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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
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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.
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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
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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

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

25

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.
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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 --
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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

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

44

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

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

58

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 1983 and
today in thermal hydraulics base, we've had these
orders of magnitudes and inprovenents in conputing.
Renmenber, | said the first study was really
constrai ned by how nuch we could actually cal cul ate
t hi ngs. W' ve greatly inproved input and output
processi ng. RELAPS i s now nuch nore robust and faster
runni ng.

CHAI RVAN WALLIS: Is it nore accurate or
anything |ike that?

MR. BESSETTE: It's hard to say.

(Laughter.)

CHAl RVAN WALLIS:  well, if it produces

nonsense faster, it's not any better.
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(Laugher.)

MR. BESSETTE: | think one thing that |
can say is that the fact that it's nore robust and
faster running neans it's nore accurate because
anytime you have these instabilities you get sone
unphysi cal behavi or.

CHAI RVAN WALLI S:  So you have renpoved sone
of the causes of uncertainty then?

MR, BESSETTE: Yes.

So, for the first tine, we have | would
say an adequate range of transient scenarios that we
calculated. This is really, to ne, the first tine
we' ve ever seen this. It's been a revolutionary
change in transi ent anal ysis over whatever |'ve ever
been involved with in the past. W were always really
constrai ned by t he nunber of cal cul ati ons we coul d do.

DR. BANERJEE: Wth the AP600, it was a
different reason. It wasthelow pressureinstability
cal cul ati ons. Have those gone away now?

MR. BESSETTE: Well, that's part of this
bull et here. We did a lot of work --

DR. BANERJEE: What did you do to nmke
t hem go away?

MR. BESSETTE: Well, | --

DR. BANERJEE: The reason they occurred
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was there's a large change in the anmount of vapor
generated for a small change in heat input.

MR BESSETTE: That's right.

DR. BANERJEE: And sothisis areal life
situation here.

MR. BESSETTE: Yes. So the small pressure
fluctuations would cause --

DR BANERJEE: Large void fractions.

MR. BESSETTE: Yes, large void fraction

changes.

DR.  BANERIJEE: But that's real. It
happens in real life.

MR. BESSETTE: Well, it's not clear that

smal | pressure fluctuations on a nodal basis can
happen as fast as the RELAP at the fill it's been
cal cul at ed.

DR. BANERJEE: But you're goingtotell us
how you nade it go away, right? Sonebody is?

MR. BESSETTE: | can't tell you exactly
what was done, but Joe Kelly can.

DR. BANERJEE: It wasn't just a snoothing
function?

MR. BESSETTE: | don't think it was quite
so sinple as sone sort of a snoot hing.

DR. BANERJEE: Killing the partitioning
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bet ween vapor and liquid, the heat fluxes, just to
make it stable.

CHAl RVAN VWALLI S: So sonmeday soneone's
going to have a slide, which says TRAG-5, TRACMis
robust and fast running, and for the first tinme, we've
done 1,000 runs or sonething?

MR. BESSETTE: That's right. You'll have
to see that same bullet reappear

CHAI RVAN WALLI S: W hope to see that
before we're all retired fromthis conmttee.

MR. BESSETTE: |'d say what hasn't changed
is the code still requires youto | ook at the results
and see if they look strange or not, and it still
takes a long tine to put together an input deck.

CHAl RVAN WALLIS: Well, to see that they
| ook strange is an interesting way of |ooking at it.
When it | ooks strange, you nean that probably RELAP i s
cal cul ating something wong or it's predicting too
rapid a rate of condensation or sonething, and then
you go back and see why is it strange and how do you
fix it in some way? |Is that what happens?

MR. BESSETTE: It neans you' ve got to | ook
at alot of plots and see if they seemconsi stent, and
fl ows seemhi gher than they shoul d be or | ower and so

on, and pressures are doi ng sonethi ng unusual .
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CHAI RVAN WALLI S:  And t hen you go back and

change the code?

MR. BESSETTE: Well --

CHAI RVAN WALLIS: O is it a frozen code?

MR. BESSETTE: No. But in sone sense, you
try tosee if thisis a problemin the input nodel or
in some nodeling feature of the code that's not
behavi ng properly.

MEMBER RANSOM Well, is that how you
found the six input problens that you corrected?

MR. BESSETTE: These were things that
| ooked strange, yes.

MEMBER RANSOM So oftentinesit's sinply
i nput .

CHAI RVAN WALLI S:  Soneone nmade a mi st ake
in the input.

MEMBER RANSOM  Ri ght.

MR. BESSETTE: Probably nine out of ten
times it's an input problem

DR. BANERJEE: That's a new spelling for
Barcl ay' s nane.

MR, BESSETTE: Wat was that again?

DR. BANERJEE: There's no "K'. He doesn't
bar k.

MR BESSETTE: Oh. No, that's one guy
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t hat doesn't bark at you.

We did an H P. Robinson and PIRT on PTS
about 10 years ago, and these were the panel menbers.
We started of f by thinkinginterns of four transients
for H P. Robinson: steamline break, steamgenerator
overfeed, cold-leg break, and a small hot-Ieg break.

CHAl RVAN WALLI'S: So these guys didn't
t hi nk of the | arge-break LOCA?

MR. BESSETTE: At that time, our
perspective was that cold-1eg dom nated the ri sk.

CHAl RVAN WALLI'S: That's the problemw th
aski ng peopl e t hat are supposedl y experts, who haven't
done all the runs that you have data to do. You have
to recycle and say, know ng what you know t oday you
change the PIRT.

MR. BESSETTE: That's right. PIRT is not
a--1 think we sawthat in AP600. PIRT is not a one-
time thing.

CHAI RVAN WALLIS: It's a useful starting
poi nt, and t hen you have to go back and reeval uate it.
MR. BESSETTE: That's right.

MEMBER FORD: That's a good point. Are
you pl anning on reevaluating it on the basis of what
you know now?

MR BESSETTE: Yes, we have decided to do
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t hat .

So anongst these four transients at that
time, small hot-1leg break was the nost imting. And
that was no news still. The other transients didn't
even pose a PTS concern. Therefore, we did the snall
hot -1 eg break.

"1l gothroughthisindetail. These are
t he phenonena that we cane up with. And one of the
things to note is that the so-called phenonena are
about equal |y di vi ded between t hi ngs that are actual |y
boundary conditions to the probl emand sonething the
code actually cal cul ates as a phenonenon.

DR BANERJEE: This was all sort of
accumul at or - based and HPI based i njection because it
was smal |l break?

MR. BESSETTE: Yes, that's right. But
this was a starting point. This is basically -- we
didn't use these rankings. Basically, we considered
all these phenonena regardl ess of their rankings.

MEMBER RANSOM  What was t he significance
of the bol d?

MR. BESSETTE: Ch. | shoul d' ve nentioned
that. Wat | have in boldis things that RELAP cannot
cal cul at e.

MEMBER RANSOM  Ckay. Good.
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CHAI RMAN  WALLI S: So if it's not

cal cul ated by RELAP and yet you have to put it into
RELAP sonehow, how do you do it?

MR. BESSETTE: Well, this is where | said
-- so, we had to think of sone way to address this.
And this was one of the objectives of the APEX
testing, was to take a |l ook at the data and to do sone
CFD anal ysi s.

CHAIl RVAN WALLI'S: So what you do is you
run a RELAP w thout nodeling these things, and then
you t ake what you cal cul ated fromRELAP and use it as
conditions that you then use later on to evaluate
t hese details in sone other way?

MR BESSETTE: W had to decide, since
t hese are things that are not nodel i ng RELAP, what we
were going to do. And so, the first step is how
i mportant are they. So if you look at them nore
closely, let's say outside -- you can't | ook at these
in the context of RELAP. So, let's go back and | ook
at themin terns of the experinents, the experinental
data and 3-D nodeling, and see if we can deci de how
i mportant they are.

CHAI RVAN WALLIS: Well, it's funny that
nunber 11, flow stagnation, is way down the |ist.

Isn"t that something that really needs to happen
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before you worry about a lot of these other things
that are above it?

MR. BESSETTE: See, that's the thing with
the PIRT panel. PIRTs are not perfect. Let's say the
constrai nts you have and what you're |ooking at, in
this case people are focused on a two-inch hot-1eg
break because that was believed to be the risk
dom nant sequence at the tine it was done. At the
time, everything we knewat the tinme, it was done, was
a two-inch hot-1eg break was the dom nant sequence.

But, that was the focus of the PIRT. So
at that kind of a break size you probably still have
sone natural circulation occurring. So then flow
stagnation doesn't -- you're on the borderline of flow
stagnation, so that's why it doesn't get ranked so
highly. | mean | think that's why we're planning to
go back and revise this PIRT in |ight of what we know
t oday.

CHAIl RVAN WALLI'S: Well, it m ght be better
to have Dave Bessette make up a Pl RT because he knows
what' s going on, rather than invite seven experts who
really don't know the details of what's going on or
anything like as well as you do.

MR. BESSETTE: Well, in fact, that's the

i ntention.
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DR. BANERJEE: Yes. The problem with

t hese sort of processes is that you said they'I|l cone
up to speed. You know, it takes thema long tinme.

