in the
nodel s.

This is actually the first step of that --

DR. WALLIS: Then you'll get probability
on those various actions.

MR, KOLACZKOABKI :  Yes.

DR. WALLI S: And that's where | think
we're probably the weakest. Because you have to

i magi ne what the person woul d do, and then you' ve got
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to put sone nunber on it. And this is done, |
under stand, by expert elicitation?

MR, KOLACZKOWEKI : That is correct.

MR. ROSEN. And the expert elicitationin
that case would be, for exanple, under prinmary
integrity control, howlikely is it that an operator
wi || induce a LOCA by operating outside his procedure?
O by operating with inside his procedure, at a tine
that he should really do the things we're postul ati ng
himto do.

So | mean now you're presenting that to
trained operators. And ny guess, they' Il
underestinmate it.

MR, KOLACZKOWBKI : Actually, interesting
enough, and we'll get to it. But when we did the
Pal i sades anal ysis we did a col |l aborative HRA effort.
And actually the elicitation team was forned by a
conposite group of operators, EOP witers in the
Li censee, as well as NRC contractors.

Interestingly enough, sonetinmes the
Licensee people cane up wth higher failure
probabilities than the NRC contractors did. And that
was i ncl uded.

MR. LEI TCH: Have you considered the

possibility that operator performance inthe sinulator
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may be considerably better than in the real worl d?

MR. KOLACZKOWEKI : | think we're all aware
t hat, you know, whenever an operator is in a sinmulator
t hey know, you know, way, way in the back of their
m nd sonmewhere, they know it's a sinulation.

And you try to consider that. 1|, | don't
know how el se to address that.

MR. ROSEN: Well, and also this Commttee
has comented on the fact that the operating crews in
simulators are the crew rather than the real case
where the crew in the plant at 4:00 in norning on
Saturday is two-thirds of thereal crewand a third of
make- up peopl e.

Peopl e who are relieving soneone el se who
is in the real crew but doesn't have to be here
because he's on vacation of some other reason. So
it'"'safact of |ife that performance in the sinulator,
for several inportant reasons, is better, can be
expected to be better than what we will see in the
pl ant s.

MR, KOLACZKOWSKI : Al | can say is that
in the elicitations, in all of the elicitations for
all of the plants, we, when we posed the various
guestions of the probabilities we had to come up with,

we triedto put uncertainties, of course, on the human
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error probabilities we were comng up wth.

And we, when we asked the elicitated group
to t hi nk about those probabilities, we asked themt hat
at the high end they needed to t hi nk about things Iike
what if this was at 4:00 in the norning on the worst
day of days.

You know, you had other problens and
nui sance al arnms goi ng on, etcetera, etcetera. Andtry
to, as part of the elicitation process, capture not
only, if you wll, the nomnal, normal state
condi tion, but what are the extrenes at the two ends.

When everything is going well, and when
everything is going bad. And all | can say i s many of
our 95 percentile valves on our human error
probabilities are nunbers like .8 failure probability,
.7 fromthe elicitation group.

W think we've captured that in our
uncertainty on our HRA nunbers. As best as the
state-of -the-art all ows.

MR. ROSEN:. | hate to do this, but just to
bore you just a tiny bit nore.

MR, KOLACZKOWBKI :  Sure.

MR. ROSEN: On the idea of getting nunbers
out of this group. Wat, did you attenpt to anchor

the group is sone other actions that they know nuch
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better than the ones that you were questioning them
on? You know, the anchor techniques that are in the
[iterature.

MR, KOLACZKOWEKI : Yes, we did. In fact,
and again, part of the ATHEANA work talks about
G cars, which are basically anchori ng nunbers. Trying
to take operators and first explain to them actua
events that have happened and how we assess,
therefore, sone probabilities associated with those

acts to try to anchor the team etcetera, before

novi ng on.

And that was certainly part of the
process.

MR. ROSEN: |'mnot done on this subject.

MR, KOLACZKOWEKI :  That's fine.

MR. ROSEN: But let's leave it there for
now.

MR KOLACZKOABKI :  Okay.

DR. BANERJEE: \What inpact did operator
actions have on the RPT failure probabilities in that
curve?

MR, KOLACZKOWSKI : Wel |, as | pointed out,
if indeed we are correct that LOCAs dom nate and
particularly the, gettinginto the larger size LOCAs,

then the operator really plays very little role at
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all.

Because, as | said, once the break occurs,
the cool down is going to go at whatever rate it's
going to go. The pressure is going to do whatever
it"s goingto do. Mre than likely, especially after
Three Ml e Island, operators are not going to just go
shut the HPI off.

So we're hitting the downconer wall wth
cold water and it all becones a T-Hfracture nechanics
ganme, and the operator is pretty nmuch out of the
pi cture.

The oper at or does provi de sone nmtigating
and/ or exacerbating rol e in what happens to secondary
faults, because that he has nore control over. He can
isolate a faulted steam generator

He can cl ose off an isolation valve on a
stuck open at nospheric dunp val ve the ends the event.
O, he can open a valve, because he thinks it's the
right thing to do. And we've included those ki nds of
situations in the nodel

So he has nmuch nore affect on the
secondary side. The primary side, there's really not
much the operator can do, short of shutting off the
HPI water and then it's not a PTS event it's a core

melt event.
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DR. BANERJEE: So the effect of operator
actions doesn't shift that curve we saw sone ti ne ago
whi ch was done with this one code?

MR. KOLACZKOWBKI : That is correct. W
woul d have to be vastly, vastly way off on our
secondary effects in order that suddenly steamline
br eaks becone super inportant and it rai ses the whol e

curve, etcetera and soforth. And | think that's very

unl i kel y.

DR. SHACK: 1'mgoing to suggest we take
a break here. | sort of hoped we were going to get
t he PRA.

MR, KOLACZKOWBKI: So did I.

(Laughter.)

DR. SHACK: But | see that we're not going
to do that in a reasonable tine. So l'd like to take
a break for 15 mnutes and we'll come back in 15
m nut es.

(Wher eupon, t he f or egoi ng
matter went off the record at
10: 09 a.m and went back on
the record at 10:26 a.m)

DR. SHACK: Let's go through the materi al
in as nuch detail as we need to, because | think

that's the nost inportant thing. So l'mgoing totry
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to, I'll let that run. | want to protect the tine
that we've set aside to talk about the acceptance
criteria, because | think that's another, and the
cont ai nnent-type issues.

What we may end up doi ng i s short-changi ng
the plant-specific results sonewhat. Sinply because
there is not enough tinme. And that, and so |I've sort
of briefed the staff that that's the way we want to
go.

But just renenber, the | onger we spend on
the general material, the less tinmne we're going to
have to | ook at the plant-specific results, because at
sonme tinme later in the day I'mjust going to call an
end to it and say we're going to go on to acceptance
criteria.

Just so we can cover that rather i nportant
i ssue. Meanwhile, back at the PRA

MR,  HACKETT: Yes, so Bill, per the
current schedule then, | think everyone has that on
their cover sheet. W are probably going to get
through the rest of Alan's presentation and then the
di scussion on thermal hydraulics and RELAP this
nor ni ng.

And then vyou're welconme to weigh in

af terwards when we go to the plant-specifics, we can
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limt that discussion as needed. Another thing | was
going to say, during the caucus, sone of the teamwas
di scussi ng, and maybe we di dn't nmake t hi s cl ear enough
so I'll try to that now

The focus, of course, of this project is
on devel opnent of technical basis and technical basis
evaluation. So | think Dr. Ford asked earlier and
maybe t here was sone ot her di scussion along the |lines
of is this, you know, are we so far down this path
this is irreversible?

Are there things going on that we're not
going to be abl e change? And of course the answer is
no. There is, as everyone knows, or shoul d know wel |
around here, nothing happens real fast, particularly
when you get to rul e nmaking.

So | think the question was asked can we
engage, can NRR engage on rule making while we're
finalizing sone these technical aspects, and of course
the answer is absolutely yes.

Now what if we're down the path at sone
point and we find what we think is a show stopper?
Does that indicate that we can, you know, should we
shift directions? And the answer to all of that is
there's anple opportunity to do that.

When you get into rule making, as the
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Comm ttee knows, there is probably, particularly with
an i ssue as conplex as this, you're probably I ooking
at about two to three years worth of rule making
pr ocess.

Fromus drafting therule to the interna
consideration by Conmttees |ike ACRS, also CRGR
internally. Qpportunity, at |east twice, for public
comrents, detailed public comments, which the staff
has to address.

So there will be numerous opportunities,
as we go down this pathinthe future, to address sone
of the other concerns. But | just thought |I'd state,
for purposes of the record here and what we're trying
to achieve, that this is still at a tech basis.

We still have to obtain agreenent fromNRR
that they think we're there. W think we do have
that. W obviously have to, hopefully, get sone kind
of consensus or agreenent with ACRS and ot her bodies
as to, you know, the nerits to proceeding with this
type of thing.

So, the bottomline is this is all very
valuable tous andit's not a final product, but we're
wor ki ng towards that, obviously, as a goal and real ly
appreciatetheinteractionswiththe Coommtteeinthat

regard.
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DR. KRESS: Since you already have a PTS
rule in the books, and basically all you're doing is
changing the screening criteria, shouldn't it be
pretty easy to wite a rule?

MR. HACKETT: | would, you know, | would
hope so. Although, | guess, | know personally, I've
been down this path a nunber of tinmes and a nunber of
the people in the room have too.

It invariably is a process that cuts both
ways. And | think by intent it's not suppose to
operate rapidly. It's suppose to give, for the NRC,
for instance, suppose to give the public a chance to
engage, to have people critique things.

So it would probably still be mninmma
two-year process would be ny best guess. Now, i f
there's a petition for rule making or potential for
direct final rule making, | think that can be
accel er at ed.

In practice, it still takes tine. |It's
still, you know, probably nore |ike 18 nonths than if
everybody lines up in agreenent wth.

DR. KRESS: The only reason for urgency
m ght be in sone plant wants to cone in for |icense
renewal and this is an issue with them

MR HACKETT: Correct. Wth that, 'l
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turn it back over to Al an

VR. KOLACZKOWSKI kay, I guess
conti nui ng on. And the first two steps again was
collect information. By the way, | want to point out
-- could you go back to Step One, just for a nonent.

Yeah. You'll notice that with regards to
t he human part, | just wanted to hi ghlight a coupl e of
bullets. Both the, we |ooked at the energency and
abnormal operating procedures.

We | ooked at training material. W tal ked
to actual crew operators at the various plants,
etcetera, to get a feeling for how sensitive or not
they were to over cooling events. To what extent it's
handled in their training.

How often they actually sinulate over
cooling events, etcetera. And then | also wanted to
highlight the last  bullet, observe sinul at or
exerci ses. At each and every plant, all four of them
we sinmulated sonething |Iike, it wvaried from
pl ant-to-plant, but anywhere fromtwo to four over
cool i ng scenari os.

Some LOCAs, sone secondary faults,
etcetera. And observed how fast it took themto get
t hrough various steps in the procedures. Wen they,

actually in one or two cases we found sonme places
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where procedures could actually be inproved a little
bi t.

And t he Licensees took actions, in fact,
to do that. It mght have been a mnor point of
confusi on or whatever, but the point is we sinulated
quite a fewnunber of scenari os and observed t he crews
wor ki ng through those scenarios, so | just wanted to
hi ghlight that as well.

Now i f we can go back to Step Three, which
is where we were. Ckay, so we've set the general
scope of the nodel. The types of over cooling
scenari os we want to include.

As | pointed out, the human does play a
very inportant in sonme over cooling scenarios. W
want ed t o make sure that that aspect was al so i ncl uded
in the nodel .

Now, | want totalk alittle bit about the
nodel constructions thenselves. Wile they are al
event tree,. fault tree-based, typi cal of PRA process,
there are sone differences anong the nodels, and |
wanted to point out what those differences are.

Not that the differences have any affect
on necessarily the resolution of the answer or
anything like that, but just that the construction

process did differ a little bit and I just want to
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hi ghl i ght what those differences are.

Okay, sofirst of all the Cconee nodel was
the first one that we constructed. A couple of key
aspects to recogni ze, this was one of the plants were
the NRC contractors built the nodel by collecting
information fromthe plant and then obvi ously havi ng
many phone calls and e-mails to deal with questions or
i ssues as they m ght have cone up

The HRA, the Human Reliability Anal ysis,
was initially performed by the NRC contractors. In
ot her words, the expert elicitation panel was solely
NRC contractors. But then that information was then
reviewed by the Licensee.

And I' Il point out a process when t hat was
done. Also, additionally, the initiating event
frequenci es and t he equi pnent failure data that arein
the nodel are based on industry generic data.

That is they are not necessarily
Cconee-specific initiating event frequencies or
Cconee-specific failure probabilities of equipnent.
In that case we used actually generic data, trying to
t ake data t hat was representati ve across the i ndustry.

Because, again, ultimately we'retryingto
get an industry-w de solution to the PTS probl emand

not necessarily try to answer specifically what
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Cconee's specific PTS risk is. But the human
reliability anal ysis was based on Cconee' s procedures,
Cconee's training and so on and so forth.

When we were constructing the nodel,
because it was the first one, we did not yet have
prelimnary thermal hydraulics of fracture nechanics
information available to us. So, as a result, we
didn't a priori screen out any tines, any types of
over cooling events in the PRA nodel

Because we di dn't know whet her or not t hey
could be screened out. So using the word all in
guot es, the Cconee nodel is probably the nost conpl ete
of all of them relative to the over cooling scenarios
that are included in the PRA nodel.

So, for instance, even if we had a
secondary fault or just sone small secondary val ve
opened up i n the scenario that we were nodel i ng, where
|ater on we cane to find out that that was a very
uni nportant scenario, it's included in the nodel
because, again, we didn't have any prelimnary
information from the thermal hydraulics or the
fracture nechani cs that we coul d, with confi dence, say
well that's a scenario we don't need to nodel, we know
it's not going to be inportant.

So t he Cconee nodel i ncl udes,
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guot e/ unquot e, all the over cooling scenarios that we
could think of. The Beaver Vall ey nodel is different.
It was the second nodel that we devel oped, and just
because of when it was occurring tine-w se, again,
this was a nodel that was built by the NRC
contractors.

And then again reviewed with input from
the Licensee. HRA was perfornmed in a simlar way.
Same poi nt made about the data. But, but that point,
we had sone prelimnary i nformati on com ng back on t he
results, the integrated results fromthe Oconee.

And we were | earni ng that certain ki nds of
scenarios were likely to be uni nportant. Couple that
with the fact that by the tine we were constructing
t he Beaver Vall ey nodel, we already had sone 40 or so
T rails run on Beaver Vall ey.

So we had sone thernal hydraul i c
i nformati on and we had prelimnary fracture nmechanic
information. W al ready knewt hat sonme scenari os were
going to be relatively uninportant, from a
t hrough-wal | crack frequency perspective.

So, as aresult, we sinplifiedthe Beaver
Val | ey nodel devel opnent and purposely did not nodel
certain kinds of scenarios inthe Beaver Val | ey nodel ,

because we had enough information from the TH and
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fracture nmechani cs, that we knewthat those were goi ng
to be, if you wll, non-challenging PTS events.

The next slide or two | think just
illustrates sone of the sinplifications we nade i nthe
Beaver Valley nodel. | guess if the Cormmittee has any
speci fic questions, we can address those now or at a
| ater point.

But | just wanted to highlight what sone
of the sinplifications were. Next slide. And next
sl i de. Pal i sades was the last nodel that we
devel oped. And again, the Calvert Cdiffs nodel is
ongoing now and | wll not address that, per se
unl ess there are questions related to it.

Because we're just startinginthe Cal vert

Cliffs process. The Palisades was the |ast of the

three that are in the report. This nodel was
devel oped differently. Inthis case we, the Licensee
was really, if you wll, the keeper of the nodel.

Pal i sades, in their | PE and updat ed si nce
nodel of the core damage frequency, had PTS scenari os
already in the nodel. So, in this case, what we did
was we t ook the Licensees nodel of the PTS scenari os.

We revi ewed, the NRC contractors provided
coments and input to the Licensee on other

consi derations that we thought they ought to include
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in their nodel. Pal i sades changed the nodel
accordingly and then they ran the nodel.

We then reviewed the results and worked
with themin making sure we interpreted the results
correctly. So the point is here, rather than the
contractors building the nodel, we started with a
pre-existing nodel and nodified it.

But the Licensee was, if you will, the
keeper of the nodel. As | pointed out in this case,
whereas in the other two plants you saw the NRC
contractors didthe HRAwork initially and thenit was
reviewed and i nput was provided by the Licensee, in
this case this was a coll aborative effort.

We actually went up to Palisades, spent
three or four days there, and as | poi nted out, we got
actual crewoperators, trainers, one person was an EOP
witer, along with NRC contractors and fornmed a team
of about, | think was about six or seven people.

And we went through the HRA process
together to cone up with the failure probabilities
that would be included in the nodel. So it was nuch
nore of a collaborative, hands on, working together
kind of effort.

And as | pointed out, Dr. Rosen, it was

interesting that sonetines the Licensees canme up with
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hi gher failure probabilities than the NRC contractors
did. Probably because they knowthe situation, they
understand the situation better.

And t hey know where they coul d get fool ed
or where they m ght nmake m st akes. Ckay, now we' ve got
the nodels built. W did an initial quantification.

We basically quantified all the action sequences.

Just to give you sone feeling. In the
Cconee nodel, the one that | said was the nost
conplete from an overall nunber of scenario

perspective, because we didn't a priori rule out any
scenari os.

Donnie, what is there, 118,000 over
cool i ng sequences, or sonething? 1Is that right?

DR, WALLI S: One hundred eighty-one
t housand two hundred and fifty-eight.

MR, KOLACZKOWBKI :  Thank you, Dr. Wallis.

(Laughter.)

MR,  KOLACZKOWEKI : Again, the Beaver
Val | ey nodel has nuch | ess sequences because we were
able to do sone sinplification, as | pointed out. And
the Pal i sades nodel is probably sonewhere in between
t he two.

Now we cannot run 181,000 different TH

scenarios. W'd still be here working on it. The
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RELAP runs take a little bit nore tine than that. So
clearly we had to do sone binning.

And so what we did was we took Ilike
scenarios, simlar in terns of what we expect their
characteristics would be. Put those into bins and
then those bins were what were actually anal yzed by
the TH folks, and then subsequently the fracture
nmechani cs.

Let nme point out this is a nuch, this is
averyiterative process. W took aninitial crack at
the binning, got sonme results. That told us that
ei ther we binned in sone cases too grossly, and sone
cases perhaps overly bi nned and we coul d conbi ne sone
t hi ngs.

So then we redid the binning process, if
necessary, based on the PFMresults, etcetera. So,
again, whilel'mexplainingthisasif it was a seri al
process, | want to point out it was actually quite
iterative to make sure that the binning was of the
proper resolution that we felt we needed to get the
resul ts.

MR. ROSEN: And |' massuming theiteration
went on at the PRA | evel too, between them |In other
words, you |earned sonething at Oconee that you

applied at Palisades, and then you | earned sonet hi ng

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

99

at Beaver that you apply to Cconee.

MR, KOLACZKOABKI :  Absol utely, absol utely.
And that started right at the beginning, at |east
| ooking at the old PTS stuff back done in the *80's.
And then, and | ooking at things that, well, maybe in
one study they did sonething that they didn't treat in
anot her study, so we wanted to nmake sure, well let's
make sure that we treat that in all the anal yses,
etcetera.

And it was a constant |earning process.

DR. KRESS: Educate ne a little bit on
bi nning. Wen you take a thermal hydraulic sequence
and you get sone sort of severity criteria for that
sequence, whi ch may be t he nature of the shock or the,
and the pressure conbi ned or sonet hing.

And you want to put a bunch of these
sequences in a bin related to that severity, ah,
severity range. Now, when you go to use that bin in
your PRA, do you use the nbst severe one or do you use
a nean or what do you use out of that bin?

MR,  KOLACZKOWSKI : Ckay, well first of
all, let nme indicate in a way, if | understand your
point, inaway it's the other way around. The PRAis
devel opi ng hundreds of thousands of sequences.

Now we need to take those and put those
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intoa, | think for Cconee we ended up doi ng sonet hi ng
approaching 180 or so bins that we |ooked at. So
we' re taking 100, 000 sequences and trying to put them
into, roughly, a couple of hundred bins.

And what you do, effectively what we did
was we, we first of all did sone various types of,
gross types of different types of scenarios. LOCAs of
different sizes. Secondary faults with one valve
open, with four val ves open, etcetera.

And got at feeling, first of all, hownuch
did the thermal hydraulics change under these vari ous
conditions? By that, and then run it through the
fracture nechanics code, get sone conditiona
probabilities of vessel failure. See how nuch those
are changi ng.

Now you are beginning to | earn where the
sensitivities are. Were you need to bin very finely
because whether you open one valve or two valves,
seens to nmeke a big difference on the thernal
hydraul i cs, and/or therefore potentially nmakes a big
difference in the CPF.

Versus other areas where you find out,
gee, if | open up one valve or four valves, the
thermal hydraulics hardly changes at all, so we can

group all of those sequences, whether it be one val ve,
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two val ves, three valves or four val ves.

Put them all into one bin, it's good
enough. And so that's where the iteration cones in.
| mean we tried sonme gross ones first, and then we
| earned fromthat. W began to recogni ze where we had
to bin very finely.

Where we could continue to bin very
grossly. Because the ultimate results just either
were or were not very sensitive to the binning. And
so --

DR. KRESS: Once you get a bin, do you
have to select a representative set of thernmal
hydraulics for that bin?

MR, KOLACZKOABKI @ Yes.

DR. KRESS. M question nowis how do you
do that? There are sone differences.

MR, KOLACZKOWSKI :  The bin was actually
run based on, for exanple, |let ne take the case where
suppose, let's say, one to four val ves does not nake
that nuch difference, okay?

What we would do is we woul d give the TH
fol ks the scenario that they needed to actually run.
The worst case, if you wll. That is we would say,
okay, then if it doesn't nmake that nuch difference,

let's have them run the scenario as if four valves
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open and renai n open.

And that's the scenario they're going to
run and that's the scenario they ran.

MR. ROSEN: So what four valves are you
tal ki ng about in that case?

MR,  KOLACZKOWSKI : Four turbine bypass
val ves open versus one, for instance. Sonething |ike
that. O three ADVS versus one or three main steam
safety reliefs versus one.

If it doesn't nmake that nuch difference,
we had themrun the worst case.

DR. KRESS: $So binning, and | can concl ude
from what you say, is a source of conservatism
possi bl y?

MR.  KOLACZKOWEKI : Yeah, where, where
certainly once we created a binto represent that bin
we hopefully al ways tried to represent what we t hought
was the worst scenario that was still wthin that bin
structure.

DR. KRESS: But then you're going to put
an uncertainty band on that to do the uncertainty
anal ysi s?

MR.  KOLACZKOWSKI : Well, there is an

uncertainty about the frequency of that bin, as well
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DR. KRESS: That's on the frequency.

MR. KOLACZKOWBKI :  Yeah, on the frequency
of the bin. I'mnot sure what you're --

DR. KRESS: Well, | was thinking about the
thermal hydraulic uncertainty also on that.

MR KOLACZKOABKI : ©Ch, vyes.

MR. ROSENTHAL: Let ne, Jack Rosenthal,
Safety Margins and Systens Analysis Branch and
Research. In fact we ran over a hundred RELAP runs
for each of the plants. | keep getting back to the
fact that we start out at about 550 F and we end up at
like two or 300 F and it takes about two hours to get
t here.

And so you, if you knew not hi ng but sone
basic nmass and energy constraints and had a
cal culator, you would draw sone sort of line, you
know, between those points. And then in another one,
and you know, it seens to ne, relative to what we
t hi nk we know about the total, howwell we can do the
predictions, we're slicing this pie rather fine.

So that | just wouldn't expect that the
bi nning, within so many bins, that you' re taking the
worst within that bin, but there are so many of the
bins that were really, that there's fine distinctions

t hat have neani ng.
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MR, KOLACZKOWSKI :  Let ne poi nt though, |
nmean we did a lot nore binning in the early work. |
mean the *80's work, if you |l ook at how nmany bi ns t hey
anal yzed to then base their, the original PTS rule.

| mean they were |ooking at sonething
approachi ng a dozen bins. W're | ooking at a hundred
and sonething bins. And so fromthat perspective, we
t hi nk we' ve renoved sone of the conservati sns.

As an exanple, in the early work where
t hey mi ght have sai d whet her it was one turbi ne bypass
val ve versus four versus a mai n steanl i ne break, we'l|
treat it all as if it's a main steanm ine break

And therefore we're grossly over
estimating the anount of the cooling you'd get with
one or two stuck open turbine bypass valves. W' ve
renoved t hat conservati smby saying, well, thereis a
di fference between a main steamine break and one

stuck open TBV.

So we'll have a bin that represents one
stuck open TBV and we'll have another bin that
represent the main steamine break. kay, | guess,

nmoving on. So we had the bin and then eventually --
DR. BANERJEE: | have one question. D d
you sort of nmke the bins which contributed to risk

nore fine than the ones that did not?
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MR KOLACZKOWSKI : The answer to that is

yes. For exanple, as | said, LOCAs dom nate. And
originally we only started off with essentially three
LOCAs in our nodel. A small LOCA, a nedium LOCA and
a | arge LOCA

Small being sonmething representative
around two inches or so equivalent in dianeter.
Medi um i n the nei ghborhood of five or so, six inches
in equivalent dianeter. And then |[|arge being
sonething like ten, 12, 14, all the way up to 22
i nches actually we | ooked at.

When we recogni zed that those were going
to dom nate the PTS risk, we then took each one of
t hose and further binned theminto subsets, having to
do with a nunber of variations that we treated in an
uncertainty way, not only the size of the break but
t he amount of HPI fl ow.

What if it was 110 percent flow, what if
it was only 80 percent flow, in terns of the cold
wat er hitting the downconer, and so on and so forth.
So we binned those yet into further bins because we
recogni zed we needed to be fi ner because this is where
the dom nate results were. So the answer is yes.

DR, WALLI S: Now what's happened as a

result of your work, it seens to ne, is that the order
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of things has been changed and turned upside down.
Large LOCAs that previously were uninportant are now
t he dom nate sequence and so on.

| s that because of sonething that's been
changed in the PRA? Is it sonething that's been
changed in the way --

MR. KOLACZKOWNBKI: Go to the slide with
the green and red arrows.

DR. WALLI S: -- | can't the materials
makes any difference. I nmean if it's a bigger
chall enge, then it's going to be a bigger chall enge.
And what you' ve done to refine the materials anal ysis
isn't going to make any difference.

What is it that's turned, that's reversed
the order of inportance of these events?

MR,  KOLACZKOWSKI : W showed you this
slide earlier. | nean recognize, we're nmaking a | ot
of changes fromwhat was originally done in the early
work, in the 1980's work.

DR. WALLI'S: PFMdoesn't do that does it?
PFM doesn't change the order of inportance of the
scenari 0s?

DR. KIRK: But howthe scenari os have been
represented to the PFM can, and in terns of the

contribution of nediumto | arge break fl ow because, |
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think is part of the genesis of your comrent.

DR, WALLIS: It leads to that, yes.

DR. KIRK: The fact of the matter is, is
t hat they had been previously excluded a priori, and
now t hey' ve been included. So --

DR. WALLIS: Had it been included before
then the nunbers woul d have been even bi gger on that
notorious Figure 1.17?

DR. Kl RK: I don't wish to get back to
1.1, but yes, yes they would have. So that's why
LOCAs are here, is they weren't included before. And
when you | ook at the, when you | ook at the fracture
driving force of the LOCAs rel ative to the secondary
size breaks, relative to everything else, there's no
guestion about it. They are the worst transient.

DR. SHACK: But it's not so nuch that they
weren't included before, it's they are just nore
dom nant because you' ve credited operator acti on which
has essentially reduced the inportance --

DR. KIRK: That, as well. That, as well.

DR. SHACK: I mean that would be the
si ngl e bi ggest change, wouldn't it be?

MR, KOLACZKOWSKI :  Well, et nme point out
in the early work, again, a priori, the larger size
LOCAs wer e not even anal yzed because at the tine there
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was experinental evidence that they interpreted neant
that you had t o have consi derabl e pressure for PTSto
occur and therefore in | arge LOCAs, when, you know,
very qui ckly get down to pressures of 100 pounds or
what ever, the a priori were not anal yzed based on t hat
i nformati on.

We said, no, we're not goingto start with
that premse. W're going to assune that, we were
getting evidence that was suggesting maybe the
pressure was not as inportant as perhaps previously
t hought .

And so as a result we included nmedi umand
| arge break LOCAs in the analysis. They have been
processed through the TH and the fracture nechanics
and | ow and behold we're finding out that indeed the
LOCAs and the larger size LOCAs are in fact a major
contri butor to PTS chal |l enge.

So in that case they were a priori not
anal yzed.

MR. ROSEN. Even though t he depressuri zed
the primary systemto a | arge degree?

MR, KOLACZKOWEKI : Even though they
depressuri zed the primary systemto a | arge.

DR, KIRK: And it's also, just as a side

note here, but | think relevant to the discussion
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we' re havi ng, because we've, | nean the energence of
medi um and | arge LOCAs as i nportant contributors is,
of course, a big change from the past, for reasons
we' re discussing that it was excl uded.

One of the things that, one of the many
things we've done to try to understand this is Terry
Di ckson went back in the OGak Ri dge archi ves and dust ed
off a circa early 1990's version of a probabilistic
fracture mechani cs code of the genre that was used in
the original assessnents.

Put a large LOCA into it and found out
that it's predicting the sanme thing as we' ve got now,
that it's an inportant transient. So they weren't
there before sinply because they were excluded, and
what Dr. Shack pointed out is also correct.

That previously other events, i ke
secondary side faults, the severity of those is
grossly over represented.

MR. ROSEN: So what we think we are at now
is a pressurized thermal shock problemwith alittle
P, big T.

MR, HACKETT: A bigger T than a P.

DR. BANERJEE: Is it mainly thermal stress
now? Well, what is the driver?

MR HACKETT: The results would indicate
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that this is sonmewhat akin to where we were, | know we
presented it to the Conmttee a nunber of years ago
the analysis in the BWR worl d, where you just had the
cold over pressure and thermal shock

But that the thermal shock is, or the
thermal piece is nore domnant than the pressure
piece, is what the results appear to be indicating.

DR, WALLI S: That figure you |just
elimnated is a very nice one, wwth the green and t he
red arrows. |f you could put nunbers on the range, it
woul d be very revealing. | think you'd find, as I
sai d before, that sonething |i ke the fl ow, the change
in the flow analysis had a trenendous anount of
| ever age.

The change in the treatnent of TH al ways
had a relatively small affect. And maybe, you know,
if you had sone nunbers on here so we could see how
i nportant these things are, rather than just have
green and red arrows.

MR, KOLACZKOWSKI : | guess | woul d just
say that | know sone of the ongoing work i s attenpting
to do that. Sone of it is hard to do. For instance,
if you take the second bullet, nore refined binning.

| nmean to try to put a nunber on, well,

they did ten bins, we did 150, what does that nean

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

111

nunerically? That's hard to cone at. Qualitatively
we know, we feel we've done a better job.

