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+ + + + +
VEETI NG
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+ + + + +
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DECEMBER 11, 2002
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The Subcomm ttee net at the Nucl ear Regul atory
Conmi ssion, Two White Flint North, Room T2B3, 11545
Rockville Pike, at 8:30 a.m, Dr. Gaham Willis,
Chai rman, presiding.
COW TTEE MEMBERS:
GRAHAM B. WALLI S, Chai rman
SANJOY BANERJEE, Consultant
F. PETER FORD, Menber
THOVAS S. KRESS, Menber
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P-ROGEEDI-NGS
(8:34 a.m)

CHAI RVAN WALLI'S: The neeting will now
conme to order. This is a nmeeting of the ACRS
Subcommi ttee on Thermal - Hydraul i ¢ Phenonena.

| am G aham Wallis, Chairman of the
Subcommittee. The other ACRS nenbers in attendance
are Peter Ford, Tom Kress, and Victor Ransom ACRS
consul tants i n attendance are Sanj oy Banerj ee and Fred
Mbody.

For today' s neeting, the Subcomm ttee will
review the work perfornmed by NRC s O fice of Nucl ear
Regul atory Research pertaining to the use of the
RELAPS5 code for calculation of the thermal hydraulic
paraneters used i nthe Cak Ri dge Nati onal Laboratories
FAVOR code pursuant to the PTS rule reeval uation
effort.

Tonorrowwe wi | | di scuss the status of the
O fice of Nuclear Regulatory Research TRAC-M code,
consol i dati on, and docunentation project. The entire
neeting will be open to the public.

M. Paul Boehnert is the cognizant ACRS
staff engineer for this neeting, the |last one that |
bel i eve he's going to be our cogni zant staff engi neer

for. And, we'll sadly mss him W're very happy
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with the work he's been doing over the years.

MR. BOEHNERT: Thank you, M. Chairnan.

CHAI RVAN  WALLI S: The rules for
participation in today's neeting have been announced
as part of the notice of this neeting previously
publ i shed i n t he Federal Regi ster on Decenber 2, 2002.

A transcript of this neeting is being
kept, and the transcript will be nade avail able as
stated in the Federal Register Notice. It is
request ed that speakers first identify thensel ves and
speak with sufficient clarity and vol une so that they
can be readily heard.

W have received no witten comments or
requests for tine to nake oral statenents fromnenbers
of the public.

We wi Il nowproceed with the neeting. And
| call upon Dave Bessette fromthe NRC s Ofice of
Nucl ear Regul atory Research to begin.

MR. BESSETTE: |' mDavi d Bessette fromthe
Ofice of Research, the Thermal Hydraulic Goup. |
t hought 1'd give like an overviewof this, the thermnal
hydraul i c aspects of this PTS program and give you
some general information.

We will have two main presentations: one

by Professor Reyes who works out of Oregon State
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Uni versity, and the other by I SL, I ncorporated, where
t he body of the RELAP anal ysis has been done.

The purpose, like |I say, is giving an
i ntroduction and background. We'l| tal k about APEX- CE
experimental programresults, the RELAP5 assessnent
carried out in support of the RELAP5 PTS anal ysis.

W want to show that the inportant
phenonena in PTS events, inportant to hydraulic
phenonmena i n PTS events, are identified and t he RELAP
assessnent i s adequate. Certain phenonena that's not
able to be treated by RELAP had been treated
separately for experinents and anal ysi s.

And what we won't cover is specific
results of the RELAP5 PTS analyses or results of
thermal hydraulic uncertainty studies done by the
Uni versity of Maryl and. W do plan to tal k about
t hese at the next overall PTS neeting on February 5'".

CHAI RVAN WALLIS: So you're not going to
cover that at all?

MR BESSETTE: Either subject?

CHAI RVAN WALLI'S: | just wondered if you
coul d sunmari ze sonmething for us on uncertainty when
you get to the --

MR. BESSETTE: 1'I1l try.

CHAI RMAN WALLI S:  Yes, please.
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7
MEMBER FORD: So we wi | | not hearing t oday

anything at all on netal tenperatures and tine
transients? We won't be hearing that on the data and
predictions?

MR. BESSETTE: Not really. In fact, we
don't really have what | think you nean. W don't
have conparisons let's say of wall tenperatures, you
know, thernocouples in a wall conpared to RELAP
predictions of that.

MEMBER FORD: Who's responsi ble for that
because it's a critical input to the whol e PTS study?
So does this fall between the cracks between
netal lurgical and the thermal hydraulic?

MR, BESSETTE: Well, you see, we don't
have experinents typically that neasure wall
t enper at ures.

MEMBER FORD: So wal |l tenperatures have
not been nmeasured in any of the --

MR, BESSETTE: The RELAP cal cul ation
i ncl udes nodels of the wall and it has a conduction
solution. The RELAP does give you a wall tenperature
profile.

MEMBER FORD: A predicted profile?

MR. BESSETTE: A predicted, yes.

MEMBER FORD:  Yes.
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8
MR. BESSETTE: When we pass informationto

the Cak Ri dge people, we don't give them our RELAP
wal | tenperatures. W give themfluidtenperature and
heat transfer coefficients, and they solve the
conduction equation thensel ves.

MEMBER FORD: That shoul d be very sinple
to solve. |If you get a heat transfer coefficient and
a tenmperature, then it's trivial --

MR. BESSETTE: -- to solve the conduction
equati on.

MEMBER FORD: To calculate the netal
t emper at ur e.

MR BESSETTE: So since they have that
built into their code, they don't use our netal
t enper at ures.

MEMBER FORD: How do you know the heat
transfer coefficient if you don't neasure a wall
t enper at ur e?

MR. BESSETTE: Well, in RELAP, of course,
we do know the wall tenperature.

MEMBER FORD: You do?

MR. BESSETTE: Well, in RELAP we do.

MEMBER FORD: Wel |, RELAP thinks it knows
the wal |l tenperature.

VR. BESSETTE: Thinks it knows the wall
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tenperature fromthe heat transfer coefficient.

VEMBER RANSOM Wll, it's an interval
cal cul ation. The real question is don't you neasure
any heater tenperatures in APEXfacility that you than
can conpare with both anal yses?

MR, BOEHNERT: Yes.

MR BESSETTE: Well, you're speaking of
core heater tenperatures, which are neasured --

CHAI RVAN WALLI S:  Maybe we shoul d ask Jose
what he's got on the wall.

MEMBER RANSOM The whole idea is to
conpare the code with the APEX experinents, and from
t hat derive sonething about uncertainty.

CHAl RVAN WALLI'S: Let's ask Jose.

PROFESSOR REYES: This is Jose Reyes from
Oregon State University.

We did neasure sone wall tenperatures.
Oiginally, we had sone heat flux snmears. And we do
have heat flux snmears on the outside surfaces of our
wal | . And 1'lIl show today sonme of the inverse
conduction calculations we did using STAR-CD, CFD
code, and what we used for boundary conditions.

Now our wall, of course, is a thin wall.
It's only a half-inch thick. So, it's not really

representative of what you' d see in the actually
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pl ant .

MR. BCOEHNERT: | just renenber, | thought
you had thernocouple rates along that wall, didn't
you?

PROFESSOR REYES: W don't have anyt hing
enbedded in the wall because of the requirements of
the -- it's toothin. Sointerns of pressure vessel
code, we weren't allowed to do that.

MR, BOEHNERT: | see.

PROFESSOR REYES: We'd have exterior
neasur es.

MR. BCEHNERT: kay, okay.

MEMBER RANSOM Wl |, do you anal yze your
results using RELAP5 so that you have sone basis for
establ i shing the uncertainty inthe code cal cul ati ons?