MR. BESSETTE: That's right. \When you
start off, you don't know everything you'll know when
you' re finished.

CHAl RVAN WALLI S: That's the val ue of
research.

MR. BESSETTE: Yes, that's right.
O herw se, there'd be no point in doing the research.

Final slide is we approach this problem
with an integrated experinmental scaling and code
assessnment simlar to what we tried to do with AP600,
or what we did in the end with AP600.

W see at the risk dom nant PTS sequences
for the three plants anal yzed so far are LOCAs. And,
they're LOCAs of substantial size, four inches and
above.

And sort of in terms of the general
feel i ng of whet her we know what we're doi ng wi th RELAP
on these is we have a considerabl e experience with
t hese ki nds of events, so we don't, we're not breaking
new ground in ternms of uncovering new phenonena and
what not .

CHAl RMAN WALLI'S: Nowri sk, ri sk dom nant,
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ri sk involves frequency as wel|l as consequence?

MR BESSETTE: Yes.

CHAI RVAN WALLI'S:  And you're saying risk
dom nant sequences are LOCAs of substantial size
Now, that neans that you're putting in sone estinate
of the frequency of LOCAs of various sizes?

MR BESSETTE: That's right.

CHAI RVAN WALLI'S:  So how do you do that?
There's been argunents recently that the | arge- break
LOCA is so unlikely that you don't really need to
worry so much about it.

MR. BESSETTE: Well, infact, there's been
an exerciserecently torevisit the question of | arge-
break LOCA probability. 1In fact, if | understand --
| wasn't involved init, but I think the probability
actually went up by a factor of two or so.

CHAI RMAN WALLI S: So what do you do? Do
you have some sort of a curve of LOCA probability
verses size or sonething that you use?

MR. BESSETTE: Roy, do you want to tal k?
Basi cal ly, we've divided LOCAs into three categori es:
smal |, internmediate, and large. And | think I'd like
to have Roy --

CHAl RVAN WALLI' S:  Just three bins, that's

all it is?
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MR BESSETTE: Yes.

MR WOODS: |'mRoy Whods. |I'mwth the
branch that's doing this stuff for this project, PRA
Branch in Research

Today t he purpose here was to tal k about
t hermal hydraulic calculations. So there really are
three branches as Dave started out pointing out.
There's the PRA branch that | ooks sequences, and the
frequencies of the sequences. And that is indeed
where the frequency comes from Dave then just does
the thermal hydraulic cal cul ations.

And the focus of this neeting was to be
whet her or not the RELAP code or whatever he's using
makes sense. And so he's not really prepared to talk
about frequencies. The presentation we're going to
give you on February 5" wll start out and go
| ogically through the whol e process.

CHAI RVAN WALLIS:  Well, 1'm asking him
because this is one of his conclusions, risk donm nant
sequences is so and so. Then he nust include sone of
this --

MR. WOODS: The thing that's m ssing here,
or | think it's mssing, isthisis avery iterative
process. You go around and around the | oop. You

start out with sort of a guess as to what t he dom nant
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sequences are. You do some thermal hydraulic
cal culations. You might even do sone scoping runs
wi th the FAVOR code, the fracture nechani cs code. And
then, you see if your starting out assunption was
correct, and you live through it again.

And vyes, indeed, that process very
t horoughly takes i nto account to all we know about the
frequenci es of the various size LOCAs. It's just not
com ng through in this talk, which is focused on the

CHAl RVAN WALLI'S: Okay. Let's focus on
what this talk is about. | thought this talk was to
convince us that RELAP was giving you usefu
information, that you had a good handle on the
uncertainties, and so on. And | haven't really seen
t hat .

| mean you haven't shown us howt hat runs.
You haven't given us a neasure of uncertainty and so
on, and you haven't told us how that neasure is
related to the actual features of the code. | was
hoping |'d see nore of that.

Do you have sone backup slides?

MR. BESSETTE: Well, the day's not over
yet. W've got the two main presentations coning.

MR. WOCDS: In the dry run, we spent hours
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and hours | ooki ng at over 100 graphs with exactly what
you' re asking about | believe. And you're going to
see that this afternoon.

CHAl RVAN WALLIS: We're going to see that?
So Jose is going to talk about RELAP runs this
afternoon, or who is going to talk about that?

MR. BESSETTE: No, it's ISL.

CHAI RMVAN VWALLI S: Oh, it's ISL that's
going to talk. OCkay.

So, that's what |' mdoing. |'masking you
t he questions | should be asking I SL.

MR. BESSETTE: We'll spend the whole
afternoon on it.

CHAI RVAN WALLI S: kay. Ckay, that's
right. You' ve got two and a half hours, two hours,
two and a half hours this afternoon. Ckay, that's
right.

But you are managi ng the program aren't
you?

MR BESSETTE: Yes.

CHAI RVAN WALLI S:  So do you have anyt hi ng
to say about the way RELAP i s perform ng or any of the
specific things that you' re concerned about that you
have sonehow resol ved or not resol ved?

VR. BESSETTE: Wll, | think there's
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al ways a concern anytinme you run the code as to how
much you can believe the results. And that's where

this, looking at the results a bit suspiciously comnes

in.

| think the code is always a m xed-
performance bag. Sonetinmes sonme things it wll do
remarkably well. And sone things you wonder how it

can be so far off.

DR. BANERJEE: What things? Gve us a few
exanpl es pl ease.

MR. BESSETTE: | don't knowif I can think
of a good one off the top of ny head.

Let's take cold-leg flows for exanple. It
can be doing strange, they can see sone strange
oscillations in cold-leg flows. And you wonder why
that's occurring and how to get rid of it.

CHAl RVAN WALLI'S:  Maybe it's real

MR. BESSETTE: Well, it can be real. You
have to decide is this plausible or not.

But | think what saves you a | ot of tines
is the things you're really concerned with. The key
t hi ngs you' re concernedwith aretypically thingslike
core tenperature or a primary systeminventory, how
much mass you have left in the primary system you

know, how close you are to core uncovery. In this
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case, what the downconer tenperature |ooks I|ike.

When you | ook at it fromthat perspective,
generally the code |ooks not bad. At least it's
sonmet hing you can live with

CHAI RVAN WALLI S: Well, wunless you're
tal king about marriage or sonething here, the
definition of "not bad" and "sonething you can live
with" needs to be nore specific | think.

MR. BESSETTE: But | think once you | ook
at all the results you'll see this afternoon, it'l
give you a better feeling for that.

VEMBER FORD: Now you've got ne really
worried. W canme into this meeting based on what we
had heard in January. Things are going great, the
results | ook good, prom sing, and we're just going to
do the other three plants and we're all set for
revising the 10 CFR PTS rul e.

And, the main thing we were concerned
about was the acceptance criteria, which was going to
be the main topic for the neeting on the 5". Now |'m
hearing you say this huge -- there are sone
uncertainties.

Let ne ask the question: Do those
uncertainties inmpact greatly on the predicted

tenperature stress transients, strain-rate transients
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of the metal? |s this academ c concern that you have,
or is it a real concern when it cones down to
predicting t he mat eri al stress strain-rates
t enper ature?

MR. BESSETTE: Well, see, that's exactly
the question that | was concerned with answering
nyself before | showed you that these are the
uncertainty results and we can believe them

And the fact is the uncertainty nunbers
we're getting out of FAVOR, the |atest results have
only just cone in the past nonth, wthin the past
nonth. W haven't had tinme to | ook at everythi ng and
make sure we understand it. And until we can
understand it ourselves, we can't explain it to
sonebody el se. W have to go through that process,
and we're not done with that yet.

But what we did is, this is the sane set
of , these are the uncertainties that we studi ed in our
uncertainty evaluation. This is the same list |
showed your phenonena, just categorized, you know,
poi nt of boundary condition; the sanme list of PIRT
phenonena.

So, one question could be, well, have we
| eft anything off of this |ist. The only thing |

m ght add at this tinme would be condensati on because
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we're dealing with | arge breaks, and the col d-1eg and
downcorer you'd think is an i nportant phenonenon t hat
doesn't appear here. So the question, what's been
left off, is condensation.

DR. BANERJEE: The HPI and t he accunul at or
may not be that inportant in |arge breaks?

MR. BESSETTE: It still shows up. The way
it shows up is, you know, you're drawing off a tank
that's outside. So in sone cases you' re draw ng 40-
degree water, and i n sonme cases you' re draw ng 80, 90-
degree water. So that 50-degree difference gets
translated al nost directly into -- you know, it gets
m xed in all that. But, you end up with substantially
di fferent tenperatures whether sumrer or wintertine.

CHAl RVAN WALLI' S:  How does RELAP cal cul ate
condensation? You pour this very cold water into what
coul d be a steamenvironment, and you can predi ct sort
of mach 1 fl ows of steamtowards the cold water to get
at it and condense on it.

| s that what RELAP predicts, or how does
it nodel condensation of very cold water?

MR. BESSETTE: Well, first it has to
decide what flowregine it's in. You know, it does
that by looking at void fractions, and vapor and

liquid velocities.
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CHAI RVAN WALLI S: It's very different.