Because, as | said, we're not conbining a
one turbine bypass valve scenario in with a nmain
steaml ine break. W' ve renpved that conservatism
Now exact|ly what that neans in a quantifiable way, is
soneti mes hard.

DR. SIU And the short answer is yes. W
are certainly going to be looking at trying to
gquantify that better. |It's an inportant point.

DR. SHACK: | nean you want to quantify
the ones where thereis uncertainty. And nore refined
binning is good. You know, how good it is, is you
know, now operator action credit, you know, flaws --

MR, KOLACZKOWBKI :  Yes, agreed.

DR. SHACK: -- those are things wth
uncertainties and so when you take big credits for
themyou' d sort of like to know just how nuch credit
you're really getting out of those things.

MR, KOLACZKOWSKI :  Agreed. Okay, | think
we're at Step Five, | believe. Okay, so we did sone
prelimnary quantification, we do sone binning. As I
pointed out, it wasreally arather iterative process.

But we did take a point in the process,

once we had prelimnary results available, that we
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went back to each of the Licensees and presented the
results that we had in a prelimnary, at this point in
t he process, and al | owed, not only them but oursel ves
to sort of stop, take a |ook at where we were and
essentially ask ourselves where could we be wong?

What el se should we | ook at? Should the
bi nning be changed? Do we have any inaccuracies in
the nodel? WMaybe a dependency we haven't treated
right. O maybe we grossly, in the Licensee's
opi ni on, over esti mated or under esti nmated an oper at or
action credibility or whatever.

We gave thema chance to provide input to
us. W actually got formal comments from the
Li censees, and then responded to those comments
accordingly. So we took a point in the process to
stop and see where we were.

And, as | said, get the Licensees, as well
as our own chance to take a | ook at where we were and
whet her we wanted to change anyt hing. Model s were
changed. Val ues were changed as a result of this
process. Next slide.

Then we di d, based on t he changes we nade
to the nodel, changes we nade to the value. Nowwe're
getting closer to the final results. | guess just a

word, alittle bit about the uncertainty fromthe PRA
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part is concerned.

And | know the Conmittee has seen a very
simlar slidetothis before. If you think about each
scenario, which is now, if you wll, a TH bin, from
the PRA perspective it's treated as an interaction
really of three things.

You have sone initiating event, and t hen
you have sone series of mtigating equi pnent successes
and failures, like valves sticking open or not or
what ever. And then the operator perhaps does or does
not take certain actions.

From the PRA perspective, then,. the
frequency of the scenariois treated as the frequency
of the initiating event tinmes the probability of the
equi pment response tines the probability of the
oper ator actions.

And each of those are treated essentially
as a random event. So the nodel, in it's 181, 000
different scenarios are describing the randomess of
what can occur, in ternms of what initiating event
m ght occur, and then what subsequent equi pnent and
oper ator responses m ght be.

So that's all <captured in the nodel
devel opnent. And t hat al eatory aspect, the randomess

of what m ght occur and what could go wong is really
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handl ed, not in a nunber sense, but is handled in the
nodel by different scenarios in the nodel.

And that, hence, the reason why there is
181, 000 different scenarios. For each scenario then
you have to develop a frequency. And those
frequencies are going to be summed together to
represent the frequency of a bin.

Now we're dealing wth epi stem c
uncertainties wth regards to what is the actual
frequency, are ability to best estimte what the
frequency of that scenario is. And to capture those
epi stem c uncertainties, we put distributions on the
frequency initiating event.

Distributions on the probability of the
di fferent equi pnent responses. Distributions through
the elicitation process on the probabilities of the
operator actions. And essentially propagate those
through the entire nodel wusing Latin Hypercube
sanpl i ng techni ques to come up with the distribution,
if youwll, that's primarily capturing the epistemc
uncertainties wwth regards to what is the frequency of
each scenari o.

DR. WALLIS: So when you hand sonet hi ng
over to the next the stage, which is the fracture

mechani cs, you give thema whol e set of these things
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Wi th the uncertainty distribution on each one? That's
a huge anmount of information right there.

MR. KOLACZKOWSKI :  That is correct. That
is correct. Next slide.

DR. BANERIJEE: How do you choose the

distributions? Is there an enpirical basis for this?

VR. KOLACZKOWEKI : Most of t he
distributions cane |ike fromthe data source that we
were using. Again, the first two plants, Oconee and
Beaver Valley, as | pointed out, use a generic data.

That's largely from NUREG CR- 5750, work
done by Idaho in which they devel oped not only nean
estimates of things likeinitiating event frequencies
and equi pnent failure and whatever, but also their
estimates on what the distribution should be.

Where there ought to a be a beta
distribution, a gamm, whatever. And what those
di stributions werelike. Andthat informationis what
was used.

DR. SIU Alan, if | caninterject. It's
not that the distributions were necessarily chosen,
they are conputed. They wuse the available
experiential data, using an agi ng estinmati on process.

Now you do have to choose a prior
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distribution. |In general, they use non-informative
prior distributions and then you sinply update. And
so it's an al gebraic process at that point.

Now at sonme point you generally try to
curve fit sonmething that you can readily propagate
t hrough the nodel, but that's a very m nor correction
poi nt .

DR. BANERJEE: How nuch data is there? |
mean for certain things there mght be quite a bit of
data, but for others alnost nothing, right? | nean
there aren't many situations where you have operat or
actions under certain scenari os.

DR SIU  That's right.

DR. BANERIJEE: How do you choose those
di stributions?

DR, SIU Let ne distinguish between the
two situations. |In situations, obviously, where we
have equi pnment failures and we can go through the
process | tal ked about. 1In cases where you are doi ng
adirect elicitation, nowagain, it's not a matter of
choosing a distribution, per se.

You are asking the elicited experts what
is the likelihood that this probability is in this
range? So you can envi sion constructing a hi stogram

basi cal | y. And then you can rough that in a
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conti nuous curve to match that histogramor use the
hi stogram directly dependi ng on however you want to
propagate that through the nodel

So it's not a matter of choosing a
particular functional form and saying this is the
functional forma priori. You're trying to determ ne
what is the experts belief as to the value of that
vari abl e.

What's the |ikelihood that that variable
takes on that value in this range?

DR. BANERJEE: So the expert's opinion
takes the place of data here?

DR SIU That's correct.

DR. BANERJEE: kay. And then you do
whatever it is to find --

DR. SIU. That's correct. That's right.
The rest is, that's right. The rest is --

DR. BANERJEE: |Is this procedure sort of
laid out in this Idaho report? O is this sonething
t hat you' ve done with that data or expert's opinionin
the report?

DR SIU. Well, there arelots of, |'mnot
sure exactly the process Idaho used for things I|ike
the LOCA break frequencies, but in general the

technol ogy of expert elicitation, there are sone
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NUREG CRs that we follow One was witten by
Prof essor --

MR. HACKETT: | was going to add, Nathan,
| think, just as an exanple, | think a point where
your question is going is you look at large break
LOCA. And, of course, there's not a |lot of data on
| arge break LOCA. In fact, there isn't any.

Which is a good thing. And so you're
stuck in that kind of case with | ooking at things |ike
expert elicitation or precursors that may have led to
a large break LOCA under certain conditions.

And | think I can speak for just having
read that portion, especially NUREG CR-5750, does go
into the assunptions that they made in that regard in
pretty good detail

But in sone cases, obviously, the datais
just not going to be there. You'd rather in every
case in this project where you had the data, that's
where you want to be. |If you don't have the data,
you're then Ilooking at statistical mnethods for
extrapol ating or interpolating or you' re | ooking at
precur sors.

O you're | ooking at expert elicitation,
sort of in a descending order as to, you know, where

you' d like to be.
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DR. BANERJEE: The nmmin concern is, of
course, that for the risk dom nant sequences that you
have here, they are very rare events. And there is
not nuch data. And | don't know how you really
establish, with any confidence, the frequency for
t hese.

O even for the initiating event, forget
everyt hing el se.

MR, HACKETT: It's very difficult. Wen
you | ook at the large break LOCA, that's just one
el ement of this project. But there's also other
efforts that the Research Ofice in NRR are pursuing.

They just had an expert elicitation panel
convene this week to | ook at that particul ar i ssue for
the reasons you cite. That's just a very difficult
scenari o.

DR. BANERJEE: Well, to take an exanpl e,
who would have thought that these lines in the
Japanese BWR and t he, you know, expert opinion is not
a great way to approach this maybe.

| don't know how you do it, but that
nobody ever thought of these scenarios that actually
occurred.

MR. HACKETT: Yeah, | think these are

weaknesses that are inherent in that type of process.
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And in that kind of case | think Dr. Rosen's question
of earlier sort of, the fundanental situation of, you
know, how well do you do wth what you don't know?

And of course you do the best you can, is
kind of what it conmes down to. But in a nunber of
areas the nost stark exanple for the NRCrecently, of
course, is Davis-Besse.

And if we had all been sitting up here
talking to the Coomittee two years ago and sonebody
were to have told nyself or Dr. Shack or Ford that you
were going to eat through a six inch reactor vesse
head with boric acid corrosion, you probably would
have been in denial over that.

The nodel, you know, would not have
supported that type of view So that's just
fundanental |y where you're going of up against the
wal | and you do the best you can.

DR. SIU Ed, just to add one m nor point
here, again. We tal k about point estinmates sonetines
and we treat the distribution as wi ndowdressing. But
in the LOCA frequency estimate in particular, there
are | arge uncertainties.

So what we're stating is our degree of
confidence in the LOCA frequency with which we use in

the analysis. And that frequency itself is a
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representation, as Al an i ndi cated, of randomprocess.

So you're not saying with certainty the
event is going to occur, but here's a certain
probability it would occur in a tine interval. And
we' re highly uncertain about the governing paraneter
of that process.

So, again, it's a statement of the
know edge about that that we're trying to make. It's
not that we'rereally confident that the LOCAis going
to curve at a certain rate.

MR. ROSEN. | think the inportant point
about operator action on a LOCA has been made. Which
is the operators, in an expert elicitation, the
operators drill LOCAs ad nauseam

And the response that they'rerequiredto
take is uniformy the sanme. Wiichis gettingto E,,,,
which is the, which basically confirmed the reactor
has tripped, and allow the safety systens to do what
they' re designed to do.

Moni tor what's going on. There is not a
| ot that they can do. So the issue is really al
about initiating afrequency. Well, howoftenis this
goi ng to happen? And surely there, one doesn't know,
fortunately, because it hasn't.

And, but as to what the operators woul d do
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if it did happen, | think we have a pretty good idea.

DR. WALLIS: Are you sure? Because one of
the problenms with, the key problemwith TM, one of
them was that operators m sdiagnosed what was
happeni ng.

MR. ROSEN:. That wasn't a LOCA.

DR. WALLI S: No, but they could have a
LOCA and for sone reason that you don't know, they
could think it's sonmething else. And this could be
because sonething else is happening in the plant
that's distracting or confusing them or sonething.

MR, ROSEN: | grant that, vyes.

DR. WALLIS: This al so happened at TM,
several things went wong sinultaneously.

DR. SHACK: | think we're goingto haveto
nove on here. W don't want to m ss the chance to get
on the thermal hydraulics.

(Laughter.)

MR.  KOLACZKOWSKI : W' re al nost there.
W' re al nost there.

MR,  ROSEN: But they've only done a
hundred runs, so, here we've had 181, 000 sequences.

DR.  SHACK: |'"ve got view graphs that
don't nention Oregon State at all

MR, KOLACZKOWSKI :  Ckay, so anyway, a word

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

123

about the uncertainty analysis, again, a lot of the
al eatory, the randommess part is really handl ed by t he
nodel construction.

Then we, to the best we can, put on
distributions with regards to all the inputs to the
sequences and then carry that through using Latin
Hyper cube sanpling through the nodel

Step Seven, then ultimately is really
finalizing the results, doing all the final runs,
etcetera. And the only thing | wanted to point out
here is that, the point that was nmade earlier

As we | ear ned what was dom nati ng, we went
back and did even better, finer jobs, finer binning,
what ever, on the stuff that was going to be inportant.
And as part of that process, those aleatory -- oh, the
slide before this one, I'msorry.

Those aleatory uncertainties that were
comng up to be particularly inportant, not only did
we treat them in the nodel structure, but we also
tried to quantify those al eatory uncertainti es.

And 1've just |ist some of the nore
i nportant ones, where we actually triedto put nunbers
on things that were, quote, randomoriginally as put
inthe nodel. And then we tried to associ ate a nunber

wWith the probability of that randomess.
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What's the chance a LOCA would be a, if
you will, a small-small versus what's the chance it
would be at the larger end of the snmall break
spectrum That kind of thing. Next slide.

And as it has al ready been pointed out by
Dr. Wllis. Dr. Wallis, yes, we, basically what you
get out of the end of this process is you have a bin
that i s represented by a series of THcurves, pressure
tenperature and heat transfer coefficient, primarily.

But also a | ot of other information that
tags along with that. And you have a frequency of
t hat bin. And that frequency is described by a
hi stogram that cones out of taking all the epistemc
uncertainties, the distributions for all the inputs,
propagati ng them through the nodel and getting an
uncertainty on the frequency on the output.

And that was described in terns of
gquantil es. Al that information goes into the
fracture nechani cs code, which ultimately is going to
take this frequency information, which again is not
just a nean or a point estimate, but actually a
di stribution.

Multiply it ultimately by a conditiona
probability of vessel failure, whichis also goingto

be a distribution, to get a distribution out on the
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t hrough-wal | crack frequency.

DR. WALLIS: This is an anmazi ng pi ece of
wor k. Now are you going to expect all the Licensees
to do the sane thing?

MR, KOLACZKOWSKI :  Well, | guess as was
al ready pointed out, if the rule is going to be able
to change as nmuch as we t hi nk we m ght be able to, you
may get to the point where no Licensee will ever be
so, their vessels will not be challenged to the point
they'll really have to do anyt hi ng.

If it does not turn out that way and the
Li censees woul d have to do sone formof analysis, I'm
sure that the NRC, whether it be at this rigor or sone
other, and | don't want to speak for the NRC

But | inmagine they'd say you' ve got to
address uncertainty sonehow.

MR. ROSEN:. Have you made reactor vessels
i nmortal ?

(Laughter.)

MR, HACKETT: | wouldn't go that far. No,
| don't think so.

MR, KOLACZKOWSKI : No. Maybe they' re good
to 60 years, | don't know if that neans they are
i nmortal .

DR. BANERJEE: Until a through-wall crack
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appears, | guess. Let ne ask you, would this process
you' ve taken a thermal hydraulics curve which you
haven't noved up or down or put any uncertainties on.

The whol e process of convertingthisinto
t hrough-wal | crack frequency or whatever is highly
non-linear. O apparently sone of the correlations
| ook very non-linear to nme. So, does it make senseto
do that?

| mean wthout actually putting the
uncertainty on and propagating it through the
non-linearity so you see whether it anplifies or
decreases or whatever.

MR, KOLACZKOWSKI : Well, | guessif you're
aski ng about the thermal hydraulic uncertainties, I'd
rather wait for the next part.

DR. BANERIJEE: No, no, |'m saying the

process.
MR, KOLACZKOWBKI :  Ch, the process.
DR.  BANERJEE: I"m tal king about the
process right now. What in detail the thernal

hydraulic uncertainties are is the second question.
But not taking it into account, let's say here where
there may be uncertainty of say 50 percent on the
nunber and the tinme rate of change of tenperature,

maybe 100 percent. \What effect does that have when
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you put it through this process?

MR, KOLACZKOWBKI :  Can sonebody hel p ne,
|"mstill not understandi ng the question. |'msorry.

DR. BANERJEE: Well, let's say that the
tenperature that you get out of this calculation and
the rate of <change of tenperature has a |arge
uncertainty on it, which is distributed anyway you
like.

| f you put this throughthis process, what
happens? Then it will contribute to the ultimate
uncertainty in the result, but will there be biases,
for exanple, if you average it because it's a
non-1i near process?

Soif you then average sonething andlet's
say the fluctuation, let's just take a nunber and you
square it, the RM5 is not zero, even though the
fluctuation can be zero. So any non-linearity gives
you this problem So how do you handl e that?

MR,  KOLACZKOWEKI : Can sonebody help
answer that?

MR, HACKETT: Dave?

DR SIU Let ne, before Dave starts, |et
me just take a crack at it because I'm not sure |
exactly understand either. But maybe it's down to the

time cut that you're taking here and --
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DR. SHACK: | think the question is do
really hand them three curves or do you hand them a
good deal nore information --

DR. SIU. Right, yeah, | et ne address t hat
a bit because | had sone hand in devel oping the
uncertainty anal ysis approach. It's a very inportant
gquestion, and when we briefed the Commttee and
Subcomm ttee previously we said we were goi ng to take
a good whack at sone of these uncertainties, but there
were other things that we didn't think that we woul d
be able to do.

ldeally, you'd like to hand a band of
traces. Al t hough, when you really try to do that
maybe even the inmage of a band isn't a very good
i mge, because the traces could develop quite
differently dependi ng on howyou vary your paraneters.

But i f you just visualize a set of traces,
yeah, you'd like to propagate that through. | think
Alan's earlier slideindicated we did alittle bit of
that. We tried to identify what were key paraneters
and we then devel oped determ nistic traces for those
particular variations and assigned probabilities to
those particular traces.

So we went a little bit deeper than the

original bin definition and tried to create refined
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bins to acconmpdate that. But | don't think we have
the full method here that says, yes, in principle we
will take this band and propagate it all the way
t hr ough.

Conputationally, it would be a pretty
extensi ve task, but of course, that's not reason not
to do it. W just weren't able to in the scope of
this project.

MR, KOLACZKOWSKI :  Again, if the thernal
hydraul i c response for a scenari o was, and again, it's
hard to quantify, but noticeably different fromsone
other bin we already had, one turbine bypass val ve
stuck open versus four.

If the rate of cooling and/or the final
tenperature we got to looked like it was starting to
be ten, 15, 20 degrees difference or sonething |ike
that, we said, well, let's don't keep these in one
bi n.

Let's create another bin. And so now we
had a TH set of curves that represented the one TBV
case, and a different set of TH curves that
represented the four TBV case.

DR. WALLIS: | think that the uncertainty
that ny col |l eague may be referring to i s not how many

val ves are stuck open, it's actually inthe prediction
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of the RELAP itself.

MR, KOLACZKOWSKI :  Right, | understand,
yeah.

DR Sl U The other thing | should of
nment i oned, obvi ously, again, we've poi nted out before,
we need to do sone sensitivity anal yses. W need to
better wunderstand the results of this integrated
product that we're representing here.

So sone of the things that we're tal king
about clearly need to be pursued in the com ng nont hs.

DR. BANERJEE: | woul dn't be so concerned
if the conversion of this to the final result was a
| i near process that would average out. | don't know
what the effect of the non-linearity is. That's what
concerns ne. That can give you a bias in the average.

DR. SIU. And that's where again, w thout
necessarily <carrying the full formalism of a
gquantified anal ysis, sensitivity anal ysi s shoul d gi ve
us sone i ndication of therelative inportance of that.

MR, BESSETTE: But the only way to really
get information on that is to run the results through
FAVOR. And that tells you, so you have, and every
time you run FAVOR, you run it with some specific
thermal hydraulic input, of course.

So, what you feed FAVOR as a series of
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transients or a series of sensitivity studies of a
gi ven transient through FAVOR, and you see how nuch
that effects, say, conditional probability of vessel
failure.

DR. BANERJEE: That woul d be fine. | nean
what you're suggesting is okay. | nean it woul d just
paranetrize the rate of change of tenperature or
tenperature that you get out of these transients and
feed it in.

And it's not a, not a thermal hydraulic
calculation, it's just another FAVOR cal cul ati on.

MR. BESSETTE: That's right. So, in fact,
we're in the process of doing, we haven't conpleted
what we plan to do on that. W're planning to do a
nunber, taking a specific transient and doi ng a nunber
of perturbations onit, inorder to understand better,
you know, ten degrees at this point intinme is big or
smal |

You' ve got to run these through FAVOR in
order to answer that question.

DR. SHACK: | nean, | thought that's what
Table 2.3 and 2.4 represented. W' re doing that sort
of thing. You' re saying that you haven't done those
runs yet.

MR BESSETTE: Well, we have. See, we've
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done thermal hydraulic sensitivity studies in the
sense that we've got a given thermal hydraulic bin,
let's say, as nedi um break LOCA.

And we vary, we go through a PI RT process
to decide what do we think is the nobst inportant
boundary condition, <city analysis and physical
nodeling in an analysis. So we've done these
sensitivity studies wth RELAP so we feed, let's say,
30 RELAP cal cul ations, that's 30 RELAP sensitivity
studi es of a given transient.

We feed t hat t hrough FAVOR and we gener at e
the distribution of conditional probability of vessel
failure. So, but we're still doing this RELAP
cal cul ati on.

DR. SHACK: Yeah, but | nean you assign
probabilities to those. So in affect you do end up
with a distribution. Now it rmaybe a crude
distribution, but it at l|east begins to answer the
guesti on.

MR BESSETTE: Correct.

DR. SHACK: So we've done that and we've

got those results, but we want to go a little bit

further. Well, | think you should at |east take
credit for doing that. That's all | really wanted to
do.
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DR. BANERJEE: That's what Dr. Siu was
sayi ng.

DR. SHACK: Yeah, but | just want to nmeke
sure that you've really done it.

MR. BESSETTE: Yeah, | thought that

i npacts were, sonet hi ng nore was being -- we wanted - -

DR. BANERJEE: | want sonething nore --

MR. BESSETTE: You want sonet hing nore --

DR. BANERJEE: But it's a beginning.

MR, BESSETTE: Yes.

MR. KOLACZKOWSKI : | think we're done with
the PRA part.

MR. ROSEN: Wll, I'm looking at the

agenda and | guess we're through Roman one and two,
whi ch i s the openi ng remarks and the i ntroduction. |
don't know where we are on this agenda now.

DR. SHACK: Oh, we have problenms with the
agenda, no question about it.

MR,  HACKETT.: W're nost of the way
t hrough the background at this point.

DR. WALLIS: We're goingto coll apse four.

MR. HACKETT: At |east we think we are.
We wer e going to propose to col |l apse four and focus on
five. And at this point we'll turn it over to David

and Jack Rosent hal .
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MR. ROSENTHAL: Yeah, |et nme just nmake an
introductory remark for the benefit of all the people
here. W did neet in Decenber wth the Thernal
Hydraul i c Subcomm ttee, all day.

And presented a |lot of devel opnental
assessnment and took a | ot of questions. And by the
end of that day an independent observer would have
been in dismay over what we, how well we were
portrayi ng what we knew.

So we did do a little bit of regrouping.
One thing was that we had, as | say, just a large
anount of devel opnental assessnment which that
Subcomm ttee was hearing for the first tinme. And we
decided we need to wite a separate report which
people can really sit down and | ook at rather than
j ust seeing, you know, 150 slides or sonething in the
course of a day.

It's just an enornpus anount of
information. The second thing is, and it's just the
way to go, we focused on where we had probl ens. Were
things weren't, where we weren't predicting results
wel |, rather than where we were.

That's the nature of the beast. And in
fact inatrial runwith the, with ny contractors,

said, no, let's be very forthright and just show it
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all. But | think that we | eft the Commttee wth the
Wrong i npressi on.

And, in fact, we can cal cul ate downconer
tenperatures rather well. And that's what Dave is
going to present. So | just wanted to give that
per specti ve.

DR WALLIS: Jack, the mnutes of that
nmeeting show that we were reassured that everything
woul d becone cl earer on February the 5th.

(Laughter.)

MR, BESSETTE: So | just wanted to, so we
had this, one of the questions that was posed to us
was how good i s RELAP? And not only how good i s RELAP
by itself, but also the nodeling approach which
depends upon RELAP for predicting the tenperature at
a downconer, whichis potentially a multi-di nmensi onal
pr obl em

Which is where the question of plunes
conmes in. So we went through that on Decenber 11th,
i ncluding we spent a few hours on the Oregon State
Program and discussing the results and the CFD
anal ysis that was associated with that.

And | think it was, at |l east for ne it was
fairly convincing conbi nati on of experinental results

and analysis. So the, so | was going to go over here

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

136

briefly --

DR. VALLI'S: One of the things we | earned,
| remenber, was there's not just the downconer, it's
actually, there's alot of heating up of this cold ECC
wat er before it even gets to the downconer. And that
made a big difference.

MR. BESSETTE: Yeah, that's right. It's,
you mght say it was surprising. Previ ous
experimental prograns didn't consider that aspect that
you actually get a |l ot of m xing before the ECC wat er
even gets into the cold leg curving in the injection
line. 1t's alnbst an amazi ng anount of m xi ng.

DR. BANERJEE: But is that a peculiarity
of the, well let's have a nore generic i ssue here than
that. There were certain things that were shown in
the | ast neeti ng which we di d not knowwas peculiar to
the experinent that was done or was sonething that
woul d happen in a full scale PWR

And we suggested to you that you do sone
CFD runs to see whet her that would actually occur in
a full scale plant or not using the systemthat you
had set up. Because this was all single face flow

And the mxing that you saw. Was that
done?

MR. BESSETTE: Let's say the work is in
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progr ess. It's not done yet. W had to get
addi ti onal funding out and graduate students have to
be avail able. So between Decenber 11th and now, no,
it's not done yet. But we are working on it.

DR. BANERJEE: So we have no assurance
that this is going to occur at full scale, the m xing
and the injection |line which gave you nost of the
credit.

MR, BESSETTE: Well, it's, except, well,
it was a focus on, when we're getting ready to do
Oregon State, it was one of the principle points of
focus for the scaling. So there was, it was | ooked
at .

The Froud nunber and the injection |ine
and the Reynol ds nunber were | ooked at. And so the
injection, the size of the injection |ine and
injection velocity was scal ed accordingly. So that
definitely was a point of focus on the scaling.

DR. BANERJEE: Well, maybe you should
explain the point, which is that they got an enor nous
anount of credit, not for what was happening in the
reactor, but in the injection line itself.

The hi gh pressure fl owwas suckingin cold
water fromthe cold leg and mxingit intheline. So

what was com ng out was sort of a mxed flow.  That
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was the major source of m xing.

And because of that liquid comng into
the pipe into which the HPSI was going in was al nost
at the sane tenperature. So effectively the thernal
shock problem went away in sone way because of the
mxing in the injection line itself.

MR. ROSEN. This is what, it could be very
cold water going in?

DR. BANERIJEE: It could be very cold
wat er .

MR. ROSEN: And it mxes with the water in
the, existing water inthe injection |ine which could
be, what? How hot?

VR. BESSETTE: So, yeah, they could be
dealing with 60 degree Fahrenheit water com ng in and
mxing with, let's see, 400, 500 degree Fahrenheit
wat er .

DR. BANERIJEE: But if that 400 degree
wat er doesn't, there's not an infinite anmount of it.
| nmean if there's no flowcomng in of new 400 degree
water. A whole |lot of things have to be right for
this to work.

DR. WALLIS: Yeah, well the thing is that
this has got to appear in sone sort of -- |'m not

sure we can gointoall of it today. It's clearly got
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to be wapped up sonehow properly.

MR. BESSETTE: Yeah, so | hadn't pl anned
to go through all that again today. But | just wanted
to show you sone selected assessnent results from
RELAP.

DR. WALLIS: This thing that bothered ne
about this thermal hydraulics is that the PRA guys
used sone hydraulic information and it seens to be
somewhat of a noving reference point.

Because as OSU cones up with sonme new
di scovery of how things mx, there's a different
thermal hydraulic condition which has got to be then
used by the PRA people. And yet they' re are already
trying to make concl usi ons about plants based on the
ol d nodel s which OSU is showi ng they are no | onger,
not so good.

So are you really mature enough in your
thermal hydraulic analysis to give them what they
need?

MR. BESSETTE: Well, as | said, | nean,
al ong those lines, this whole question of mxingina
sense, doesn't even arise with the risk dom nate
sequences, which arefairly significantly sized LOCAs.

For these LOCA sequences basically

everything is at saturation. So we're not even
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concerned about the potential existence of plunes.

DR. BANERJEE: So, | nmean what you're
saying is the OSU experinents are totally uni nportant
because they don't address the risk domnate
sequences. |s that what you're saying?

MR. BESSETTE: Wel I, the ot her way around,
if we hadn't done themit would be certainly a whole
other story. But as it turns out, yeah. It's, of
course when we, three or four years ago, we didn't
know | arge LOCAs were going to be risk dom nate.

So we proceeded on the basis we had to
understand m xi ng, we had to nmake sure we under st ood
m xi ng well enough to ensure that the FAVOR approach

was appropriate.

DR. BANERJEE: Well, | think that thereis
still the point that if the |large scale plant is not
well portrayed by the OSU experinents then, and

because that is a possibility which maybe you can
elimnate with sonme CFD cal cul ati ons.

Then it could still be that the plune does
not mx well in the large scale plant, and gives you
very, very different tenperature gradi ent than a wel |l
m xed assunpti on. So, | nean it's not conpletely
cl osed, that hole.

MR BESSETTE: Yeah, so in fact, so in
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fact one of your suggestions at the Decenber neeting
was to do the full scal e cal cul ati on where we take the
existing Oregon State CFD nodel and nultiply the
di anmeter by seven and the length by four in order to
get the full scale.

DR, WALLI S: Expecting to see the sane
answer .

MR. BESSETTE: You expect to see the sane
answer, al nost by definition.

DR. WALLIS: That sounds trivial. |It's
like a homework problem isn't it. Just nultiply
t hese vari abl es by four and see what happens. O ten,
or whatever it is.

MR. BESSETTE: Yeah. But we're going to
do it anyway, just in case.

MR. HACKETT: Dave, why don't you try and
step through the slides and then we'll take any
guestions as we go and hopefully elaborate where
needed.

MR. BESSETTE: Okay, so we use for all the
PTS anal ysis we've used the | atest version of RELAP
3.2.2 .gamma. It was released in June of ‘99. W
used the follow ng nodels. The QOconee nodel dates
back to the original I PTS study and it's been updat ed

peri odically.
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Pal i sades we utilized a nodel. We didn't
have a RELAP nodel. W obtained a nodel that was
devel oped originally by Sienmens and we nodified that.

For Beaver Vall ey we took the existing HP
Robi nson nodel , whi ch agai n dates fromthe | PTS st udy.
And Westi nghouse revi sed, substantially revised that
nodel to nake it | ook |i ke Beaver Vall ey rather than
Robi nson.

W added a two-di mensi onal downconer and
updated the treatnent of boundary conditions and set
poi nts and operating procedures. So we revi ewed t he,
we did, associated with the current effort, we did
some assessnent of RELAP for PTS applications.

W went over everything, basi cal |l y
everything we did at the Decenber 1lth neeting. W
| ooked at a variety of separate affects for integra
systemtests. And | was going to show you today sone
of the integral systemtest results.

DR. WALLIS: W m ght be abl e to nake sone
progress here. | nmean we saw in Decenber all the
curves and RELAP predictions versus experinments of
transi ents. Which were all very interesting, but
didn't really address the question of what's the
uncertainty as far as PTS i s concerned.

And if you have a bottom|line which says
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you' ve now eval uated the uncertainties, then we don't
need to ook at all the curves.