PROFESSOR REYES: | believe what you'l
see are some RELAPS anal yses t hat have perforned. And
we al so use STAR-CD. W were interested in the plume
regi on, where we have these cold plunes comng into
t he downconer. W were particularly curious about the
tenperatures and the heat transfer coefficients in
that region. And so, I'll present sone results on
that a little bit later on.

CHAIl RVAN  WALLI S: In one of these

presentations, | forget which, we actually saw
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predicted profile tenperatures inthe wall. And once
you get above a certain heat transfer coefficient, it
doesn't seemto make nuch difference.

MR BESSETTE: Yes, that's right.

CHAI RVAN WALLI'S: So | think that it may
be that, maybe you can show that it doesn't matter.
That woul d reassure a | ot of people.

MEMBER KRESS: Isn't that why it gets
bel ow a certain heat transfer coefficient?

MR. BESSETTE: So the problem |ike Jose
says, is that experinental facilities don't typically
have wal | tenperatures. They try to nmeasure sone in
APEX, but | don't think they --

PROFESSOR REYES: | can show you what |
have.

MEMBER FORD: | guess the question arose,
your conmment that certain things will not be covered.
VWhat |' munderstanding fromthe conversation so far,
there will be sone coverage of wall tenperatures
nmeasured in predicted -- | nean, it may not be in your
presentation.

PROFESSCOR REYES: Right. There will be a
smal | anount.

MEMBER FORD: (Good.

DR. BANERJEE: Where is this PTS neeting
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on February 5'""? Is it going to be here or where?

MR. BESSETTE: Yes. It's a conbined
fracture nmechani cs, t her mal hydraul i cs, and
probabilistic risk assessment.

MEMBER KRESS: That's a new neeting we
just set?

MR. BOEHNERT: Yes, just as of |ast week.

MEMBER FORD: The main reason was the
guesti on about the source terns. That's the main new
t hi ng t hat cane up, so we wanted to hear about howthe
whol e program was progressing.

DR BANERJEE: Source termnms for what?

MEMBER KRESS: You have to induct in the
PTS thing, a pronpt fatality. And, you have to have
a source fission product for that. And there's sone
guestions about what to use in that particular
acci dent sequence.

CHAI RVAN WALLI'S: That's going to be a big
topic, a big neeting. We're going to go through
everything fromthe beginning to the end of the PTS
event .

MR. BESSETTE: Yes. Vell, we hope to
present the results fromthe three plants that are --

CHAI RVAN WALLI S: That's goingto take all

day.

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

13
MR BESSETTE: | presune.

CHAl RVAN WALLI S: It'Il probably be
chaired by the Metallurgy Subcommittee.

MEMBER FORD: There's always a question
whether 1" mchairing it or whether Tomis chairingit.

MEMBER KRESS: W'l co-chair.

MEMBER FORD: Exactly.

MR. BOEHNERT: You could tri-chair

CHAl RVAN WALLI'S: A troika. Let's nove
on.

MR BESSETTE: A ruling triunvirate.

This is a brief synopsis of howthis is
organi zed. There are three main plots of PRA events:
sequence anal ysi s, t her mal hydraul i cs, and
probabilistic fracture mechanics.

Primarily, we find sequence that then gets
anal yzed. From here, we generate a pressure or
tenmperature verses tine, feed that to the Gak Ridge
FAVCOR code, and t hey use t hese boundary condi ti ons and
they generate a conditional probability of vessel
failure. And, they al so get the sequence frequency,
the probability the sequence will occur, and get a
yearly vessel through-wall crack frequency.

DR. BANERJEE: Dave, for those of us who

have been out of the loop for a while, can you state
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t he problen? What is the problenf

MR. BESSETTE: The problem is that the
vessel gets enbrittled primarily by neutron, fast
neutron, but al so sone gamma. It gets enbrittled
because of the radiation damage to the lattice
structure. And, there's a function of fluence.

If you then cooled the vessel fairly
rapidly, fromsonme thermal hydraulic transient, you'd
go from a warm ductile condition dowmn to a cold
brittle condition. And the conbination of thernmal
stress and pressure stress can be sufficient to
generate a preexisting flaw. | mean to get a
preexisting flaw to pop.

DR. BANERJEE: And what sort of
transients, thermal transients are you tal ki ng about ?

MR BESSETTE: 1'Il get into that.

DR. BANERJEE: You're going to describe

t hat ?

MR, BESSETTE: Yes.

DR. BANERJEE: | don't see it in your
slide. It |ooks like --

MR. BESSETTE: No, it's in sonme subsequent
sl i de. But, not to keep you in suspense, it's

primarily LOCAs. Although, we've investigated all

transi ents we can think of.
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CHAl RVAN WALLI'S: 1t's pouring col d water

down the wall after a LOCA is what you're -- a hot
vessel and you're pouring this cold water?

MR. BESSETTE: Basically, it's the ECCS
water that conmes in, pours in to the downconer.

MEMBER KRESS: It's generally a small
break LOCA because you need to keep the pressure up
al so.

MR, BESSETTE: Well, that's what we
t hought for sonme 20 years or so.

MEMBER KRESS: Yes, that's what | --

MR. BESSETTE: But the current reanal ysis
has shifted the enphasis toward | arger breaks.

MEMBER KRESS: | see.

CHAl RVAN WALLIS: Soit's just the thernal
stress that does the damage then?

MR. BESSETTE: It's primarily the thermal
stress. It's the main contributor.

DR BANERJEE: It's not cycling or --

MR BESSETTE: It's not a fatigue thing.

DR. BANERJEE: Because there are, | have
been told situations in the upper head regi on, where
t he tenperature cycles. That's what the French t hi nk.
And that's a completely different issue.

MR. BESSETTE: Yes, conpletely different.
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VEMBER KRESS: That area never hits,

general ly not enbrittled very nmuch because it's out --

DR. BANERJEE: But instead you have the
VHPs cracki ng.

MEMBER KRESS: | nmean that's the stress.

CHAI RVAN WALLIS: It's an experinent you
can do at honme. You put a jamjar in the oven and
then take it out and pour cold water into it.

MR. BESSETTE: 1've even had it taking a
gl ass out of the dishwasher and filled it up with
water and had it crack in nmy hand.

DR. BANERJEE: But is there sone
assessnment going on in the upper head regions, the
cycling effects?

MR. BESSETTE: | wouldn't doubt it. There
are thermal fatigue problens that occur in other
positive systens, but it has nothing to do with what
we're --

CHAl RVAN  WALLI S: This is vessel
enbrittlement. It'stiedinwthvessel enbrittlenent
from fl uids.

DR. BANERJEE: So you've defined the
problemto be one which is LOCA rel at ed?

MR. BESSETTE: Well, so, this particular

probl em has it's boundaries of being a thermal shock
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problem We |ooked at all transients and found out
t hat LOCAs dom nat e.

But the problemhereis: WII the vesse
fail or not? And failing is a fairly large crack
devel opi ng.

CHAI RVAN WALLI S:  You' ve already failed a
pi pe, so you don't care about failing another pipe
really. But, if you fail a vessel --

MR. BESSETTE: Fail a vessel, you've got
anot her probl em on your hands.

MEMBER RANSOM  Actual ly, any transient
that leads to overcooling at pressure causes this
probl em doesn't it?

MR BESSETTE: That's right.

MEMBER RANSOM And Rancho Seco was a
classic one. And | don't remenber exactly what ledto
t hat overcooling transient.

MR. BESSETTE: Wel |, Rancho Seco basical ly
got the whol e PTS started back around 1979, '78. And
there was that |ight bulb transient.