You know, condensation, the actual steamrushinginto
condense can shadow the water, which means you get
nore. It's alnost likeaninplosion. It'slike abig
col | apse of the steam bubbles in the cold water of a
torus in the BWR You get very, very rapid
condensation --

MR BESSETTE: This is why --

DR BANERJEE: And you get condensation

shocks --

CHAI RVAN WALLI'S: |If you have mach 1 type
flows.

MR. BESSETTE: The type of thing you're
tal king about is why people have been -- one of the

problens in the code since day one has been nodeling
condensat i on.

DR. BANERJEE: But, you know, what G aham
issayingisright. If you ve ever taken a gl ass pi pe
and put cold water into it, it shatters the pipe.
Boom It's gone.

MR. BESSETTE: Yes, in extrene heat you
end up with a waterhamrer.

CHAl RVAN WALLI S: And al so you can get
incredibly rapid rates of condensati on.

MR. BESSETTE: That's right. | nverse
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st eam expl osi on.

DR. BANERJEE: | did this experinent a
nunber of times just for fun to show students what
happens.

CHAI RVAN WALLI'S:  You have to use a pipe
or sonething different.

MR. ROSENTHAL: | think we do want to hear
fromthe ot her speakers, which will be answering your
guestions. But |let nme just nake a summary st at enent.

And that is that, what | had hoped to
acconplish by the end of the day was to convi nce you
that for the purpose of PTS, that is pressures and
temperatures and the downconer, that RELAP was good
enough. And we'll define what we nean by "good
enough" . And, that in no way are we meking some
argunments about let's say predicting PCT after a
| ar ge- break LOCA.

For PTS, we're tal ki ng about events that
go on for a couple of hours, where |I think that the
dom nant phenonenol ogy issue is just plain mass and
ener gy bal ance as you go out a couple of hours. And
we hope to show that RELAP does a sufficiently good
enough j ob.

We want ed to denonstrate by all afternoon

that we had done enough benchmarking of the code
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agai nst PTS-1ike experinents to say that the code
woul d have sone veracity, wthout saying that the
code's perfect. And, infact, we're going to showyou
sone bunps and warts in the code and how we overcane
t hem But, you know, let's keep our eye on the
target.

And then the | ast thing that actually this
norni ng, and part of this comes out of the PIRT, is
that we recognize that RELAP was not going to do
things |ike 3-D plune behavior. And it would ve been
i rresponsi ble for us to sonehow nodal i ze and mach up
sonet hi ng t hat we know RELAP coul dn't handl e. So, we
went to an experinmental program to try to address
t hose i ssues.

And, in fact, if the 3-D plune behavi or,
which is relatively benign, but if it had been a big
effect, that mght've been very nuch a showstopper
because we woul dn't have had a way to proceed.

So | think the biggest weaknesses in the
code, or intrying to understand this, we took onwith
an experinmental program and then we've just done an
enor nous anount of code assessnent to show you that
t he code woul d be good enough. But with the eye on
the ball, we're not pretending that the purpose is

pressures and tenperatures or fracture nechanics.
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DR MOCDY: Let me just make -- | think

all your comments have been very hel pful. | just want
to see if I've got this sorted out right in my mnd.

The whol e probl em of pressurized t hernma
shock involves thermal hydraulics, which gives you
boundary condi ti ons on a surface, netal surface. And,
the thermal hydraulics are interactive with the heat
transfer in the surface regardl ess of any fracture
nmechani cs. That problem is decoupled then. The
tenmperature distribution verses tinme in a surface is
decoupl ed from the structural aspects. It uses a
boundary condition in the structure is the next step
in the process to determne the stresses and if
there's likely to be a failure.

So far so good? Does this sound right to
you?

MR. BESSETTE: That's right. | just want
to make clear in ternms of RELAP, RELAP takes into
account the netal structure of heat in determning
what the fluid tenperature is. So that fluid
structure, heat transfer --

DR. MOODY: Interactive, okay.

And then the other thingis, is there any
academc type problem put together for just

understanding in a very sinple way how you determ ne
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whet her you have a probl emor not?

In other words, like in a graduate study
probl em where you're going to cal cul ate are you over
t he boundary on a PTS or not. Don't use the conputer.
This has all got to be straight analysis. 1|s there
anything li ke that avail able to explain sone of these
limtations very sinply where one coul d det er m ne what
is the worst possible condition that | eads to maxi num
-- or being closest to failure in an academ c sense?

MR. BESSETTE: Well, | think sone sinple
exanples can be shown like taking a given fixed
tenperature, sone step change in tenperature at the
wal | , and show you t he FAVOR cal cul ati on as to howthe
stress just with conduction sol ution changes, the K-1
changes with tine, and how K-1-C is changing with
time. We have those sinple illustrations avail abl e.

DR MOODY: Those are avail abl e?

MR. BESSETTE: Yes. And so you see these
curves crossing.

DR. MOODY: That's good.

MR. BESSETTE: 1'Il look in ny office.

DR. MOODY: Ckay, thanks.

CHAI RMVAN WALLI S:  Yes. | was -- sonebody
used the word "academ c". You used it in | think a

good sense here. | think somebody used it earlier in
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sort of a pejorative sense that you did what you had
to do, which is good enough, and anything el se was
academ c or sonet hi ng.

It seems to me that at least in
engi neeri ng school what students should |l earn is how
to do what's good enough. And that is the heart of
t he proper rigorous academ c training, is you figure
out what you need to do to get the job done. And, we
shoul d stop using the termin sort of the pejorative
sense of going off and doing stuff which is on the
fringes and irrel evant.

MR. BESSETTE: Wat we're trying to dois
we're trying to do as good a job as is possible, and
deciding if "as good as possible" is good enough.

CHAl RVAN WALLIS: Yes. kay. That's the
difficulty you sonetines have, and that's where |
t hi nk you' ve got to have this discipline. You' ve got
to actually lay out very clearly what is going to be
your neasure of "good enough”. And then you've got to
| ook at what you can do, and you've got to conpare the
t wo.

And too often, this sort of academic, to
term is used as an excuse. W do what we know howto
do, we think we can do, and we don't nmke a rigorous

compari son about whether it's good enough. You sinply
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say, since that's all we can do, it nust be good
enough. And that really isn't theright way todoit.

MR. BESSETTE: Yes. W' re not | ooking at
it fromthat point of view

CHAI RMAN WALLI S: That's good.

Now | think you' ve hel ped us gain sone
ti me, maybe because we asked good questions earlier.
And, so, | think what | propose to do is take a break
nowinstead of -- | mean we were going to take a break
at 10: 30.

And t hen, since Jose is here, thenif Jose
can start at 10:30 --

MR, BESSETTE: Yes.

CHAI RVAN WALLI S: kay, we'll do that.
W' |l take a break now for 15 mnutes until 10: 30.

(Wher eupon, the Subconmittee recessed for

a break from10:15 a.m - 10:32 a.m)

CHAI RVAN WALLI S: Let's cone back into
session and hear a presentation by Professor Reyes
from Oregon State University.

And | was wong earlier when | said we
were ahead of schedule. | had two schedul es here.
And on one, we were ahead and we' re behind. W' re now
just on the average track.

MEMBER FORD: Wth an wuncertainty
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associated with it.

MR. BOEHNERT: Right.

MEMBER FORD: Jose, are you going to put
it right now, are you going to give us data?

PROFESSCOR REYES: There we go.

MEMBER FORD: Fantasti c.

CHAI RMAN WALLIS: That's right. G ve us
one of thosereally inpressive academ c presentati ons.

MR.  BOEHNERT: That's not in the
pej orative sense.

MEMBER KRESS: Are they the Ducks or the

Beaver s?

MR, BOEHNERT: Beavers.

PROFESSOR REYES: Ckay. Well, thank you
very much for inviting me to speak today. |' mexcited

about the results that we've obtained, and hope to

present youwith quite a bit of information. In fact,

there's two fairly l engthy presentations that I'l1 be
giving this norning. Hopefully, it'll be done this
nor ni ng.

Here's the outline. Real |y sections 1
t hrough 5 are essentially by way of i ntroduction. So,
"1l try to go through that relatively quickly. But
feel free to stop me and ask questions.

There was a question earlier today about
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scaling. There was a scaling report, NUREG CR-6731 |
believe is the nunber, which was submtted in final
formabout a year ago. And | believe that is --

DR BANERJEE: Sixty-seven what?

PROFESSCOR REYES: Thirty-one. Si xty-
seven, thirty-one.

That document describes the scaling
approach that was taken with regard to the test

facility. And |l will be touching alittle bit on the

scaling, but not in great detail. So if you have
guestions on that, | certainly can reviewthe report
wi th you.

CHAI RVAN WALLI S:  Now your outline on the
screen is utterly different fromthe one we have.

PROFESSOR REYES: We're | ooking today at
experinments first. There's two presentations. Oneis
code conparison, and the first one is experinents.

CHAI RVAN WALLI S: Ckay. And this handout
covers both?

PROFESSOR REYES: There should be two
handouts right there.

CHAl RVAN WALLI'S:  Two handout s?

PROFESSOR REYES: Ri ght . There's two
handout s.

CHAl RVAN WALLI'S:  That's the problem |
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have a 30-page handout and it |ooks quite different
fromthe one you have.