MR, BESSETTE: Well, so, yes, I'monly
going to show you a few curves. The bottomline that
you seek is only obtainable by feeding these results
t hrough FAVOR

DR. WALLIS: FAVOR takes the results and
calculates the uncertainties in the thernal
hydraul i cs?

MR, BESSETTE: In a sense, yes. But what
FAVOR does, it tells you if ten degrees is big or
small. O, you know, half a negapascal is a bigger
smal | affect.

DR. WALLIS: It gives youthe sensitivity.

VR. BESSETTE: It gives you the
sensitivities. Now, so, for exanple, if you're
predicting a 40 degree downconer tenperature you can
be off by 100 degrees and it doesn't matter in terns
of probability of failure.

But if you' re at 200 degrees Fahrenheit,
perhaps ten degrees is inportant. And you don't know
that until you run the whol e transi ent through FAVOR
So that, be that as it may, | wanted to gi ve you sone
i ndi cation of stand al one, howwel| can RELAP predi ct

pressure and tenperature.
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| don't think there's ever been nuch of a
guestion about whether these codes can predict
pressure. Fromthe first time | saw a conparison in
the *70's, it always does a good job on pressure.

The ot her key, one other key aspect to
t hese codes doing things well, and it all goes al ong
Wi th predicting pressure. If you match, the first
t hi ng you have to do to get good agreenent is to match
your boundary conditions.

And t hey way you start by doingthat isto
try to get an accurate prediction of a break flow
And that, once you get that, you get the proper,
essentially you get a very good agreenent of system
mass and energy. Next.

So |"ve picked out three integral system
test results to show you. | didn't pick these out
because they were the best ones, | just thought these
woul d be the databases that exist for M ST and ROSA
and so on.

These seened to be the nost appropriate
tests tolook at. Thisis a 4.4 inch break fromM ST
M ST is an integral test facility configured to | ook
like a B&Wplant. On the left is a conparison of the
RELAP predicted tenperature and the experinental

t enperature.
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And bl ack is RELAP and the red is that
dat a.

DR. RANSOM Where is this tenperature?

VR. BESSETTE: This is downconer
t enperature.

DR. RANSOM \Were? Down the beltline?

MR, BESSETTE: It'sinthe beltline, yeah.
Now, of course view ngthe experinental facilities and
so you always have limtations. M ST uni downconer,
external downconer.

So in MST you only expect to see
basically a single tenperature. But, in that sense,
you know, you can see RELAP has done, what | consi der,
excel l ent job of --

DR. BANERJEE: What's the difference in
the rate of change of tenperature with ti ne? Because
that's one of the main concerns, right?

MR. BESSETTE: That's why, well, so
that's, in fact, what | nean is that you have to | ook
very carefully at these results in terns of are they
i nportant for vessel failure or not?

And the only way you cantell if arate of
change of tenperature is inportant or not is whenis
it occurring?

DR. BANERJEE: So let's say you took the
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data around 3,000 seconds at 2500. The experi nent al
data shows you, and this is typical of many runs in
ROSA IV. That the rate of change of tenperature is
much hi gher than predicted by RELAP.

Infact, if redis the experinental data.
And | notice that in nost of the other data that
you' ve shown previously. So howinportant is the rate
of change conpared to getting the tenperature roughly
right?

MR. BESSETTE: Well, you have to know
both. Because certainly the -- you have to know t he
absol ute tenperature, because that's giving you like
the fracture toughness.

DR. BANERJEE: Right. And then it's the
rate of change.

MR. BESSETTE: The rate of change is
giving it a thermal --

DR. BANERJEE: In fact, we left a question
open as to the trying to understand the relative
i nportance of these and these transients. Because the
rate of change was not well predicted.

MR, BESSETTE: | don't knowif |I'd go as
far to say as not well predicted.

DR. BANERJEE: Well, it's a factor of two,

soneti mes three. | don't know what the nunber is.
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DR WALLIS: Well, it's a factor of about
five or nore if they are around 200 degrees
Fahrenhei t.

DR.  BANERIJEE: It my well not be
i nportant, but we need to know that.

MR. HACKETT: I think there are pieces
here that are separable. It appears what David was
prepared to do was to assess how wel | the code works
in predicting tenperature and rate of change of
tenperature versus an experinent.

And you' re asking the nmuch nore difficult
guesti on. It's a real good question. I s what do
those rate of changes, for instance, do when you get
into the non-linearities and the FAVOR code.

And | think the short answer to that
gquestion is they could be significant. And | think we
have nore work to do in that area. W nmay not --

DR. WALLI S: e may not need
non-linearities if it's rate of change of tenperature
that matters. I nmean if it's bigger it my,

non-linearity or not, it may produce a bi gger thernal

stress.

MR HACKETT: Correct, correct.

DR. WALLIS: So that was the question we
had in Decenber. Was you can show us all these
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curves, but how do you extract fromthemwhat really
is going to have an influence on the PTS answer.

MR. HACKETT: | think the only way you get
there is exactly as David said. W need, we have sone
nore work to do wi th FAVOR. An addi tional FAVOR runs
in terns of sone sensitivity studies.

| think Dr. Shack characterized it
correctly is that we run sonme of these to the point
t hat we have, you know, a certain | evel of confidence
in what we've done to put forward a tech basis, but
it's not to say we don't have nore work to do.

And this is a very good case in point of
where we' ve got sone nore work to do.

DR. BANERJEE: W cane back in Decenber
and said that obviously there's going to be an
uncertainty inthe predictions with RELAP. Thi s needs
to be quantified and hopefully University of Maryl and
or sone ot her organi zati on was doi ng that, | ooking at
t he conparison systematically between RELAP and the
experinments, quantifying the uncertainty, trying to
understand what in fact that has on all these sort of
results that are com ng out.

Now, we haven't seen the uncertainty
analysis yet. W were, in fact, one of the points we

made is that we wanted to have that at this neeting.
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DR. RANSOM Wl |, one thing along that
line | didn't understand, reading this docunent it
seened | i ke often tinmes you were feedi ng the FAVOR t he
average of wall tenperature over maybe periods |ike
10, 000 seconds.

And | don't quite understand. Maybe |
m sunder stood sonething, but it seened |like often
tinmes you were extracting out of the RELAP five runs
an average wall tenperature over a |long period of
time.

MR. BESSETTE: No, actually what we feed
FAVOR are, or what we have fed FAVOR i s points every
30 seconds. What that 10, 000 second you are referring
to is |like a screening step that University of
Maryl and used in | ooking at the results.

DR.  RANSOM What, you go through a
prelimnary kind of screening and then --

MR, BESSETTE: Prelimnary, yes.

DR. RANSOM -- select the worst --

MR. BESSETTE: Yes, it was just used, so
it was just used as a screening step. It was never
fed into FAVOR What we feed into FAVORis 30 second
i ntervals.

DR WALLI S: well, | think, David,
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actually the pictureis nuch better than it nmay appear
fromthe questioning. | think probably there is a
really good case that you have. It just needs to be
presented in a nore convincing way. That's all.

MR, HACKETT: | think, Dr. Vllis, we
agree. | don't think we are prepared to go into that
in detail today, obviously, in terms of FAVOR In
your proposal to maybe, you have been through these
before with the conparisons, say with ROSA and M ST

DR, WALLI S: They don't determ ne
anyt hi ng.

MR. HACKETT: Maybe we could just go to
t he PFM - -

DR. WALLIS: | nean you see that there are
curves and yes there are sonme wggles are not
expl ai ned, but we don't know what that neans.

MR, HACKETT: W do not right now.

DR, WALLI S: And the problem with the
NUREG i s that at the end of Section 3.1 it says that
assessnent results confirmthe applicability of RELAP
Vto anal yze PTStransients. Well, yeah, that's okay.

And to establish the wvalidity of
uncertainty studies. Nowthere' s nouncertainty study
presented, so | don't know what that neans. Because

| don't, | don't know what's being established as
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valid because there is no uncertainty study in the
report.

So, that's the basic problem we have, |
think. And maybe you can clear that up?

MR. HACKETT: No, | think what that boils
down tois a fairly nmajor take away for us. And, as
| stated earlier, this is by no nmeans a final product
at this point. And that was one of the, the
sensitivity anal yses that needs to be, that needs to
be further explored and finalized.

So, what | would propose at this point,
since we don't want to waste the Commttee's tine in

that regard, these are results that have been shared

DR, WALLI S: Well, maybe this is like
Nunmber 40 or sonething that's good. | mean it's
tal king about differences between RELAP V and
experinment. Wat are the kinds of errors. That is
actually, is that sonething that's new?

MR. BESSETTE: Yes, that's just sonething
we did after the Decenber 11th neeting.

DR. WALLIS: Does that help us then with
this conversation?

MR. BESSETTE: To sonme extent. [t's not,

| would say again, it's not, it can't be the fina
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wor d because the final word is only obtained after you
run these results through FAVOR

But what this says, though, is that, in
ternms of stand al one RELAP assessnent, you get very
good agreenent between RELAP and the data for these
princi pl e paraneters.

So in one case, for exanple, for ROSA
AP- CL-09, you have a bias of zero with a substandard
deviation. So you say --

DR. WALLIS: It could be zero even if you
have a huge vari ation.

MR. BESSETTE: That's true. That's where
t he standard devi ation cones in.

DR. RANSOM Are these neans over time?
These are neans over tinme?

MR. BESSETTE: This is over the tine of
the whol e transient. So, basically what this says is
| can't concei ve of doing any better than this with a
t hermal hydraulic code.

DR. WALLIS: The questionis, is it good
enough?

DR. RANSOM Well, | think, too, there may
be confusion in the report between sensitivity and
uncertainty. You know, | think you did sone

sensitivity studies to see how nuch variation you
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woul d expect in the paraneters.

But that doesn't necessarily answer these
guestions with regard to uncertainty. That's nore of
a probabilistic question.

MR, BESSETTE: Well, so, you know, the
final, when you get, when you see the final answers
you get from FAVOR with the nmean and sone 95th
percentile, those incorporate, quote, the thernmal
hydraul i ¢ uncertainties.

This thermal hydraulic uncertainties are
inthat uncertainty bin. Howdo we get these thernal
hydraulic uncertainties is, like | said, we went
t hrough a PI RT process and we di d rangi ng of the nost
i nportant paraneters and the physical nodels to
gener at e di screet RELAP predictions which are then fed
i ndi vi dual | y t hrough FAVOR and generate a di stri bution
of probability of vessel failure.

DR. RANSOM By rangi ng, you nmean that
these were the ranges of wuncertainty in those
par anet ers?

MR, BESSETTE: Yes.

DR, WALLI S: Well, | think we my be
giving you a difficult time about sonmething which
actually has very little influence on the final

answer . But | don't know that.
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MR. HACKETT: | think the questions that
have been posed are fair and ones we have to pursue.
And particularly with regard to these variations in
rate of change in the tenperature feeding into the
FAVOR code.

That's a take away for us and we'd been
working on that prior to this. But we need to cone
back to the Comm ttee next tine around, whenever that
is, wwth, you know, a nore definitive answer in that
regard.

What | was going to propose is Mark just
mentioned to nme here, we have five or six nore slides
to go through on the overal | process for probabilistic
fracture mechanics, and then we m ght be at a good
break point.

|'"d propose that to the Chairman, if
that's reasonable we'l|l proceed that way.

DR SHACK: That's fine.

DR. BANERIJEE: Can we also request a
t hermal hydraulic uncertainty anal ysis at sone poi nt?
W did that before.

MR, HACKETT: Absol utely.

DR. RANSOM Well, one thing that I'm--

MR, BESSETTE: It's difficult totell you

definitively about thermal hydraulic uncertaintiesin
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a stand al one basis. Because you can only tell if
they're inportant, they are of relative inportant
after you get the FAVOR out put.

MR. HACKETT: Well, that's pretty nuch
true of nost every variable in the project.

DR. SHACK: I think what you need is a
cl earer expl anation of how you' ve incorporated your
thermal hydraulic uncertainties into the FAVOR
anal ysis, because | think they are there.

MR, BESSETTE: They are there.

DR. SHACK: You're just not doing a very
good job of making clear to us that they are.

MR. ROSENTHAL: In the sense that you' ve
ranged variables within sequences and you've run
hundr eds of sequences.

DR. SHACK: What | think youneedtodois
to show that the ranging that you' ve done sort of
covers, you know, we need to see sone of those outputs
to show that they would, they give you differences in
sl opes, differences in tenperatures.

You' ve got sone that, sone of the ranging
is sort of paranetric things that just cover, but then
you' ve got ot her things that cover nodel uncertainty.
| think you have to show us just how nuch difference

t hose have nmde.
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DR, WALLI S: Maybe it's effect on
K-applied and it's trivial.

DR. RANSOM Well, one thing | think that,
| know !l was al ways fairly uncertain about before when
| heard these results is the ability of, say, a code
i ke RELAP 5 to predict the heat transfer coefficient.

| mean these are pretty hard things to
predi ct very accurately, which presumably woul d af f ect
the thermal transient. But the analysis |ike shown in
this University of Maryl and report, shows that the BL
nunber is high enough that really the heat transfer
coefficient is immterial.

It's really the thermal diffusion in the
wall that's inportant. And that takes a |lot of the
uncertainty out of the ability. And the only thing
you really are left with is the pressure and
tenperature. And so | think you can capitalize on
t hat .

DR. WALLIS: And you have to ask whet her
avery bigtenperature gradient for arelatively short
time is going to be a big action grading a crack or
not . Because that's the kind of thing that does
happen when you conpare RELAP with experinent.

DR. Kl RK: Probabilistic fracture

mechani cs in six slides or so. Okay, all, we all know
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t he PRA goes through TH and then cones into PFM To
expand PFMa little bit norein terns of what's inside
the box, and again, of course in the report it goes
into even greater detail

The thermal hydraulic pressure and
tenperature and i ndeed heat transfer coefficient is
passed in to what we've called an enbrittl enent and
crack initiation nodel.

O her major inputs to that nodel include
the flawdistribution, which describes the density of
the flaws throughout the material. Their |ocations.
Their orientation with respect to the vessel nmjor
axes, |length, depth and so on.

DR. WALLIS: Are you going to tal k about
that today |l ater?

DR KIRK: In one slide.

DR. WALLIS: In one slide. Because that
flowis a big actor and it's a big change from what
you di d before.

DR. KIRK: Yes, absolutely. And we can go
into nore details in one slide, certainly. Another
input is the fluence and its variation around the
vessel. And, of course, the material properties and
conposi tion informtion

All of that goesintothe crackinitiation
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nodel and we predict out of that the conditional
probability that a crack will initiate. It then goes
into an arrest nodel and we perform a through-wall
crack initiation run arrest, re-initiation re-arrest
and so on, until either the crack stops through the
end of the transient or we break the vessel.

That gives us a conditional probability
t hrough all cracking which, again, we just sinply --

DR. WALLIS: How frequently does it stop
in the mddle of the wall?

DR KIRK: Quite a bit.

DR WALLIS: Quite a bit.

DR. Kl RK: The separation between
condi tional probability of initiationand conditional
probability of failure, order of nerit is about an
order of magnitude. So only about ten percent, and of
course that varies transient by transient.

But only about, in bulk, only about ten
percent of the cracks make it through.

DR. WALLIS: This may save you from sone
of the rapid, local transients. You nmay start a crack
and then you just stop again.

DR KIRK: Yes, vyes.

DR. FORD: Mark, on that item this was

brought up at one of our earlier neetings. Do we have
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a good factual basis for the fluence attenuation
t hrough thickness of the wall that wll inpact on
crack arrest?

DR. KIRK: The, actually I'mgoing to | ook
straight at Stan Rosinski from EPRI, who is hiding
fromme now Because Stan heard your comment at an
earlier neeting and actual ly, recently, well recently,
| ast summer EPRI published a very nice report on
attenuation, it's influence on the enbrittlenent
function and so on.

And I'I'l give you ny short sumrary because
| read it recently. Is that the attenuation function
in Reg Guide 1.99, Rev. 2, while certainly | think we
woul d al | agree we woul d |i ke to see a better physical
and dat abases for it, is about the best we have right
Now.

And it's certainly not way out of bounds
and | thinkis generally viewed as bei ng conservati ve.
And t hat revi ewwas conducted by Colin English of AEA
Wio el se was an author, Stan? Stan?

MR. ROSINSKI: Yes, this is Stan Rosi nski
from EPRI. Colin English was one of the min
reviewers, but we also utilized information in that
report that was perfornmed by Ray Nichol son of the UK

as well, fromthe Atom c Energy Authority.
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DR. KIRK: The other thing to point out is
that, so we've adopted, quite independently of the
EPRI report, but we adopted the Reg Guide 1.99, Rev.
2, attenuation function. And | think if you ask ne
for a technical basis for choosing that, I'mgoing to
reference the EPRI Report because it is indeed very
good and | learned a lot.

| think the other thingis inportant in a
PTS context to recogni ze that the flaws that get you
are wthin ten percent of the inner dianeter, within
the first ten percent of the thickness.

And within that range, the attenuation
function doesn't really nake that big a contri bution.
However, if we get to ever di scussi ng heat up and cool
down limts in Appendix G where you have to
attenuate, or at | east nownotionally you attenuateto
the quarter-T and three quarter-T, it makes a heck a
| ot of difference.

So, | think, it'scertainly afactor. But
in PTS, because of, because of where the flaws reside
it's not as big a factor.

DR.  FORD: Ckay, so there are data to
support whatever al gorithmyou have?

DR KIRK:  Yes.

DR, WALLI S: Now, Mark, can | ask you
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about the stainless steel Iliner? Isn't there a
stainless steel liner in these vessels?

DR. KIRK: That's correct.

DR. WALLIS: And all this discussion is
about the vessel, the flaw distribution in the main
steel of the vessel?

DR KIRK: Yes.

DR, WALLI S: But in a transient, the
stai nless steel |iner undergoes transients, does it
crack?

DR. KIRK: The, okay, a couple of things
to say. The stainless steel liner is included in our
analysis in several senses. There is a residual
stress distribution due to the weld overlay that's
i ncorporated into our anal ysis.

There are stresses caused by the
differential thermal expansion of the stainl ess steel
relative to the ferritic steel that are also
incorporate into our analysis. If a flaw is
conpletely buried in the stainless steel, we don't
calculate its influence --

DR. WALLI S: The stainl ess steel is bonded
to the, weld to --

DR KIRK: Wl d overlay, yeah.

DR. WALLIS: Isn't there a source of fl aws
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in that weld overlay?

DR KIRK: Yes, indeedthereis, and those
are i ncorporated. Yes. The major contribution of the
stainless steel is it's the only origin of surface
cracks in our anal yses. Because the flawdistribution
work perfornmed by PNNL showed that the only, well,
they actually never really found a flaw that was al
t he way t hrough.

They found, | think, one flawthat was 50
percent and one flaw that was 70 percent of the way
through the stainless steel liner. And those were
| ack of inner run fusion between the weld beads.

And so, now hereis, I'll reveal a buried
conservatismin the analysis, to spite the fact that
we haven't observed one, we took that as evi dence t hat
there is a non-negligible probability that you coul d
get a lack of inner run fusion defect between two
adj acent wel d beads in the stainless steel cladding
and that that coul d produce a surface-breaking defect
in the vessel.

And t hose are i ndeed t he only
surface- breaki ng defects that are incorporatedinit.
Even though they are circunferential, where they are
i ncluded they do make a small contribution to the

condi tional probability vessel failure onthe order of
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five percent.

DR. WALLIS: Are you going to tal k about
t he sur face- breaki ng def ect, t he | ack of
surface- breaki ng defect from any ot her cause?

DR. KIRK: Yes, there's the, again, the
wor k on fl awdi stribution found that there's no, well,
first off, there's no enpirical basis whatsoever for
a surface-breaking defect. Nobody has found one.

Mor eover, the work found that there was no
physi cal basis for a surface-breaki ng defect save the
[ ack of inner run fusion between --

DR. WALLIS: Is it because of the way the
vessel is made, it only has flaws inside and not on
t he surface?

DR. KIRK: |If they are on the surface of
the ferritic steel, they will have been overlaid and
therefore will now be buried --

DR. WALLIS: O they've been renoved in
sone way.

DR KIRK:  Yes.

DR. FORD: The point is, Mark, you just
said you have in fact taken into account a
sur f ace- breaki ng def ect.

DR, KIRK: Yes, yes indeed.

DR. FORD: And it happens to be fromthe
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austenitic.

DR KIRK:  Yes.

DR.  FORD: So, and it doesn't really
matter whether it's in the austenitic or ferritic.

DR KIRK: Well, the defect is assuned to
fully penetrate the austenitic claddingandsoitstip
isinthe ferritic mterial. And soit's treated as
if it'sinthe ferritic steel.

DR. FORD: Ckay, so you have done that?

DR, KIRK: Yeah, yeah.

DR. RANSOM The experinental data that's
used, that was taken at Oak Ri dge on thernal stress
and vessels, are those clad in the sanme way so they
were typical of reactor wall?

DR. Kl RK: I'm sorry, you've |ost ne.
Coul d you repeat that?

DR. RANSOM Wel |, the thick-wall ed vessel
experinments that were nade at Oak Ridge for thernal
shock.

DR, KIRK: Right, right, yes.

DR. RANSOM  Were those, did they have
typical clad walls like this vessel?

DR. KIRK: No, but our thermal stresses
don't come fromthose anal yses. Qur thermal stresses

are calculated from the thermal hydraulic and the
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conduction equation, yeah.

DR. RANSOM Sure. But on the other hand,
some of this nil ductility data canme from those
experinments, didn't it?

DR KIRK: The NDT data cones from
mat eri al -specific tests on each i ndi vi dual plant, and
al so | aboratory experinents, yes. |I'mafraid |'mnot
answering your question.

DR. WALLI S: It didn't cone from Qak
Ri dge, the experinents. It conmes from individual
pl ant tests.

DR KIRK: It conmes from-- the data --
okay.

DR. RANSOM Wl |, how were those vessel
test used? Just to verify the nodel s?

MR. HACKETT: It cones from Mark is
right. It comes from a variety of sources. When
you're looking at in the, early on today we had the
di scussi on about the regulatory application of this.

In regulatory sense, all of the plants
have, by virtue of NRC s Generic Letter 92-01, have
had to report their data that applies to this
situation in terns of RT,,, fluence affects, limting
mat eri al s.

In addition to that, the NRC Research
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Ofice, over nmany years past now, conduct ed
confirmatory tests at Oak Ri dge and ot her | ocations to
say prototypically in a | ab what woul d happen.

You know, | have this nmaterial, | applied
this thermal shock to this scal ed vessel, and what,
how is, what sort of crack behavior or materi al
behavi or am| going to see. So they were intended to
be confirmatory tests.

DR. KIRK: The, to answer the question you
just asked, the vessel tests that were conducted at
Cak Ridge were really used to validate that |inear
lasting fracture mechanics s an appropriate
technology to apply to pressurized thermal shock
situations. So a prototypical experinent.

DR. RANSOM The type of flaw and things
like that, that they, sonme of them | think they
actually made flaws in the wall.

DR, KIRK: In all cases, yeah.

DR. RANSOM But they may not have been
typi cal of what you mght find in a reactor?

DR.  KI RK: No, those were |aboratory
generated flaws. The characterization of flaws that
are typical of what you would find in a reactor cane
out of the flaw distribution work that was conducted

at the Pacific Northwest National Lab where they, both
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non-destructive and destructively evaluated primarily
wel ds, but al so have done works on plates, forgings
and the stainless steel liner that we were |just
tal ki ng about.

This is the sunmary slide on probabilistic
fracture nechanics. And in particular we're focusing
on the changes made in this analysis relative to the
anal ysis that was used to establish the current rules
on pressurized thermal shock.

"1l go through this and --

DR. WALLIS: Mark, I'msorry, |'ve got to
ask you about the presentation in this NUREG

DR KIRK: Yes.

DR. WALLIS: When you start reading and
there's not hing about heat transfer, there's nothing
about thermal transients and stress distribution in
the wall. There's nothing about how thermal shock
occurs.

And you never, you get the i npression that
you' re never going to find out. And then you have to
get to an obscure discussion in the mddle of the
di scussion whichis entitled OGak Ri dge experinents to
find out that, yes, soneone does actual ly investigate
crack driving forces and howit propagates throughthe

wal | .
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So within the context of Oak Ridge
experinents. Put that out front and say we really
under st and how cracks propagate and arrest. And give
that theory sonme prom nence in the report instead of
hiding in this discussion of the Cak Ridge tests
whi ch soneone m ght just skip over.

DR, KIRK: Yes. kay.

DR, WALLI S: | got nuch nore reassured
when | saw, yes, soneone does under st and t hese t hi ngs.

DR. KIRK: And they actually were co-oped
on the report. That nust have been very reassuring.
Again, here on the slide, and we've had full day
di scussions with this Conmttee on PFM so | don't
want to, unless you ask, revisit all that.

But | did want to focus on the mgjor
changes and then |'ve got a slide each on the ones
t hat make the nost difference. We'll| start at the end
with flaws, since we've been discussing that.

Qur statistical distributions of flaws
where we i ndeed do a count for our uncertainty or |ack
of conpl ete know edge inthe flawdi stribution. First
off, it's based on significantly nore data than was
avai | abl e before.

As we' ve al ready poi nted, al so, nost, and

by nmost | nean |ike 98 percent of the flaws are now
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enbedded rather than surface flaws. And that's a
maj or difference. However, there are many nore fl aws
t han there were before.

Qur nodel s now have a flawdensity that is
scaled to either the volume of the material or the
area of the weld, as appropriate to the flaw type.
And that results in sonewhere on the order of two to
si x thousand fl aws being sinmulated in each and every
vessel

That can be contrasted with the six flaws
that were sinulated in every vessel in the origina
PTS wor k.

DR. SHACK: Mark, do you know from a
sensitivity study, just how nuch, you know, there's
this quoted factor of 20 and 70 for the difference.
How much of that is due to the fact that you don't
have everything stuffed on the surface?

Isreallythe differenceinthe sizes |ess
I npor t ant than the fact t hat they're not
sur f ace- br eaki ng anynore?

DR, KIRK: 1'"Il ask Terry if he knows the
answer to that question. M gut feel is yes, but |
don't have a calculation to back that up.

MR, DI CKSON: Terry Dickson, Cak Ridge

Nati onal Laboratory. The sinple answer is no. W,
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when | did that sensitivity analysis the, paper that
you are referencing, | just bundled it together and
did the anal ysis.

DR. SHACK: Everything this is in there.

MR. DI CKSON: Yeah, yeah.

DR. SHACK: So you don't know
i ndependently --

MR, DI CKSON:  No.

DR. SHACK: -- hownuch is just due to the
fact that they are not surface breaking any nore.

MR. DICKSON. No, no. But ny intuition
woul d say that the surface breaki ng was the maj or, the
dom nant contributor. But | can't absolutely say for
sure, because | didn't do the anal ysis.

DR. Kl RK: Maybe there's another
sensitivity study.

MR. DI CKSON: There you go.

DR. Kl RK: Certainly it would keep M.
St rosni der happy.

DR. SHACK: Well, I think, in a sense, you
know, there is less uncertainty in knowi ng that the
flaws aren't all sitting on the surface than thereis
in the flaw size distribution.

DR, KIRK: That's right, that's right.

DR. SHACK: So if you could showthat the
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| ocation of theflawreally drivesthis all, thenit's
a warm feeling.

DR. KIRK: That's a good point. That's a
good point. Also, one thing that, sub-bullet under
flaws that isn't on the slide, but when we get to
discussing enbrittlement netrics wll be very
inportant, is the understanding both enpirically and
from an wunderstanding of the physics of flaw
formation, that the flaws, the big flaws here are of
course the weld fl aws.

The fl aws associ ated with wel ds. And our
i nspection have reveal ed that nost of those flaws,
like on the order of 95 to 98 percent are fusion |ine
flaws. And so that gives us a lot of information
about the orientation of the flaws.

So axi al welds may only have axial fl aws.
Circunferential welds may only have circunferentia
flaws. And as a preview, this is going to lead to a
consi derabl e di m nution of theinportance of the level
of enbrittlement of the circunferential weld, because
it may only have circunferential flaws.

So t hat one pi ece of evidence, whi ch again
is enpirical, but backed up very easily by an
understanding of how flaws form in welds, is an

extrenmely inportant insight.

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

172

DR. WALLIS: Mark, on flaws, |I'mreading
fromyour report. It says it was deci ded to adopt for
further calculations flaw density space only on
observations of the Shoreham vessel.

Now, | just wonder howtypical a Shoreham
vessel is. And vessels are made by different
manuf acturers, different welders actually weld these
wel ds that are the source of many of the flaws.

DR. KIRK: Yes, yes. That's a very good
point. The decision to adopt the flaw distribution
from the Shoreham vessel as effectively the flaw
distribution in every vessel was driven by the fact
that we had basically tw flaw distributions.

One from our Shoreham inspections, one
from PV Ruff, and that the Shorehamwas t he worst of
the two. It had, by and |l arge, | arger flaws and nore
of them However, it's just a factual statenent at
this tinme.

We don't have a nodel that enables us to
say how that would relate to any ot her vessel.

DR. WALLIS: But if flaws are caused by
wel di ng --

DR KIRK:  Yes.

DR, WALLI S: -- is welding really

sonet hing, is that reproduci bl e bet ween one wel der and
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anot her wel der ?

MR. HACKETT: A couple of coments we
could neke there. In the case of the | arge wel ds and
the reactor vessels, probably the answer is yes.
Particularly within the range of a manufacturer
because these are automated processes.

In that case it would be subnmerged arc
wel di ng. Good and bad then, if sonething were to go
wrong it woul d go wong everywhere. But the good news
is that it is a highly controlled process through
nucl ear fabrication QA

And chances are, and everythi ng we' ve seen
says they are very well made. And to go beyond that,
if you wanted to, again, this whol e noti on of where we
have dat a and where we have to extrapol ate, we do have
a code, an expert code that cones to us from Rolls
Royce in the UK call ed PRODI GAL.

That's basically a wel d expert code. That

if you re looking at I've got this particular weld

process or | even have a welder laying it down a
certain way and | want to see, in terns of a
mul ti-pass weld, |like goes into these vessels, what

sort of defect distribution would I expect.
W do have a program that can predict

those kinds of distributions. And we have run
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simul ations with that code versus t he data, and again,
we get sone pretty good conparisons. As Mark is
i ndi cating, the best data we have is from Shoreham

But then of course we've had di scussions
with Jack Strosnider and others internally over how
wel | that represents all vessels.

MR. ROSEN:. The BWR vessel.

DR. KIRK: Exactly. So you do have, we've
sanpled alimted anount of welds. It's the best data
that we have. There are obviously mles of welds
probably that are in vessels in this country and
wor | dw de.

So you' re obviously, you know, having to
adjust for that, you know, and you should do it in
uncertai nty space.

DR. VALLIS: Wwell, at | east you knowthere
is avariation because PV Ruff and Shorehamdon't have
t he sanme distributions.

MR, HACKETT: Yes, right.

DR. KIRK: And they were in fact the sane
manuf act urer.

DR, WALLIS: How big is that difference?

DR, Kl RK: |'"d have to go back to the
data. | don't renenber.