DR. BANERJEE: Wy has this taken on a new
| ease for |ife? Wat have we | earned recently that
has put us into this situation that you're visiting?
| thought it had been |ooked at. | remenber

Theophanos did sone work and various peopl e.
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MR BESSETTE: Yes, so we did a |ot of

work back in the '82, '85 tinmeframe, and experinents
that Theo ran and all of that as part of that initial
look at it. And thenit go set aside. W wote a PTS
rule, 10 CFR 50. 61

And so basically it was let's say
resolved. We did the analysis, we wote the rule, and
we had screening criteria that the |icensees had to
follow. You know, if your vessel enbrittlement got to
such and such a level, you had to come in wth
speci fic analysis on your plant.

And then we had, Yankee Rowe cane al ong
and it was at the screening limt. And so they
started doi ng pl ant-specific analysis, and we started
doi ng sone anal ysi s oursel ves.

The upshot was this side of it would be
too difficult to try to show the safety casings, so
they shut the plant down. So after that, the
Commi ssion told us they have to take anot her | ook at
t he overall guidance, the reg guide and all that.

The other thing is that, you know, the
fracture peopl e have conti nued to work on the fracture
nodel i ng. It was felt that there was probably too
much conservatismin their assunptions on the flaw

size and flawdi stributionfor orientation. But, they
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continued to work on these things and they devel oped
i nproved databases that allowed them to inprove
nodel i ng.

So we t hought that there was substanti al
conservatism in our previous analysis, '83 to '85
anal ysis. And substantial was we esti mated about two
orders of magnitude of conservatism in the risk
nunbers. So, we thought the tinme was right to go back
and reexam ne t he whol e i ssue on an i ntegrated fashi on
from a hydraulics risk assessnment and fracture
nmechani cs. And that's the basis of the current
effort.

CHAl RMAN WALLI S: Isn't there another
reason for this, that these plants are being re-
licensed, and they're going to run |onger, and the
vessels will get nore brittle?

And so the question is: \Wen are they
going to cone up against sonme PTS |imt?

MR. BESSETTE: That's the other part. In
t he subsequent 15 years, it becane clear that plants
wanted to increase their life from 40 years to 60
years. And sone plants would need a nore, best
estimate anal ysis of the PTSrisks in order tojustify
operation for another 20 years. So, there was a

strong economic incentive to take a l|look at the
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probl em

DR. BANERJEE: Now you said two orders of
magni t ude was sone sort of a change in the risk. Wat
was the main determnant there? Was it the fracture
nmechani cs or the thermal hydraulics?

MR. BESSETTE: Well, | woul d say t he mgj or
contribution --

DR. BANERJEE: Well, you said two orders.
' mnot holding you to it --

MR. BESSETTE: It is.

DR. BANERJEE: Where did you get that two
orders?

MR. BESSETTE: We believe that woul d cone
primarily fromthe fracture nmechanics, but also by a
nore detailed exam nation of the thermal hydraulic
sequences.

Wien we did the first study, because of
the difficulty at that tinme in running a substanti al
number of calcul ations, we only | ooked at about 12
transients. And so, in the PRA term nol ogy, we had
t hese very course bins. So we had let's say one
transient, and we calculated with RELAP. That was
representative of the whole range of possible PRA
sequences.

And in many cases this one transient was
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at the worst-case edge of that bin. So, you'd conbine
a wor st-case thermal hydraulic transient with arather
broad probability so it gave you a conservative
result.

DR. BANERJEE: Can you be concrete on
that? Like, give me a real exanple.

MR. BESSETTE: If you anal yze a steam i ne
break and you used t hat thermal hydraulic transient to
represent any overcooling that you get fromsteaml eak
on a secondary-si de, you get an answer that's totally
conservative because a steam | eak can enconpass, or
nore often will enconpass sone sort of stuck open
t ur bi ne bypass val ve or safety val ve, sonething |like
t hat .

There's a much higher frequency for
occurrence than a steam|line break. So, you associ ate
a high frequency of occurrence with a worst-case
scenari o.

DR. BANERJEE: So you're just sharpening
your pencil on that?

MR. BESSETTE: That's right.

DR. BANERJEE: |Is there any new t her nal
hydraul ics i nvolved or is it sort of just redoi ng sone
old stuff?

MR. BESSETTE: Per se, | woul d say there's
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nothing dramatically new in a thermal hydraulics
setting.

CHAl RVAN  WALLI S: I think what's
dramatically newis the mxing in the downconer. |If
you assune that the ECC can m x a plune, and you've
got this really cold water comi ng down all the way,
that tills the wall nuch nore effectively. And then
it comes in and it mxes and it reaches sone warner
tenperature before it flows down the wall. So, the
m xi ng phenonmena is pretty key to estimating the
t her mal shock.

MR. BESSETTE: | woul d agree. That woul d
seemto be the primary thermal hydraulic issue that we
need to take another look at in this current effort.
So, you'll hear about that.

CHAl RMVAN WALLI S:  Send Sanj oy t hat figure,
whi ch has seven orders of magnitude in the fracture
mechanics with data points all over the place. Send
himthat just to | et himknow that there's sonething
far nore scattered than thermal hydraulics.

(Laughter.)

DR. BANERJ EE: Wiich is fracture
nmechani cs.

MR, BESSETTE: Yes.

DR. BANERJEE: Now, before we nobve on,
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just to get an overvi ew because |'m-- M. Chairnan,

if you'll allowne because | haven't been up to speed
on this.

CHAI RVAN WALLI S: | think it's helping
ever ybody.

DR. BANERJEE: Right. So --

CHAI RVAN WALLI S: It's also helping to
find out how nmuch he knows.

(Laughter.)

MEMBER KRESS: Which is pretty inpressive

so far.

DR. BANERJEE: You're doing very well,
Dave.

Now, why do you do this analysis wth
RELAP? | nean these are strictly 3-D effects you're

tal ki ng about, right?

MR, BESSETTE: You nean CFD?

DR BANERJEE: Yes.

VMR, BESSETTE: Vell, we have done CFD
analysis as well to supplenent the RELAP anal ysis.
But the CFD can't give you the total systemresponse,
whi ch you need. You need to know t he whol e mass and
energy. You have to know what the whole primary
systemis in the mass and energy perspective.

DR. BANERJEE: Sur e. But | nean that'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

24

fine in setting the boundary in some way --

MR. BESSETTE: But we di d suppl enent that
with the CFD anal ysis to take a | ook at the problens
of mxing in plumes, mxing and stratificationin the
cold-leg and the plune as it entered t he downconer and
di ssi pates.

DR BANERJEE: Soneone will talk about
t hose CFD results then?

MR. BESSETTE: Yes, Jose is going to show
you those results.

CHAI RVAN WALLIS: What you should tell
Sanjoy, | think is the question of stagnation. I
don't think you' ve nmentioned that. You don't need
RELAP to tell what the flowrates are. |If the flow
rates are big, then everything gets mxed up and it's
fine. But if theflowis pretty stagnant and t hen you
put this cold water in, then all you're getting is
cold water into the downconer and there's no other
flowinvolved. | think that's one other cause of the
worst case, isn't it?

MR. BESSETTE: That's right, and 1"l
mention that too. There's always a difficulty in
trying to have your whol e presentation in your third
slide.

MEMBER RANSOM | t hought it woul d be nice
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to see a diagramto overcone this m xing probl emt hat
generally | ooked at the cold-leg tenperature. You
know, so it was -- the col dest tenperature actually
that was comng in was at the cold-leg nozzle where
t here was thought that the risk of thermal shock was
per haps the nobst severe.

| had one other question that related to
power uprates that we'd been listening to because
they're increasing the fluence to the wall, these
power uprates. And at that time, we were told I
t hought that the fluence i ssue was no | onger an i ssue
internms of risk of fracture of the vessel wall, that
this problem had been resolved. But, it seens |ike
that's the other factor here, is how nuch damage has
t here been done due to neutron flux to the wall.