PROFESSOR REYES: There's one | abel ed,
simlar title and in parenthesis "experinents". And
so that's what we'll talk about first.

CHAI RVAN WALLI S: W don't have it.
You're going to give two presentations?

PROFESSOR REYES: Yes.

CHAI RVAN WALLIS: Each with 30 slides?

PROFESSOR REYES: Oh, at |east.

CHAl RVAN WALLI S: Ckay. Showus howit's
done.

PROFESSOR REYES: Ckay.

CHAI RVAN WALLIS: Ckay, we have it now.
Let's go on.

PROFESSOR REYES: kay. So the focus, the
real focus of the experinmental portion of the
presentation deals with the key observations. And
that's what |'d like to do is describe sone of the
things we've learned with regard to how thernal
hydraul ics affects the overall PTS issue.

Next slide, please. Programobjectives,
these are our main goals for the program W were
| ooki ng at specifically at the Palisades geonetry and

operating conditions. W want to renove sone of the
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l[imtations of the previous PTS studies. [|'Il talk
about that in a mnute. W want to provide sone
information that would help revise the snmall-break
LOCA and t he mai n steam | i ne break PTS PI RTs, and al so
propose maybe sone inproved PTS thermal hydraulic
assessnment met hodol ogy.

Sone of the limtations in previous
studies, one of the things that we didn't have
avail abl e were integral systemovercooling transient
tests. They weren't avail able to benchmark the TRAC
and RELAP 5 cal cul ati ons. So, we've done sone of
those with this new program

W are onset of loop stagnation,
asymetric | oop stagnation. W want to have sone
benchmar ks for downconer cooling rates, tenperatures
and systenms pressures for a variety of overcooling
transi ents.

Next sli de. The previous studies, the
results of the separate effects assessnent really
couldn't be adequately integrated with the system
behavi or. W had very detailed thermal m xing
behavior with a singleinjection point, asingle cold-
| eg, and a section of the downconer. Nowthe ideais,
wel |, how does that integrate into the overall |oop

behavi or .
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So, |I've got sonme interesting results to
present to you there on our new studies. So the
effect of downconmer plune behavior in a co-flow ng
steam was not assessed for low HPSI flows in the
previ ous study.

The effect of | oop seal coolingonprimary
| oop stagnation wasn't assessed previously. The
effect of downcomer driven |oop natural circulation
was not assessed in ternms of the plunme behavior, and
the tests didn't include core decay heat.

Next sl i de.

CHAI RVAN WALLI S: Did you | ook at the case
where the downconer is dry when you squirt in cold
wat er ?

PROFESSOR REYES: W | ooked at one test,
our final test, the NRC-20 was a situation where we
had steamfill ed downconer and we i nj ected col d wat er
into the col d-1eg.

The other limtation was that conputer
speeds were not adequate 15 years ago | ooking at the
CFD codes. In fact, back then we were usi ng SCLA- PTS,
if yourecall, at Los Al anbs as one of the CFD codes.
And, it was taking for about 10 seconds of transient
about 10 hours to run, and that was with only 4,000

nodes in the downconer. So that was the state of
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t echnol ogy back then, and that was running on their
Crear e nachi nes.

Mul ti - di nensi onal aspects of col d-1eg and
downconer m xi ng behavi or were not nodel ed.

CHAl RVAN WALLI S: That's even just singl e-
phase fl ow?

PROFESSOR REYES: That's just si ngl e- phase
flow. Hardto believe, yes. It wasn't that | ong ago.

Effect of nmultiple plume interactions on
wal | heat transfers and downconer tenperatures were
not assessed. So, there are alot of refinenents that
coul d be nade to t he previ ous et hodol ogy t hat we want
to try to incorporate with our new study.

Next slide, please. Now l'Ill tal k about
the overall plan. This is just a flow chart of our
overall research plan for the experinentation. W
start off with a review of the past PTS results. W
| ooked at the small-break LOCA PIRT that Dave had
mentioned and the main steamline break PIRT. The
main steamline PIRT was done for Yankee Rowe |
bel i eve.

But, we |ooked at both these PIRTs and
performed a scaling analysis. As | nentioned, that
was submtted quite a while ago and actually was

presented at an ACRS neeting at OSU a year ago or nore
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than a year ago.

PARTI Cl PANT:  July. July 2001.

PROFESSOR REYES: July 2001.

The scal i ng anal ysi s i ncl uded | oop nat ur al
circulation, a cold-leg and downconer m xing, and
primary and secondary-si de bl omdown scal i ng. W used
the scaling analysis to guide our facility
nodi fi cati ons. So we added |oop seals, cold-Ileg
injection, additional instrunmentation, particularly
tenperature neasurenents in the downconer, and we
devel oped our as-built docunentation.

Next sli de. So here are our facility
nodi fications. W broke it up into two main braches
of research. One was the integral systemtesting, and
t he other separate effects testing.

I nour i ntegral systemtests, we | ooked at
mai n steam | ine breaks, hot-legs breaks, stuck-open
pressurizer safety relief valves, and stuck-open
at nrospheric dunp val ves on the secondary-side. What
we did was obtain data for integral system behavior.
In particular, we were | ooking at conditions for | oop
stagnation, the effect of having nmultiple steam
generator tubes, effects on draining, effect of
multiple cold-1eg | oop seals, and thermal mxing in

t he col d-1I egs.
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CHAI RVAN WALLI' S:  You don't | ook at col d-

| eg breaks because if you did have one, you' d have so
much flow in the downconmer it wouldn't matter, they
woul dn't get a PTS?

PROFESSOR REYES: Ri ght, so we | ooked only
at the hot-1eg breaks.

And for integral system tests, we used
RELAPS5 t o do sonme nodeling. So we did performfive or
six calculations, RELAP calculations wusing, to
benchmark the code against our data. And, |ISL has
per formed many cal cul ati ons and has t he real expertise
in this area.

So, we nodi fied our i nput deck. W had an
APEX input deck. APEX-CE we're calling the new
configuration.

Thermal hydraulic processes. Again, we
were | ooking at RELAP5 against data. Then on this
slide, we did sone separate effects tests. And, so,
we did single and nultiple HPSI m xing with our main
| oop, and al so we had a smal| transparent | oop. And,
we obtai ned sone separate effects data.

W' |l talk about the wall heat flux and
sone of the estimates we nmade there, plune
tenperature, and cold-legthermal stratification also.

Now for that we used two codes.
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W used REM X. REM X was a code t hat was

devel oped by Purdue and then was actually carried out
at University of California, Santa Barbara, Theophanos
and hi s group. And NormBach was working there at the
time. So, this is very interesting. And I'll talk a
little bit about why this was devel oped and how t hat
worked a little.

And t hen we al so used a code cal | ed STAR-
CD for CFD cal culations. And the idea was trying to
assess how wel|l we can predict the tenperature in the
cold-l1egs and the plune behavior in the downconmer.
So, the idea was to feed all this information to the
NRC. And then part of it mght be of value to Gak
Ridge in their studies, with the overall desire to
improve the PTS thermal hydraulic assessnent
nmet hodol ogi es.

So we're trying to sharpen our pencils and
conme up with a better way of predicting the behavior
in the downconer.

MEMBER RANSOM What is the STAR-CD code?

PROFESSOR REYES: It's very nuch |ike
FLUENT or CFX

MEMBER RANSOM  \Who produces it?

PROFESSOR REYES: This is a conpany cal |l ed

Adapco, is the one who runs the code now. But if you
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trace the lineage of that code, |I think it goes back
to --

DR. BANERJEE: It goes back to Gosman at
| nperial Coll ege.

PROFESSCOR REYES: | n Engl and?

DR BANERJEE: Yes.

CHAI RVAN WALLIS:  Now these codes have
difficulty with buoyancy driven flows, don't they?
And the effect of buoyancy on turbul ence?

PROFESSCR REYES: Right. This is one of
the areas we were very curious about how well it
predicted -- well, I'Il give a description of this.
But, yes, that's true, especially in interfaces.

CHAI RVAN WALLI S:  Buoyancy tends to kill
t he turbul ence in interfaces.

PROFESSOR REYES: Yes.

CHAl RMAN VWALLI S: And to stratify,
horizontally stratify interfaces.

PROFESSOR REYES: That's right, and I'1|
show you sone results.

Next slide, please. Ckay, I'll talk first
about the test facilities we have. The APEX, we've
been calling it APEX-CE configuration. Wat we did
was we nodified our facility. W added four col d-1eg

hi gh-pressure safety injection lines, four cold-Ieg
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| oop seals. We added a weir wall in each cold-leg to
simulate the lip of the Palisades primary cool ant punp
housi ng. That turned out to be very inportant.

We found out that in the Palisades plant,
t hey never really drained their cold-legs. There's a
little dip on the punp at the outlet of the punp, the
di scharge portion of the punp, that always had a
little level of water on it. And that had an effect
on the results.

We added approximately 50 additional
downconer tenperatures and 12 | oop seal thernocoupl es
and four HPSI mass flow neters, using Coriolis flow
nmeters.