DR. WALLIS: Wwell, you're cl ai m ng one of

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
themis typical of all and then you' ve got anot her one
that's different. What should | conclude?

DR, KIRK: Well, the, the, maybe I' ve been
alittle cavalier innm statenment. The, the, in sone
ways the distributional characteristics were
establ i shed using both data sets, but the density, it
was the density, I'msorry, | m sspoke.

DR. WALLIS: Yeah, the density is the one
you relied on Shoreham for

DR, KIRK: That's right.

DR.  SHACK: Just another detail. Wy
don't the, the percentile, you have the Figure 2.18
where you have the small flaws and there's not a neat
spread in the percentiles. The curves are actually
different shapes as | go through.

You know, the other flaws, you know, when
| go to the fifth percentile to the 95th, | get
exactly what | think, you know. The flaws sort of go
snmoothly. And here the percentiles interchange the

shapes. How did that cone out?

DR. KIRK: "Il have to take a bye on t hat
one, | don't know.

MR, HACKETT: | don't have a good answer
to that either, Bill. W'Ill have to take that away

and get back with you. One nore comrent |'d make j ust
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to the welding in general.

O course, thesetypes of realizations for
fabricators and wel di ng engi neers have goneintothis
type of constructionfor alongtinme. Sothereis the
realization in that case that in terns of welding,
very often the worst case you get into is the root
passes of wel ds.

And in a lot of cases in these vessel
fabrication issues, the root passes are in the center
of the wall. So they are in one of the nore benign,
it's not the case everywhere. But in a lot of cases
t he subnmerged arc wel ding is done such that the root
pass is actually in the center of the vessel whichis,
vessel wall which is about one of the nobst benign
pl aces you're going to have it, you know, for this
type of scenario.

DR, KIRK: And noreover it's ground out.

MR, HACKETT: That's right.

DR. KIRK: In areas other than flaws, in
fluence we've used the calculational nethodol ogy
expressed i n our NUREG CGui de. And the maj or change in
our representation of fluence, relative to how we
represented it before, is we recognized the spatia
variationin fluence whereas previ ous anal yses assuned

t hat t he maxi numfl uence exi sted t hr oughout t he vessel
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whi ch is an obvious over conservatism

In the area of toughness, we've nade the
bold leap to recognize that RT IS a conservative
representation of theindex tenperature, not the index
tenperature itself. And not a precise representation
of toughness.

So we've statistically renoved that
conservative bias. We've also adopted a nodel
describing the aleatory nature of toughness,
uncertainty and both crack arrest and crack
initiation.

Qur enbrittlenment nodel is referenced to
bot h toughness data and a physical understandi ng of
the factors that cause enbrittlenent. So we've got a
correlation with a nmuch better enpirical basis than
bef ore and sone physical basis.

And also the slight bias, the slight
di fferences between Sharpy shift and toughness shift
have been elim nated, although that was not a mgjor
factor. Just to enphasize, you know, the question
al ways cones back of how big are the green arrows?

And has been wi dely recogni zed, we don't
have a conpl ete answer on that, but | would like to
point out that sone of the arrows are bigger than

ot hers. And the one related to renoval of the
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systemati c conservative bias in RT, isS indeed a
pretty big arrowon the, on the graph on the bottomof
this slide.

It quantifies that bias and shows that, in
general, or on average | should say, Rl IS 65
degrees Fahrenheit higher than the true transition
t enperat ure. But that varies over quite a large
range.

DR. WALLIS: Isn't that because T-zerois
really a best estimte, as opposed to trying to
understand how to correlate this toughness. | nean
RTor 1S an ASME conservative bounding sort of curve
that's for design purposes. It's a different purpose
al t oget her.

DR,  KIRK: That's right. That's
absol utely right.

DR. WALLIS: That doesn't come out in the
introduction. And you want it to read that, and it
says RT,,;; iS a way to characterize toughness. It's
not . It's really a way to conservatively describe
toughness. It's quitedifferent fromtryingtoreally
predict what it is.

DR. KIRK: Yeah, yeah. But in fact, and
you're right and that can be, can certainly be better

descri bed. But the difference here is nore than just
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the difference between a bounding curve and a best
estimate curve.

DR. WALLIS: You get a couple of these
T-zeros and RT ' s and all your criteria and net hods
to be based on an effective or nodified or sonehow
done sonething with RT,. And yet when it cones to
the effect of radiation on enbrittlenent, in your
Appendi x, the effect is an effect on T-zero.

| don't understand how you translate the
T-zero effect that you are predicting from
enbrittlenment onto your RT frame work for anal yzi ng
comon PTS. But that conmes nuch |l ater. But again --

DR KIRK: Well, that cones froma --

DR. WALLI S: Wen you' ve got two di fferent
vari abl es neaning different things but they are sort
of correlated wth each other

DR. KIRK: Yeah, that's cones, the shift
used in the RT,; nodel has al ways been the shift in
the 30 foot pound sharpy transition.

DR. WALLI S: So that's the connection
that's the connection.

DR KIRK: That's the connection.

DR. WALLIS: So you cal cul ate your delta
T-zero and then you get a delta TR-30.

DR KIRK: That's correct.

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

180

DR. WALLIS: And then you go, that stepis
not, | think specifically brought out in that
Appendi x. It just says how you nodified it to zero.

DR KIRK: Ckay.

DR.  SHACK: Just a note on your
presentation in Section 2314, you're very careful to
put the epistemic air in the initial RDg, but then
theirradiation nodel is presented determ nistically.

DR KIRK: That's correct.

DR. WALLIS: | see, the irradiation was
even nore confusing because it says randomy sel ect
sonet hing and that's your best estimate. | couldn't
quite understand that at all. How do we get these
details to you? Do we send themour comments or what ?

MR. HACKETT: That was one of the reasons
for the request for the letter, not to over, put over
much burden in Comm ttee.

DR, VWALLI S: A letter -- give you a
hundred different cormments on a report.

MR, HACKETT: We'd be happy to take those
anyway you feel is nost appropriate. |In one-on-one
sessi ons or anyt hing.

DR KIRK: E-mail, marked up copy.

DR. FORD: Mark, one of the questions that

came out againinone of the earlier nmeetings was this
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guestion about the Eason <correlation for the
conposition effects.

DR KIRK: Yes.

DR. FORD: How happy do you feel about
that? | nmean if you have relationships where the
correlation factor is pretty well zero, how do you,
how do you put that into an uncertainty nodel

DR, KIRK: |"msorry, | was overwhel ned by
your question about how! felt about it. So couldtry
again and I'll try to recover

DR. FORD: Well, the uncertainty that you
have associated with the Eason correlation and the
conposition effects.

DR KIRK: yes.

DR. FORD: How overwhel m ng are those on
your end result? | get the feeling that it doesn't
really matter too nuch. As scientists we can't really
put too nuch faith in these correl ations.

But in the end, is your answer, inthe end
it doesn't really matter?

DR, Kl RK: Is, is, I'"'m sorry, is your
question still, is your question, does the specifics
of the enbrittlement correlation matter nuch to the
answer ?

DR FORD: Correct.
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DR KIRK: | don't think so, but | haven't
proved that yet.

DR. FORD: Ckay.

DR. KIRK: And the reason that | don't
think sois that to get anywhere near, it m ght nonkey
around with the relationship between through-wall
cracki ng frequency and RT whatever you want to cal
it, at lower levels of enbrittlement when you' re not
on the flat part of the enbrittlenent curve.

But once you get up to any type of yearly
frequency that anybody cares about, | would believe
that the, the materials that are getting you and the
cracks that are getting you are so enbrittled that you
can pick this correlation, you can pick the new ASTM
correlation, and it's not going to nmke a huge
di fference.

DR. FORD: Ckay.

MR, HACKETT: And I'll just add, that's
not to say at all that there isn't, wasn't or isn't
still significant controversy over the elenents of
that nodel. And | think our coll eagues here fromthe
i ndustry would, you know, we could have a day-Iong
session on that at | east on the el enents that go into
that and their significance or lack of it.

DR. KIRK: Yeah. And to just be conplete,
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so that Stan doesn't junp out of his skin, it should
al so be pointed out that while |I've now, based on, in
response t o your questions, pooh-poohed the i nportance
of either getting the attenuation function very
precisely right, or getting the enbrittlenent
correlation very precisely right in PTS.

You know, when screening at ayearly limt
that's relevant to a regul atory agency. Both of those
things are of the utnopst inportance when setting
operational limts. And so when we, as we start
| ooking at risk inform ng Appendi x G those are goi ng
to be very key issues.

And a good point from Dr. Wallis about
conparing Rt o, to T-zero and one is a | ower bound and
one is a best estimate. So we can certainly tighten
that up. Having saidthat, this correctionrepresents
at least an order of magnitude in the yearly
t hrough-wal | cracking frequency.

The fl aws t hensel ves, we' ve al r eady quot ed
the factor of 20 to 70. And there are nmany
di fferences between the ol d Marshal | flawdi stri bution
and our current one. One thing, of course, is that
our newdi stribution has many nore fl aws, but they are
all smaller, they are nostly buried and that the weld

flaws are along the fusion |ines.
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Those conbine to make a very significant

effect.

DR WALLIS: This, to the uninitiated,
| ooks i npressive. | nmean you've got probability,
which is not all that small, having a ten percent wal |
fl aw?

DR KIRK:  Yes.

DR. WALLI S: What do you nean by flaw
there? It's a crack? It's an absence of bonding
bet ween - -

DR. KIRK: Yeah, see, everything here has
been nodel ed.

DR, WALLI S: | want to ask you what a
crack i s, because | once asked a Ph.D. student what a,
in his final presentation, what a crack was, and he
couldn't tell nme. So, --

DR KIRK: The absence of netal ?

DR. WALLI'S: No, no, defining what a real
crack is, is not easy.

(Laughter.)

DR. KIRK: And anything else ny nother
told nme not to say in public.

DR. WALLI S: What's in the flaw that
there's nothing, there has got to be sonmething in

there. It says it's a space with nothing there?
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MR. HACKETT: This is another one of
those, this is probably another area of sone buried
conservatism and the fact, as Mark said, these are
nodel ed as fracture nmechanics sharp fl aws.

DR, WALLI S: So ideally, they are the
wor st thing you could think of, or sonething?

MR. HACKETT: They would be, they would
be, what they are is fatigue cracks in |aboratory
speci nens. And so they are very sharp.

DR. WALLIS: So they have a | eadi ng edge
which really accentuates the stress distribution
around that.

MR. HACKETT: That's correct. Wenin all
actuality, if they are weld flaws, they are very
unlikely to look like that.

DR. WVALLI'S: And they don't run i nto ot her
flaws or anything |like that. Not hing gets
conplicated. You get the worst possible thing.

DR, KIRK: That's right.

DR, WALLI S: It's like a sword going
t hr ough.

DR. KIRK: The conversi on between t he data
that was taken and it's nmathematical representation
has been to assune that everything is, as Ed said, a

fatigue crack or anatom cally sharp crack which is,
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you know, clearly everything is not that and so
there's, you know, there is a buried conservati smor
a buried margin.

Having said that, you know, this
i nprovenent, again, isasignificant factor indriving
the through-wall cracking frequencies. This we've
nment i oned before and i s i ndeed i s sonet hi ng we haven't
quantified, but you can see from the variation of
fluence around the vessel, particularly azinuthally,
that only very Ilimted regions of the vessel
experience the peak fluence where you woul d have the
very high levels of enbrittlenent.

And if by, so by representing the vessel
inarealistic way, we stay away frombei ng so grossly
conservati ve.

DR, WALLI S: And the thermal hydraulic
anal ysis gets based on the fluid being well m xed by
the time it gets to the 24 inches --

DR KIRK: That's correct. That's correct.

So we' ve got a, essentially a, well, I'"mnot sure how
you do that. W have a fluence nodel that's 2-D
planar, if youwll. It waps all the way around the

vessel and gets attenuated through the vessel.
But that's conmbined with a 1-D TH nodel

and a 1-D fracture nechani cs nodel. Another, again,
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unquantified, but | feel very confortable in saying
maj or change fromthe past is previously we nodel ed
the whole vessel as being nade out of the nost
enbrittled material.

Whi ch, except in the case of Beaver
Valley, is alnost invariably a weld. And so in the
past we represented t he whol e vessel as bei ng made out
of a material that inreality only represented about
| ess than five percent of the vessels total --

DR, WALLI S: That does nmake a big
di fference.

DR. KIRK: Yeah. There, you know, in the
list and even not on the list, there were many ot her
changes in the fracture nechani cs nodel, but | wanted
to enphasi ze those because those are the, you know,
those are the big arrows.

And the everything else is just being
systemati c about your process. So unless there are
further questions --

DR SHACK: It's tinme for |unch.

DR KIRK: -- we can break for |unch

MR. ROSEN: Let nme ask one quick one
What's the big azinuthal variation of the fluence the
result of?

DR. Kl RK: That CONEesS from the
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differential and spacing of the fuel bundles rel ative
to the, relative to the ID of the RPV. It's a
checkerboard pattern. The fuel bundl es are about |i ke
that and so at sone pl aces they m ght be only that far
fromthe ID

And in other places they m ght be that
far. And you get an awful |ot of attenuation of the
neutron fluence through the water.

DR. RANSOM What does this nean to these
pl ants that have been upgraded by trying to flatten
the flux profile, you know, throughout the core.

t hi nk we asked the question at that tinme and we were
told that vessel cracking was not really an issue.

But fluence wll be higher on the wall.

DR. KIRK: Yeah, and that woul d factor in,
if somebody has done that, that would factor into
their analysis and influence their surveillance
program and so it would change the, quote/unquote,
RTor Metric that they'd used to assess their vessel.

MR. BESSETTE: You know plants used to,
they used to look for, try to get a fairly flat
profile. If it have PTSinportance, |ike 20 years, 15
years ago, they went to nore of a peak profile. Now
they may go back to a flatter again.

DR. SHACK: GCkay, we'll come back at 1:25
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then. And, Mark, one of the causalities m ght be the
screening limt. It seenms to nme that's nore
specul ative at this point, that's not really
fundanental to the presentation.

DR KIRK: Ckay.

DR. SHACK: So, we'l | probably have, we'l |l
devote an hour to the plant-specific and I want to
meke sure we protect at |east an hour to discuss the
acceptance criteria and such. So we'll sort of run
t he i ndi vi dual anal yses up until we have an hour |eft
and then we'll go to the acceptance criteria.

DR KIRK: Ckay.

(Wher eupon, t he f or egoi ng
matter went off the record at
12:25 p.m and went back on

the record at 1:30 p.m)
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AFTERNOON SESSI ON
1:30 p.m

DR SHACK: It's time to cone back into
sessi on.

DR.  KI RK: W wll try to present a
somewhat abbrevi ated wal k-t hrough of our conments on
pl ant-specific results. Now this mght not quite
track with what you've got in your slide packet.

To outline the discussion | wll talk
about, well nmaybe we won't. No, we won't tal k about
that. W won't tal k about the plant-specific features
and inputs, that's all detailed in the report.

W wll discuss the estimted vyearly
t hrough-wal | cracking frequency in terns of both the
val ues and t he characteristics of the distributions of
t hrough-wal | cracking frequency. W' Il discuss both
the transients and the materi al features that nake up
t he dom nant contri butors tothe through-wall cracking
frequency.

And that will be the focus of Mark's in
the next hour. This is the first presentation of the
actual through-wall cracking frequency results. Just
to orient everyone, we've tried to adopt a consi stent
format so that you don't have to keep reading the

synmbols fromslide to slide.
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Cconee wi | | al ways be i n bl ue, Beaver wil |
al ways be in green and Palisades will always be in
red. At the, during this phases of the presentation
we're going to present all of the results regressed
versus effect of full power years.

And defer discussion of RT Since we've
al ready acknow edged that RT,y is confusing until
later in the presentation, if we get there. Suffice
it to say, effect of full power years corresponds to
how | ong the plant has been operating.

So | onger operation, higher degrees of
enbrittlenent. On the |left-hand side of your screen
you see one way of representing the distribution of
t he through-wall cracking frequencies

We've represented the fifth and 95th
percentile, the nedian and nmeans, with the neans in
the larger filled synbols. W' ve taken as our free
variable in this analysis the years of operation in
t he pl ant.

And do to the low level or irradiation
sensitivity of sonme of these materials, we've had to
take the plants out to what | think everybody woul d
agreetoridiculously long lifetinme, in order to get
mean through-wall cracking frequencies up in the E

mnus five, E mnus six region.
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Qoviously, in principle, you can nuck
around with any of the variables in the analysis. For
exanple, in the original PTS analysis a conplete
fictitious plan called H B. Robi nson Hypo was cr eat ed
by draining up very high copper nunbers.

W felt it was |ess anbiguous just to
increase the time variable. 1In any event, the main
take away fromthis slide is that over any currently
antici pated operational I|ifetine, the estimted
t hrough-wal | cracki ng frequencies for these plants is
very, very small.

At end of currently anticipated |icense
extension or 60 years, the through-wall cracking
frequency values range in the mnus nine to mnus
eight region. And of course, as we've pointed and
continue to point out, two of these plants, nanely
Beaver and Pal i sades, are anong the nost enbrittledin
current operation.

So at the end of any reasonably expected
operating lifetinme, we are way belowthe Em nus five,
E mnus six type reactor vessel failure frequency
criteria that have been consi dered.

|"d just like to take a nonment to point
out, on the |l eft-hand si de we showed t he bounds of the

distribution that we draw the nean or the nedian
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estimates from |'d just like to take a nonent to
point out that these distributions have sone
characteristics that's comon to all of our results.

Specifically t he di stributions of
t hrough-wall cracking frequency that conme from
propagating all of the uncertainties through the
anal ysi s. And this is now the amal gam of the PRA
uncertainties, the thermal hydraulics uncertainties
and the PFM uncertainti es.

We get distributions that are both skewed
and that nost of the weight in the histogramis down
at very lowor in fact zero probabilities of failure,
and they are very broad. Were greater than three
orders of magnitude separate the fifth and 95th
percentil es.

And the point that |I would Ilike the
Commttee to take away from this 1is these
characteristics of the distribution, that they are
skewed and broad, is not a mstake and not the
consequence of any limted state of knowl edge on the
part of any of these nodels.

It'sinfact avery natural consequence of
the physics of cleavage fracture that results in
absolute mnima of K, and K_,.. And so you' ve got,

if you look at the distribution that's shown here in
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bl ue f or Beaver Vall ey, 32 effective full power years.

And t he bar on the graph that goes of f the
screen, which | realizeis alittle hard to read, but
it represents that alnost 80 percent of the
simul ations for Beaver, whichis an enbrittled pl ant,
or currently thought to be an enbrittled plant, at 32
effective full power years.

Al nost 80 percent of the sinulations
result inabsolutely zero probability of failure. Not
a very small nunber with |ots of |eading zeros, but
zero. And that's because the conbination of the
transi ent severity, the flaw size and the
enbrittl enment wasn't enough to get the applied K above
the m ni mum of the K,. distribution

And sothereis just not, it's just sinply
not going to fail. As you increase the enbrittlenent
in any of these plants, of course you get to the
situation where the zero probability of failure goes
away. But still the distribution is heavily skewed
towards the | ow end.

DR. KRESS: You know what |'d take away
fromthese curves?

DR KIRK: What's that?

DR. KRESS:. That | can quit worryi ng about

PTS and we don't even need a rule or anything. Just
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DR, KIRK: Can we end the briefing now?

DR. KRESS: Just forget about it.

(Laughter.)

DR KIRK: Well, that's, it's nuch |ess,
| mean obviously, as Dr. Shack pointed out, there is
a need for the Commttee to understand t he procedure.
But assum ng the procedure is right, the consequence
of the analysis, the PTS, is nuch | ess troubling than
we thought it was.

So that's how all the distributions --

DR.  SHACK: Until you get out to 200
years.

DR. KIRK: Yeah.

(Laughter.)

DR KIRK: ['"Il be nuch ol der then. Al so,
one thing to just renmenber through the rest of the
presentation is that because the distribution, or as
a consequence of the fact that the distributions are
this heavily skewed toward the | ow end, we've been
pl otti ng nmean val ues, just as an order of nerit.

However, in these distributions the nean
in the 95th percentile approximtely coincide. This
slide speaks to what transi ents dom nate t hrough-wal |

cracki ng frequenci es. And we've already sort of
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ti pped our hand on this, in that for Westi nghouse and
CE Design Plants, LOCAs are the dom nate contri butor
to risk.

In Beaver Valley, LOCAs are essentially
everyt hi ng. In Palisades they represent about 80
percent of the total through-wall cracking frequency.
I n B’RWPWRs, due to the once-through streamgenerat or
desi gn, we see that stuck open valves on the prinmary
side are also dom nate contributors to through-wal
cracki ng frequency and i n fact nake up the bul k of the
t hrough-wal |l cracking frequency at low |evels of
enbrittl enment.

And as we di scussed t hi s norning, failures
on t he secondary side, including stuck open val ves on
the secondary side, like the stuck open atnospheric
dunp valve and certainly the main steam|ine break

Wil e they were dom nate before, are not
dom nate now. And we'll now have a slide or two on
each of these to explore the transient types in a
little nore detail. But, before we get there, this
slide | call the Ashok slide because we nmade in
response to a question asked us by Dr. Thadani .

And he said, well, that's great that the
t hrough-wal | cracking frequencies are so | ow, but how

is it made up. And of course, at |east notionally,
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the through-wall cracking frequency is a product of
how often t hi ngs happen.

The initiating event frequency and the
probability of failure occurring if the event
initiates. And of course what one would |like to see
i n an environnment where you hedge your bets and don't
want to believe entirely on any one thing.

As if there's sonme rough bal ance between
the two. And when we | ook at the dom nant cl asses of
events and conpare the initiating event frequency and
t he condi ti onal probability of fail ure nmean val ues, we
find out that that's the case.

That for nost of the dom nant events,
there's a rough bal ance and that these two figures are
Wi thin an order to magnitude. So, it's not |like we're
getting lowfailure probabilities, it's not |Iike was
have extrenely likely events, but our nodel s predict
that they don't matter.

O the reverse. We've got extrenely
unli kely events, but if the event happensit's the end
of the world. W do have a bal ance between these two
figures.

Now getting back to the transients that
dom nate, as | already di scussed, LOCAs are i nport ant

in all three plants and domnate in the CE

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

198

West i nghouse-type plants. And, as we've sai d before,
since these are the dom nant contributors, therefore
t he dom nant contributors to uncertainty inthe tota
nunbers, and so we discussed that a little bit.

There is at least three orders of
magni t ude uncertainty in these through-wall cracking
frequencies, and in fact nore orders of nagnitude at
| ower enbrittl ements because at | ower enbrittl enents
you get many, nany cases where you've got zero
probability of failure.

At | east two of those orders of magnitude
come fromthe uncertainty in the LOCA frequenci es, as
we al ready di scussed.

And the renmainder to the uncertainty is
|argely attributable to the PFMon certain days, with
about one order of magni tude for the flawdi stribution
and one order of magnitude for the RT bias
adj ustnment that we discussed this norning.

And again, toreiterate what was di scussed
previously, especially for the nmediumto | arge break
LOCAs, which are thenselves domnating these
contributors, operator actions do not really play a
significant role.

There is not much an operator can do in

response to a LOCA. This graph, 1'll apologize tothe
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non-fracture mechanists in the room because this is
one of those inverse double normalized fracture geek
pl ot s.

The horizontal axis is the tenperature at
the crack tip normalized to the Rl or to the index
t enper at ur e. And 1've turned the axis around
intentionally, soyou go fromhi gh tenperatures onthe
left to lowtenperatures on the right, so as to nake
the X axis a quasi-tine scale.

So you can think of tinme as at |east
approximtely increasing as you nove from left to
ri ght on the graph. The vertical axisis theratio of
the applied K to the mninum of the toughness
di stribution.

And what we've tried to do is, at |east
it's hard for ne to | ook at probabilities of failure
and gain a lot of insight. It was a lot o nore
instructive tol ook at just one crack, in all vessels,
under equal enbrittlenment conditions and conpare the
dom nant transients.

That's what this plot attenpts to do for
the LOCAs. And a couple of things to point out is
first off, again, as we pointed out, until you get
Kappiiea @above K. there is absolutely no probability of

failure.
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So you can basically ignore all of the
parts of these plots that fall below unity on the Y
axi s. And the second thing to point out, as we
di scussed in detail at a briefing, | guess it was
about thistinmelast year, the conditional probability
of initiation exactly and the conditional probability
of failure, at |east approxi mtely, scales with just
one point on each of these curves.

That being the maxi num of the K, tO

K So it's the maxi mum on the graphs that are

1c(min) -
i nportant, and the nessage that 1'd |i ke everybody to
take away fromthis is | ooking at LOCAs, which are the
dom nant contributorstorisk, and at | east intwo out
of the three plants that we've |ooked at there's a
remarkable simlarity in the level of challenge
produced to the vessel by LOCAs in the different
pl ant s.

There's not huge pl ant -t o- pl ant
dependencies that we're seeing in terns of fracture
driving force. Mwving onto the stuck open val ves on
the primary side that reclose |ater. Stuck open
these formed a contribution to the through-wall
cracking frequency in all of the plants.

However, it was really an inportant

contribution only in the B&Wpl ant, and that occurred
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due to the greater tendency to decouple the reactor
cool ant systemfromthe secondary due to t he B&Wst eam
gener at or design

There are nore uncertainties to deal with
inthis type of analysis. Specifically the degree of
val ve openi ng whi ch was nodeled in the PRA as a split
fraction for val ve openings of interest.

O course, when the valve recloses is
i nportant because that's when you get your pressure
spi ke. And that was nodel ed as, Alan, correct ne if
I"'m wong, after 3,000 seconds, 6,000 seconds or
never.

And, of course, the operator actions in
these type of scenarios do play a key role. Looking
again at a conparison of, this is nowa conparison of
these type of transients. It canme up as being risk
dom nant, which our definitionis, contributes greater
t han one percent of the total through-wall cracking
frequency.

A conparison of stuck open primary side
val ves that reclose | ater between the three plants.
And agai n we see Cconee, the peaks in these transients
for Cconee produces alittle bit higher crack driving
force than i n Beaver and Pal i sades, but not a heck of

a lot.
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So again, there's a fair degree of
simlarity in the level of operational challenge
bet ween the three plants, as you see in the blocks in
pur pl e. | think it's purple. Well, blue on your
screen.

I n blue, there are sone differencesinthe
initiating event frequencies that are plant-specific
and have been taken into account. And then the third
one we wanted to point out is to discuss the
non- dom nance of the main steamline break transient
or the secondary side transients in general

Qur anal yses, as you see here, it's at
best a five percent contributor and in often cases in
| ess, and in nost cases less. And in fact in Cconee
they didn't even cone up on radar at all

So, since they were inportant before, the
obvi ous question is why? And as | suggested before,
there arereally three reasons for this, and I' mgoi ng
to try to go through them in rough rank order of
i nportance.

The first is that in our analysis, and
we' ve made poi nts about this earlier, our binning has
not been nearly as gross as in earlier work. In our
current work we separate large breaks from snall

breaks, fromdifferent val ve openi ng scenari os.
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Wher eas bef ore everythi ng m ght have been
bi nned together with the main steamline break. And
so grossly overestimate the significance of those
transients. The second point, whichI'Il have a slide
on in a nonent, is just the point that these
transients, if you conpare themfor the sane crack
for the sane enbrittlenent, are just sinply not as
severe as a LOCA.

They don't generate the high crack driving
forces that the LOCAs do, which are dom nant now
because we' ve i ncl uded them And thenthe thirdthing
is, yes, it's appropriate to admt that the credits
that we' ve given for operator actions have hel ped to
mtigate the severity of the secondary side events,
because the operator does have influence over the
degree of over cooling.

However, again, as Alan said before, we
woul d have had to have been grossly wong to turn
these fromfive percent to 50 percent contri butors.
It has certainly been the feeling of the people that
have conducted the analysis that if we, and this is
again probably a ripe area for a fornmal sensitivity
study, but that even if you assuned stupid operator
actions, you wouldn't do nore than double this

contri buti on.
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The next graph, yes, nakes the point that

even if the event occurs, the main steamline breaks
are just sinply not as severe as the LOCAs. Again,

the thing to focus on in this graph are the peak

val ues.

And this is, this has been done for sane
crack, sanme level of enbrittlenent. So it's a
head-t o- head conpari son. And the main steam |ine

breaks just don't get, don't generate the K,,,;,4val ues
that the LOCAs do.

And t he ot her thing, | think, and Al an can
probably help nme out with this, that's relevant to
point out, is that the, there are, | think, four or
five different curves on there on the main steamline
break that represent different conbinations of
operator action, operator inaction, that we included
in our analysis.

And you can see that all the curves
essential ly peak at about the sane K,,,;;.; SO even that
variation of operator action that we've included in
our analysisis not making a significant differencein
terns of the degree of challenge of the main steam
i ne break.

And t hen, again, you've seen this type of

presentati on before. Just a conparison of the |eve
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of fracture driving force severity for the secondary
side transients is relatively equal between the two
pl ant s.

They are peaking at fairly sim |l ar val ues.
Moving on to materials considerations, we find that
the plot is on the vertical axis, the percent
contributionto yearly through-wall cracking frequency
pl otted versus the EFPY.

And we see that the axial cracks in axial

wel ds are the things that dom nant the through-wall

cracki ng frequency. They are responsible for 90
percent or nore of the through-wall cracking
frequency.

And t hat neans that the i nportant materi al
metric is, or | should say are, the nmaterial
properties that coul d be associ ated with those cracks.
So that's either going to be the RT of the axia
weld or the RT, of the plate, because those are the
two materials that sit on either side of an axia
crack and an axial wel d.

Conversely, thecircunferential cracks and
circunferential welds play a very mnor role. That
woul d be the bottomhal f of this graph that | haven't
shown. That they've never been responsible for nore

than ten percent of the through-wall cracking
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frequency.

So consequently, the properties of the
circ welds or the forgings that the circ welds join,
while they make imted contributions to the vessels
resi stance or perhaps | ack of resistance to PTS, they
are just not mmjor players.

And then the third point is that the
cracks in plates and forgings that are renote fromthe
weld fusion lines, that are out in the bulk of the
material, are just sinply too snall to play a role.

They have sizes that cap out around five
percent of the through-wall dinmension of the vessel,
as opposed to 25 percent for the weld fusion Iline
flaws. And those flaws are, those fl aws subjected to
these thermal hydraulic transients are just not big
enough to generate any substantial crack driving
force.

So these considerations, if we get toit,
are going to be nmpjor factors in telling us how to
construct a physically appropriate RT,y netric.

DR. SHACK: What happened to the rest of
the Beaver for later inlife? Wy does it di sappear
at 100 years?

DR, KIRK: W didn't do an anal ysi s beyond

100 years. At a, we stopped, obviously we had an
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i nconsi stent nunber of years. The consistent thing
was we stopped running these anal yses when we got
total through-wall cracking in the E mnus five, E
m nus si X range.

And so no big surprise that you get there
a |lot sooner with Beaver and Palisades than you do
wi th Cconee. So to summarize the findings of the
pl ant-specific anal yses. Again, the major take away
is that the through-wall cracking frequency that
occurs as a consequence of PTS, is |ow over any
currently anticipated operating lifetine.