CHAl RVAN WALLI' S:  What they did was they
shar pened their pencil on the fluence cal cul ati on and
showed that with the new cal cul ation. Though they
i ncreased the power, the fluence didn't go up

MEMBER RANSOM  Ch, really.

MR. BESSETTE: And then agai n, what nany
people did after the early 1980s study was they
changed their fuel |oading schenes. They used to aim
for as flat a profile as they could, and they went to

a nore center-peak profile. And nowthis allows them
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to go back to a flatter profile, which anyways is
preferabl e.

CHAI RVAN WALLI'S: We should | et you go on
|t hink.

DR. MOODY: Wth one side note, Dave, you
rascal, if you had been able to wite that paper you
were going to send to the Pressure Vessel and Pi ping
Conmittee a year ago, you could deflect all these
guestions right at the front.

MR BESSETTE: This is your chance for
revenge.

DR, MOODY: Yes.

(Laughter.)

DR. BANERJEE: And he exercises it often.

CHAIl RVAN WALLI S: It's a very good
di scipline for you folks to wite a technical paper.
Perhaps you really get your ideas straight --

DR BANERJEE: Which is peer-reviewed.

VR. BESSETTE: VWen is the next
conf erence?

(Laughter.)

CHAI RVAN WALLI S: It's even tougher com ng
bef ore the ACRS group.

DR. BANERJEE: There is NUREG 10 com ng
up.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

27
MR. BESSETTE: Al right. 1'll put it in

t here.

DR. BANERJEE: You have to do it in the
next few days.

MR. BESSETTE: That's no probl em

(Laughter.)

So, the interesting thing about the
pressurized thermal shock is that nobst problens you
work on, it's a fairly confined problem so it's
l[imted to a very specific specialty or whatever.

As | indicated, this PTS probl eminvol ved
t hree various divisions: the Division of Engineering
Technol ogy, and the devel oper of their code is Qak
Ri dge; the Di vi sion of Ri sk Anal ysi s and Appl i cati ons,
and they rely on Sandia, Science Applications and
University of Maryland in this project; and this is
where | am the Division of Systens Analysis and
Regul atory Effectiveness.

We have four main subtasks that we worked
on. This was the basic production runs of RELAPS
anal ysis, where we take the transi ents supplied by the
ri sk peopl e and we cal cul ate themand feed the results
to the Division of Engineering. W have the RELAP
assessnent, which you'll hear about today. W have

the T-H, thermal hydraulic uncertainties, which we'l|
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tal k about in the future. And, we have the thernal
hydraul i c experi nents and phenonena done at Oak Ri dge
-- 1 mean at Oregon State University. And you'll hear
about that today from Professor Reyes.

CHAI RMAN WALLIS: Do you run sone codes
i n- house too?

MR BESSETTE: We didalittle bit of work
i n-house. W did some, the Calvert diffs anal ysis,
and we did run a few TRAC cal cul ati ons.

CHAI RVAN WALLI'S:  You have the facilities
to do that and you have pl enty of computers and so on.
So, it would always seem a good idea to run some
confirmatory stuff in-house.

MR. BESSETTE: Yes. |In fact, right now
Nor m Lauben i s doi ng some cal cul ati ons.

DR BANERJEE: \What does the ORNL work
focus on?

MR. BESSETTE: Oak Ridge work is focused
on the fracture. They have a probabilistic fracture
anal ysis called FAVOR

DR BANERJEE: FAVOR?

MR, BESSETTE: FAVOR F-A-V-OR

DR. BANERJEE: And so you take i nputs from
the thermal hydraulics cal cul ations of tenperatures

and feed it into this code?
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MR BESSETTE: Yes.

DR. BANERJEE: And you'll get back sone
resul ts?

MR, BESSETTE: Yes.

CHAI RVAN WALLI S: Cak Ri dge busts sone bi g
vessel s, don't they?

MR. BESSETTE: Yes. Cak Ridge had a
program that they ran for sone five or ten years,
where they did thermal shock experinments in vessels
about four feet tall and three feet in dianmeter. So,
t hey ran about a dozen or so of these vessel tests.

MEMBER KRESS: They did a lot of the
dat abase on the radiation enbrittl enment al so.

MR. BESSETTE: Yes, that's another main
area they' ve worked on.

DR. MOODY: Do you renenber howthick the
wal | s were on those off-hand, just approximate?

MR. BESSETTE: They | think were about
t hree inches thick.

MEMBER KRESS: They were three to four
i nches, depending onthe dianmeter. But, theytriedto
simul ate the thermal shock conditions. That's hardto
do with a small vessel

MR. BESSETTE: But anyway, t hey woul d t ake

t hese three-inch or so vessels, and | think they woul d
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dipit inliquid nitrogen or --

MEMBER KRESS: Yes. To shock them from
t he outside in.

MR, BESSETTE: Yes.

DR. BANERJEE: Sone of these tests, if |
recall, were also done wth other things than
tenperature, right? The concentration fields?

MR. BESSETTE: |1'mnot aware of any tests
i ke that.

MEMBER FORD: There were quite a few
tests, not just on pressure vessels, but on spinning
di sks. So there's a whole variety of structura
geonetries that were tested back inthe 80s. There's
a bi g database for probabilistic factors.

MEMBER KRESS: The big uncertainty is the
flaw density and si ze that you start withinthe first
pl ace.

MR. BESSETTE: Yes. So there was
basi cally an absence of data, which | ed themto nake
conservative assunptions. And | think they did a
consi derabl e anbunt of work since then. They got the
vessel off of one of these cancelled plants. They
required a vessel and they --

MEMBER KRESS: It was a vessel that had

never been used. And they went in and did a conplete
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characterization of the flawdistribution, whichis a
pretty good dat abase.

MR. BESSETTE: And one of the things about
these flaws is that they're there fromthe tinme the
vessel is manufactured. They're not flaws that
devel op in service.

CHAI RVAN WALLI S: Now with all these
different things going on, sonmebody is in charge?

(No response.)

CHAI RMAN WALLIS: Who's in charge?

MR BESSETTE: Who's in charge of this
whol e effort?

CHAl RVAN WALLI S:  Yes.

MR. BESSETTE: Well, the nom nal manager
in charge is Mke Myfield.

CHAI RVAN WALLI S:  The nomi nal nanager?

MR. BESSETTE: Yes. But in ternms of the
day-to-day activities, it's nostly nyself, Mark Turk
from the Engi neering G oup, and Roy Wwods fromthe
Ri sk Assessment G oup.

CHAI RVAN WALLI S: So you're ful ly awar e of
all the work being done everywhere?

MR, BESSETTE: | wouldn't say fully, but
| certainly followit as nuch as | can.

MEMBER FORD: You said earlier -- and I'm
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conpl etely throwi ng you off your stride. | apol ogize
for that. But you did say sonething interesting,
which is at odds with what we had heard before.

You sai d the snmal | - break LOCAis the focus
because maintaining the pressure and that was the
reason why we went on to forget the secondary-side
breaks and focus on, for instance, the safety relief
valve failures. You then went on to say that you no
| onger believe pressurization stress was the prine
driver. Thermal stress is far nore inportant.
Therefore, presumably, medi um break and | arge- break
LOCAs are far nore inportant.