Next slide. Overall, we have about 450
t her nocoupl es, 50 differential pressure cells, about
41 pressure transducers for | ocal pressure
nmeasurenents, 28 magnetic flowneters for the single-
phase flow nmeasurenents, vortex flow neters, 17 for
steamflow, load cells, three sets of load cells on
our | arge tanks, and then again, these Coriolis flow
neters on HPSI |ines.

This just gives you a little bit of an
overvi ew of our fluid thernmocouples in the downconer.
It's just an unw apped downconer. Here you have a

hot -1 eg, and of course, here's where it would wap to
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t he ot her side. These are your four col d-1egs, which
shows you it's in the right orientation.

And then these are the different
el evati ons where we were neasuring our tenperatures.
These are existing thernocoupl es, and we added t hese
t her nocoupl es directly below the col d-1egs and they
branched out. The nost heavily i nstrunented col d-1eg
was cold-leg nunmber four. W actually added some
addi ti onal thernocouples in the internedi ate regions
t here.

So t he way we mar k t hese t her nocoupl es are
in terms cold-leg dianmeters. So, this first one is
about 1.3 cold-leg dianeters down fromthe center of
the cold-legs. Two | eg dianeters, and then four, al
the way down to eight over here where we focused
primarily.

CHAl RVAN WALLI' S:  These are stuck in the
m ddl e of the flow sonehow?

PROFESSOR REYES: They're actually cl ose
-- they're in the flow, but they're closer to the
vessel side.

CHAI RMVAN WALLI S: So they stick out on
little needles or sonething? They stick out?

PROFESSOR REYES: Yes. That's correct.

And actually inthe fl ow, they' re about a quarter inch
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away fromthe reactor vessel wall. So, we're trying
to get sone wall tenperatures if possible.

MEMBER FORD: And where are the wall, the
netal tenperature thernocoupl es?

PROFESSOR REYES: The netal ? Opposite, in
particular in cold-leg four, opposite the 1.3 and ---
"1l have to check, but | think it's the two col d-1eg
di aneter thernocouples -- fluid thernocoupl es have a
correspondi ng wall thernocouples and wall heat fl ux
nmet ers.

So, these are thin film neters with a
known film conductivity and a very detailed therm
pile inside to give you an estimte of the heat fl ux
on the outside of the wall.

MEMBER FORD: And you mentioned that you
have | oad cel | s. What are they neasuring specifically
and where are they?

PROFESSOR REYES: Yes. W use |oad cells
for our large tanks. And in this experinent, it was
particularly, it was only used really for the RWST
the refueling water storage tank. It's the |large tank
that's feeding the --

MEMBER FORD: Ch, it's just a nethod of
nmeasuring --

PROFESSOR REYES: It's just a neasurenent
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of wei ght.

MEMBER FORD: It's not a |oad cel
mat eri al ?

PROFESSOR REYES: That's right, not in
terms of materials. That's a good point.

MEMBER FORD:  Ckay.

PROFESSCR REYES: Yes, we didn't -- there
wer e no st ai n gauges or anything on the surface to get
a feel for --

MEMBER FORD: From a materials property
perspective, it's really the stress and strain rate
that you're really interested in. So those were not
bei ng neasur ed?

PROFESSOR REYES: Correct. That's
correct.

And our wall thickness, again, is not
prototypic. W're a half-inch thick stainless stee
wall. So our wall thickness is nore along the |ines
of the cladding of the vessel, which could be upto a
hal f-inch thick stainless steel.

MEMBER  FORD: So, in ternms  of
equilibration during a transient, is the wall pretty
well a uniformtenperature?

PROFESSOR REYES: Yes. And, in fact, in

the final report --
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VEMBER RANSOM What are the hatched,

before we nove fromthis slide, regions?

PROFESSCR REYES: Pardon ne?

MEMBER RANSOM What are the hatched
regi ons?

PROFESSOR  REYES: These different
el evations here?

MEMBER RANSOM  Well, no. You' ve got a
hat ched - -

PROFESSOR REYES: Oh, inthe center. This
is the location of our large flange. So, we have a
fl ange | ocated at this point over here. This is about
ei ght col d-1eg di aneters down.

For purposes of reference, for exanple,
for the Palisades plant, the active core region is
about 12. 4 col d-I eg di amet ers down, down t o about si x.
And so the tenperature profiles |'Il be show ng you go
fromtwo until about eight so you get a feel.

CHAl RVAN WALLI'S:  The previ ous questions
yes, it's pretty well a uniformtenperature for the
wal | because it's so thin?

PROFESSOR REYES: On a relative scale.
But, | can show you the plots.

CHAI RVAN WALLI S:  You' re goingto showus?

PROFESSOR REYES: Yes. And actually | can
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CHAl RVAN WALLI'S:  Well, you can show us
when you get to it.

PROFESSOR REYES: Ri ght . Since the
guestion was raised, let ne take a nonent.

MEMBER RANSOM These are experinments to
run at scal ed pressures, is that right?

PROFESSCR REYES: That's correct.

MEMBER RANSOM They're not prototypic
pressures, right?

PROFESSCOR REYES: That's correct.

DR, MOODY: Jose, what's a typica
di nensi on up there?

PROFESSOR REYES: Ckay. Internms of -- so
a cold-leg dianeter, for exanple, inour plant is only
three and a half inches. Hot -1 eg dianeter is five
i nches.

DR BANERJEE: And what's the gap?

PROFESSCR REYES: The gap is two and a
hal f inches. Actually, the gap in the length of the
downconer is about one-fourth. So, the L over D, the
aspect ratio of the downconer is actually one-to-one
with Palisades.

DR. BANERJEE: So let nme get it. The gap

is, you said, two --
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PROFESSOR REYES: Two and a hal f inches.

DR BANERJEE: Two and a half inches?

PROFESSOR REYES: Right.

DR. BANERJEE: And the hei ght above that
fl ange?

PROFESSOR REYES: So this is about six
cold-leg dianeters down. So, about 20 inches or so.

DR. BANERJEE: From the center of the

col d-1eg?

PROFESSCOR REYES: Fromthe center of the
col d- I eg.

kay, next slide.

DR. BANERJEE: And it's to scal e roughly,
right?

PROFESSOR REYES: Right. Right. And what
| found was, when | | ooked at the origi nal APEX design
and started | ooking at the Palisades plant, | found
that there were only a few nodifications that needed
to be done in order to get a reasonably good
sinmul ati on of the Palisades plant.

Interms of what we changed, of course, we
had to add the injection, safety injection|lines. W
had to add these | oop seals. Now, we use our punps.
Normal |y, for the design we had before, they hung of f

of the steamgenerator. W had to put thembel ow. So
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thisisalittlebit different. And that's why we had
toadd thislittleliponthecold-legto sinulate the
exit of the punp.

It's basically atw by four arrangenent.

You have two hot-legs, four cold-Iegs. W have
inverted U tube steam generators. This is our
refueling water storage tank. This is our

pressurizer. And, here's our safety line. And so
this is really, the loop seal was an inportant
addi ti on. It actually turned out to be a very
significant part of the stagnati on phenonenon that we
observed.

Next sli de. Again, looking at just a
geonetric simlarity, we found that intermnms of cross-
sectional flow area, in term of volunes, that the
scaling factors were relatively constant throughout
the entire [ oop. So we were very encouraged by that.
Infact, we were surprised at howsimlar the origina
APEX design was to the Palisades design. So this is
t he Pali sades, |ooking at the plant view, and here's
the APEX facility.

Ckay, next slide. Here's | ooking at a
slide view. Again, here's the Palisades plant. O
course, we're one-fourth scale. Thisis enlargedjust

for -- we're not |larger than real scale.
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So, again, we tried to maintain simlar
geonetries with regard to the |loop seal in terns of
scaling the volunes in these | oop seal s and t he cross-
sectional flow areas.

MEMBER RANSOM Wth the total change in
that cold-leg geonetry, is the vertical height the
sane or scaled to the plant?

PROFESSOR REYES: Scaled to the plant.
So, that's one-fourth height in ternms of the | oop.

MEMBER RANSOM Right. The punp appears
to be in a different position.

PROFESSCOR REYES: That's exactly right.

Agai n, at the outlet of the punp, we added
a very small weir wall to sinulate the punp outlet.

CHAI RVAN WALLI S: | believe your | oop seal
| ooks bigger conpared with the reactor vessel heads
than in the real plant.

PROFESSOR REYES: |s our | oop seal bigger
than the --

CHAI RVAN WALLI S: In ternms elevation
change in the | oop seal

PROFESSOR REYES: No. It's actually
scal ed one-fourth. That m ght just be the inmage. |
blew this up quite a bit so that you could see the

details. But this is actually one-fourth el evati on.
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So, it would nmuch smaller.

CHAl RVAN WALLI'S:  Much smal | er.

MEMBER RANSOM  Where is weir that you
t al ked about ?

PROFESSOR REYES: At the exit of the punps
actually going into the -- on the cold-leg going in.

MEMBER RANSOM  Where' s that in the plant?

PROFESSOR REYES: Oh. In the plant what
you see is your reactor coolant punmp is fairly large
and it actually sits on a |oop seal, and it extends
all the way to the top. So this section of pipe here
woul d actual ly be the full section of punp. They'd be
a notor and then the punp casing up on top. So, you
have a di scharge comi ng out the top into the cold-Ieg.