On the operational side, LOCAs and stuck
open valves on the primary side dom nant the PTS
chal | enge. And breaks on the secondary side are
insignificant contributors. And also, and this is an
inportant point, holding all nmaterial factors
constant, the operational challenge, in the way we
nodel ed t hese pl ants, i s reasonabl y consi stent bet ween
the three plants.

Bot h measured in terns of the probability
of the chall enge occurring and the fracture chal |l enge
assumng, or the fracture probability assum ng that
chal | enge occurs.

Fromthe materials side, the observation

that nearly all of the weld flaws occur in the weld
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fusion line, the axial weld cracks therefore dom nant
the through-wall cracking frequency, so it's the
properties that could be associated with axial weld
cracks.

The axial weld toughness or the plate
properties that are going to dom nate the RT, netric
and circ welds make a mnor contribution. So that's
the really quick run through. If you have any
guestions, we can --

DR. FORD: Yes, could | cone back to the
mat erial s conposition. | noticed that on sone of your
initial slides, you were show ng that OCconee was | ess
susceptible, all other things beingequal, interns of
oper ati onal changes.

It was nore resistant, rather, than Beaver
Val | ey and Pal i sades, which is the order you' d expect
fromthe current way of doing it. Wiich is dom nated
by the materials influence inputs.

DR KIRK: Yes.

DR.  FORD: Do | take away that the
materials conposition effects are still an inportant
part, but they are overlaid by these operational
aspects, stuck open valves? AmI| putting it clearly
enough? I'"'m still worried about this materials
conposi tion.
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DR KIRK: I'd say it a little bit
differently and see if you like this. |Is that we've
i ncl uded the, of course we spent a consi der abl e anount
of time trying to find a way to get appropriate
di stributions for copper and ni ckel phosphorus and so
on.

And the nodel we finally adopted was to
use the values in the Arvi d dat abase, whi ch have been
docketed by the Licensees, as the nean val ues for al
t hose distributions. And then we construct, and
construct the distributions around them

We constructed the distributions based on
essentially all the data we could find on copper and
ni ckel and phosphorus distributionintheliterature,
whi ch included some detailed work that was done be
EPRI years ago, sone detail work that was done in
Japan, and a nunber of other sources that don't cone
to mnd right now.

But the level of material uncertainty
that's beenrepresentedinthese cal cul ati ons has been
drawn fromessentially all available information on
material availability in RPV steels. So | guess the
way | woul d characterizeit, isit's just not goingto
get any worse than that.

If any, if a specific plant were to cone
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in, say Palisades, who spent a consi derabl e anobunt of
tinme neasuring their material variability. They
certainly have a greater state of know edge regardi ng
their material, their specific material, than was
represented in these anal yses because we use generic
data and assune that the variability possible in any
one weld was characteristic of the variability
possible in all welds.

DR. FORD: (kay, let nme just put it in
anot her, replay back what | heard from you. What
you're saying is don't get worried about the
trendlines that are comng out of the Eason
correlations. Forget those. If you just |ook at the
worst, the worst it can affect you is not going to
have any big affect on these results --

DR. KIRK: The worst, yeah. The worst
that it could affect youis already in these results.
So anything that's better would only tend to shrink
t he di stributions, and wel | now, here's
unsubstanti ated sensitivity study opinion.

My guess is it's not going to influence
themvery much. Beaus | nean as materials people we
| ook at distributions of copper and go, oh, ny God.
You know, that's really bad. And then Alan tells ne,

well, I've got a two order of nmagnitude certainty on
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how frequently this event occurs and all of a sudden
| feel a lot better about what | know about copper.

DR. FORD: Ckay. | have anot her questi on.

DR KIRK: Ckay.

DR. FORD: |In your Executive Summary, you
say that it's a blind statenent, and w t hout quoting
it verbatim it essentially says no PTS problemfor
all plants. | think you used all plants, all PWRs.

Based on the analysis for these three
pl ants, you then go on in your mai n docunent here, the
applicability of these analyses to all plants. You,
is that the next --

DR. Kl RK: Well, | wasn't planning on
doing this is detail, but it's a question you asked.

DR. FORD: It is based solely on you | ook
at the worst plants, five nore extra plants and you
say, well, what's different between those plants and
these three plants and essentially there is nothing.

DR. Kl RK: |"m thinking, I nean you're
right, the statenent in the Executive Summary was
per haps getting a bit ahead of ourselves in terns of,
your know, rigorous drawing of conclusions from
scientific information.

But | think the insights that have cone
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out as we've startedtodelveintothisalittle nore,
again getting back to those K,,.q Parts, show that
the, the | evel of operational challenge is remarkably
consi stent between the plants.

And what we've been able to do is to
f eedback our understandings about the |evel of
chal | enge that these scenari os present and we fed t hat
back to Alan and Donnie as they go forward to the
other five plants to basically inquire, | nean do you,
for exanple, do you have a LOCA that's going to be
wor se than this?

And since, | nean | think we need to do a
little bit finer level thinking about the B&Wpl ants
because their operator actions are inportant. But
it"s quite frankly for me difficult to envision that,
you know, an eight inch break in one plant is
profoundly different than an eight inch break in
anot her pl ant.

And so | just, that needs to be expressed
better and nore clearly, certainly. But it just
doesn't seem w th LOCAs dom nating the way they do,
the plant-to-plant variability on the operational
side, is going to be a significant factor.

DR.  FORD: And then these other five

pl ants, Fort Cal houn and the ot her four, they will be
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tackled in not quite maybe this rigor. I'msorry |I'm
being --

DR.  KIRK: No, that's fine. I was
pl anning on omtting this, but we do appear to have
tinme. The, what we've called the generalization step
involves trying to take our insights fromthe three
and a half plant anal yses that we've done so far and
theninterrogate other plants to see if we expect them
to be considerably worse.

And the strategy taken here was to take
all the plants and rank themin terns of irradiation
susceptibility. And specifically what that neans is
we took wunirradiated RT, , we added the Eason
enbrittlement shift at 32 EFPY.

W took out circ welds, based on the
insight that circ welds don't contribute nuch, and
t hen we ranked the plants fromhi ghest to | owest. And
when we did that, Salem in fact, canme up as slightly
nore enbrittled than Beaver Vall ey.

So basically what we did is we took the
top five plants that we hadn't | ooked at and said,
okay, these plants, based on our understandi ng, we
believe to have the greatest l|level of materials
chal | enge.

So now we want to go out operationally and
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see do t hey both have t he hi ghest material s chall enge
and sonehow have a greater |evel of operational
chall enge than we had seen in these other three
pl ant s.

If we have both of those exacerbating
factors, then we would conclude that, oh, well,
perhaps there is sonething that we haven't, there is
sonet hing that is outside of our current nodel that we
haven't included that we need to.

| f, however, we see that, you know, at the
very |l east the highest five enbrittlenent plants that
we haven't included have operational chall enges that
we believe to be equal to or | ess than what we' ve seen
before, then we've reached the conclusion that, yes,
these results should be applicable to remaining
pl ant s.

Not to represent themas a best estimate,
but I think one woul d at | east represent themas bei ng
of value. So that's sonething that's ongoing. Al an
can talk to the status of that. W've drawn up a
series of questions that is drawn out of our insights
fromwhat things are i nportant and what things aren't
inportant to basically ask that question.

To see if there's any operational

chal | enge i n any oaf these plants that is sonehow nore
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severe than sonething we haven't, than things that
we' ve seen before.

MR. LEI TCH: Is that effort in any way
prioritized. | just noticed that I may not know t he
exact order in which plants are comng up for |license
renewal , but | think Fort Cal houn is quite soon.

DR KIRK: Yes, it is.

MR. LEITCH | think it's in-house at the
nmonent and we're scheduled to review it in My or
sonet hing like that.

DR. KIRK: Yes, Fort Cal houn has been in
on a nunber of different occasions. The other ones,
it's beenprioritizedonly inthe sense that those are
the five that we pi cked that were the hi ghest | evel of
enbrittl enment.

We didn't pick it on the basis of who was
com ng up soonest. | don't know if there's any
relationship there at all. If there aren't further
guestions on this part, we can go to the part on
reactor vessel failure frequency.

DR. SHACK: WMark, just refreshny, if I go
by initiation rather than through-wall crack, what do
|, how nuch do I junp these curves?

DR. KIRK: It's about an order of

magni t ude.
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DR. SHACK: It's about an order of
magni t ude.

DR. SIU Wat |I'm passing around is a
segnent of the action progression of entry which we're
going to talk about in the discussion. And 1'm
passing it around just because I'mafraid the slides
may not show very wel | .

And in your printed copy it alnost
certainly doesn't show because there i s an ani mation
and sone of the blocks in the animation cover the
actual tree. G ven that we are actually ahead of
schedul e now, after that blindi ng presentati on, we can
just go ahead and take the hour? Ckay.

kay, I'mgoing to talk --

DR.  SHACK: You could even cover the
criterion.

DR Sl U Yeah, actually | think that
woul d be a good thing, quite honestly. |I'mgoing to
talk about the reactor vessel failure frequency
criterion that we have done sone anal ysis to establish
what a reasonabl e value mght be for that criterion.

We'vetriedtobealittlebit careful and
not express this as a risk acceptance criterion
because clearly we're not conputing risk, although

we're trying to inform the establishnent of this
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criterion using discussions of risk.

And if that connection isn't clear later
on, I'"'msure we'll have questions onthem 1'II| point
out a couple of things. This criterion plays a role
in the current version of the rule in two ways.

First, it supports the establishnent of
enbrittlenent criteria, and those are the RT
criteria that are currently in the rule. And
furthernore, it provides an acceptance criterion in
case a plant does an safety analysis and needs to
conpare, have a netric defining the |l evel of PTSri sk.

And t he current val ue, as you know, is the
five times ten to mnus six per reactor year that's
currently specified in Reg Guide 1.154. So there are
two roles that this particular criterion plays.

What |"mgoing to report onis alimted
scope activity that we've perforned. And, just as a
rem nder, clearly the anobunt of tinme we are spending
on this work is way out of proportion to the actual
effort expended.

We spent a trenendous effort of | ooki ng at
pl ant-specific, through-wall crack frequenci es. What
we're going to tal k about here is very nmuch a scopi ng
study, just to get a sense of what an appropriate

acceptance criterion could be.
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And 1"l get tothereasonwhy inalittle
bit. Mirk has already shown you this graphic that
says how we mght develop screening limts for
enbrittl enent based on the establishnent of an RVFF
criterion.

Again, this is a notional slide. Qur
expectation is that the actual establishnment of those
[imts would be done in a risk infornmed manner, and
not a ri sk based manner. Neverthel ess, of course, the
risk information, again, inforns that process.

And Mark is goingto talk to howthat risk
i nformation can be used, alittle bit later. Ckay. W
covered sone of these things already, | believeinthe
July briefing of the commttee.

The activities were perforned. Cbviously,
we had to identify options regarding criteria, and
t hose were docunent in SECY-02-0092. W did perform
a scoping study | ooking at the post-vessel accident
pr ogr essi on.

It's largely a qualitative study, as
you'll see. However, we did do sonme limted
cal cul ations, thermal hydraulic and structural, and
Dave Bessette will talk a little bit to that.

We al so reviewed the results of the pil ot

pl ant cal cul ati ons to | ook at the energy of the system
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at the tinme of reactor pressure vessel failure. So we
were trying to use these calculations to informthe
judgnents that underlie qualitative anal ysis.

W' ve, | nentioned the SECY paper al r eady.
W met with ACRS in July. W' ve had public neetings
in COctober and just recently the end of January,
tal ki ng about what we've done.

And t he resul ts, of course, are docunent ed
in Chapter 5 of the draft NUREG |'Il| point out that
the focus of this is on acceptability of certain
| evel s of PTS risk. So although we acknow edge, as
you' ve seen in the previous presentation that the PTS
risk is probably very small, that particular fact
didn't necessarily factor in very nuch with our
effort.

O her than to say that we shoul dn't spend
a whole of time working real hard on the acceptance
criterion issue. The principles that we applied in
devel oping options. Again, we reported to the
Committee on this back in July.

W want ed t o be consi stent with the intent
of the original PTSrule. So the principlesinvolved,
keeping the risk associated with PTS at a | ow | evel,
and keeping the relative contribution of PTS risk

small conpared to the risks associated with other
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sour ces.

We al so, of course, wanted to bring in
what ever thoughts had cone about since the
pronul gation of the PTS rule in the ‘80's, wth
what ever risk informng issues have occurred since
t hen.

Principally the Reg Guide 1. 174 and Opti on
3 work. So we tried to make sure we were consi stent
with those, as we devel op the options. These are the
same options that we proposed to the Commttee, so
these were specifically in the SECY paper.

And Dr. Wallisisn't here, but thetop, in
terms of a definition of the reactor vessel failure
frequency, we considered two options. The first one
is essentially the through-wall crack, TWCF.

That's the current definition of reactor
vessel failure frequency and so that was an actua
optionto consider. W didIlook at, very briefly, the
issue or the possibility of adopting a definition
based on the crack initiation frequency.

And 1" Il get you our conclusiononthat in
a second. We | ooked at three possible nunerical
limts for the acceptance val ue for RVFF. Those were
the three that you see here.

DR. KRESS: | see only two there.
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DR SIU  I'msorry?

DR. KRESS: | only see two there.

DR. SIU No, the acceptance |limts and
nunerical val ues?

DR KRESS: | see, yes. Sorry. | was
reading ny slide there, | couldn't read it.

DR. SIU  Ckay. And then of course in
your |etter back to us you suggested that there m ght
be a fourth option, which is acceptance value
significantly |ower than the ten to the m nus six.

So, getting to that point, after we net
with the Conmttee, there were a nunber of
di scussions. Sone naturally invol ved budget. Andthe
deci sion was, and this is where the notion of the | ow
PTS risk cones into play.

Expecting that the results were going to
show that the risk was | ow, we deci ded not to spend a
whole lot of effort on this particular task, the
acceptance criterion tasks and spend nobst of our
resources on maki ng sure we had a good handl e on the
t hrough-wal | crack frequency for the pilot plants.

So, again, you'll see that we've done a
scopi ng study and nothing nore. And we're not
pretending that this is a detailed analysis. W, of

course, got the letter from ACRS indicating that we
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shoul d base our considerations in terns of LERF.

That we shoul d consi der the possibility of
sonmet hing significantly |l arger than those underlying
the current LERF criteria. And we could either start
with a Level 3 PRA and work our way back to an
acceptance criteria for reactor vessel failure or we
shoul d adopt a frequency-based approach just to assure
that the frequency of failure of the vessel is very
| ow.

In the letter you also expressed the
expectation that the, whatever criterion we canme up
with would be significantly less than any of the
options we proposed in the SECY.

| think the key point on this is in the
gquotation in the mddle of the page. Whet her air
oxi dati on phenonena, and | would add large early
rel ease woul d be a li kely outcone of a PTS event. And
we' ve spent nost of our time trying to investigate
whet her that's indeed the case.

Okay, just very quickly. Onthe first set
of options regarding the definition of reactor vessel
failure frequency, we stated in the SECY, | believe,
the expectation that we'd cone out wth this
conclusion and we still hold to it.

W believe that we should be defining
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reactor vessel failure frequency interns of TWCF. W
believe that for two reasons. One, from a
risk-informed standpoint TWCF is a nore direct
indicator of risk thanin crack initiation frequency.

Now the counter argunment to that, of
course, mght be, well, there are significant
uncertainties inthe predictionof crack arrest versus
crack initiation. And | think our conclusion is that
the current technol ogy for predicting crack arrest is
reasonably robust. And Mark will talk to that point.

DR. KIRK: Yes, I'd just |like to make a
few points on this slide. One is the graph that's
already on the slide illustrates that when we conpare
K,, data generated using ordinary |[|aboratory
experi ments conduct ed as per ASTMst andards, and t hat
bei ng just shown by the red data bounds.

Conpare that wth crack arrest data
inferred fromscal ed vessel experinents, either the
thermal shock experinents, the pressurized thernal
shock experinments conducted at OCak Ri dge and sone of
t he experinments that have been conducted overseas.

W find both the sane tenperature
dependency as wel | as the sane distributionor simlar
distribution as is found in our [|aboratory

experinments. So we've got a reasonabl e agreenent, we
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feel, between specinen and structure data.

And al so to point out that the uncertainty
bounds shown there for K_,are, if anything, alittle
narrower than the uncertainty bounds on, that are
characteristic of K. Let me find that on an
enpirical basis and al so can anticipateit physically.

Al so | ooking to how well we can predict
the results of arun arrest event in a structure. W
can reference back to, in a structure that we're
interested in, we can reference back to the thernal
shock experinents that were conducted at OGak Ri dge,
where we started with a thick wall cylinder and I
forgot to show the hol es.

But there is a hole in there that was
heated up and then we filled it up with LN2, which of
course generated a very severe thermal shock in the
vessel. And after that a crack propagated fromthe I D
out towards the OD.

And on t he graph that's nowon the screen,
|"ve just shown the results of one of these
experiments. Thermal shock experinent 5a. And shown
hoe reasonable the prediction is. And the vertical
axi s was shown t he percent of the vessel wall that was
effectively cut by force excessive crack junps.

And just make the point that using K, and
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K,data wwthin an LEFMnodel in a simlar way to the
way t hat FAVOR does t he probabi listic cal cul ati ons, we
get a reasonable prediction of these experinental
resul ts.

DR. SIU Andthat's all we have to say on
the definition of reactor vessel failure frequency.
So, if there are no other questions, | can go on
Okay, the rest of this discussion will be on the
nunerical criterion val ue.

And, again, we identified three options
and really considered four, including the one
suggested by the Committee. The key questi ons we were
asking basically have to do with whether there is a
mar gi n bet ween the occurrence of a through-wall crack
and core danmage.

If thereis margin between the occurrence
of the through-wall crack and a | arge early rel ease.
And should a large early rel ease occur, associ ated
with the PTS scenario, would the release
characteristics of that be significantly different
t han what we consider risk significant events.

Qur approach, we had identified a nunber
of issues in SECY-02-0092. These were based on work
done alittle while ago by I daho Nati onal Engi neering

Laboratory. W took, this was |l argely on the i n-house
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reinvestigation of those i ssues, where we asked what
do we know about the progression of events past the
reactor vessel failure. And refine that |ist.

Just define. What are the things that we
should be considering? W devel oped an accident
progression event tree. This APET, as I'Il refer to
it, was not really intended to serve as a conputation
tool, although it can be used as such.

But reallytoidentifyissues. Wat's the

progression of events. What's the context within
which we should be evaluating the |ikelihood of
events. So, in particular, you'll see in that APET,

whi ch we have a reduced version in the report.

What you would consider to be aleatory
i ssues, such as the operation of containnment spray,
and you' ve al so got epistem c issues, such as what's
the force association with the crack opening.

Presumabl y, of course, inthe latter case
you coul d cal cul ations to show what those forces are.
We haven't done anything detailed along those |ines
but we've got sone limted calculations to indicate
what the forces m ght be.

We evaluated our current state of
know edge regarding these issues, focusing on the

pilot plants that were addressed in the main study.

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

227

But we also took a quick | ook at sone of the plants
considered in the generalization portion and Mark had
shown you that chart with the plants identified in
col or there.

And anot her inportant part of the context
i s whet her the PTS changes that acci dent progression
significantly. The point was to argue whether core
damage or |arge early rel ease could occur follow ng a
PTS event, but does it occur in a way and wth
i kelihoodsignificantly different than what you m ght
find in other risk-significant accident scenari os.

DR. KRESS: \What was your criteria for
deciding whether or not to get a large scale air
oxi dation? \Where does that show up on this event
tree?

DR, Sl U Okay, well, 1'Il show you
actually athe tail end here. This is the unreadable
graphic, so don't bother. This is the one that is
actually inthe  report. The next slide |I'mjust going
to wal k you through the top events in the event tree,
so hopefully it will be alittle bit nore visible.

This, and then we'll have a simlar
animation for an event tree that shows the Kkey
sequences. A couple of things |I want to point out

wWith this event tree. First of all, the top events

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

228
|argely correspond to the issues that we, the
technical issues that we'd identified.

And those technical issues are the ones
that we've listed in the report. And it's a little
bit different than the list of issues we had in
SECY- 02- 0092. Anot her thing to note is that I|'ve
i ndicated here with yellow and red, two different
cl asses of scenarios of interest.

The yel | owscenari os are t he ones where we
thing that core damage is possible. Were | arge
scale air oxidation is possible, and where the
contai nnent spray is operating therefore there could
be a release but it wouldn't be a scrubbed rel ease.

The red indicates the scenarios where
contai nnent spray is not operating, so you have the
possibility of a large early rel ease and | arge scal e
air oxidation for nost of the scenarios that we | ooked
at in the tree.

Large scale air oxidation and | arge early
rel ease are not synonynous, but for many of the
scenarios the essentially occurred, we judged that
they would occur at the sanme tinme or for the sane
scenari o.

Anot her point | want to make here, we have

ten scenarios, this tree has 200 scenarios in total.
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Ten of those scenarios involve, what you would,
i nvolve the yellowkind of line. In other words, the
scrubbed rel ease.

And ten of theminvolve the red |line, the
unscrubbed rel ease. Not all of them are equal in
I'i keli hood. In the report we identified the four
scenari os we t hought were the nost inportant interns
of probability.

And I'Il actually talk to those alittle
bit later in the presentation. Ckay, this is the
slightly blown up version of the tree. It reads a
little bit better. Not perfectly, but againl'l| just
wal k you through the tree.

First of all, of course, you start with
PTS event. As Mark i ndicated, you can enter this tree
with LOCA events. You can enter with stuck open
relief valves that |later reclose. So basically a |l ow
pressure event or a high pressure event.

But in both cases you'd be entering where

the system has cool ed sonewhat, before you chal |l enge

the reactor vessel. And I'll talk to that a little
bit Ilater. The next branch deals wth crack
ori entation. VWhether the <crack 1is axial or

circunferenti al

And as Mark indicated, again, there is
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about a 90/10 split there. N nety percent axial and
ten percent circunferential. The next question we
asked was how far does the crack extend.

W didn't do any new work oursel ves, we
referred back to an old Pacific Northwest Laboratory
study on NUREG CR-4483, | believe was the nunber.
That's the one that we referred to in the report.

And sone, that report docunents an
anal ysis that | ooked at the extension of cracks. And
t hey consi dered whet her the crack woul d extend to the
circunferential welds, and I' mtal ki ng about t he axi al
cracks, of course.

Whet her it woul d go beyond the
circunferential welds and whether it would turn the
corner at acircunferential weld and conti nue on. And
not so clear here, well, okay, I'll get toit alittle
bit later.

Clearly if the crack turns, if an axia
crack turns the corner and continues, there is a
possibility of arrest or continuation. And we had
both of those possibilities in the tree. For
circunferential welds, cracks, of course you stil
have the possibility of arrest or continuation.

So, again, these just identify the
possibilities. W're not, in general, talking about
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likelihoods, yet. 1'll talk to likelihoods alittle
bit later. There were certain hole sizes associ at ed
with these crack extensions and, again, we were
relying on the old study to give us an indication
t here.

For the arrested cracks the si ze range was
fromzero to ten square i nches. For cracks that woul d
extend to the, beyond the circ welds, the range was
fromten square inches to 1,000 square inches.

And we broke that up into two categori es,
a nmedium hole and |arge hole. And then we also
allowed for a possibility of a catastrophic rel ease
and basi cal ly agai n t he whol e reactor vessel opening,
should the crack turn the corner and go all the way
around. So we did not discount that.

We didn't have, well, there are various
opi ni ons about the |ikelihood of that. W don't have
an anal ysis to show us yet what woul d happen in that
situation. W |ooked at bl ow down forces associ ated
wi th these hol es.

And, again, allowing for the possibility
that the blow down forces are either roughly
correspondi ng to design basis LOCA forces or even
|l ess, that's the upper branch. O the possibility

that the forces are significantly greater than design
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basi s LOCA | oads.

And t hat plays asignificant rolelater on
when we talk about dependencies. W asked the
guestion as to where the containnent is isolated.
Clearly, if you have | arge forces on the piping, you
m ght ask about, whether or not penetrations are
affected. So we allow for that question here.

We ask if sprays are working. |If the, if
there's alarge hole in the vessel, does the fuel get
rel ocated outside of the vessel or does | t stay
wWithin the reactor pressure vessel, so that was a
possibility that we asked about.

W asked if energency core cooling
continues to run. And we enphasi ze continues to run,
because it was running prior to the reactor pressure
vessel, or you wouldn't be in the PTS event.

And t hen we asked if the reactor cavityis
f1 ooded. O is the cavity designed such that the
wat er | evel com ng out of the vessel woul d be expect ed
to rise above the | evel of the fuel, which would be a
cool i ng mechani sm

To answer your question, Dr. Kress, we
| ooked at each of those scenarios and we decided,
dependi ng on whet her ECCS was wor ki ng and whet her we

had cooling, obviously, if you don't have cooling it
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woul d |l ead to core damage.

If you had | arge early rel ease, we woul d
consider that if containnment inisolationwas fail ed.
And for air oxidation, we didn't think that that was
possible or likely for sone of the smaller holes in
t he reactor vessel.

And that' s j ust based on consi derati ons of
the flowpath for errors. But for the |l arger hol es we
didn't discount it. W sinply said it could happen.

DR. KRESS: So the only containnent
failure you have is isolation, failure to isolate?

DR, SIU. That'sthedirect, that's right
that's the direct failure of containment. W have
sonme cal cul ati ons on pressurized to showwhy that's a
reasonabl e thing. Yeah, that's basically what we did.
Okay. All systens assessnents, we were very concer ned
about dependenci es bet ween events here because that's
what, dependenci es between top events woul d | ead you
to any reasonable likelihood of the larger early
rel ease and so forth.

So we investigated whether there was
characteristics of these scenarios that could lead to
knock on affects. So we tal ked about plant systens.
That refers to, for exanple the state of power at the

time of the event.
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And again, this is a situation where
things are running prior to the reactor pressure
vessel failure. This is very different than many of
t he severe acci dents where station bl ackout is a major
concern.

We asked questions whether the RPV, the
reactor pressure vessel could nove, given the forces
on the vessel and given the tine over which the forces
woul d be operating. W asked questi ons about whet her
mssiles from the failure of the reactor pressure
vessel couldtoleadto failure of other systens, such
as the contai nnent spray.

And we al so asked whether the fuel could
be noved as a result of this kind of event. \Wat
we're going total k about are sone of the cal cul ati ons
that, again, informthe judgnents that we made in the
st udy.

"Il give an overview here and then |'I|
turn it over to Dave Bessette to tal k about sone of
the THcalcs. But just to rem nd everybody what were
the conditions at the tinme of the reactor pressure
vessel failure.

And again, this is an analysis that
assunes t hat the t hrough-wal |l crack has occurred. And

that's just, we're focusing onthe conditional aspects
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of the scenario. First of all, power is avail able.
We're not in a station blackout.

So systens that are not directly affected
mechani cally fromthe event, or affected say by ot her
mechani sns, should work with high reliability. You
wer e tal king about independent hardware failures to
lead to the | oss of systens.

Now systens have been running at this
time. So there, any probability that the failed to
run woul d say that they would stop and the operators
aren't able to restore the systens.

We're entering with LOCA events and stuck open safety
relief valves.

I nthe LOCA events, of course, the reactor
cool i ng syst emhas been cool i ng and depressuri zi ng for
a while. In the case of the nedium LOCA, the
estimates for the tinme of failure of the reactor
pressure vessel, and this is based on exam nation of
t he FAVOR cal cul ati ons.

We're tal king sonme 15 or 30 minutes after
theinitiationof the event. These tines are i ndexed,
by the way, to the 40 EFPY, effective full power year
results. For |arge LOCA, things happen nore quickly,
of course, but still reactor pressure vessel failure

occurs mnutes after the occurrence of the LOCA.
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And this has an effect on the thermal
hydraul i c state when we chal | enge t he vessel. For the
stuck open and safety relief valves, the systemis at
pressure, perhaps 2,400 PSI or thereabouts. But the
pressure vessel failure is predicted to occur between
60 and 120 minutes after the trip.

So t he systemhas been cooling for awhile
before the reactor pressure vessel is predicted to
fail. Wth that, Dave is going to show sone
cal cul ational results. Do you want to switch chairs?

MR. BESSETTE: What we did was to total up
the primary systemenergy for all the PTS significant
transients, that is to all the transients that
contribute one percent or nore to the total
probability of failure.

So this is the plot for all the COconee
transi ents. If you renenber, Oconee had a |ot of
contribution from events. There was a stuck open
pressurizer safety valve that recloses. And nost
typically we took a reclosure tine of 6,000 seconds.

The LOCA event that show up is this
transi ent here. For LOCAs, the vessel failuretinmeis
typically about 1, 000 seconds or thereabouts. Wereas
the stuck open SRV cases typically fail around 7,000

seconds.
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Thisistheinitial primary systemenergy
and power. And this dotted horizontal line if the
energy of a primary systemthat was filled with 212
degree water. So basically this is a, you m ght say
is a zero reference point for bl ow down potenti al

So you can see when vessels fail for a
LOCA-type event, basically there's no blow down
potential. For the stuck open SRV cases it's perhaps,
you' re dealing with roughly, effectively one-third of
the initial system energy.

This is the sane plot for Palisades.
These are the LOCAs and t hese stuck open SRVs, so you
can have sone idea of the bl ow down potential at the
time the vessel fails.

DR. RANSOM Is that based on the energy
of the amount of the water still in the vessel?

MR. BESSETTE: This is so, these plots are
the total primary systemenergy, includes both water
and steam

DR. KRESS: This is enthal py.

MR. BESSETTE: Ent hal py, that's right,
ent hal py.

DR. BANERJEE: Ch, it doesn't include the
metal and fuel ?

MR. BESSETTE: It does not include the
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nmetal structures, no. Basically for a bl ow down, |
mean there i s sone energy contributionfromthe netal,
but in terms of blowdown it doesn't, it's not a main
contri butor.

DR. BANERJEE: And the fuel?

MR, BESSETTE: The sanme thing with the
fuel. The fuel is cold, by the way, fuel is the sane
tenperature as theliquid. Sointhese vessel failure
events, the fuel is passed about 300 F, with no stored
ener gy.

W're not dealing with, there's not a
difference. So when you have a | arge break, it occurs
from here. And plus you have sone additional, you
have a significant energy i nput fromthe fuel fromthe
stored energy.

These events, the fuel has, so to speak,
no stored energy.

DR. BANERIJEE: So zero tine is vessel
failure tinme?

MR. BESSETTE: Zero tinme hereis the tine
of the initiating event. Now all these, these PTS
events start with sone sort of a LOCA. Let's say a
four inch hot leg break or a safety valve sticking
open.

Sone tinme into the event is when the
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vessel is predictedto break. So they say, sone type,
for a LOCA, the vessel is predicted to break at about
1, 000 seconds. In these stuck open SRV cases it's
dependent upon when we recl ose the val ve.

And typically we reclose it around 6, 000
seconds. It takes another 1,000 seconds for the
systemto refuel and pressurize, sothe failure occurs
about 7.000 seconds.