Now, this is newfromwhat | renenber the
previ ous presentation sayi ng. Does that not therefore
conmpl etely negate some of the main conclusions that
were made back in the beginning of this year?

MR, BESSETTE: No. | think we said --

MEMBER FORD: For instance, the whol e area
of human performance issues, a |lot was made of that.

MR. BESSETTE: Well, | think we have a
nore conplete picture now But | think when we did
present it to you back in January of this year, |
think we did say that the LOCAs were dom nating the
risk. And | think the concern was, well, how do you,

how do we negate the secondary side transients on the
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basi s of operator actions in terns of a probabilistic
sense. | think that was the concern.

MEMBER FORD: | was thinking, are you not
i ntroduci ng new phenonena? For instance, if you
depressuri ze to any great degree, that doesn't matter
as far as the thermal stress. But it does matter, for
i nstance, if you have boiling. That affects your heat
transfer coefficient presumably.

Have these aspects <cone into the
argunment s?

MR. BESSETTE: Well, with --

MEMBER FORD: Is this going to be
di scussed | ater on?

MR. BESSETTE: Well, | probably should
answer that question now because we won't get back
into that.

MEMBER FORD:  Ckay.

MR. BESSETTE: During the 1983, ' 85 st udy,
at that time thereafter, it was felt that the dom nant
transients were small-break LOCA. And, the break is
smal | enough so the pressure stayed up to a 1, 000 psi .
O even in an event smal | -break LOCA gets i sol ated, so
you go back up to 2,500 psi. Those seemto be the
dom nant events.

But in some cases, contributions from
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steamline break. For those two events, steamline
break and snall-break LOCA dom nated the risk. And
that was the picture we started with two years ago
when we started the reanal ysis.

What we found was we kept having to go to
| arger and | arger break sizes because we sawthe risk
nunbers continuing to clinb until we went all the way
up to large-break LOCA. And we started worrying, are
we doing sonmething wong? But as of today, we're
still dom nating the risk as our |arge LOCAs: LOCAs
four inches, twenty inches in size, very large, fast
acting transients.

Now, t he question of newphenonena. Well,
froman anal ysis perspective, there's nothing newto
us about | arge-break LOCAs. W' ve been anal yzi ng t hem
for along time. But froma thermal hydraulic sense,
there's nothing new But froma perspective of PTS,
it is new

MEMBER FORD: You say it's nothing new
from a thermal hydraulics, the fluid side of the
equati on, nothing new?

MR. BESSETTE: That's right.

MEMBER FORD: But does it not introduce
sonet hing newfromthe materi al side of the equati on,

i.e., the heat transfer coefficients, and therefore
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the netal tenperature? Does that not introduce
sonet hi ng new from a phenonenol ogi cal point of view?

MR. BESSETTE: Wll, not from the
perspective of the vessel | woul d say because, like |
say, they generate a stress by the tenperature
distribution in the vessel and the pressure. That
gives them the stress and that gives them the
tenperature also gives them that's the ductility
di stribution or toughness distribution.

So, that's how they do their analysis.
They don't really care about what the fluid is doing
ot her than, you know, give thema fluid tenperature
and a conductive heat transfer coefficient.

CHAl RVAN WALLI'S:  Isn't there sonething
very different? 1In the small-break LOCA the vesse
stays fill. In large-break LOCA, it enpties. And
then you're pouring water down the wall of the
downconer or whatever. It's not full anynore. So,
all this mxing and CFD doesn't apply anynore to
what's going on in the downcormer.

MR. BESSETTE: Well, it's that too. Well,
actual ly the vessel doesn't enpty. Well, it can enpty
in extrene cases.

CHAI RVAN WALLI S:  Yes, in the | arge-break

LOCA, it essentially enpties.
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VR BESSETTE: Yes. And in the

i nt ermedi at e cases, the vessel may stay full of water.

CHAl RVAN WALLI'S: Do you have an idea of
what happens in that downconer when it's essentially
enpty and you're pouring water into it?

MR. BESSETTE: Well, certainly we've
anal yzed up to 22-inch breaks. And in that case, the
downcomer -- it's alarge-break LOCA -- the downconer
enpties and then refills.

CHAI RMAN WALLI S: Doesn't the liquid
squirt across to the other wall and splatter around?

MR. BESSETTE: A lot of drastic things
happen. There's a | ot of condensation that occurs.
One of the things that keeps -- in alarge-break LOCA,
you may not end up with as cold a tenperature as you
m ght expect because there's so nuch condensati on t hat
occurs around the injectionlocationsinthe cold-Iegs
that the water can get near saturation before it gets
substantially into the downconer.

CHAl RVAN WALLI'S:  There's a question of
scaling of that.

MR. BESSETTE: Yes, that's why we do UPTF
and all that.

CHAI RVAN WALLIS: Well, it's interesting

that large-break LOCA is turning out to be so
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i mportant when there's discussion underway to sort of
do away with it as an accident that needs to be
consi der ed.

MR. BESSETTE: So not only do you have a
| ar ge- break LOCA, then your vessel fails ontopof it.

MEMBER RANSOM  Dave, could you take --
wher e does the cold water cone fromin this accident,
like in small break LOCAs? |Is it ECC water that --

MR BESSETTE: It's ECC water. So it's
comng fromthe refueling water storage tank, which
sits outside.

DR. BANERJEE: So in the small break LOCA,
you have to have countercurrent flow, right? Hot
water nmoving in one direction and --

MR. BESSETTE: You tend to get that, yes.

DR. BANERJEE: Mbvi ng at the bottomof the
pi pe?

MR, BESSETTE: Yes.

DR. BANERJEE: But how do you cal cul ate
t hat as RELAP?

MR. BESSETTE: W don't. That's where we
did some additional |ooking at that with CFD

DR. BANERJEE: So you feel assured that
your cal cul ati ons for SB LOCA, which is sort of noving

the high risk of |arge-break LOCA, is correct inits
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cal cul ati ons?

MR. BESSETTE: | believe so. You know,
the effects of -- the fact that we can't neasure, you
know, two fluid tenperatures in a one-di nensiona
code, we mss that |ocal effect.

But, you know, based on what |'ve seen in
t he past though, RELAP tends to predict the average
behavi or of these two fluids pretty well. So, if the
fact that locally there are two fluid tenperatures and
a col d-1eg, once you get to a nore gl obal perspective
of the downconer, it's washed out again.

DR. BANERJEE: So they mix sufficiently?
By the tine they cone to the downconer, it's one
t enperature or what?

MR. BESSETTE: Not exactly.

DR. BANERJEE: You can't see that because
it must be sort of cold water spilling and hot water
bei ng sucked into the line.

MEMBER RANSOM  Are t hese bei ng si nul at ed
in the Oregon State experinents?

MR. BESSETTE: We | ooked at t hat at Oregon
State. And so | think I'd rather defer that to Jose,
who's going to cover it.

DR. BANERJEE: So you're sense here t hough

is that your SB LOCA cal culations are sufficiently
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good t hat you can believe themand say LB LOCA is the
probl enf?

MR. BESSETTE: The issue you nmention is
certainly one that | was concerned with at the start.
You know, what effect does this have? W can't
capture this phenonenon. But | feel nore confortable
now that it doesn't really matter.

DR BANERJEE: WIIl you tell us why?

MR. BESSETTE: 1'Il let Jose tal k about
that | think.

CHAI RVAN WALLI S: | noticed -- | went
t hrough all your slides here. They're all words. You
don't have any figures or anything.

MR. BESSETTE: Yes. So it's better for
this kind of thing to | ook at sonmethi ng nore exciting
t han --

CHAI RMAN WALLI S: | think we ought to
sometine, to see sone figures.