MEMBER RANSOM  Wel |, is that what creates
the weir in the plant?

PROFESSCR REYES: Ri ght, the di scharge of
t he punp. That's correct. Yes, the geonetry of that
punp and the little discharge |ip.

And actually, it was the Palisades fol ks
who i nfornmed nme of that. Wien we were tal king about
the geonetry of the plant, they nmentioned that they
never were really able to drain their cold-Iegs
conpl etely because there's that littlelip onthe punp

that maintains a |l evel at the bottom of the punp.
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So we used the APEX-CE facility to do all

of our integral systemtesting. W also built a snall
separate effects test just for visualization. So,
it's a transparent cold-leg | oop seal and HPSI |i ne.
And we did alittle denonstration back in July of what
we observed in ternms of m xing behavior.

So, it's clear PVC piping. It's just a
single cold-1eg representing the APEX-CE, HPSI nozzle
with a check valve, the weir wall again in the cold-
| eg, 50-gallon salt water m xing. So we're using salt
water to sinulate the density of the cold HPSI fl uid.
And then we had our punps.

CHAI RMVAN WALLI S: This is all single-phase
m Xi ng?

PROFESSOR REYES: All single-phase.

CHAI RVAN WALLI'S: It's not condensation?

PROFESSCOR REYES: No condensation at all.

DR. BANERJEE: But the diffusivity of salt
is different fromthat of heat?

PROFESSCOR REYES: That's correct.

DR. BANERJEE: So how are you abl e to use
that to stinulate what's going on?

PROFESSOR REYES: The density di fferences
were preserved. And you'reright. The diffusivityis

different. So | think what we actually see -- we did
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nmeasure concentrations, so we had estimtes of
concentration in terns of these probes that we would
drop into the flow to neasure the densities of the
freshwat er verses the salt on the bottomof the pipe.

VWhat was particul arly useful was, because
of this effect of the weir wall and that punp lip, we
had a stratification criteria, which we were using to
try to predict when we would transition froma well -
m xed conditionto stratified, that transition point.
Wat we found was that we couldn't get good
predictions usingthat criteriaw th our APEX- CE dat a.
And we were wondering, well, why would that be.

And we've traced it back down to the fact
that we've got this little lip, which actually in
essence pronotes stratificationinacold-leg. So, we
want ed t o see what that | ooked |i ked. So basically we
used this data primarily just for visualizationto see
what it was doi ng. But, the tenperature nmeasurenents,
we used from the APEX

DR.  BANERJEE: So this was not at a
t enper at ur e?

PROFESSOR REYES: No, no.

DR. BANERJEE: Basically this was just
cold water test?

PROFESSOR REYES: Just a cold water test
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for flow visualization. W wanted to see what was
goi ng on inside the pipe.

Okay, next slide. Sothisisjust, all we
nodel ed was this |oop seal. There are a couple
phenonena in the top viewhere. W nodeled -- there's
a punp that conmes to the |loop seal. W nodel ed the
injection geonetry of the Palisades plant. It's
actually a horizontal injection and it cones in at a
45- degree angl e.

There's a check val ve over here, just |like
inthe plant. So, it does limt, restrict the flow
going back into the | oop. And again, those were
primarily for just seeing what's going on.

There were a sinple phenonmena we were
particularly interested in. One was this spillover
back i nto the | oop seal, whi ch becane i nportant. And,
of course, the mxing at the injection |ocation.

MEMBER FORD: Ther e wer e sone rermar ks made
earlier on about the slight differences in geonetryin
the fabrication of these PVC pipes and those which
we' ve obviously done with netallic nmaterials.

PROFESSOR REYES: Right.

MEMBER FORD: Are those maj or concerns to
you or not?

PROFESSCOR REYES: |'Il show an exanpl e of
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where small differences in piping will give you
asymmetric | oop stagnation. And sol'll showyou sone
slides of that.

Not only that, but it'stiedto this |ocal
behavi or at the | oop seal.

MEMBER FORD: Ckay. But | was talking
mainly about, for instance, the way this is
fabri cat ed.

PROFESSOR REYES: Ch, okay.

MEMBER FORD: You'd have different
geonetries at the T-junctions for instance.

PROFESSOR REYES: R ght.

MEMBER FORD: You'd have a sharp edge
rat her than a rounded edge that you have in a wel d.

PROFESSOR REYES: Right, right. You
certainly do see differences in m xi ng behavior. And
that's one of the conclusions |'mgoing to coneto, is
that these designs are geonetry-specific.

And so, when you apply criteria like
stratification criteria, you find that the geonetry
can affect howyou apply certain criteria, whether or
not it's mxing or not.

MEMBER FORD: Does that alter your
concl usi ons?

PROFESSOR REYES: No.
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MEMBER FORD: Ckay.

PROFESSOR REYES: Next sli de.

kay. 1'Il talk a little bit about our
test procedure. This was a very useful neeting. Roy
Wods had organized this neeting with the Palisades
folks. It was very, very valuable in that it gave us
an opportunity to interact wth the Palisades
operators. And that to me -- | don't know if we've
done that in previous prograns, but that was very,
very useful for us.

W were able to observe them perform
smal | - break LOCA and main steam|ine breaks on their
simulator. And that gave us an i dea of what are the
typi cal responses to these events and how t hat ni ght
affect a PTS issue.

So, we got to speak directly to the
operators. W watched themdo the sinulations. And
fromthat we devel oped our procedures for our tests.
So we used the i nput fromthe operation to devel op our
procedures. They were very, very cooperative. |t was
very nice

Next slide. That was consuner's energy,
consuner's power.

They provided us with their emergency

operating procedures. W reviewed these procedures
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here, | ooking at standard post-trip actions, |oss of
cool ant acci dent recovery, the main steamline break
or the excess steam denmand events, their overall
functional recovery procedures, and their suppl enents.

Next slide. One of the things to ne that
was very interesting was that they, in all of their
functional requirenents and response to different
scenari os, they included this curve here. And their
energency operating procedures require that they
remain within these bands. And the reason is they're
trying to avoid pressurized thermal shock.

So | think one of the big, one of the very
positive things |I've seen as a result of the previous
studi es that have been done is that the plants have
incorporated these types of plots wthin their
energency operating procedures. So this is part of
t he Pal i sades operating procedure.

And when t hey perforned their sinmulations
of the small-break LOCA and main steamline break,
they would start at one point and they actually
tracked t he ti me- dependent pressures and t enper at ur es.
And, they showed where they, how the operators have
ki nd of deliberately manually tried to keep it within
t hose bands.

So to ne that was very encour agi ng because
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it wasn't an automati c systemthat just -- they didn't
just let things go. They actually had curves that
t hey knewin advance that they' d have to stay bet ween.
So, that was encouragi ng.

CHAI RVAN WALLI S: Al so, in pressurized
t hermal shock, you're worried about the rate i n which
the tenperature changes, not just the tenperature
itself.

PROFESSOR REYES: Correct. Yes, that's
right.

CHAI RVAN WALLI' S:  That bottomcurve is a
boiling curve really, isn't it?

PROFESSOR REYES: This oneis asaturation
curve. This is their subcooling curve. They trip
t heir punps on 25 degrees subcool

So, this gives you a feel that they've
i ncorporated some procedures within the plant's
operating procedures to address this issue.

Next slide. So when we ran our
experinments, however, we were |looking for a nore
boundi ng type of an assessnment. So, in ternms of what
we did relative to what the Palisades fol ks would
actual ly do, we had sone very i nmportant exceptions in
our procedures.

We didn't throttle our HPSI to keep wi thin
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t hose bands. W just turned our HPSI on and stepped
back.

CHAI RVAN WALLI'S: It's conservative to do
that? |If you actually throttled it, you' d get |ess
flow and therefore you' d get | ess thermal shock. Is
t hat the assunption?

PROFESSOR REYES: That was t he assunpti on.

CHAI RMVAN WALLI S: Is that really backed up
by sone anal ysi s?

PROFESSOR REYES: | think this is really
the source of cold water. So, throttling back
certainly would reduce how nuch cold water is
avai | abl e.

CHAI RVAN WALLI'S: It would reduce flows
and things, so it's not clear inmediately that it's
conservati ve.

PROFESSOR REYES: Well, for this design,
| feel very confortabl e becauseit's a sideinjection.
And I'll showyou. It just kind of tricklesit. It's
not a very high flow.

MR. BESSETTE: W al so have anal ysi s t hat
shows that full HPlI is worse.

CHAI RVAN WALLI S:  So you have an anal ysi s
to back up this?

MR, BESSETTE: Yes, yes.
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PROFESSOR REYES: Interns of isolationto

a feedwater flow, we assumed it would take the
operator about 10 minutes to isolate. QObservations
were that they responded very quickly.

During the sinulation, they were able to
identify very quickly which was the broken steam
generator and which one's the isolate. But, we
assuned 10 minutes. And there was no effort made to
keep the plant within the pressure tenperature bands
that | showed you there on the scale basis. So, we
just let the transient run its course.

Ckay, next slide. Okay, here's our test
mat ri x.

Next slide. W ran 20 experinments. This
included a mxture of integral system tests and
basically separate effects tests, where we were just
focusi ng on the behavior of the downcomer | ooking at
various HPSI flow rates. So this was our benchmark
test to make sure we had our pressure val ves nodel ed
properly in our plant.