In fact, these nunbers are the cal cul at ed
failure tinmes here, by FAVOR

DR. KRESS: The main point is that
contai nnments are designed to withstand LOCAs.

MR. BESSETTE: That's correct.

DR. KRESS: So if you have a LOCA i s not
going to fail the contai nnent, unless you have ot her
t hi ngs goi ng on.

MR. BESSETTE: That's correct. 1'll show
you the containnent pressure plots for these two.
Cont ai nment i s desi gned to take thi s anount of energy,
plus the, like core stored energy and i nst ant aneously
dunp that into the containnent.

And finally, this is the sane plot for
Pal i sades. Palisades is dom nated by LOCAs, so we're
dealing with vessel failures around here.

DR. KRESS: Yeah, we were concerned that

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

240

the blow down forces on the vessel mght fai
cont ai nnent .

MR. BESSETTE: So we have, | have sone
i ndi cati on on what ki nd of pressure differential s that
they generate. W did calculations with three left.
We used the Calvert Ciffs nodel, which was simlar
to, Calvert diffs is simlar to Palisades.

We used Calvert Ciffs because we had an
exi sting contai nment nodel for that plant. Wth two
representative transients, the four-inch surge |ine
break and a stuck open pressurizer safety val ve that
recl oses at 6,000 seconds.

We | ooked at two vessel failure nodes, an
axi al break at 12 square feet, that's a one foot by 12
f oot br eak. And then a full 360 degree
circunferential break on the vessel. Wth three break
opening tinmes, ten mlliseconds, a tenth of a second
and one second, this is, let's say, the fastest
concei vabl e break tinme for the vessel.

And t hi s per haps, who knows exactly. This
may be nore representative. The, let's say the vessel
break opening tinme is inportant because very fast
breaks you can heave these subcool ed pressurization
waves goi ng through the fl uid.

DR, SIU  Excuse ne, just for a second.

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

241

| forgot to point out, by the way, that the vi ewgraphs
are this handout here. So this is a substitute for
t he packet, that segnent in the package t hat you have.

DR. KRESS: So, contai nnents are desi gned
to stemdoubl e ended rupture of the | argest pi pe. And
how does that 12 foot square conpared to that.

MR. BESSETTE: A large cold |led break is
about six or seven square feet. So it's about half of
t he size.

DR. KRESS: So you're actually --

MR, BESSETTE: W're in the ball park.

DR. KRESS: You're in the ball park but
you' re subjecting the containnment for a little nore
than normally it's designed for.

Soit'salittle bigger break occurring at
| oner system energy.

DR. KRESS: Onh, yeah, it's alower energy,
that's right.

MR, BESSETTE: This shows you where we
| ocated these breaks in the RELAP nodel. This is the
circunferential break. This is the core region here,
soits, we've |ocated the break near the bottomof the
core.

The br eak ext ended across si x RELAP nodes,

so you get junctions above and below, it says 12
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junctions. This is the axial break. This extends 12
feet in the region, again, adjacent to the core.

So we got from the bottom in the
downconer, fromthe bottomof the core to the top of
t he core.

DR. KRESS: Now, you're using RELAP to
calculate the blow down rate, is that what you're
usi ng RELAP for?

MR. BESSETTE: Yes, so we used RELAP for
t he bl ow down. We used RELAP for the entire transient
starting tinme zero. We go through the initiating
event which is four inch LOCA or the stuck open SRV.

And we initiate the vessel break at a,
let's say at predeterm ned points in time. W put a
flag, let's say, and RELAP opened the vessel break.

DR. KRESS: So it's still com ng out at
choke fl ow?

MR, BESSETTE: Yes, yes.

DR.  RANSOM You're doing this for a
consequence analysis, isthat right? | neanthese are
hi ghly i nprobabl e events apparently.

MR, BESSETTE: Well, that's right. But we
wanted to get sone i dea of the, let's say the pressure
forces wthin the vessel and the containnent

pressuri zati on.
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DR. KRESS: But we asked them what the
probability was of containment failure given this
event.

DR. BANERJEE: And this doesn't take, the
thing doesn't open up and throw m ssiles and things
all over the place, nothing like that?

MR. BESSETTE: Well, that was one of the
guesti ons. How |arge are these, these blow down
forces. And fromwhat we can see so far, there's no,
we're not filling the core barrel or we're not
breaki ng up fuel assenblies, that sort of thing.

We're not generating ex-vessel mssiles.

DR. BANERJEE: So this practice grows and
stops. It doesn't sort of unravel the whole thing?

MR, BESSETTE: Well, that's the question
too. We |ooked at both cases. W |ooked at cases
where what possibility it is, it starts and it grows,
let's say, the length of the weld, which is perhaps
ei ght feet or so.

And it stops at the end of that particul ar
pl ate wel d. The other possibility is that it goesto
that point and then it continues around a vessel, 360.

DR. BANERJEE: 1|s there sort of evidence
of that. Because BSF, which is a conpany that did

some vessel tests where they cracked open a vesse
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like this and it sort of just unwound and boomyou had
areally -- there's a lot of this docunented.

Now | don't knowif this is a nuck thicker
vessel or what it is, but these things sort of, there
is evidence that they just cone apart.

MR. BESSETTE: Well, yes, one of the
candi date cases we | ooked at is there vessel was in
two pieces circunferentially.

DR. SIU. The PNNL Study we tal ked about
alittle earlier in the presentation, certainly they
did sonme analytical calculations to |ook at the
progression of the crack. How far it would extend,
whet her it would turn.

They didn't calculate where the crack
woul d arrest, but they also, in later parts of that
report | ooked at mssile generation. Tal ked about
failure of vessels under pressure and what kind of
m ssiles could be generated fromthat. And I'Il| talk
to that a little bit later.

MR. BESSETTE: So these are the prinmary
systemconditions taken at thetine that we failed the
vessel . So for a four inch break-to-break, the vessel
break tinme was 2,400 second.

The primary system pressure was 200 psi.

The downconer tenperature was 250 degr ees and t hat was
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at saturation and that's the correspondi ng FOP. Stuck
open SRV case, we failed the vessel

This was, let's say we inposed this tine
since we're not dealingwth a FAVOR generated tine in
this case. Pressure was, we fail ed the vessel when we
reached the safety valve set point at 2,400 psi.

Downconer tenperature was 355 in this
case, F. This is sonewhat higher because in Cal vert
Cliffs, even with the stuck open SRVs, we can't get
col d enough in the downconers we do, let's in Cconee
where this transient shows up as being nore
significant.

And then for conparison, we did a |arge
cold leg break LOCA. This initiates at tine zero,
initial systemconditions.

MR. LElI TCH: In the second case there,
what are we assum ng, the vessel, that their stuck
open relief valve opens at tinme zero. And then at
82.30 seconds is when the vessel fails?

MR, BESSETTE: That's right. W opened at
time zero, we cl osed at 6,000 seconds or 100 m nutes.

MR LEITCH  Ckay.

VMR, BESSETTE: And then --

MR. LEITCH It recloses.

MR. BESSETTE: -- it took another 2,200
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seconds in the primary systemto conpletely refill
And once we |lifted the safety val ve casing, we broke
t he vessel

DR. RANSOM  Now when you say you broke
t he vessel, do you nean you exceeded one of the these
fractured criterias?

MR. BESSETTE: Well, this case, sincethis
is a scoping study, which this is not, these
cal cul ations would not tie directly to FAVOR We
broke the vessel at this particular tine. | can say
this was tied, we tied this to the tinme when the
pri mary systemwent water --

DR, RANSOM So this kind of scenario
woul d assune sonet hi ng nore than the normal pressure,
PTS type of transient that would rupture a vessel

MR. BESSETTE: Yeah, but basically, these
two, thesetwo transients are quite representative of
the ri sk dom nant sequences. And we've got the, nost,
about two-thirds of our risk dom nant sequences are
the LOCAs. Most of the rest are these stuck open SRV
cases.

DR.  RANSOM What's the probability of
ei ther one of those occurring?

MR, BESSETTE: Overall, yes.

DR. SIU. Again, what we were trying to do
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in this part of the study is talk about what ‘s
acceptabl e as opposed to what we woul d achi eve. And
part of this discussion is to argue that there's
mar gi n bet ween t he occurrence of a PTS i nduced reactor
pressure vessel failure and large early rel ease.

Sowe'retrying to get a sense of what are
the forces i nvol ved, because if there are |l arge forces
i nvol ved, we m ght have to argue that the mtigating
systens, such as contai nnment spray or ECCFs inrecirc
node are effected by the occurrence of the PTS event.

Therefore, there m ght not be nuch margi n.
| f we can denonstrate that the forces are low, there's
littl e dependence between t he occurrence of the event
and the failure of these systens and therefore there
is probabilistic margin. And that's the essence of
the argunent that we're trying to present.

DR. BANERJEE: You're doi ng a consequence
nodel here. Pure consequence. There's no ri sk,
probability aspect.

DR, SIU It's conditional, that's right.
Exactly.

MR. BESSETTE: These are sone of the
results calculated for Calvert Ciffs by RELAP. W
have, again, the three transients to be calculatedto

four inch surge line breaks and stuck open SRV.
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And for reference the design basis
acci dent LOCA. Here we're | ooking at two vessel break
opening times, ten mlliseconds and one second. W
| ooked at axial and axial vessel Dbreaks and
circunferential vessel breaks.

And these are the peak differentia
pressures as cal cul ated by RELAP. And one of the
things, of course, is that these peak pressures are
hi ghly dependent on this vessel break opening tine.

The slower the, you go from ten
mlliseconds down to one second. These peak pressures
drop considerably in nost cases. And the other thing
about this is that |I'm show ng, these of course are
peak pressures.

For these ten mllisecond cases, these
are, you know, you mght say of sonic nature. So
their durations, these peaks are very sharp. The
durations are on the order of ten mlliseconds. So
that's kind of an inpul se | oad.

And you can see these duration tines,
roughly speaking, areinthis colum. This basically
gives the nmessage that these pressures, these peak
| oads drop considerably with | onger opening tines.

And for these really fast break opening

tinmes, they are very short duration. But you can see,
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generally speaking, they are conparable to or nuch
| ess than a design basis |arge break LOCA

The vendors typically will analyze | arge
break LOCAs for these conditions very quick, al nost
say instantaneous break openings. This is the
cal cul ated contai nnment pressures fromthese events.

So on the bottomhere, thisis at thetine
of the vessel break. For conparison, this is the
| arge, cold | eg break design basis accident. This is
the containment pressure. This is additiona
pressures, 15 psi and roughly atnospheric.

These four inch break LOCAs, since the
LOCA has been in progress, you're starting from a
slightly el evat ed cont ai nnent pressure when t he vessel
breaks. And you can see the relative pressure rise.

You recall that there is very | ow system
energy in these four inch break cases when the vessel
fails, so you get only about a 3 psi, 4 psi
pressuri ze.

DR. KRESS: Wiere did you get that initial
pressure fronf

MR, BESSETTE: This pressure here? W
calculated this whole primry system contai nnent.

DR. KRESS: Oh, you used RELAP as a

cont ai nnent nodel .
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MR. BESSETTE: W used RELAP as a
cont ai nnent nodel .

DR, KRESS:. kay, thank you.

MR. BESSETTE: And these are the stuck
open SRV cases. The pressurize is about 10 psi,
conpared with the cold | eg break of about --

DR KRESS: So this is RELAP as a
cont ai nnent nodel using one node in contai nnment?

MR.  BESSETTE: No, this is about
contai nnment, you can, you can --

MR, LOIT: They have about 15 nodes.

MR. BESSETTE: Yeah. You can nodali ze,
you can have sone flexibility in ternms of how you
nodal i ze contai nment wth RELAP. It's not Iike
cont ai nnent where you have a single node.

DR.  KRESS: How do they conpare the
cont ai nnent ?

MR. BESSETTE: To contain?

DR KRESS: Yes.

MR. BESSETTE: We don't have a conpari son
here for contain, but we've |ooked at RELAP wth
cont ai nnent nodel i ng ver sus ot her cal cul ati ons. W di d
that for AP 600, and it's in the, it's in the right
bal | parKk.

DR. KRESS:. The 36, how does that conpare
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Wi th the design pressure?

MR. BESSETTE: Design pressure i s about,
it's about 45 psi.

MR, LOTT: Tom NormlLott. It didn't you
have all the containnent features in it. Al would
have included fan coolers, but there were no fan
coolers. But it does have a spray cooling unit and it
has, dunping all the energy from these, both the
transient and from the less than zero is the PTS
transi ent dunps energy in as well. And then after the
vessel break, you' ve got the vessel break energy. And
| think that's the main thing that Dave is trying to
show here.

That if you don't have a very energetic
system it doesn't pressurize and contain it very
much.

DR. KRESS: Yeah, | think that we
recogni zed that. Qur concern was whet her you' ve got
a hole in the bottomof the side of those things and
you've got a nonentum forces tending to nove the
vessel and the penetration on the hot | eg or the cold
get going through the contai nnent, would that, you
know, contain it, I think was one of our concerns.

MR. BESSETTE: Yeah, we |ooked at this

monmentum fl ux aspects, you know, jet reaction force
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and that sort of thing. W don't have, we're still
wor ki ng on sone of those things.

So it doesn't look like the, again, it
doesn't look |like the reaction forces you get froma
vessel break or any worse certainly than a cold | eg
br eak.

DR. SIU The other thing that's, again,
worth pointing out, Dave had the right-hand col um
showi ng the duration of the pressure pulse. Andit's
very short. There's no tine.

DR. KRESS: That's an i npul se.

DR. SIU  Tens of mlliseconds and this
thing is over.

MR. HACKETT: Dave, this result, too, is
large dry, right? This is showing Calvert Ciffs?
It's specific to that type of containnent?

MR. BESSETTE: Yes, Calvert Qiffs.

DR. KRESS: Wuld there be any speci al
consi derations for ice to the condenser contai nments.
Wul d the steamgo where it's suppose to go in those?

MR. BESSETTE: | mean off hand | can't
thi nk of any particul ar reason why things should be
much different. Certainly the prinmary systemenergies
are going to be the sane. So the bl ow down potenti al

IS going to be the sane.
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DR. KRESS:. The prinmary systemis all the
same, right.

MR. BESSETTE: So the enthal py di scharge
when the vessel fails is going to be the sane. And
al so, therate at which this energy gets dischargedin
the containnent is essentially so fast that whatever
cont ai nnent heat sinks are there --

DR. KRESS: Don't cone into play nuch

MR. BESSETTE: -- really don't cone into
pl ay.

DR Sl U So far you haven't seen any
probabilities associated with these. \What we were
trying to do is establish a sense of the conditions
that the contai nment woul d see and what the reactor
pressure vessel would see.

And actual | y what you' ve seenis materi al
that we've generated since, or finalized, | should
say, since the witing of the report. So these
argunents were not factored into the report, and so
it's an additional conservatism | think, on the
results that we're going to talk about in a second.

This is a diagram here, again, it's in
your hand out. [It's not in the report, per se. It
just is another slice at that 200 sequence event tree.

APET, it shows the four scenarios that we identified
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in the report as being of potential interest.

| couldn't give you the nunbers of f hand,
but it doesn't really matter. 1'l1 wal k you through
sonme, just as an exanple. | passed around a hand out
with sone colors on it showing three different kinds
of scenari os.

This is, again, basically that sane
picture blown up a little bit, but with some of the
scenari os highlighted. The red scenarios, again, are
those that | ead to the unscrubbed | arge early rel ease.

Bl ue scenarios that lead to a scrubbed
release. And the pink scenario is sonething rather
nore benign. It could lead to the scrubbed rel ease,
but the probability should be significantly | ower as
"Il talk to you in a second.

SoI'll try to talk about all three as I
wal k t hrough the tree. GCkay, so again, we enter with
a PTS event. Crack orientation, as | indicated
al ready, we think roughly a 90/10 split based on the
pl ant-specific calculations to date.

Based on the PNNL work, NUREG CR-4483,
there are, there is a distribution of probability
across the different crack extension possibilities.
Remenber the top branch associated with the crack

arrest at the circ weld.
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The next branch was crack progressions
beyond the circunferential weld. And the bottom
branch on the axial crack leads to a circunferenti al
crack. This is the one where the crack turns the
corner and conti nues.

And hereonthistree you'll seethat |I've
indicated both the arrest and the propagation
possibilities for the case where the crack turns the
corner. It's not that we're going to say that these
nunbers are hard and fast.

The PNNL report actually shows that there
is significant variation across the three plants that
t hey | ooked at when they did the calculations. It's
just to indicate that there is sone distribution and
we didn't take any credit or significant credit for
the fact that this particular branch m ght be, let's
say, along the 45 percent |line as opposed to 15
percent |ine.

We just didn't bother with that. But if
one were to pursue this in nore detail, obviously,
that woul d be a potential place to |look at. The hole
sizes we | ooked at we associated determnistically
with the different crack propagation possibilities.

So, again, the bottom. let nme focus on,

| don't want to blind anybody. kay. It's on
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al ready. Can you hear ne? kay. So, here we have
the crack. This is an axial crack that initiates the
circunferential crack.

And the crack progress and it's arrested.
And t hen again we have the case al so where the crack
conti nues. And we didn't assign a split fraction
associated withthat. If thecrackis arrested, there
is apossibility of a noderate size hole, which turns
out to have rel atively | ow consequences. O a | arger
hol e.

This was the 100 to the 1,000 square i nch
hol e openi ng. Follow ng that, dependingif the forces
are roughly design basis or significantly greater
design basis, that's the branch in here. And that's
what Dave was just talking to you.

We did not, at the time of the report, we
had a suspicion that the tree should go up in this
direction, we didn't have a basis for that. Now I
t hi nk we have a stronger basis for saying this branch
seens to be rather |ow |ikelihood.

So agai n, t he t her mal hydraul i c
cal cul ations to date woul d i ndi cate we woul d probably
head up the upper branch. But these two branches are
branches that we've identified in the report as being

potentially significant.

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

257

If the forces are a roughly designed
basis, then the question of containnment isolation,
this question is really a question of independent
failure at this point. If the forces are beyond
desi gn basis, then obviously there's a potential for
dependence, that's the concern that you raised.

And so we allowfor that. The contai nnent
spray, and this is probably the crux of the argunent.
If we had to boil it down to one slide, this would be
it. We look for mechanisnms by which we could fai
contai nnment spray due to this particular scenario.

We | ooked at the possibility of mssiles
and we |ooked at the energies associated wth
potential m ssil es and whet her they coul d penetrati on
the biological shield around the reactor pressure
vessel and basically get to the containnment spray
lines which are running up the inside wall of the
containnment, and just did not see that that was
happeni ng.

There was just, the penetrating capability
of these mssiles, even if you assuned opti mal shapes
and assuned hardening, just the forces aren't there.
So that tells us that the sprays are independent.

Now there is one potential fly in the

oi ntment and that has to do with sone bl ockage. W
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assuned that sunp bl ockage, or programmatically you
sai d sunp bl ockage i s an i ssue bei ng addressed i n the
GSI-191. And we were very explicit about that in the
report.

And presuming that that issue is
addr essed, then contai nnent spray is indeed
i ndependent and thereliabilityisthereliability of
amlti-trained systemthat should be tento the m nus
two or even significantly Iless than that.
Unreliability should be less than ten to the m nus
t wo.

DR.  KRESS: Let's hope that that sunp
bl ockage is resolved before you actually get to a
pressurized thermal shock effective full power year of
40 years.

DR. BANERIJEE: But the issue of sunp
bl ockage woul d cone fromthe insulation on breaking
apart.

DR. SIU. That's right. Renenber, we've
entered this perhaps wwth alarge LOCA. So you' ve got
t he sane sunp bl ockage i ssues, potential sunp bl ockage
i ssues. Recircul ation generally we would predict to
occur after the reactor vessel fails.

So any additional debris or stuff com ng

out mght add to that problem But there's already a
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probl em i ndependent of the PTS.

DR. BANERJEE: Right. So you either spray
or you don't dependi ng on sunp bl ockage at that point.

DR Sl U That's right, that's right.
Okay, nowwoul d this be a road bl ock in case the i ssue
is not resolved? No, | think that, but then you'd
have to purse the other lines of argunent that Dave
has al ready i ndi cat ed.

The energy available and what that,
whet her, for exanple, it would | ead to consequenti al
failure of contai nment.

DR. KRESS: So with the sprays al ready you
have a ten to the m nus two.

DR. SIU That's exactly the point, yes.
W would, arguing independence based on the
consideration of the -causal nechanisns. Fue
| ocation, | won't get into. Again with the |ow
energi es involved, you wouldn't expect.

In fact, we did a prelimnary analysis
| ooking at the core barrel distortion associated with
some of the pressure differentials that Dave
calculated. It showed relatively small strains and
it's not a surprising result.

DR. KRESS: You know, for the large

br eaks, where you pretty nmuch assune it goes to power
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oxi dati on event, because you dunp t he wat er out pretty
fast. | recognize that the blow down wll fail
contai nment and then you' ve got a |lot nore energy
com ng out of air oxidation.

And maybe a | ot of hydrogen. Does that
worry you about the independence of the sprays?

DR. SIU Well, thiswll get to an issue
of timng which we clearly didn't address. The,
thinking in terns of a large early release, when
sonet hi ng has to occur within four hours or four hours
or |ess.

DR. KRESS: You m ght have a, the early
part of the large --

DR SIU Reactor pressure vessel failure,
as we said, for the pressurized scenarios you're
tal ki ng maybe 60, 120 m nutes down the road fromthe
initiating event. The LOCA events it does occur nore
qui ckly.

DR. KRESS: That kind of inpacts on ny
issue that | think 1've about got the Conmttee
convinced is right, that we shouldn't just focus on
|arge early release. There ought to be sone
consi derations of |ate containnment failure al so.

DR SIU  Yeah.

DR. KRESS: You know, pretty soon|'|| get
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them on ny si de.

MR, BESSETTE: O course you actual | y need
steam oxidation to get a |l ot of hydrogen

DR. KRESS: You need steam to get the
hydr ogen.

MR. ROSENTHAL: If it's an axial crack
then we woul d, then for sone of the cases they, even
t hough the cracks there, you have |ike a wheel well
effect, you're still punping a |ot of water

And so you have water in the bottom of
thing and so you'd nelt the core in a steam
envi ronnment . If you go down this ten percent
probability path where the axial crack cones to the
circunferential weld and then unzi ps around and the
bottom head falls off, now you ve got clearly an
oxi di zi ng envi ronnent .

And it's correspondingly | ower probability
and you still ask are sprays running to scrub. So
we've tried to reason our way through it.

DR. Sl U Just to finish the tree off
here, again, if the forces are roughly design basis
then we woul dn't expect a knock on effect on to ECCS
and, by virtue of pulling pipes. And so again you
woul d get sone highreliability out of that operation.

W didsay well it's potentially dependent
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failure here, not knowing at the tinme of the report
what the forces were. W also pointed out the
possibility of cavity cooling. And for sone of these
pl ants you woul d expect, indeed, the water level to
ri se above the top of the fuel and to cool the fuel
t hat way.

And so you shoul dn't get core damage, | et
alone in alarge early release there are other plans
for which you can't count on that. You have sone
water in the cavity, but not enough to assure that the
core remains intact.

Ckay, so, as Dave pointed out, we believe
t hat the acci dent energetics are nore beni gn t han many
of the scenarios that we've already analyzed. e
beli eve contai nment pressurization is likely to be
| ess t han what you woul d get froma desi gn basi s LOCA.

We, Dave showed vyou the delta ps
associated with the cases that we anal yzed. And so we
think that it's likely, obviously this is not a full
proof, we haven't I|ooked at all the various
possibilities, but it's likely that the blow down
forces are likely to be on the sane order of nagnitude
as the design basis LOCA or even |ess.

And again, point out that the tine over

whi ch these forces are acting is very, very short. W
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actually think the containnent spray failure
probability mght decrease for these events are
conpared totherisk significant events because you're
not in a station black out situation.

So you're largely talking a hardware
failure or possibly operator error. W tal ked about
the |ikelihood of fuel cooling being dependent on
reactor cavity design. And of course the point that
GSI-191 is the issue addressing the sunp bl ockage.

DR. WALLIS: | wasn't here for this, but
if you unzip a reactor and it's got 2000 psi init,
woul d you apply 2000 psi to the whole --

DR. BANERJEE: It's down in there.

DR. WALLIS: If yousplit it inhalf, half
goes up, half goes down?

DR. BANERJEE: 1t's down in pressure when
it splits.

DR, WALLI S: I know the pressure goes
down, but initially the pressureis very high. So the
initial force is bigger than |arge break LOCA. | t
doesn't last very | ong.

MR. BESSETTE: Yes, well, if you | ook at
the situation, you know, those events that have a
stuck open SRV that cl oses, you are i n need of a 2,400

psi. But that pressure is saying, it's not a thernal
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pressure, you've got a lot of cold water that's been
pressurized by a punp.

So you're just dealing largely with the
conpressibility of water which is --

DR. WALLIS: Ckay, so it goes away very
quickly. 1It's not |ike steam

MR. BESSETTE: That's right, it's not |ike
hot 2400 psi water.

DR. SIU. Just on the separate hand out,
vi ewgr aphs 20 and 21, we had sone of the cal cul ati onal
results. GCkay, where are we in terns of concl usi ons.

The, we believe that the conditional
probability of early fuel damage, and this is really
t he core danmage questi on, woul d be extrenely smal | for
pl ants where you would get the flooding, but it's
non-negligible for the plants, you could have fue
damage for plants where you' re not going to get the
f 1 oodi ng.

And this is absent any real, you know,
phenonenol ogi cal anal ysi s. This is just based on
rough consi derati on.

DR. KRESS: When you non-negligible, it
still could be pretty small.

DR, SIU It could be. Again, we did not

do any cal cul ations at this point. You'd have to | ook
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at --

DR. KRESS: | believe the reliability of
sprays is at |least |ess than .01.

DR. SIU. No, yeah, but I'mtalking fuel
damage in the first bullet.

DR. KRESS: Ch, oh.

DR. SIU. The second point is the sprays,
right. That we believe regardless of the cavity
design, the conditional probability of the early
containnent failure and al arge early rel ease woul d be
very small, very small in that |'ve used that
term nol ogy saying less than .01.

However, should a large early release
occur, we haven't done anything to show that |arge
scal e air oxidation will not occur also.

You'l |l see, if you were given the full
event tree, which you weren't, you would see in that
that nost of the sequences involved large early
rel ease. Al so we would say would invol ve | arge scal e
air oxidation. So they are, the conditions would | ead
to both.

DR. KRESS: And those sequences normal |y
aren't the dom nate PTS sequences, | thought | heard.

DR. Sl U Wel |, those sequences woul d,

these are all, the APET is tied to the dom nant PTS
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sequences. W don't think any of those sequences are
likely. Conditional on the occurrence of the PTS
i nduced reactor pressure vessel failure.

So, the inplications for the reactor
vessel failure frequency criterion, we think that the
ten to the mnus six value is consistent with the
phi | osophy of the original PTSrule. 1t's consistent
W th the gui dance you' ve given us in your July letter
and with the safety goal policy statenent.

W think it's consistent wth the
phi | osophy of the rul e because basically we have this
| ow conditional probability of |arge early rel ease,
gi ven the occurrence of a PTS i nduced reactor vesse
failure.

So that would ensure your |ow |evel of
risk. I nmean if you were just to take nunbers
literally, say, tento the mnus twotinmes thetento
m nus six, that gets you to ten to the m nus eight.
And that's extrenely | ow.

And obviously for simlar reasons, the
relative contribution to total risk would be smal
because this wuld be a virtually negligible
contri butor. Ten to the mnus six is indeed nore
limting than what you m ght use otherwiseinterns of

core damage frequency.
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And this was the point that you raised
earlier and thought that we should | ook at sonet hi ng
that was based on LERF considerations and not core
damage frequency consi deration
| f you were just | ooking at core danmage you woul d pi ck
sonmething like ten to the mnus five.

We think that this is consistent or even
conservative with respect to the quantitative health
objectives, both in terns of pronpt early fatalities
and in terns of latent fatalities, because again if
you equate the ten to the mnus six with core danage,
| think we would be right there.

Sothat's why we, inthe report, we stated
that we think that we can support a ten to the m nus
Si X per reactor year acceptance criterion. Again, as
| indicated in the beginning, our expectation is that
enbrittlenent limts would be set in a risk inforned
manner, so what we're talking about here is an

i nportant input to that process but it's not the only

i nput .

And that's just basically the sanme thing
|"ve just said. So, | think we're at the end of the
hour .

DR. VALLI'S: Nowwe were told this norning

that the predicted frequency is actually nuch |ess
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t han t hat.
DR. Sl U That's correct. These are
acceptance criteria. This says what we arew |ling --
DR, WALLI S: So, | was thinking, what

woul d be the effect then if you have a frequency which
is far less than that, then would this lead the
Li censees to say, now, we're no |onger going to be
limted by this, can we change sonet hi ng about how we
operate our design.

s that, is there sonmething |ike that
likely to happen.

MR, ROSENTHAL: Yes.

DR. WALLIS: And what sort of things would
be |ikely.

MR, ROSENTHAL: Well, | think we told you
earlier that we would expect that Licensees, these
pl aces were originally designed with flat core power
di stributions and high, and hence higher fluence in
t he vessel walls.

They' || want to regai n sone of that margin
because it |limts themwth respect to the TCT and
things |ike that. So they'll flat, and also fuel
econony. So they'll go back to, to sone degree, to
flatter power distributions and higher fluences. But

| think that we've addressed that.
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DR. KRESS: And eventually it m ght even
lead to a second |icense extension.

MR. HACKETT: It could be. So flatter
power gives you nore margin to LOCA and DNB

DR WALLIS: It is the inmmortal vessel.

DR. SIU. Well, recognizing of course that
PTS i s one cl ass of scenarios and Mark tal ked earlier
about some ot her consi derations that woul d have to be
t hought about before we nmake these changes.

MR. ROSENTHAL: | al so suspect |I' mtal ki ng
about less than factors of two on an issue wth
mul tiple orders of magnitude of certainty.

DR SIU  Questions?

DR, KRESS:. | thinkit's pretty cl ear what
t hey did.

DR. SHACK: | nmean you woul d cone back to
essentially your start up shut down woul d t hen be your
limting vessel operation and however you decide to
change that, in all likelihood it would still end up
bei ng probably the controlling thing on the vessel

DR. KIRK: Yeah, well the only reason why,
at this stage, the start up shut down woul d be nore
limtingis having done this anal ysis where we' ve nade
our best effort to be realistic.

And when you consider that Appendix G
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i ncludes many of the sane varied conservatisns or
greater than we started with here, then they've not
been done on a consistent basis.

But certainly you know, given the
difficulty that a significant LOCA has i n breaking the
vessel, it's very difficult for ne to envision that a
control |l ed heat up and cool down, even done, you know,
as aggressively as you would want to from an
operational perspective, is going to be of any
signi ficant chal |l enge what soever.

DR. KRESS: If I may ask you a strange
guestion. \Wien we tal k about safety goals, pronpt
fatality safety goals, it was sai d because the way it
was there were considerations that have at | east 100
pl ants out there operating for about 40 years at that
| evel of safety.