MEMBER FORD: Were we not going to get the
final report from O egon State on the APEX?

MR, BESSETTE: Yes, it's in the mail.

MR. BOEHNERT: Like a check, huh?

MR, BESSETTE: It's in the mail some
pl ace. Federal Express has their hands on it right

now. It's sonewhere between Oregon and --

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
MR. BOEHNERT: So we'll have it by 10: 30,

is that it?

MR. BESSETTE: Possibly. They guarantee

CHAI RVAN WALLI S: Is there any el ectronic
version that you have al ready?

PROFESSCR REYES: There actually is. W
did express nmail two copies. One 10 days ago, and
t hen one agai n yesterday.

CHAI RVAN WALLIS: Wiy didn't youcarry it?

PROFESSOR REYES: | thought it woul d've
been here by now. | was quite surprised when | found
out that --

MR. BESSETTE: It's over 400 pages or

sonmet hing |ike that.

DR. BANERJEE: You can send a PDF file or
somet hi ng.

PROFESSOR REYES: W can nmake a cal |l today
and see if can.

CHAI RMVAN WALLI'S: Ckay. This is the CSAU
process here?

MR. BESSETTE: This is basically like a
nodi fication of the CSAU process. So, this is
basically -- one of the key aspects of the

reeval uation was to try to account for uncertainties.
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And we coul dn't because it's such a different problem
when a typical CSAU. W have to try to cone up with
let's say nodifications to the CSAU process.

So, these first three boxes are the sanme
as CSAU. They specify the plant, the frozen code, and
i nput nodel , identify inportant plant characteristics.
And then this is where we have to go through a
screeni ng because we're dealingwith -- the PRA peopl e
started off with about, sonething in the order of
100, 000 different event sequences.

And, of course, we can't run RELAP 100, 000
times. So, we have to bin these event sequences. So
we now are running RELAP on the order of 100
cal cul ations for a given plant. So say 100, 000 event
sequences get binnedinto let's say 100 bins. And, of
course, we can't do uncertainties on 100 different
sequences.

CHAl RMAN  WALLI S: | t still seens
remar kabl e that you need 100. | would think that 10
of them woul d probably dom nate the risk.

MR. BESSETTE: Yes, but if we knew the
answer ahead of tine --

CHAl RVAN WALLI'S:  You have to find out.

MR BESSETTE: W have to find out.

CHAl RVAN WALLI'S:  That's right.
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VR. BESSETTE: But we had to run 100 to

find the 10. In fact, that is the case, that 10
dom nate risk or four even

CHAI RMAN WALLI S:  Four or five, yes.

DR. BANERJEE: But that screening is done
on the basis of RELAP?

MR. BESSETTE: Thi s binning?

DR. BANERJEE: The binning is done on the
basi s of your intelligence.

MR. BESSETTE: Yes. So, the binning, you
cone in with binning on the basis of -- initially,
your initial review is on the basis of let's say
judgnent. And then as your run nore and nore RELAP
sequences and | ook at the pressure and tenperatures --
but for a screening, it was we're not going to worry
about any transient that doesn't get below 400 F
because bel ow 400 F has no PTS significance. So, you
throw out all those. And so we set the discard bins
or whatnot on that basis.

DR BANERJEE: It's hard for me to get
this fromwrds. But, 400 F | presunme is the average
tenperature you' re tal ki ng about?

MR. BESSETTE: Four hundred F let's say
has a downconer fluid tenperature.

DR. BANERJEE: Average?
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MR, BESSETTE: Average.

DR. BANERJEE: But it's not the average
that matters here. |It's the localized, right?

MR. BESSETTE: Yes. So what we're going
to showis that the average -- the downcomer is very
wel | m xed, so the average is very close to |ocal.

CHAI RMAN WALLIS: If it's full.

DR. BANERJEE: And that's on the basis of
what scal e experinents you' re going to show that?

MR. BESSETTE: Theonly thingthat'Ill talk
about that is the APEXfacility. And they al so | ooked
at the, | think Creare data and some fini shed m xi ng
experiments and what not.

DR. BANERJEE: So now you've got cold
water coming out of this pipe, the cold-leg or
somet hing --

MR, BESSETTE: Yes.

DR. BANERJEE: -- and it's sort of falling
into the downconer. And you' ve got hot water getting
sucked back in?

MR BESSETTE: Yes.

DR. BANERJEE: And you're saying that the
cold water fallingis goingtomx well with this hot
wat er ?

VMR BESSETTE: Yes, that's what we're
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going to try to convince you.

DR. BANERJEE: And you're going to showus
sone data and anal ysi s?

MR, BESSETTE: Yes.

DR. BANERJEE: It seens not that easy to
me to show t hat.

MEMBER RANSOM Dave, inthe PRA anal ysi s,
how do you identify the sequences that are going to
lead to this? Do you have sone criterion based on
when ECC water is injected?

| nean you tal k about 100, 000 sequences.
Those are not RELAP5 cal cul ati ons. Those are based on
event three type anal ysis.

MR BESSETTE: That's right.

MEMBER RANSOM  Then you only choose a few
of those | guess that you try to anal yze.

DR BANERJEE: Representative ones.

MEMBER RANSOM  But what is the criterion
t here?

MR. BESSETTE: Well, the PRA people start
to, likel say, the PRA peopl e had sone neetings early
on where we di scussed, you know, together how, what
you have to do to get down to |l owtenperature. |f you
fail one valve, is that going to do anything? If you

fail two val ves? How nuch col d feedwat er do you have
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to add to the generator?

So, we went through those kinds of
di scussions early on. And then we kept revisiting
t hat i ssue as we gener at ed nore and nore anal ysi s, and
we got nore and nore RELAP cal cul ati ons. You can
start to screen out.

So, for Cconee, it took two years to do
Cconee. The second plant, it took 15 nonths. So
there was a learning curve to go through that
screeni ng process.

MEMBER RANSOM Where is that at? |s that
PTS screening in the six, box six?

MR. BESSETTE: Yes, it's in these boxes
her e. You know, at sonme point we started to feed
results to Oak Ridge and get numbers back from the
FAVOR code.

CHAI RMAN WALLIS: It's interesting. You
didn't do the probabilistic anal ysis where all you had
to do was run 59 runs.

MR. BESSETTE: No. W didn't do that 59
runs, no.

CHAI RMAN  WALLI S: Vary everything
statistically and do 59 runs.

MR. BESSETTE: That's right. W didn't

follow that path.
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But, basically, this is just to give you

an indication. W used a nodified CSAU net hod t hat

had this iterative screening in it, but tried to

decide what to focus on for the thermal-hydraulic

uncertainty analysis. And that |led us eventually to

like a md-sized LOCA to focus our uncertainties.

That's from a conbi nati on of guessing and anal ysi s.
It's greater if the risk ended up being focused.

do a TH

But the idea is you can't

uncertainty anal ysis on 100 di fferent t hings or 10, 000

di fferent things.
gr oup. And to do that,
Screeni ng process.

DR. BANERJEE:

You have to focus a small enough

you have to go through a

Wiy didn't you use the 59

net hodol ogy, whi ch peopl e seemto be using for other

t hi ngs?

MR BESSETTE:

DR, BANERJEE:

against it?
MR, BESSETTE:
dubi ous about it nyself.
DR BANERJEE:
MR, BESSETTE:
sl eight of hand to ne.

DR. BANERJEE:

Vell --

Did you have anything

|"ve al ways been a little

It seenms sleight of hand.

It seens too nuch of a

Yes, but G aham seens to
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believe it. Wiy didn't you do it, | mean other than
gut-feel? 1Is there any other reason?