W did a natural circulation stepped
inventory test. Thisis verysimlar tothe Sem scal e
test that had been perfornmed in the past. And so
these tests, the way it works is you set up

essentially a small-break LOCA, you open up a val ve,
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you let it -- youlose certain fractions of inventory,
you shut your valve, and you let it go into natura
circulation. Andthen you take your neasurenents, and
t hen you just step your way through. And that's just
t aki ng snapshots of the small-break LOCA.

And, we were able to duplicate the sane
behavi or that the Semi scal e produced. And so we were
| ooking at a very slowtransition to | oop stagnation
or toreally it was a refl ux condensati on node. Well,
t here was sone fl ow behavi or i nstead t he | oops, but we
couldn't nmeasure it because it was solow. So, we did
do that test first.

W did a paranetric study. These are
eight different sets of conditions that we | ooked at
how the natural circulation flow would affect our
m xi ng i n the downconer for different HPSI flowrates.
So we had essentially two different HPSI flow rates
for one set of natural circulation flow conditions,
and we had a specific core decay heat. [I'll show you
some results of core decay heat.

And we wanted to see i f we woul d see col d-
leg thermal stratification for natural circulation
flow and what was happening in the downconer as a
result of that. And this is where we got a few

surpri ses.
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Tests nunber four, five and si x, these are
stagnate loop fluid mxing tests. Back in the old
days, we had Creare do sonme tests for us. And those
were basically stagnant | oops. Basically, you're
injecting cold water into a stagnant vol une. And
t hese are very nice because they're easy to nodel in
terms of hand cal cul ations. You had asked about hand
cal cul ati ons. These you can actually do by hand.

So, you can cone up with nice well-m xed
behavior. At least you could predict sonme of the
tenperatures very easily. So, I'll show you that.

So we | ooked at the effect of just having
one HPSI operating, what was the rate of cool down,
four HPSI s operating at one fl owrate and t hen anot her
flow rate.

Later on we repeated this series with sone
bypass flowto see what was the effect of having some
warm water flow ng through the upper head into the
downconer and to the cold-legto seeif that would, to
see how that woul d influence the results.

We did several of the small-break LOCAs,
a 1.4-inch sinulation of a hot-leg break from full
power .

CHAI RVAN WALLI S: Wien you say 1.4, that's

1.4-inch in the full scale or is it --
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PROFESSOR REYES: Full scal e. So, this

would be 1.4 inch in the Palisades plant.

CHAI RMVAN WALLIS: So it's a fairly small

PROFESSOR REYES: Snuall-break, yes. So
both, these are actually fairly small-breaks.

Anot her one is fromhot zero power. Hot
zero power conditions were assumed at 100 hours after
SCRAM So this is the decay heat equival ent about 100
hours after SCRAM And, in fact, we found that the
reactor cool ant punps provide a significant part of
the power for this. So when you trip those punps,
then you really got power significant.

We got two stuck-open pressurizers. PORZ
up here. There's safety relief valves fromfull power
and from hot zero power.

Next sl i de. W ran a couple of main
steam|ine breaks. These were large, equivalent to
about one square foot in the Palisades plant. And,
this is with the failure to isolate feedwater. And
then this is from hot zero power, and this is from
full power. And |I'mgoing to present the cal cul ation
run on this one a little bit later.

This was a stuck-open primary safety

relief valve with subsequent reclosure. That's one
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that Dave | think had nentioned earlier.

W di d several nore of these stagnant | oop
cases at different conditions, two adjacent HPSI. In
t hese we were | ooki ng for the behavior of the plunme in
ternms of plume nerging, which we did see. And what
happens is you get two opposite HPSIs. So, we had a
whol e range of HPSI injection behavior.

And t hen we di d sone wi th t he upper pl enum
downconer bypass hol es open. And, we repeated that
wi th upper plenum downconer bypass holes open wth
four HPSIs as one HPSI. And then we did a two-inch
hot-leg break fromfull power with the upper plenum
downcomer bypass hol es open. So this introduced warm
water fromthe upper head into the downconer.

CHAI RMVAN WALLI S: So you didn't do a
real ly | arge-break LOCA?

PROFESSOR REYES: Ri ght. The | argest
break we could performin our facility is about |
t hink four inches with our current separator off of a
hot-leg. W can do sonmewhat | arger breaks, but it
requires a significant reconfiguration.

MEMBER FORD: Now 20, test 20, the
separate effects test?

PROFESSOR REYES: Thank you. This was an

initial test. Inthis test we started with a reduced
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| evel in downconer. W were at saturated conditions
and we were just injecting cold HPlI water into the
cold-leg. So, we're pouring coldwater into the col d-
leg and into the core barrel.

| saved it for |ast because | was really
concerned about this test. My concern was
wat er hanmer, condensati on waterhamer. So, you were
putting this cold water into a fairly |l ong horizont al
pipe and it's full of steam So that was ny concern.

We approached it fairly gingerly. Wat we
found in that test was that as we injected, we
couldn't neasure the tenperature difference between
the i njected streamand t he saturated conditions. So,
| nmean, obviously there's enough condensation
occurring on that stream So by the tine it was in
t he downconer, all of our thernocoupl es were readi ng
saturated. So, it was a significant one.

Now there's two things that affect that.
One is that the HPSI flow rates for this design are
very | ow conpared to ot her designs. The CE plant has
avery -- it'sreally, we would consider it for npst
plants a | ow pressure safety injection. So, it comes
on sonmewher e around 1200 psi is the starting pressure,
and then it just increases fromthere.

So, it's fairly 1Iow In fact, the
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accumul ators are al so very | ow head. Sone are around
200 psi as their injection pressure.

So we did get significant warm ng and we
didn't see much of an effect. But that's not to say
that a different plant mght -- that's a difficult
task because it doesn't -- the Ilikelihood of a
wat er hammer event is there

MEMBER FORD: The words "separate effects
test" is puzzling me. Didn't you say that that test
was done in plastic piping?

PROFESSOR REYES: No, no. Thank you
Sone of the tests that we performed in our APEX-CE
facility we actually called separate effects. In
fact, we're using the entire |l oop. W were focusing
on a very specific phenonenon.

So we didn't set up from initia
conditions and then bl omdown. W just started froma
very specific set of initial conditions that would
allow us to focus on one particul ar phenonenon.

kay. Now I'll present some of the key
results of these tests. Next slide.

So these are the key observations. And
thisistheareal'll try to focus on. In the area of
i ntegral systemcoolingtransients, we were interested

i n whet her or not the codes coul d predict or generate
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sone data to benchmark these codes.

And we wanted to know in particular the
primary side pressures and downcormer fluid
tenperatures, and in particul ar, between this region,
2.4 cold-leg diameters to about 6.8 cold-leg
di aneters, where the reactor core region is |ocated.

What we found in general -- and |' mgoing
to give you sone very broad results since we're
[imted by tine. In small-break LOCAs, transients
resulted in the | ower downconer fluid tenperatures,
but they didn't repressurize generally. W had one
case where we deliberately isolated, reclosed our
pressurizer safety relief valve, and that one did
repressurize. But about 10 mnutes into the
transient, we didn't really get the very |[|ow
t enper at ur e. So | could see where that could be
inmportant if we had let it go nuch | onger.

The one-square foot mai n steam | i ne breaks
fromhot zero power, test nunmber 11, that resulted in
the |owest downconmer fluid tenperature while at
repressurized conditions. So we were just trying to
see which gives us the Ilowest tenperatures in
repressurized conditions.

Smal | -break LOCAs definitely gave us

col der fluid tenperatures. But the combination of
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hi gh- pressure or full -tenperature and cold
tenperatures was the main steamline breaks, what we
obser ved.

It was interesting to note that the
original Calvert Cliffs TRAC studi es i n NUREG CR 4109
did asimlar set of -- didcalculations for asimlar
set of transients and cane up with the same results,
t hat the one-square foot main steam|ine break at hot
zero power gave you the lowest fluid tenperature with
t he hi ghest pressure.

MEMBER FORD: Coul d you give us -- or are
you going to come to it later on? \Wen you say
"l owest”, how | ow?

PROFESSOR REYES: Yes. Next slide.

So these are our integral systemtests.
And this is the case that gave us the col dest
tenmperature. So, here you can see that this gave us
a m ni mum downconer tenperature of about 238 degrees
F. And we went back to -- our full pressure was about
364 psi a.

DR. BANERJEE: Why did you say that's the
| owest conpared to the --

PROFESSCR REYES: It's the conbination.

DR. BANERJEE: Sorry. Go ahead. Expl ain.

PROFESSOR REYES: It gave us the | owest
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tenperature with repressurization

DR. BANERJEE: Onh, okay.

PROFESSCOR REYES: That was a conbi nati on.

But in terms of overall the |[|owest
tenperature, it was the LOCAs, the small - break LOCAs.
So, for exanple, here you have -- even with the 1.4-
inch hot-1eg break fromhot zero power, we were down
to about 177 degrees F.

| f these transients run out |onger and
your HPSI can keep up, you may repressurize those but
it's very far out in the transient. So, there's a
potential there.