It kind of was that consideration. Now
you' ve got one plant that you're tal ki ng about that's
already used up all of its life and it's only
honorable to set of sequences a short tine. So the
guestion is why isn't reasonable to think the safety
goals is the right value to use here when, it's al
right, I think you' re all right with the safety goal,
but was that even at in your thinking?

DR Sl U No. Yeah, we actually, the
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guestion cane up in our recent public neeting froma
somewhat di fferent angle. That, whether the fact that
the plants are only approaching this |level or risk
toward the very end of their life, whether that makes
a difference.

Clearly it could. Safety goals, as |
understand them regardl ess of howthey were derived,
are stated in sort of an i nstantaneous frequency terns
and that's kind of where we are.

DR. SHACK: And where we shoul d stay.

DR. WALLIS: | wasn't around, sorry. Did
you tal k about the long termcooling or the | ong term
situation at this station after it's had such an
event ?

DR. SIU. No, we were focused | argely on
the large early rel ease issue.

DR. WALLIS: Yeah, | know that's the way
that this Agency thinks. But | think the public m ght
be concerned about sonething with was not clueable in
the long run.

DR KRESS: See, | have one convert
al ready.

DR. SIU. But | guess againif you equate,
even, and | think we've shown because of i ndependence

of various systens, that the occurrence of the PTS
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event does not equate, it's not equivalent to the
occurrence of core damage. There is sone margin.
Certainly for sone scenari os.
But even if you were to equate it to core
damage, setting thelimt at ten to the m nus six per
year for that should addressed that concern. And
you're saying you just, | nean this is the point, |
guess, Dr. Powers was nmaking, there's very, very | ow
i kelihood this event is going to occur.
So low that it's in the thinking behind
Reg Guide 1.174 and the definition of what smal
means. It's small, alnbst you can't neasure it.
DR. SHACK: Well, | suggest we take a 15
m nute break at this point and we can cone back to
di scuss this proposed screening criteria.
DR. KRESS: Thank you, Nat han, that pretty
wel | answered ny questions on this.
DR. SIU.  Thank you.
(Wher eupon, t he f or egoi ng
matter went off the record at
3:20 p.m and went back on the
record at 3:37 p.m)

DR. SHACK: Back into session.

DR, KIRK: Ckay. This is the discussion

of the considerations regarding a new proposal on a
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mat eri al s based PTS screeninglimt. 1've added a few
slides here to try to nake the points nore clearly.

"Il start by review ng sone operati onal
chal |l enge considerations, discuss sone nmaterials
consi derations and then lay out the characteristics
one would like to see in a physically notivated
enbrittlenment netric, and then show you how t he heck
we got to RT g

And | shoul d point out this is sinply one
possibility anong many, but we think it has sone
desirabl e features. Qperationally you' ve seen the
graphs on this slide before in our discussion of the
pl ant-specific results.

But the point I'd like to reiterate is
what's shown in yellowthat all materials factors held
equal, the severity of PTS challenge is remarkably
siml ar between the plant study. And the frequency of
challengeis alsofairly simlar but with sone greater
pl ant dependenci es.

The reason for pointing this out is this
observation | eads us to at | east one netric of success
on our enbrittlenment netric that we shouldn't be
really expecting to see nmuch separation between the
plants if we get the enbrittlenent nmetric right.

Froma material s viewpoi nt, again, thisis
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arepeat, but we'll reiterate the axial weld flaws and
the material properties that can be associated with
axial weld flaws are what's driving the through-wall
cracki ng frequency.

So to set up, what do we want to see an
enbrittlenment netric? Well, certainly, what we'd |i ke
toseeis, again, showmninyellow W'dIlikethereto
be a causal relationship between the enbrittlenent
metric and through-wall cracking frequency.

O, as ny ten year ol d woul d say, you want
to blane the right person for the failure. Don't go
pickingonne, it was nmy little brother that broke the
vase. So given that principle, the axial weld and
plate property should domnate the enbrittlenent
nmetric because those are the properties that can be
associ at ed.

DR. KRESS: |s that because there are so
many nore axial welds than there are circunferenti al
wel ds?

DR. KIRK: No, no. It's because the axi al
flaw orientation produces a higher crack driving
force, than the circunferential flaw. And also --

DR. KRESS: Yeah it would with the thernal
shock.

DR. KIRK: Right. And also of particular
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i nportance that higher driving force perpetuates nuch
deeper into the vessel wall. The circunferenti al
crack are much nore likely to arrest. However, it is
possibletoget circunferentially oriented cracks t hat
can fail the vessel

So they do play a mnor role. A third
i nportant point is of coursethat the rel evant fluence
has to be that where the flaws are. So the rel evant
fluence is that along the welds and that the |arge
regions of plate and forging renote from the welds

really don't count for nuch.

So these are sone slides that | inserted,
that since we have tinme, | thought we could step
t hr ough.

DR. BANERIJEE: Could we have copies of
t hese?

DR. KIRK: Yes, absolutely. | thought we
could step through these to go froman enbrittl enent
metric of the type that we've got nowto the one that
we' re proposing, so you can sort of see the thought
process rather than just be confronted with a screen
of al gebr a.

First off, there will be no margi ns here.
So we're just not goingto go there again. It was too

pai nful the first tine. So all RT,y that you'll see

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

276

plotted here would refl ect an unirradi ated RT plus
an RT shift appropriate for the irradiation
conditions of interest.

So right nowthe way we eval uat e a vessel,
setting aside the margin part, is we characteri ze the
vessel as having the maxi num RT,;, wherever it is in
t he vessel evaluated at the maxi mum fl uence.

DR. WALLIS: So this RT, here you're
plotting is sonething that comes from the ASME
formalism for evaluating and it doesn't conme from
anything you' ve corrected for your, the epistemc
thing, it doesn't conme fromanything that gets you to
the nmean instead of the extrene. This is the
traditional ASME RT;?

DR. KIRK: Yes, yes. And the reason why
we're using that is not because the traditional ASME
RTor has any desirable features except the one
desirable feature it does have is that we've
establ i shed and docketed a val ue for each and every
material in each and every plant.

DR, WALLI S: And people know how to
neasure it.

DR. KIRK: And that's about the only thing
it's got going for it.

DR. WALLI S: Isn'"t it also true that
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people know how to neasure it, it's sort of
traditional they know how to get it.

DR KIRK: Yes, that's correct.

DR.  SHACK: Wait, let ne, let nme, so
you're not correcting for the 65 degree bias?

DR KIRK: Yes and no.

DR. WALLIS: OCh, well, you can't have it
bot h ways.

DR. KIRK: Yes, | can have it both ways.
The correction for the 65 degree bias is inherent to
t hese val ues. Because these have been cal cul ated by
FAVOR. However, there is no correction for, this is
the straight ASME RT,,; here. So we're just using
t hat val ue, but these val ues have all the biases and
al eatory and epi stem c, that's all been accounted for.

DR, WALLI S: That went into the
cal cul ati on.

DR. SHACK: The sem -regulatory RT -

(Laughter.)

DR KIRK: Yes, that went into the TWCF.

DR WALLIS: It didn't go into the RT .

DR KIRK:  Yes.

MR, ROSEN: Semi -1 og.

DR, KIRK: You cantell it's getting late

inthe day. GCkay, so what's on the horizontal axis is
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the ASME RT,;; plus the Sharpy shift, Sharpy shift
evaluated from the Eason formnul a. No margin, no
nothing. So all the information that was needed to
calculate this is in the ASME RT,, nethod, Eason
enbrittlenment fornmula and copper, ni ckel and
phosphorous values in the Arvid dat abase.

And what you conme upwthis asignificant
separation between the plants and in particular, you
know this is, or one would expect that this woul dn't
relate things terribly well because, for exanple, in
Oconee the maximum RT,; is in the circ weld.

And we've already told you that the circ
wel d doesn't contribute nmuch. So, in the context of
my sons, I'mblamng the circ weld for breaking the
vase, but actually it was axial weld that didit. So
one.

DR. BANERJEE: Excuse ne, what is the
physi cal reason for the separation?

DR. KIRK: There is none. It's the wong
metric here. That's what we're trying to get to.

DR. BANERJEE: Oh, it's still the wong
nmetric? Ch, okay.

DR.  KI RK: Yes. "' m working you to,
remenber | started here and said that a physical

appropriate netric woul d have all the, there would be
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a causal relationship betweenthethingwe're plotting
on the X axis and the result on the Y axis.

The problem with the first iteration,
which is very nuch akin to what we do now, is that
causal relationshipis broken because we just pick the
maxi mum RT,; in the vessel and that m ght be a circ
weld, and we know that circ welds aren't nmgjor
contri butors.

So at the first step, if we just take that
out and say, okay, well, --

DR. WALLIS: Wait a mnute. This Rl 1S
a function of, it's different for different welds on
different parts.

DR KIRK: Sure.

DR. WALLIS: | thought you got it froma
Sharpy test. You do a Sharpy test of a wel d?

MR. HACKETT: That's a way of gettingit.
There are a nunber of ways if you go through, as
you' re i ndi cati ng ASME has net hodol ogy for getting at
RTr, and you can get it through measuring Sharpies,
t hrough drop wei ght NDT tests.

There are other fornms of estinmation, but
yes it will work for different welds. It wll vary
upon conditions. The fundanmental problem we're up

agai nst here, | just thought I'd nention it to see
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what it's worth.
s we're trying to regulate to fracture

t oughness, whi ch s t he meani ngful paraneter here. The

problem is these plants were all licensed before
fracture mechanics, frankly, was all that nuch
devel oped.

So we're sort of back fitting a science on
sonet hing that wasn't ready for it and never will be.
You know, in the case of the plants that are out
there. So, as Mark is saying, you' re trying to use a
fairly inperfect estimator or index of the materi al
toughness in RT, to try to get to a fracture
t oughness or sort of nore what is truth.

And it's got all the warts that you're
seeing here and that's why it's so confusing.

DR. BANERJEE: These are neasured RT,, at
the i nside of the vessel wall, | nean fromspeci nens.

DR. Kl RK: No, no. Let's be clear.
What's going into all these, anything down here is the
unirradi ated, the RTy  nmeasured before anything
started, plus the Sharpy shift or the RT shift if
you will, evaluated based on an enbrittlenent trend
curve correl ation eval uat ed usi ng copper, nickel and
phosphorous values that have been docketed by the

pl ants as being representative of their materials.
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DR, WALLI S: It's got the irradiation
shift which is in your Appendix as a shift NT,,, .

DR, KIRK: That's right. No, it's got the
irradiation shift that'sinthe Appendixis ashift in
Sharpy that's in the --

DR WALLIS: Delta T-30, then

DR, KIRK: Delta T-30, yes.

MR.  HACKETT: And then a further
clarification on the wunirradiated RT,;; as you're
indicating in sone cases their neasured values. In
ot her cases they're not. And that's as defined in our
10 CFR 50. 60, 50.61, as to what you can and can't do
t here.

DR. KIRK: Al the conplexities and the
different ways, and i ndeed | woul d agree wi th anybody
that says that are current RT, nethodology is
conf usi ng. But all the conplexities and the
different ways of getting RT,, and Sharpy shifts and
so on have been incorporated in the FAVOR net hodol ogy
and so are reflected in the vertical axis val ues.

What we're sinply trying to dois find a
meani ngful yet easy to evaluate based on avail able
data paraneter on the X axis to use.

DR KRESS: That has a one-to-one

correspondence for all plants for that side over
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t here.

DR. KIRK: That woul d be the hope and t he
reason for putting --

DR. KRESS: O as close to it as you can
get.

DR. KIRK: The reason for putting up the
previous slide was sinply to suggest that the fracture
mechanics tells us that if you had, if you had these
three different vessels and held the enbrittlenment
equal and put one flawin themof the sane size, the
level of <challenge of these various dom nant
transients is not grossly different fromthe different
pl ant s.

DR. KRESS: And that would be what woul d
separate them

DR, KIRK: That's right, that's right.

DR, WALLI S: Maybe vyour final report
you'll have RTy With sone superscript or sonething
whi ch says ASME or regulatory or best estimate or
what ever, so we know whi ch one you're tal king about.

DR. KRESS: When you get ready to nmake t he
rule, you won't even have that other stuff in there.

DR. KIRK: Yeah, certainly we could do a
| ot better on nonenclature. |'dbethe first to agree

with that.
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DR. BANERJEE: So are those lines then a
function of fluence or did you just pick it at sone
point in tine now.

DR. KIRK: Yes, they are a function of
fluence. These are eval uated per exanple for --

DR. BANERJEE: At what fluence are they
eval uated, those curves?

DR. KIRK: These are eval uated at t he peak
fluence in the particular material region --

DR. KRESS:. For that plant.

DR, KIRK: -- for that plant. Well, no,
because you' ve got different --

MR, HACKETT: At a particular tinme.

DR. KIRK: -- at a particular operating
lifetine. So right now the formalism that you go
through in 10 CFR 50.61, is you look at all the
different plates, welds, forgings in your plant, you
find the peak fluence withinthat geonetric regi on and
you eval uate the Sharpy shift based on your copper,
ni ckel and phosphorus val ues at that peak fluence.

Then you find the highest value of all
your different welds, plates and forgings, and that's
what M. Mtchell wll be forced to evaluate your
pl ant based on. And so this is --

DR, WALLIS: That's your X axis.
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DR KIRK: That's the Xaxis. Sothisis
the parallel tothe current regulation. But pointing
out that at least in one case, for Cconee, we're
plotting the results froma circ weld, and we know
from doing the FAVOR analysis that the circ weld
hardly contributed at all through all cracking
frequenci es.

So again we're posi ng a causal
rel ati onship where one doesn't exist.

DR. WALLIS: The nost striking thing is
the yellow, the Palisades is about two orders of
magni t ude above Beaver.

DR, KI RK: | would caution you not to
interpret this, because that separation is not real.

DR. WALLIS: W have to interpret it if
you show it to us.

(Laughter.)

DR. KIRK:  Well, then I'll take it out.
Real |y we know that in Oconee, as in all the plants,
it was the properties associated with the axial
cracks. So it's either the higher of the axial weld
properties or the fake properties that are controlling
the through-wall cracking frequency.

So when we take out the Cconee

circunferential weld, which was there, and plot the
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Oconee axial weld, which is there, now Cconee and
Pal i sades, which are both axial welds, are correl ated
reasonably well.

The flyer down here is Beaver. Now when
we canme up with this result, Denny Wakland, who is
the Chief Metal lurgi st at the Beaver Val |l ey pl ant, was
extrenely happy because all of a sudden his plant,
which is wthin fractional degrees of the PTS
screening criteria was sonehow far less enbrittled
t han Oconee which is so far down t hat nobody at Cconee
really cares nmuch about this.

And that was all terribly surprising
But, as | pointed out earlier, the problemwth this
procedure is that the current procedure, you find the
peak fluence anywhere i n your nmaterial regi on and you
conmbi ne that with the copper, nickel, phosphorus and
eval uate your enbrittlenment shift.

The problem the reason this didn't work
so well for Beaver, is Beaver, with the help of
West i nghouse, has intentionally placed their fluence
peaks way out in the mddle of the plate. Not at the
wel d, where the cracks are.

So that where the cracks are is actually
in a fluence trough

DR. WALLIS: It sounds |ike a good desi gn.
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DR, KIRK: It's a very good design. Soif
you eval uate now the Sharpy shift for Beaver Valley
with the appropriate fluence, that being at the axi al
weld, youfindthat it nowagrees fairly well with the
ot her results.

However, it should also be noted that
we've said and we keep driving hone and you're
probably sick of hearing it, |ike nost things | say.
That the axial flaws and the axial welds are
i nportant.

Well, in Beaver Valley and Cconee, there
are two axial welds. In Palisades, there are three
axi al welds. So, again, all other things being equal,
Pal i sades has half again nore axial welds and half
agai n as nore axi al flaws as Beaver Val | ey and Oconee.

So if you normalize out the weld | ength
effect, you get a slightly better correlation

DR. WALLI'S: You seemto be struggling to
get us back as close as possible to the 270 to 300
degr ee range.

DR KIRK: But it's a different nunber.

MR. HACKETT: And he'll never be able to
expl ain that.

(Laughter.)

DR KIRK: Yes, | wll.
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DR. SHACK: It's amazi ng howwell the Reg
Gui de PTS does to correl ate the data.

DR. WALLIS: Althoughit's the wong one.

DR, KIRK: And that's got the margininit
and you know your col |l eague will never accept that.

DR. SHACK: | only look at the data.

DR. KIRK: Yeah, yeah. So what we cane
to, that was the thought process. But what we canme up
withas aweldlengthweightedenbrittlenent netricis
illustrated on the screen here. And I'Il, if you're
interested, I'll try to step through this.

It includes to waiting factors and two
weld length weighted reference tenperatures. One
weighting factor is for the plate and axial weld
properties and it ranges anywhere from 90 to 97
percent contribution, which is consistent with our
resul ts.

And then you' ve got a reference
tenperature for plate and axial welds which depends
upon the nost enbrittled of the two materi al s.

MR, HACKETT: | think you nmay have out
done Nat han in power point.

DR KIRK: W're dueling, but he makes
novi es, so he beat ne. The Il ength of the weld and t he

max fluence along the weld. Then there's a wei ghting
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factor for plates, forgings and circ welds, which is
good for anywhere between three and ten percent
dependi ng upon the nunber of circ welds, of course,
the nost enbrittled material on either side and the
max fluence along the wel d.

Now, | have to admt that | was truly
appal | ed t hat about five cells on a spreadsheet, which
isreally nothing norethan a wei ghted average, turned
into this nmuch al gebra when | laid it out, but that's
how it turned.

DR. WALLI'S: There was sonething | didn't
understand in your report and that is that subscript
U in parentheses.

DR KIRK: Unirradi at ed.

DR.  WALLI S: That's wunirradi ated? I
t hought it was sonething to do with uncertainty.

DR, KIRK: Certainly not, no, no.

(Laughter.)

DR KIRK: No. Okay.

DR. WALLIS: It's not described, it's not
defined, and | |ooked for it and I couldn't find it.

DR. SHACK: It's defined in the Appendi Xx.
Well, it's not, it appears.

DR. KIRK: This does ny heart good that

clearly people have read this report. And you' ve been
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sleeping well, |I'"msure.

DR, WALLIS: Do you really want to know?

(Laughter.)

DR. KIRK: No, too much information. So
when you put that, nowif you use the Rl nmetric or
the weld length weighted fornmula from the previous
page, this is the relationship you get between the
mean through-wal |l cracking frequency and RT o .

So taking the reactor vessel failure
frequency criterion of onetinmes tento the m nus six,
one cones out with a 290 degree Fahrenheit RT .
screening limt.

However, | should point out, as 1is
probabl y obvious, that RTy.is not the sane as RT.g.
First off, it doesn't have that blasted nargin term
whi ch i s good for at | east 60 degrees. And when you do
just a sinple correlation, and it obviously various
with fluence and a whol e host of other things. But as
an order of nerit RT.is about 90 degrees Fahrenheit
| ess than RT,.

So at 290, RTy screening limt turns
into approximately a 380 degree Fahrenheit RTqg
screening limt. O approximtely an 80 to 110 degree
Fahrenheit increase over the current screening limt

is possible and still stay belowone tines ten to the
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m nus Si X.

One other thing to point out is that as
you saw in the earlier graphs when we were plotting
versus effective full power years, in order to get
results upinthe Emnus five, E mnus six range, we
had to go to what | think everybody would agree is
absurdly | ong operating tines.

And that all the results at reasonable
operating |lifetinmes are considerably below the
acceptance criterionlimt. A couple of other points
to make. One is that as we've discussed earlier
because these distributions are so skewed, the nean
t hrough-wal | cracki ng frequency corresponds roughly to
the 95th percentile through-wall cracking frequency.

And this next slide, I'"'mnot sureif | see
him was notivated by a coment that Mark Cunni ngham
made t he ot her day about, you know, coul d we think of
this in ternms of a margin.

And he suggested plotting the, plotting
where the nedi an correl ati on woul d be drawmn. So I, |
didn't have tinme to go back to all the spreadsheets,
but | sketched it on there that at the highest |evels
of enbrittlenment we | ooked at, there's approxinately
a one order, the nedian is about one order of

magni t ude down from the nean.
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DR. KRESS: They only like to use a nedi an
if youdon't really believe thetales. So here you're
saying we believe the tales. So we don't, it's not a
real margin.

DR. WALLI'S: You woul dn't want to use the
medi an anyway, would you?

DR. KIRK: No, |I'mnot suggesting to use
the nedian. |'mjust suggesting that thereis a, if
thereisasignificant different ineither tenperature
or probability space.

DR. KRESS: Yeah, but it's not really a
margin. So | would be careful about calling it that.

DR, WALLI S: Stay away from the word
mar gi n.

DR.  KI RK: I, based on ny experience
today, | woul d agree.

DR. KRESS: And besides you don't needit.

DR. KIRK: And speaking of margins, and
why we shouldn't use them margin on RT. would be
nei t her appropriate nor necessary and | canme up with
this slide far before |l heard of Dr. Wallis' coments.

And this gets back to what | nentioned to
Dr. Ford earlier. That buried in the guts of the
FAVOR cal cul ation we' ve refl ect ed t he maxi nrumnat eri al

uncertainties in FAVOR, because we've used generic
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data to derive these uncertainties.

And t hey' ve been explicitly accounted for.
So any plant state of knowl edge has to be better than
we' ve sinul ated here. And also, if it hasn't already
becone clear, | would like to point out that this
particular |imt pertains only to one particular
pat hway of getting to this new proposed RT,, netric.

It's based on a neasured unirradiated
val ue and copper, nickel and phosphorus plugged into
aparticular enbrittlenment shift. There are certainly
many ot her ways that at | east in current practice the
licensees will evaluate RT,g and --

DR. WALLIS: Tell ne about that neasured
val ue. I'"'m not an expert on Sharpy and all this
history of RT . But it |ooks fromthe data and |
may refer to Chapter 1, | think it's Figure 1.3, it
| ooks as if there are a |l ot of scatter on the curves
| ooks not to be all the sane shape and all that.

When you do these tests, are they
r epeat abl e.

DR KIRK: I'msorry, 1.3 1is --

DR. WALLIS: Well, | nean, it's K versus
RTor for different steels. The EPRI dat a. How
repeatable are these tests that give you this RT

and what's the uncertainty in the test itself.
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W seemto be treating this RT,; ASME as
if it were sonething that was really known.

DR. KIRK: The unvarni shed answer isit's
not very repeatable at all. However, that uncertainty
has been represented in the cal culation.’

DR, WALLI S: Yeah, but when you pl ot
sonething like RT on a graph, that is sonething
which itself is very uncertain, isn't it?

DR. KIRK: That's correct. But the way
RTor has been designed, it's virtually inpossible to
underestimate it. Everything that you do in going
t hrough the, everything that you are forced to do by
the ASME procedure, forces you to, if anything,
overesti mate the val ue.

DR. WALLIS: And that gets you to that
Curve A in Appendix, way off to the side.

DR. KIRK: Yeah, yeah.

DR. KRESS: Are you going to sell this
wei ghted thing to ASME and get themto change their

DR. KIRK: If we have enough tinme. WMaybe.

DR. KRESS: It's not surprising that that
wei ghted thing gi ves you a better correl ati on because
it's based on your calculations, frequencies or

contri butions.
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DR. KIRK: It's based on an under st andi ng
of what counts.

DR WALLIS: So the Licensee has, this
RTort hat the Licensee cal cul ates, is that cal cul at ed
by a formula giving all this chem cal conposition. O
isit calculated fromtests on sanples that are pul | ed
out of the reactor.

DR. KIRK: Currently the answer is both.
By the current regul ation you are all owed to do bot h.

DR, WALLI S: And they have to be
conpatible or what? And how do you resolve, if you
get different answers from each one.

MR,  HACKETT: It all goes, it's al
docunented in 10 CFR  And also in the --

DR, VALLIS: Al of the nystery there.

MR, HACKETT: Yeah, in the regulatory
guide. But as Mark says you can conme at a nunber of
ways. The idea being that if you have data, you have
hopeful |y somewhat greater certainty over what the
actual property is.

But they also allowyouto estimate if you
don't have data, and they that's where you get into
addi ng margins to hopefully address --

DR WALLIS: That's what worried nme is

that, you know, everything is hung on this RT .
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You've done a great job of dealing with all these
things, but I'm not quite sure how accurately the
Li censee can estimate fromthese sanpl es or what ever.

DR. KIRK: | think that we're not asking
the Licensee to do anything really different than
they' ve done before. And again the reason that it
works in this case is that RTas neasured, it has to
be a bounding property. There is no way to do
ot her w se.

DR. KRESS: | think if you give 20 people
the i nput that goes into cal culating that froma gi ven
pl ant, which they just gather, they'd all calcul ate
t he sanme nunber.

DR. KIRK: Yeah, yeah, given the input.

DR. KRESS: Gven the input, it's only,
it's just the input that's the problem

DR. WALLIS: The input, if it's a bound,
because boundi ng neans you have to have enough points
to determ ne what's bounding. And it nay be that sone
errati c point pushes the bound out.

DR. KRESS: Well, if they have to neasure
their copper and --

DR. WALLIS: But they don't have very nmany
sanples in the reactor. They are using experinental

dat a.
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DR. KRESS:. Then they have to assune they
got a certain anmount in there and that's where the
conservati smcones in.

DR. BANERJEE: Can they neasure these
things based on the surveillance sanples in the
reactor. | mean which are actually being exposed to
fluence and all this stuff.

MR. HACKETT: Again, unfortunately the
answer depends, depends on whether they have the
limting material in their surveillance program for
that reactor. O are they relying on, let's give an
exanpl e.

In the case of the B&Wpl ants, they have
an integrated surveillance programwhere you nay use
Cconee's results to predict Three MIle |Islands
irradi ati on damage. But you have to argue sone ki nd
of equival ency of the irradiation environnment.

So the answer there also is a m xed bag.

DR. BANERJEE: Presumably the fl uence can
be pretty accurately cal cul at ed.

MR, HACKETT: Presumably.

DR.  BANERJEE: Presumabl y. There's
anot her question | have. The nean TWCF, t hat you have
there, that's a function of a whole |ot of things.

And it's sort of surprising that all these things
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collapse so well because that suggests that the
sequences which are sort of risk domnate plus the
transients plus all things are very simlar between
these plants. Essentially there is not too nuch
di fference between them

DR. KIRK: And that was the slide that |
tried to enphasize at the beginning of this
devel opnent is, yes, it seens to be surprisingly so
that the, between these plants the | evel of chall enge
if you wll is indeed remarkably simlar.

MR. ROSEN: And that's because it's
dom nated by LOCAs and LOCAs are primry system
phenonenas that are rel atively the sane in BARs. Even
once-t hrough steam generator PWRs and recircul ating
steam generators PWRs are not affected because the
primary systens are pretty nuch the sane even t hough
the steam generators are different and behave
differently.

You're | ooking at what happens when you
punch a hole in the reactor system And that's the
same in a PWR They both start out at 2,200 psi
roughly and depressurize and there you are.

Qperators go, oh, no, mnmy gosh, keep your
hands of f, nmake sure the reactor scrammed and that's
it.
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DR, KIRK: Yup, that's correct.

DR. KRESS: And they use generic
frequencies for their bin.

MR ROSEN. So it's not a surprise.

DR. WALLIS: Nowto get back onthis, I'm
sorry to keep on this. You did a beautiful analysis
of epistemc RT and | thought what you were doing
there was you were | ooking at taking this ASVE RTy
how wel | does it correlate real toughness data.

And how well does the theory represent
this real toughness data. That was what was your
epi stem c analysis. And that still assunmes that one
has a very good way of know ng what that ASME RT
IS.

DR. KIRK: No, actually it doesn't. Those
ASME RT,y values, | nean the distribution that we
showed before is that they are on average about 60
degrees too high.

DR, WALLI S: That's why you have this
epi stemc and --

DR, KIRK: That's right, that's right.

DR. WALLIS: That's if you want to get
t oughness results out of it.

DR, KIRK: That's right.

DR. WALLIS: But it may well be that sone
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plants don't do a very good job of analyzing their
sanples. And that's not in there, is it?

DR. KIRK: O analyzing the RT,y; sanpl es?
The nore carel ess sonebody is doing an RTj;test, the
nore conservative it becones.

DR WALLI'S: That doesn't make sense.

DR. KIRK: Because if you, okay, if I'm
when you do, when you test for RT,, you have to take
t hese speci nens that have a brittle weld bead on t hem
and a notch and you have to go until you establish a
break/ no break condition.

DR. WALLIS: You either bust themor you
stretch them

DR. KIRK: Well, actually you have to j ust
sinply establish a no break condition.
Soif I want to do that with a m ni num of sanples, |
pi ck a high tenperature, | slamthe hamer down and |
decide it hasn't broken.

That doesn' t mean that the real
tenperature between break and no break m ght be 100
degrees Fahrenheit lower. | can always overestinmate
RTyor,» | can't under estimate it by the way you go
t hrough the procedure.

Soif | want to be, if | wanted to be very

precise, |I'd get a whol e bunch of specinens and very
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careful ly bracket the break/ no break t enperature. But
all the ASME MB-2331 requires nme to do i s denonstrate
no break performance.

DR. WALLIS: So long as it hasn't broken.

DR, KIRK: Yeah. So if I've only got two
specinmens to do that with, and I want to establish a
code value, I'mgoing to guess high

DR. WALLIS: Well, | guess I'msaying is
that there's got to be quality control intheway it's
tested and all that kind of stuff as well.

DR, KRESS: That's pretty standard.

DR. WALLIS: So standard that you have no
doubts at all about that.

DR. KIRK: Yeah, the way the tests are
conducted is indeed standardi zed and controlled by
ASTM The procedure you go through, if youwll, to
di scern RT,y based on ASTME208,, data and ASTME 23
Sharpy data is not very well specified. But, and this
is the only good but, the way it's not well specified

is that it forces you to overestimate the val ue.

MR.  ROSEN: Now help me wth ny
understanding of how to use this chart. If I'min
Cconee, Beaver or Palisades, I"'mright on the 290
degree screening limt. |Is that right?

DR KIRK: Only if you operate your
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reactor until about the tinme that warp technology is
i nvent ed.

DR. SHACK: When you replace it with your
fusi on plan.

MR. ROSEN: Wiy is that? | guess | nust
have m ssed that part of the discussion.

DR. WALLIS: Were are they now on this
curve?

DR. KIRK: The nowon the curve, everybody
now is in the yell ow oval

DR FORD: Even belowit.

MR. ROSEN:. Everybody.

DR, WALLI S: Well, they slide off the
curve as they go on.

DR KIRK: Yes, so tinme increases this
way. And for Palisades that was a 500 year anal ysi s.
For Cconee, that was a 1,000 years. And for Beaver
t hat was 100.

MR. ROSEN: kay, because of the two
orders magni tude. So you're saying that a cl ean pl ant
now, |ow fluence, good materials is going to be off
the bottom of that thing.

DR. KI RK: Yeah, because t hese were two of
the --

DR.  SHACK: The difference is really
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materials, not, | nean they're all going to have
roughly the sanme fl uence per years of operations, but
the materials respond very differently.

MR. BESSETTE: Sone plants have neutron
belts, neutrons pads.

DR. SHACK: Yes, but |I think that's small
conpared to the material difference.