MR. BESSETTE: | guess | should have the
Uni versity of Maryl and peopl e here too to answer that
guestion. But fromnmy own perspective, it was nore
satisfying, rather thanto do this 59 analysis, tryto
decide what the inportant, what the dom nating
paraneters are, dom nating phenonena and do
sensitivity studi es on those to generate your vi ew of
the thermal hydraulic uncertainties under the CSAU
appr oach.

DR. BANERJEE: |I|s there sort of a nunber
like these 59 go on PCT or percent hydrogen or
somet hi ng? Do you have a nunber for PTS |ike thernal
shock of that nany degrees or sonething |like that?

MR, BESSETTE: Well, we have this key
par anet er approach because we're feeding pressure,
tenperature, and heat transfer coefficients. And of
these three, what we find is tenperature is nost
i mportant, pressureis of internediate inportance, and
heat transfer coefficient is of no inportance.

CHAl RVAN WALLIS: Because it's so big?

MR, BESSETTE: Yes.

DR. BANERJEE: So do you have some nunber

i ke thermal stress or sonmething, whichif it exceeds
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this amount then you're in trouble; and if it's not,
then it's okay? | nean is there an equivalent to a
PCT in this problenf

MR. BESSETTE: Kind of. So when you get
into the fracture analysis, they speak in terns of a
K-1 and K-1-C. K-1 is the stress the netals are
experiencing. K-1-Cis like acritical threshold for
cracking, for crack propagation.

So when K-1 and K-1-C are --

MEMBER KRESS: Yes. Their key figure of
merit though is a through-wall crack.

DR BANERJEE: | see.

CHAl RVAN WALLI S: | guess the rule of
thumb is the difference between the surface
t enmper at ure and t he aver age t enper at ur e because of the
stress. |Is that the sane thing as K-1 --

MR. BESSETTE: Well, see, they interplay
because K-1-Cis changing with tenperature and so on.

CHAl RVAN WALLI'S: Wth tenperature, the
susceptibility of the material changes too?

MR, BESSETTE: Yes.

CHAl RVAN WALLI S:  Ckay.

MR. BESSETTE: And, you know, you can get
t hese tenperature distributions across the wall, which

are constantly changi ng thernmal stress.
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CHAl RVAN WALLI S: K-1-C is not a non-

di nrensional either? I1t's got square roots of things
and strange things --

DR. BANERJEE: But if had a nunber |ike K-
1-C minus K-1 over K-1-C, that would be a figure of
merit, right?

MR, BESSETTE: Yes. | guess so, Yyes.

DR. BANERJEE: How close are you to
critical crack or sonething?

CHAI RVAN WALLI S: Maybe you shoul d cone to
the February 5'" neeting.

MR BESSETTE: It wouldn't be a bad i dea.

CHAI RVAN WALLI S: And get the whole
historic --

MR. BESSETTE: So what plants that 1'Il be
anal yzing -- back in this original study, we had three
pl ants, one fromeach of the PAR vendors. And these
pl ants were Cconee, whichis B&W Cal vert diff, which
i s conbustion; H P. Robinson, which is a three-1oop
West i nghouse pl ant.

So, inthe current study, we were going to
start with these. But instead we substituted anot her
Westi nghouse t hree-| oop pl ant, which is Beaver Vall ey
for Robinson, partly because of utility. The Beaver

Val | ey peopl e were nore interestedin participatingin
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t he event t han t he Robi nson peopl e wer e because Beaver
Valley is nore enbrittled than Robi nson. Robi nson
basi cal | y doesn't have a PTS i ssue, and Beaver Vall ey
does in the sense of |ife extension.

And addi ti onal Iy, we added a second pl ant,
which is Palisades, for the sanme reason

CHAI RVAN WALLI' S: Do you t hi nk you' re hal f
way through now?

MR BESSETTE: | think so.

CHAl RVAN WALLI S: It's probably about
ri ght because we've asked all the questions. Mybe
t he questions will slow down.

MR, BESSETTE: Yes.

CHAI RVAN WALLI'S: | think we're going to
be interested inthe key tenabl e questi ons rat her than
a |l ot of words.

MR. BESSETTE: Yes, well, | don't want to
take up too much tine.

But how we approached this froma thermal
hydraul i cs perspective, you know, we started by
classifying events into three broad categories: an
increase in heat renoval |ike steam!line breaks,
increase in feedwater flow, and then on the primary
side, |1 oss of cooling acci dents where either the break

becones i sol ated at sone point intime or it doesn't.
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So, to guide the overall effort, we tried
to use the PI RT perspective. W had some preexisting
PIRTS, whichI'll showyou | ater onin my presentation
that were done for PTS, where we identified the
t her mal hydraul i c phenonena had t he nost i npact on t he
figures of nmerit. For PTS, like | said, pressure,
tenperature, and heat transfer.

It was just to guide the rationale for
experinments conducted at APEX for RELAP5 assessnent
and for the uncertainty eval uati on done at University
of Maryl and.

DR. BANERJEE: What do you nmean by scal i ng
st udi es?

MR. BESSETTE: Jose will get into that.
He has already witten a scaling report. To relate
this facility, he nodified the APEX facility to | ook
i ke Palisades. But he did a scaling study conparing
APEX wi t h Pal i sades on t he basi s of the npst i nportant
phenonena of the PTS.

MEMBER FORD: W will be hearing about
that this norning?

MR, BESSETTE: Yes.

DR BANERJEE: W th sone equations?

MR, BESSETTE: Undoubtedly. It won't be

all words. The presentations get nore exciting after
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m ne.

CHAI RVAN WALLI S:  When did you | ast sol ve
an equation?

MR BESSETTE: Me?

DR. BANERJEE: Five years ago.

MR. BESSETTE: Not today, anyway. | t
m ght' ve been yesterday.

CHAl RVAN WALLI'S: But fairly recently?

MR BESSETTE: Yes.

CHAI RVAN WALLI S:  Ckay.

MR. BESSETTE: I'"'m not a total paper-
pusher. Although, if you | ook at ny office, you will
see a |l ot of paper there.

CHAI RMANWALLI S: And you' | | see equati ons
on those papers?

VMR, BESSETTE: Let's say | definitely
don't solve themas often as Jose does.

These were the main thermal hydraulic
i ssues we were worried about: a single and two-phase
| oop natural circulation, interruption of |oop flow,
and fl ow stagnation. W had sone interest in know ng
t he nunber of cold-Iegs, which nust be flowing into
this intermediate zone between circulation and
stagnation -- the nunber of cold-1egs, which nust be

flowng to assure m xi ng the downconmer. And |ike we
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were tal king earlier, the local fluid m xing, thermnal
stratifications of the cold-leg, plume mxing in the
downcormer .

CHAI RVAN WALLI' S:  Now t hat nunber t hree,
does it matter? | mean suppose you had a cold-Ileg
break, then is that break different fromlet's say a
hot-leg break in terns of the way the m xi ng occurs?

MR. BESSETTE: |'d say it's sonething
we're interestedin because when we started, we didn't
know -- | nmean we knew if we had full natural
circul ati on, we didn't have to worry about
stratification in the cold-l1eg and so on, or plunes.
But, we wondered about these internedi ate situations
because al |l | oops don't stop flow ng at the sane ti ne.
One loop will always stop first. |If you have a four-
| oop plant, they stop in sequence.

CHAI RVAN WALLI S: Is this a |oop seal
guestion or what?

MR, BESSETTE: Well, it's nmainly due to,
because t he secondary-si de pressures are general | y not
equal in all four generators. That's howit starts.
So the thermal behavior to four-loopis not identical.
So, we had sone interest in knowi ng about that
i nt er medi at e st age bet ween, you know, full circul ation

and no circul ation.
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So to | ook at these i ssues we want ed sone
experinments. So, we decided to run the programin
APEX. W nodified the APEX to resenble Palisades
pl ant s.

We wanted t o generate i ntegral systemdata
focused on what we expected for the nost i nportant PTS
transients and provide sone data to address these
specific thermal hydraulic issues. W cane up with a
test matrix and we bottled the test matrix as we
generated analysis as to which transients to be risk
dom nant .

As | said, Professor Reyes perforned a
scaling study to rel ate his APEX experinental results
to the plant, simlar to what he did for AP600. So,
it was nodified. W added a | ot of thernocouples in
t he downconer and --

CHAIl RMAN WALLIS: It's in the fluid?

MR BESSETTE: Yes, in the fluid.

MEMBER RANSOM  You nentioned the m xi ng
being fairly conplete by the beltline. |Is there a
posi tion al ong the vessel wall that's critical or nore
critical than others?

MR. BESSETTE: Basically, of course, the
peak woul d be around the m ddl e.

VEMBER RANSOM Is that because of the
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fluence, you nean, to the vessel wall?

MR. BESSETTE: Yes. But 1'd say you're
basically worried about anywhere adjacent from the
bottomof the core to the top of the core. So that's
about a 12-foot region.

MEMBER RANSOM  You said before that it
was dominated by the thermal stress and not by
pressure stress?

MR BESSETTE: Yes.

MEMBER RANSOM But | guess the fluenceis
an inportant factor in that, the weakening of the
wal | ?

MR. BESSETTE: That's right. So, you are
concer ned about the fluence. And the fluence has |ike
a three-dinensional distribution on the wall. You
have sonme kind of a flattened cosine, axial
di stribution. You also have, the fluence tapers off
through the wall, and you have kind of like a
si nusoidal circunferential distribution. So, they
generate a 3-D fluence --

MEMBER RANSOM Wl |, for exanple, isthis
a non-issue in a new plant that doesn't have any
weakeni ng of the wall?

MR. BESSETTE: Well, see, the new pl ants,

t hey use inproved chem stry. The main issue is with
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t he ol der plants.

MEMBER RANSOM  Sur e.

MR. BESSETTE: A new pl ant today, | don't
know if you'll ever have a PTS problem

VEMBER RANSOM " m just curious about
what rol e the weakening of the wall plays relative to
t he actual application of the thermal stress.

MR. BESSETTE: Well, certainly if PTSis
not at issue with an unenbrittled vessel.

DR. BANERJEE: Well, is there things that
we don't know here? | nean it's not just fluence.
You just said chem stry was i nvolved. |s there stress
corrosion?

MR. BESSETTE: No. This is --

DR BANERIJEE: VWhat is the chem stry
effect?

MR. BESSETTE: This is the nmaterial
chem stry.

DR. BANERJEE: Ch, the naterial chem stry.
Not the cool ant chem stry?

MR, BESSETTE: That's right. So these
trace el enents, copper, phosphorus --

DR. BANERJEE: Sure. And do you have any
wel ds around there?

MR, BESSETTE: Well, welds are definitely
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an i ssue because the weld chemistry is different than
t he base metal. So, there are welds, circunferential
and vertical.

DR. BANERJEE: Around the beltline, right?

MR BESSETTE: Yes.

DR. BANERJEE: Are these nore at risk than
the vessel wall, or what is nost at risk?

MR. BESSETTE: For nost plants, the focus
is the weld materi al .

DR BANERJEE: Which is what?

MR. BESSETTE: Well, you know, it's all
carbon steel. So | guess there's sonme sort of a --
So, the welding rods, you' d have to ask one the
fracture people for adetail. But, it's nostly carbon
steel with some copper and what not.

DR. BANERJEE: So there are residual
stressors and all sorts of --

MR.  BESSETTE: There are residual
stressors too. And then you' ve got the cladding
i nside of the vessel and so on

MEMBER KRESS: | didn't thinkthey counted
resi dual stresses because of the annealing effect of
t he operati on.

MR. BESSETTE: Well, see, it's better to

ask one of the materials people how inportant those
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are.

CHAl RVAN WALLI'S:  Anyway, | think what
we're interested in is this RELAP validation part.

MR BESSETTE: Yes. So |let nme nove on.

CHAI RVAN WALLI S:  Are you goi ng to show us
any curves?

(No response.)

CHAI RMVAN WALLI S: Maybe you have sone
backup slides with data on them

MEMBER KRESS: We'l| get data when Jose
gets up.

MR. BESSETTE: [|'ll hatetotell you this
is only the awful appetizer. |[If you' re going to get
to the gournet neal, you have to --

(Laughter.)

MR. BESSETTE: Now bei ng served bread and
wat er before you get to the actual --

CHAIl RVAN WALLI'S:  May we have wine with
this meal too?

(Laughter.)

MR. BESSETTE: | knew t hese new guys were
going to be here, so | wanted to bring themup to
speed.

DR BANERJEE: Thanks.

VMR. BESSETTE: Like | said, dom nant
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scenarios are all primary systemLOCAs. And in sone
of these, the break is closed -- the break being a
stuck-open pressurizer valve -- at sone tineintothe
transi ent. And in sone cases we get a snall
contribution still showng up from main steamline
break, small being a few percent of the total risk.

MEMBER FORD: Nowthat's at odds with your
begi nni ng statenent. At very beginning, you said
| ar ge- break LOCAs, medi um break LOCAs may be of nore
concer n.

Am | correct on that?

MR. BESSETTE: Well --

MEMBER FORD: Those results, concl usions
are exactly those that you had in January?

MR. BESSETTE: That's right. | think this
is exactly what we said in January.

MEMBER FORD: That's correct. And you
started off the conversation today saying that you
bel i eve that there was a significant risk contribution
now from | arge- break LOCAs.

Is that at odds with that?

MR. BESSETTE: | don't have small LOCAs
here. | mean LOCAs of substantial size.

MEMBER FORD: Ckay.

DR. BANERJEE: Are we goi ng to hear about
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t hese uncertainty studies from sonebody?

MR. BESSETTE: W will tell you about
that. But were not far enough along yet to give you
a good story. We will be by February. | mean we can
tell you sonething today, but | don't --

CHAI RVAN WALLI S: Well, that sort of
statement bothers me. This work has been going on for
sone time. Andit's sonmehow going to come together in
February, but isn't together now?

MR. BESSETTE: W have --

CHAI RVAN WALLI S:  What's goi ng to happen
bet ween now and February to nmake it come together?

MR. BESSETTE: We have uncertainty results
for the three plants now, but | didn't feel we'd be
abl e to answer questions you' d have about them

CHAI RMVAN WALLIS: Ckay. So the answers
woul d be better than the | ast answers we got?

MR. BESSETTE: We will have, in another
nmonth or so, we will have a better understandi ng of
why we're getting answers that we're getting.

DR. BANERJEE: Are they strange?

MR. BESSETTE: No, but there's things you
have to check to make sure that they're correct.
There's things that seemli ke they coul d be strange.

O, the things that seem strange when you | ook at
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them you have to say is it right or not?

CHAl RVAN WALLI'S:  That's a good attitude
to have. W have sone presenters who don't care at
all.

MR BESSETTE: W spend a lot of tine
| ooking at stuff to see if it |ooks strange or not.

CHAl RVAN WALLI'S: Well, | like this first
line of page 12. You crossed over page 12.

MR BESSETTE: Did | pass that?

CHAl RVAN WALLI S:  Yes.

MR. BESSETTE: Ch, okay. Yes, | should
talk about that. Wsat's happened between 198