DR. WALLIS: So for Oconee to get up to
one to the mnus six, it would be several thousand
years?

DR KIRK: Yes, a thousand.

DR. WALLIS: So it's not just 60 to 80,

it's thousands of years.

MR. ROSEN: | don't its turbine will |ast
t hat | ong.

(Everyone tal king anongst thensel ves.)

DR. FORD: Mark, could | ask. Up unti
the time you showed us these graphs, | was absolutely
W th you.

(Laughter.)

DR. FORD: And | can understand why you're
going the way you are. But you're nmaking one big
assunpti on. The assunption is that there is one
uni que curve, that one that you' ve shown t here, which

normalizes all plant.
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And that's an assunption that | haven't
heard questi oned physically. And then the second one
you' ve gone into a bit of a g-ray pokery about a whol e
lot of different equations with ten percent and
circunferenti al

And | can under st and where t hey cane from
but | don't understand why they are on those specific
algorithnms that you've put down on this slide here.
Now | don't doubt, the derivation of those |ong
equations were being driven by the fact that you want
t here be one curve.

And | just feel unconfortable because I
don't understand sone of those physics.

DR. KIRK: Actually the thought process
here, | mean, honestly, the idea was what's shown on
the screen now Was sinply to say, okay, let's |ay
the blanme for through-wall cracking frequency on
what's to bl ane.

So, let's not say that circ welds
contribute a lot. Let's take account of differences
inweldIlength. Let's get the fluence right. So al
t hese thi ngs were done, and | shot nyself in the foot
by not presenting this in tinme sequence.

All these things were done and we got to,

now | can't go fast through this dam thing.
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DR, WALLIS: How did you pick 90 and 977

DR. Kl RK: The weighting factors were
notivated sinply by the results that we have so far.
| nmean those are, you know, honestly, just pulled
straight out of the results. It was only after this
that we | ooked at it and said, wow, that's good.

And it's only after that that we've cone
to the, by looking at, by fixing they crack, fixing
the | evel of enbrittlement and | ooking at the K, ,;.qt0
the dom nant trends and said, oh well, you know, we
didn't start the a priori assunption that they should
line up.

W said let's construct a physically
appropriate netric. W got to this and said, oh, is
that, was that fortuitous or is there a reason for
that. And then |ooked at the K, ;.qtrends and said,
okay, yeah, they seemto be sonewhere.

And agai n, as Dr. Rosen sai d, you probably
don't need to look at the K, Once you've reached
the realization that you say it's LOCA dom nat ed and
a fixed size holein plants of this designis a fixed
size hole, and it's going to do about the sane thing.

So, no, it wasn't driven by the notion
that they had to |ine up. It was driven by the

notions that whatever we plot on the X axis should
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have a rel ati onship, should be what's causing froma
mat eri al standpoi nt, through-wall cracking frequency.

And then if you do your best to doing a
materials normalization and there 1is still a
difference, well then that nust be an operational
di fference.

DR. WALLI S: This is truly remarkable.
Because if you look at sonme of your figures, like
Figure 5.4, which is the shift of topness transition
tenperatures during irradiation, thereis an enornous
anount of scatter on that figure.

There are datapoints all over the place
and then there's a curve through it that you are using
and yet sonehow, despite all this trenmendous anount of
scatter and what you're working wi th, everything cones
together in one curve. It's really remarkable.

DR. BANERJEE: |Is that an upper bound?

DR KIRK: Yeah, that's the nean.

DR. BANERJEE: |s that the nean or the
upper bound?

DR. KIRK: It's both.

DR. BANERJEE: You can't put uncertainties
on it.

DR. Kl RK: | f you renenber the

distributions, they were so highly skewed that the
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mean and t he 95t h percentil e were about the sane. And
the, so, well, recognizing that one should not call a
medi an a margin and |I' mnot going there again.

Okay, there is sone rough feel for how
this scatters out. And in fact once you get down to,
once you get to down to the lifetinmes where plants
are, it's sonmetinmes not even possible to define it.
Well, the nedian is zero.

DR. KRESS: And that's when that scatter
that --

DR,  SHACK: Well, there's plenty of
scatter.

DR. KRESS:. Yeah, there's plenty of it,
isn't there.

DR. WALLIS: Well, it sort of concerns ne
that there was a lot of scatter in the data and it
seens to nme rat her unusual that you can definealimt
or what ever or a conservative val ue, what ever you want
tocall it, so well.

DR.  KRESS: Well, vyou are actually
plotti ng sonet hing against itself, basically.

DR, WALLIS: You are?

DR. KRESS: Basically. Al nobst, because
when you cal cul ate thi s nean over here you' ve got the

fluence effects init, while the fluence effects are
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alsointhis. And we just got through saying that the
thermal hydraulic affects were about all the sane and
that these are all LOCAs.

So it's not surprising to ne that these
l'ine up, because it alnost is |like plotting sonething
agai nst itself. You're saying the RT, that this
defi ned basis down here is a good representation of
the --

DR. SHACK: No, | nean fluence affects K
material. It has nothing to do with K, ,,.q, they are
really i ndependent kinds of quantities. So fluence
has a big affect on Knmaterial, it has zi ppo affect on
Kappriea Wi ch is all a matter of howbig a hole I punch.

DR. WALLIS: I think you need to retract
what you said, because there is absolutely no way
what soever plotting it very well against itself.

DR. KRESS: Maybe so.

DR. BANERJEE: Wel |, RT* has fluence built
into it right now, right? 1It's alnost linear with
fl uence. Roughly, if you look at the 97 percent
wei ght and go back to the equation, it's al nost |inear
with fluence, right?

DR, KIRK: | wish |l could goto the end of
that. The fluence is in --

DR. BANERJEE: Where is the fluence?
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DR. WALLI'S: None of these are neasures of
the probability of fluence.

DR. BANERJEE: What is FAW

DR KIRK: The fluence --

DR. BANERJEE: Wiat is that?

DR KIRK: That's the fluence, but the
fluence affects this, the highly non-Ilinear action.

DR. BANERJEE: Onh, is that a function?

DR KIRK: That's a function.

DR. BANERJEE: kay, it's just the way you
wote it, it looked l[ike a -- so it's non-linear but
it's a function of fluence anyway.

DR KIRK:  Yes.

DR.  BANERJEE: So you have RT* as a
function of fluence and certainly the absci ssa and t he
ordi nate are both functions of fluence.

DR KRESS: Yeah, and that's what | was
sayi ng.

DR. BANERIJEE: If you take the fluence
out, you get sonething interesting now.

DR. KRESS. Yeah, you woul d.

DR. BANERIJEE: Right. That would be a
real neasure.

DR.  WALLI S: Vell, that's the tine.

That's the tinme. As tine goes on, you nove off the
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curve. You' ve got to have that. It's still not
pl otti ng sone vari abl e agai nst itself. Both vari abl es
are functions of tine, yes.

DR KRESS: Both variables are --

DR. WALLIS: They are functions of tine,
they are not plotted agai nst thensel ves.

DR.  BANERJEE: The thermal hydraulic
uncertainties are not in there yet.

MR, HACKETT: | think we're going to
agree with Dr. Shack, to sone extent. Maybe not to
the extent the Conmttee is |looking to see, but we
need to articulate that better.

DR. SHACK: You're going to explain it
sonmeday.

MR, HACKETT: Sone day.

DR. BANERJEE: What you have to explainis
that you don't, you are not bias towards only the | ow
rates of whatever.

MR. ROSEN: Now nucl ear safety is a zero
sumgane. | nmean there is only so nmuch resources and
attention people can put here. If they're putting
attention on this then they are not putting it on
sonet hing el se that may be even nore inportant.

MR. HACKETT: That was indeed one of the

noti vations, you know, Mark nentioned a few when we
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started this norning, but, and I don't think this has
been, we | ooked at the frequency of these a while
back, but the challenges to the LTOPP systens, for
instance, |ow tenperature over pressure protection
systens for the PWRs.

I f youtighten this too nuch, and t hen you
m ght get chal |l enges that are acti ng adverse to safety
that are challenging the LTOPP system So that's
exactly right.

MR, ROSEN. Well, | was going to, well,
your question about, sonet hi ng about rul e maki ng here.
It seens to ne it's kind of |ike what we were sayi ng
yesterday. \When are we going, this was on another
different generic safety issue. Ckay, let's get on
with it. You know, this, that one happened to be
significant.

This one you're saying, and | think
convi nci ngly, it's okay, we treated this
conservatively for a couple of decades, naybe nore
t han a coupl e, because we really didn't understandit.

But now that we have a better handle on it, we
need to back off sone.

MR, HACKETT: That's fundanentally t he RES
recomrendation in the paper that went over fromAshok

Thadani to Sam Collins. So what it's going to cone
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down to, of course, first off NRRneeds to reviewthe
draft and comment on the draft that's been sent over,
and we've got at |east another nonth of that.

And t hen there's pr obabl y nor e
significantly, as you're talking about in ternms of
rule making, is prioritization within NRR over where
does this fit in the schene of things that NRR is
working oninawrldof |imtedresources, is kind of
what it conmes down to.

And we' ve i nherited an awful | ot of, we've
all, at the NRC, inherited an awful | ot of take aways
from the Davis-Besse activity that are going to be
keepi ng several of the offices pretty occupied in a
priority sense. It remains to be seen where this wll
fall in.

MR. ROSEN. W don't run the Agency, al
we can say is, on this subject, we nmake a, | draw a
concl usi on.

DR. WALLIS: | think with the next slide
you're going to say get on with the rule making,
aren't you?

MR RCSEN:  Yes.

DR. WALLIS: Wwell, I'"dlike to go back to
that slide. I think that you've got to be very

careful here. The second bullet there is not the way
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to put it. Because your current limt appears, as you
have explained to ne many tines, it's a different --
so what you need to say, this limt is equivalent to
an increase in the current |limts on RTy,g by 100
degrees or sonet hing.

It's not as, because if you add 100
degrees to 270, you don't get 290. Soit's obviously,
you' ve got to make a distinction sonehow. [It's not
100 degrees higher than 270, is it?

DR KIRK: No, | understand.

DR. FORD: Could you not al so put a second
bull et after the first prime bullet, saying that you
have reasonable, it's a reasonabl e conclusion to say
that this applies to all PWRs.

DR. KIRK: | was thinking of putting that
in, but that hadn't been vetted t hrough managenent, so
| decided not to.

DR. FORD: But surely that's an i nportant
concl usi on.

DR,  KIRK: No, that's an inportant
conclusion and that's getting into the ongoing
activities. And that's, that's the topic of our
ongoi ng work that, at least I'll just say | personally
am begi nning to believe that, you know, that bull et

shoul d be added.
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But we needtogothroughthat inalittle
nore detail, | think, before we get to that point.

DR. KRESS: Does that rest on the research
and on the weighting factors being the sane for all
pl ant s.

DR. KIRK: | think it rests nore on the

exam nation of the operational chall enge.

DR KRESS: | agree.
DR, KIRK: But again, | nean the
weighting, | can't, the reason why the weighting

factors are the way they are is just sinply that axi al
welds or axial flaws are far nore challenging than
circunferential flaws.

That's not going to <change on a
vessel -specific basis, and we've done three
pl ant-specific analyses, we're going to do another
one. W cane up with sonething |ike a 90/10 split.

| findit difficult to envision that any
pl ant-specific features is going to change that
radi cal |y because the flaw sizes are all going to be
the sane. The orientations are going to be the sane.

DR. KRESS: So then the only other
variable in this is the thermal hydraulics. Because
you' re taking care of fluence and materi al properties.

DR. WALLI'S: Wi ch probably is a nuch nore
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certain science than materi als.

(Laughter.)

DR KIRK: No comment.

VR. BESSETTE: Li ke the point was nade
that the plants have simlar, let's say, prior to
vol unme, stored energy inthe primary systemis simlar
across all the plants. So like it has been said, a
four inch break in Plant A is going to look like a
four inch break in Plant B and C and D and so on.

DR, KRESS: So it looks |like you have a
good basis for saying this, generalizable to all
pl ant s.

MR. BESSETTE: | believe so.

DR WALLI S: It seens to ne the nost
inportant thing here is to get a very good externa
Peer Review, so you really pick up things where if
sonmet hing i s m sunder st ood or m sstated or sonet hi ng.

And | think you need to put in an activity
here which is the best way to present this material.
No, seriously, | thinkthisis avery inportant thing.
| hope you do proceed with rule making. | think it
can nake a big difference to the plants and it can
meke a big difference to the industry.

It can reassure the public about a matter

whi ch could be of sonme concern. And you have to
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really express it in a way which is as believable as
possi bl e.

DR. SHACK: Yes, |eave a |l ot of our your
poi nt .

DR.  FORD: Could you go back to the
previous one. Could you not also put in the first
maj or bullet, it could be a second major bullet.
There' s an argunent for havi ng acceptance criteriafor
the order one tinmes ten mnus six.

DR KIRK: Yes, that should be there
That shoul d be there.

DR. FORD: Because that would then | ead
into your screening limt.

DR KIRK:  Yes.

DR. FORD: And for ne personally, | can
follow why you say there should be an appreciable
increase in the RT value to an RT*, but |'m still
mul ling over the 80 to 110, the rationale for that.

DR. KIRK: Yeah.

MR. HACKETT: Wy don't we go to that | ast
slide again. | think what I'Il dois just say it, at
| east | see three take aways and we can tal k about
this. Wat we hoped to have left you wwth as a result
of the neeting today is, and it's probably pretty

obvious that there's a draft technical basis that's
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docunented and forwarded for your comments.

Wrk is still ongoing. However, we
consi der that we do have a tech basis that indicates
initiation of rule making in the burden reduction
area. So that's those three things, | guess, is what
we' re seeing.

And then we' re al so | ooki ng at requesting
the letter and | guess maybe sonme di scussi on now of
formor content for what you' d |like us to do tonorrow
wWth the reprise to the full Commttee.

| guess going in the proposal is we did a
briefing just two days ago, | guess it was, for the
EDO, that's a nuch, nuch condensed version of what
we' ve been through today.

DR, SHACK: How many slides?

DR KIRK: Sixteen.

MR. HACKETT: And we would probably
propose to try and run through that tonorrow for the
full Commttee. That's, | have not |ooked at the
agenda for tonorrow.

MR, ROSEN: It |ooks |like too many to ne.

MR. HACKETT: We can take that down a peg.

MR, ROSEN: If I were you, if were trying
to make this case, 1'd bring in all the studies and

stack themup in hard copy over there. And then | put
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all the presentations in a pile next to it, which
woul d be a foot high.

The stack of studies would be four feet
high. And then this would be a foot high. And then
|'"d have one piece of paper, one viewgraph that 1'd
put up and |I'd say, here's the answer. It's really
backed up by all this stuff, but you don't need to
troubl e yourself.

(Laughter.)

MR. HACKETT: We could go back to the Bob
Hardi es' slide that said, let's say, PTS transients
don't occur on vessels that are tougher than we give
credit for and flaws that don't exist in welds.

(Laughter.)

MR. ROSEN: Yeah, well | think that's
where we started in our briefing, right?

MR. HACKETT: We've used that slide
bef ore.

MR,  ROSEN: You certainly got our
attention. And really, the bottom line, that's
really, if the President wanted to know what's this
all about --

MR. HACKETT: That's probably what we'd
say.

DR, WALLI S: "' m wondering about what
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we're going to do for a letter, though. Because it
seens to ne that in essence thisis, |ooks |ike a very
significant piece of work and |l ooks as if it should go
to rul e maki ng.

But there are obviously things that we
could bring up. But | don't want the letter to,
al though there are things to bring up, | didn't want
to have to bring up too many t hi ngs, because | we know
you're going to fix them

But it'sstill abit premature to sign off
and say the case finally has been nade for rule
meki ng.

MR. HACKETT: And | don't think that's
necessary, either. Maybe sonething al ong the |lines of
what Dr. Shack was suggesting. A letter from the
commttee that's nore of a high level docunent. Maybe
going into a few specifics.

And then nmaybe use pursuing with the
comm ttee ot her nechani sns of dealing with individual
comrent s t hat may be many t hrough e-mai | s or neeti ngs,
what ever you feel is nost appropriate.

DR. FORD: But this is not the [ast tine
we're going to hear about this.

MR. HACKETT: No, that's the other point

to enphasi ze, when Nathan and | were tal king earlier,
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to come back to sone other comments | was going to
meke here. But this again, just to re-enphasize, this
is a technical basis devel opnent.

And then | guess we even have to get into
defining what that is and isn't. And it is not rule
meki ng, nunber one. W're not going to be so
presunptive. None of us here work for NRR

NRR, that's NRR s activity. They w ||
engage that if they feel it's justified and consistent
with resources and other demands on NRR So it's
absol utely not that, not that |evel. Were we are on
tech basis is we think we have a good solid draft case
to be nmade and that's why we're here with this
docunent .

Thi s docunent obviously needs work. I
think that's one of ny, |I've got many, |'ve got at
| east two pages of notes here in terns of take aways
and very sensitive to conmments Dr. Wallis has nade.

We can do alot better in presentingthis,
| don't think there's any question. Probably both in
terms of the docunent itself and in ternms of these
presentations and trying to get it nore in a plain
| anguage sense.

Particularly wwthregard to RT, | think

that's a definite take away. So | think that's where
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we are in terms of, in ternms of tech basis. But
absolutely, there's going to be nuch nore tinme going
forward fromhere in which the conmttee can engage
and which we are going to be taking on a | ot of other
comments from ot her stakehol ders.

MR. ROSEN: But, Ed, all of that is about
process, getting towards the rule mking and
ultimately into one. But what |I'mworried about and
| want to be sure to hear your answer is are any of
the technical activities that you still have in front
of you likely to change this result.

MR, HACKETT: We think not. Not to say we
couldn't be wong, but we have kind of wung these
t hi ngs out, you know, for the nost part over a couple
of years.

DR. WALLIS: What about the | oose ends?
| understand this is a draft report fromOSU. Now it
hasn't been revi ewed and may need sone changes. You
can't really refer to sone key part of that work until
t hat work has been finalized.

And we' ve got this new Maryl and report on
uncertainty which | understand is a year or two old
and says things that are no longer valid. Wen is
that going to conme to maturity so that you can really

rely onit.
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And you' ve got these vari ous cornerstones
of your case and it seens to ne that two or three of
themaren't there yet.

MR, HACKETT: | think this is, the only
answer | guess | could, you know, forward to that
woul d be that this has ever been a dynam c project.
And | think there are always going to be pieces that
are evolving as we go forward.

And it's Iike the problemwe had with the
enbrittlenent correlation, at some point you had to
ki nd of freeze things and nove forward and get on with
sonme ki nd of standardi zation activity, |ike with ASME

or rule making in this case.

Because | think that's a really good
point. And | think it will always be the case, you
know, in this area particularly. So we'll just have

to, you know, at sone point we cut off the sensitivity
studi es and ot her aspects of uncertainty anal yses and
say we think we've gotten far enough for now and t hen
maybe several years fromnow we're back with renoval
of the rule, you know, if that seens to be warranted
at sone point.

But I think that's, you know, it's going
to end up being a step-w se process.

MR. BESSETTE: So you can see like the
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first sanple up there is Calvert Ciffs, which is a
fourth plant that we're going through, simlar tothe
three plants we showed you today.

MR. HACKETT: | think another thing I']l
mention in closing here, I took a |ot of notes and
won't go through all of those. But one, or one or two
that stuck with nme, in particular, Dr. Banerjee and
Dr. Wllisraisedthe issue in particular with regard
to the thermal hydraulics.

And | think there, | think the teamis
sensitive to the rate of change uncertainty and how
that propagates through the rate of change in
tenperature uncertainty and how we're capturing that
and how t hat propagates into FAVOR

That's a definite take away that, you

know, we need to be very sensitive to. | think
there's the whole issue, and | think Dr. Rosen
mentioned this in terns of just overall in this

proj ect nodel uncertainty.

That's sonething that you | ook at. |[|'ve
spent the last, you know, the better part of the | ast
year doing Davis-Besse things in terns of |essons
| earned. And you | ook at the nodel uncertainties that
were there, for instance, in terns of corrosion and

corrosion rates.
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You don't ever want to be so arrogant in
this thing that you think you captured all of that.
There is always going to be nodel uncertainties and
they could end you up on the other side of the range
real quick if a couple of key things are out of whack.

And so we're very sensitive to that and
we' ve been trying to cone at this the whole tine with
a real questioning attitude in that regard, but you
know you still have got to keep pushing at that al
the tine.

And another one [|'ll just nention in
closing here tois the notion of flaw growth for the
long term We have not considered that. |If we are
going to get out significantly into |icense renewal
periods, it may be a reason to revisit that at sone
poi nt .

But ri ght nowwe' re not dealingw ththat,
so that's another take away there. And at this point
| guess |I'd ask Nathan, too, to see if there was, is
there any part of the sunmmary that |'ve m ssed here
that you wanted to highlight?

DR. Sl U No, | think you' ve covered
Basically, again, there's a process that we're going
through and this report represents, obviously, a key

mlestone in that process.
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MR, HACKETT: O herwi se, definitely |
woul d I'i ke to thank you for spending yet another day
With us on this topic which is never easy. And we've
al ways gotten val uabl e comrents fromthe Coommittee and
take aways that | think have nmade for a better
pr oduct .

And, you know, one of our maj or chal | enges
continuing is to try and do a better job of
comruni cating this both orally and in witing. So
that's a major take away for us. But, thanks for
I i stening.

DR. SHACK: Anynore conments or questions
fromthe Comm ttee.

MR. LEI TCH: I had a couple of things,
Bill. One, | was wondering in the review of the
energency operating procedures and recogni zing that
the issues herearerelativelyinsensitiveto operator
actions, | agree, but I'mwondering if there were any
insights that you gained as a result of | ooking at
t hose energency operating procedures that should be
comruni cated to the industry.

MR, HACKETT: It |ooks |ike the right man
is comng to the mc.

MR, KOLACZKOWSKI : Wl |, again, we can't

pretend that we' ve revi ewed everybody's EOPs. On the
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ot her hand, having said that, we have to recogni ze
t hat when t he EOPs di d change after Three M| e | sl and,
etcetera, etcetera, you know, as we're all aware
pretty nuch the owners groups got together and
devel oped, if you wll, the initial set of the
procedures and then the plants have pretty nuch j ust,
you know, use those as nodel s and change themto the
extent necessary to perhaps reflect their specific
setpoints and things of that nature.

As part of this generalizationtasks, that
we're in the mddle of., one of the things we are
doing is |looking at sonme of the other procedures of
those other five plants to i ndeed convi nce oursel ves

that the procedures are in fact simlar and so on and

so forth

And so far that is the case. Now, so
having said all that, in the ones that we have
reviewed, | think | indicated at one point in ny

presentation that for one or two the plants we did
find a few places in the procedures, as they were
witten, where aslight nodification, let's say, would
be clearer as to a particul ar operator acti on and when
t hey should or should not do sonething.

And t he Li censees, upon seeing that, took

it upon thenselves to say, yeah, |I'mgoing to nake a
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change here and nake this clearer. Again, | don't
want to overenphasize that, it wasn't like it was a
maj or i npact.

But sonethingthat, thiscouldbealittle
clearer, let's change the order of this or sonething
like that. W have not found anything that is so,
say, blatantly of a concern that we feel |ike, gosh,
we've got to raise this to the industry, this is
clearly a big issue that needs to be addressed.

Little m nor things nowand then, yes, we
have cone across.

MR. LEITCH But those m nor changes, as
| understand it, were only in the three plants that
wer e studi ed.

MR, KOLACZKOWEKI : That is correct.

MR, LEITCH But | guess what | hear you
saying is they are not of such a magnitude that they
ought to be comuni cated to the rest of the industry.

MR, KOLACZKOWEKI : That is correct.

MR. LEI TCH: Anot her question | had was we
have sone plants com ng down, you know, for |icense
renewal and quite a few of themare in the pipeline.
And | guess the timng of this thing, as | seeit, is
that sonme plants that are, what we mght call nore

enbrittled plants, could be com ng on our plate here
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for license renewal decisions beforethis PTSruleis

changed.

And | guess that just presents an obvi ous
problem | don't know exactly how we deal w th that
I Ssue.

MR. HACKETT: | think a couple of things
we could nention in that regard and it m ght be that
some of the industry fol ks may want to conment al so
but I think you' re absolutely right because t hey have
to look very far downstream just in ternms of the
economni Cs.

And if you're, you know, part of the Board
of Directors of a nucl ear plant and you' re thi nki ng am
| going to apply for a license renewal and cone
docunent and argue that with the NRC, you probably
don't want to go in with your vessel in question.

So, you know, that's going to back you up
many years. | think the good news in that regard is
that | think this has been perceived in a very
positive way by the i ndustry, this project, regardl ess
of the exact status it's at right now in terns of
proceedi ng to rul e maki ng.

And that | think it would be fair to say
hopefully fromthe industry perception that it would

be | ooked upon as on a success path if they were to
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have to cone in, in a preenptive way to try and argue
t his.

But | thinkit'savery, it's an excell ent
poi nt. You know when you | ook at Pal i sades as being
the cl osest and they're 2011, and you knowwe' re 2003,
that's really not a whole | ot of tine, you know, when
you start to get to, and | don't particularly know
what decisions that plant has made with regard to
license renewal. But it, that would obviously be a
factor for them

MR. LEI TCH  You know, well Fort Cal houn
isvery close. | neanit's within nonths we're going
to have to nake decision in that regard.

MR. ROSEN: Along those lines, can | ask
a question about the present use of this future
technol ogy. | nmean what if a plant had an overcooling
event with sonme pressurization and t he ROP was | ooki ng

at it. Wat would you tell the Senior Resident and

the SRA and the Resident Inspectors. | nean could
t hey be thinking about this? O isthis still future
t ense.

MR, HACKETT: No, | think thisis, |I guess
again a couple of ways of |ooking at that. | guess
maybe | need to back up and ask for clarification in

termse of if you are looking at if you had an
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overcooling event, did you for instance potentially
propagate a fabrication flaw and you just didn't
realize it. Ws that sort of where you were headi ng?

MR.  ROSEN: Yeah, | was thinking of a
pl ant that actually had sone kind of an event |ike
this and the ROP nmade it red and really it isn't
because we know they got a heck of a lot nore margin
than they really woul d cal cul ate under 50. 61.

MR. HACKETT: Yeah, that's a real good
point. | can't say | have t hought about that nyself,
but sonmewhat anal ogous to t he Davi s- Besse situationin
that you are now down into having to argue a
significance determ nation that would be probably
pretty tricky.

DR.  SHACK: You'd conme in and say |'m
bel ow RT.s, failure frequency is |less than five, ten
to the m nus six, good bye.

MR ROSEN. It's really belowfive tines
ten to the m nus nine.

DR. SHACK: Yeah, but it's good enough.

MR. ROSEN: Al right, it was just a
t hought in terns of what coul d cone across our pl ates.

MR. HACKETT: I would think the nost
significant thing you'd want to do, first off you'd

have to be in a plant where all these things |ine up.
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And t hen you' d probably have a nervous regul at or t hat
you had a severe overcooling and maybe it wasn't one
of the nore enbrittled plants.

Then you m ght want that plant to have to
conme and tell you to a very high degree of certainty
| don't have any flaws in those welds. O have them
go |l ook at those welds really hard, just in case you
got a propagation and it didn't go through the wall,
but nmaybe now you' ve got a vessel with, you know, a
| arge crack in it sonmewhere.

At | east you'd be, sonewhere in the back
of your mind you'd be worrying about that. | don't
know how nuch worry you woul d assigntoit, but it is
an interesting point.

DR. SHACK: Anybody have any particul ar
suggestions for the presentation tonorrow?

DR. KRESS: Well, | don't know what their
16 slides | ook Ii ke, but that sounds |i ke a good i dea.

DR.  SHACK: Let them pick their 16
slides.'

MR ROSEN. It's going to go where it's
going to go anyway, but that's the neasure of the
uncertainty when you're dealing with ACRS views of
what presentations ought to be.

DR FORD: But do | take those 16 slides
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cover, for instance, the |latest results on Palisades
and Beaver Vall ey.

MR, HACKETT: Yes, they do.

DR. FORD: And it touches on the generic
nature of your findings?

MR HACKETT: Yes.

DR. FORD: And then, so those are the main
concl usions, that's the basic nessage to go onto the
rule making. And if you' ve got the scoping studies to
| ook at the screen and acceptance criteria.

MR HACKETT: That's correct. Andin fact

DR. FORD: These are not absolute, these
are just ideas which will be then devel oped.

MR. HACKETT: Ri ght, which was the whol e,
the objective of the presentation with the EDOwas in
fact Dr. Travers had not been briefed on this before.
And it was really to update him on what we'd been
doing and to nmake himaware that we feel that this is
potentially ready for rule making.

And | think he came away with the sane
ki nd of conclusion that you fol ks have reached.

DR. FORD: And so it's not data the ful
conmttee has in front of it to make a decision.

MR, HACKETT: Right, right.
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DR. KRESS: | think Dr. Powers will be
interested in your containnment and entry and the
acceptance criteria. |Is that part of the slides you
have, the 167?

MR. ROSENTHAL: The acceptance criteria,
but not the, none of the contai nment stuff. Because,
you know, |I'Ill repeat it again. W see this as a PTS
rule and then in response to your questions we, |
think we did sone organized thinking and a little bit
of code running, but we still see it as, to answer
guestions and to nake us snarter.

But we see it as a PTSrule. So we didn't
even bring it up the other day.

DR. KRESS: Well, I think Dr. Powers m ght
be interested.

DR, SHACK: It will cone up.

(Laughter.)

DR. KRESS:. Yeah, that's nmy point, it will
probably cone up, and I woul d be prepared to address

it.

DR. SHACK: I guess | don't understand
t hat argunent. | nean your acceptance criteria has to
be based on sonething. It has to be based on those

argunents. You can't just say it's a PTSrule. You

know, we have no frequency criterion.

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

333

DR. KRESS:. Acceptance criteriais part of
the rule.

DR. SHACK: Acceptance criterion is part
of the rule. And the I ogic by which you get to it is
intrinsic to the rule. Now whether you have enough
tinme is another question, but you better at |east be
prepared to start down that path. Any other conments?

MR, LEITCH | would just like to say |
really appreciate the presentations of the entireteam
today. | nean | think it's really been very, very
hel pful to ne, personally outstanding.

In seeing the way the PRA, the thernmal
hydraulics work and the probabilistic fracture
mechani cs ki nd of dovetail to work through this whole
process | think is very good.

And to ne personally it was very hel pful.
|"ve been pretty quiet, but |I've been doing a | ot of
listening and it's really, like |I say, it's really
been very hel pful to me and | appreciate the efforts
of the whole teamto pull this presentation together.

DR. KRESS: | second that. It was
outstandi ng. Especially the work from Gak Ri dge.

(Laughter.)

MR, HACKETT: W' ve already told Terry he

can't retire.
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DR. SHACK: If there are no further
coments, | think we can adjourn for the day. And
again, I'll add my words of appreciation for a very

wel | done presentation. The docunent needs sone work
but you're getting there.
MR. HACKETT: Thanks, Bill.
(Wher eupon, the foregoing matter

was concluded at 4:49 p.m)
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