So, LOCAs gave us | ower tenperatures but
they didn't go back to full pressure, although they
did repressurize sone.

MEMBER FORD: Maybe you could give ne a
short tutorial as to whether nmy concern is a concern
or not.

PROFESSOR REYES: Ckay.

VEMBER FORD: VWhen you're dropping the
temperature from 600 or thereabouts down to 255
that's a big junp. Wuld you expect the netal surface
tenmperature to change the sane anount ?

PROFESSCR REYES: Well, this is where |

think the -- for our facility, it did. But again,
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we're very thin walls.

MEMBER FORD: You have thin walls?

PROFESSOR REYES: That's right.

MEMBER FORD: So you' ve got huge heat nass
inthe --

PROFESSOR REYES: That's right. So, siXx
i nches. Maybe eight inches at some | ocations.

So this, however, | think the conputation
nmet hods that are available are certainly adequate to
address that.

MEMBER FORD: Well, you say you "think".
| sure as heck don't know. Gve ne a feeling.

PROFESSOR REYES: "1l show you sone
slides which show that the techniques that are
available out there work very well in predicting
tenperature through the wall, ext er nal wal |
tenperatures, and inside heat transfer coefficients.

MEMBER FORD:  Ckay.

PROFESSOR REYES: "Il present some of
t hat .

MEMBER FORD: Ckay.

MEMBER RANSOM  \What were your ori ginal
t enperat ures?

PROFESSOR REYES: Anot her very good

guestion. Four hundred and twenty degrees F. So, we
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don't start at full tenperature.

Intermof energy, if you just did kind of
a gl obal energy bal ance, you know, we're going from
420 to an average of maybe 255 --

MEMBER FORD: So you' re not sinulatingthe
full tenperature nor are you simulating mterial
geonetries?

PROFESSOR REYES: R ght.

MEMBER FORD: Do they give concern as to
t he accuracy, the realismof your final conclusions?

PROFESSOR REYES: There are several ways
of responding to that.

In terms of energy scaling -- so this is
scal ed. This represents, in terns of that energy
change overall if you did an integrated energy
bal ance, it's about 270 of the energy of the actual
plant. So, in terns of the transient, we can convert
this back to what we woul d expect to see probably,
expect to see in the Palisades plant.

But, noreover, | think what |'mgoing to
show you i s that the phenonena that occur during this
transient is inportant to how a code |i ke RELAP, for
exanple, mght calculate this behavior. So
benchmar ki ng t hose codes against this data |l think is

probably the key thing. It's to show, not necessarily
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that everything fromthis, not everything does scale
-- in the scaling report, | point that out -- but to
show that the codes can actually predict the right
phenonmena. And there's sone phenonena it just can't
because it is three-dinensional.

DR. BANERJEE: Are you going to show us
sort of a schematics somewhere or what sort of the
flowpatterns and things were | i ke? Are you comngto
t hat ?

PROFESSOR REYES:  Yes. Il will show --
"1l give you sone images and sone neasurenents.

DR. BANERJEE: Right. And how | ong does
it stay at these tenperatures?

PROFESSCOR REYES: That's just the m ni num

downconer.
DR BANERJEE: Then it recovers?
PROFESSCR REYES: Well, depending on the
transient, some of them wll stay kind of at a
saturation condition and then they'll stay at that

tenperature for --

DR. BANERJEE: Is that saturation
conditions or what in some of then?

PROFESSOR REYES: For some of them and
sonme of themw || be subcool ed.

DR. BANERJEE: So the black one is
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obvi ously subcool ed, right?

PROFESSOR REYES: Correct.

DR.  BANERIJEE: But let's say the 177
Fahrenheit. |Is that saturation?

PROFESSOR REYES: That's still subcool ed
al so.

DR. BANERJEE: That's still subcool ed.
Ri ght, of course. That's below the boiling point of
water, right?

PROFESSOR REYES: |'ve got anal ysis that
shows what the, basically the worst case ones.

DR. BANERJEE: (kay.

PROFESSOR REYES: Next slide.

Okay. So as we performed this integral
systemtests, we observed several different phenonena
t hat appear on the PIRT table that we thought were
important to investigate. And one of the big ones is
this primary | oop stagnation during HPSI operation

The t hought was, if you get to stagnation
intheloop, nowyou' reinjectingthis coldwater into
a stagnant system that that woul d probably give us
t he worst-case conditions in terms of generating very
strong plumes in the downconer. And so we were
curious as to how strong were these plunmes and what

were the nechani sns that caused | oop stagnation for
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the different cases we exam ned.

So we had -- small-break LOCAs, main
steam | i ne breaks were the two mai n categori es we were
| ooking at. VWhat were the different stagnation
mechani sms? Well, we narrowed it down to three:
steamgenerator reverse heat transfer, and we sawt hat
both in the small-break LOCAs and in the nmain steam
| i ne breaks; steamgenerator tube draining, and we saw
that in the small-break LOCAs above a certain size,
and then cool liquid intrusion into the | oop seal as
a back flow. As a result of HPSI injection, it
travel s back al ong the bottomof the pipe and spills
into the | oop seals.

kay, next slide. And I'll describe each
one of these here and provide you with sonme data.
We'll start off with sonme tables and then eventually
we'll get to sone --

CHAI RVAN WALLI S: So you did get the
stagnation in all these runs?

PROFESSCOR REYES: Every one except the --

CHAl RVAN WALLI S:  That one.

PROFESSCOR REYES: Right. So, we did see
st agnat i on.

So our stepped inventory reduction, that

was the goal of that test. So, we got all four |egs
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to stagnate. That was just due to t he st eamgenerat or
t ube drain.

The smal | - break LOCAs, we saw stagnation
in two, three, and four cold-legs due to steam
generator 1 and stem generator 2 reverse heat
transfer. And then, negatively buoyant |oop seals
intothe -- this coldwater intrusioninto | oop seals.

CHAl RVAN WALLI S: So you're running a
conplete transient. So, you get stagnation as sone
period in the transient?

PROFESSOR REYES: That's right.

CHAl RMVAN  WALLI S: You also get
tenperat ures and so on. So you can then | ook back and
say, was the shock to the wall the worst during the
stagnation tine or was it at sonme tine before or
after? How did stagnation relate to heat transfer
going on in the downcomer and so on? You're going to
gi ve us that perspective?

PROFESSOR REYES: Right, right. What |'11
present is -- what we did was we | ooked at all the
cases and | ooked at t he downconer tenperatures, trying
to determ ne when you have the steepest difference
bet ween pl une tenperature and anbient. And then al so
we | ooked at thermal stratification horizontally al so

interms of the bottomof that active core regionto
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the top of the active core region

So, we did see stagnation. And we were
able to identify stagnation in nmost of these tests
with the idea that it was either due to one or a
conbi nati on of these three mechani sns.

Okay, next slide. And I'll try to show
you sone of the -- 1'Il describe each nechanism a
little bit.

St eam generator reverse heat transfer
During the main steam|ine breaks, what happens is
that the unaffected steamgenerator, the steamareas
that's not brokenremains liquidfilled and isol at ed.
So, it's a hot tank of water basically.

And the <cold-legs attached to that
unaf fected steam generator wll eventually becone
stagnate. And the reason is you get, as the other
broken steam generator blows down, we're noving a
t remendous anount of energy fromthe primary side. W
dropped the primary side tenperature below the
tenperature on the shell side of the steamgenerator.
So then t hat becones the heat source and you stop the
flow in those | oops.

For the stuck-open safety relief valve, in
the 1.4-inch small-break LOCA tests, the steam

gener ator al so was a heat source. Stagnation occurred
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because of this reverse heat transfer process before
the tubes could actually drain. So that was really
t he primary nechani smfor the stuck-open SRV. And, in
fact, for sone of these tests, the tubes never
dr ai ned.

Col d HPSI flowinto the downconer provi ded
the positive driving head for natural circulation
flow. So even when you had reversed heat transfer, it
di dn't happen when you see the tenperature, when you
first see the tenperature of the primary drop bel ow
the tenperature of the secondary. You'd think it
woul d stop there, but it doesn't.

What's happening is you' re putting cold
HPSI water into the downconer. So, you're not driving
it to keep the flow going. And so you have to have
enough of a Delta-T to actually overcone the positive
buoyancy created by this cold HPSI water bei ng dunped
at an el evati on above the core into the downconer.

So t he next slide shows a picture of that.
Here, this was the Delta-T required to overcone the
downconer of buoyancy. So we're putting this cold
water in, creatinga-- sothisis the test nunber 11,
the main steamline break at hot zero power. Here's
t he steam generator nunber 2 shell side tenperature.

And so you see it remmins relatively flat. It's
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isolated. It's just a hot tank of water.

Here's the hot-leg tenperature. You see
that starts off above and then it cones down. But
stagnation doesn't occur until about here, |ike 380
seconds or so. So, that was a key. Steam generator
reverse heat transfer was one of the maj or nmechani sns
for | oop stagnation.

Next slide. The other nechanismis steam
generator tube draining. For the small-break LOCA
tests greater than five centi meters, about two i nches,
stagnation was primarily determ ned or was caused by
steam generator tube draining. And, we observed
sonething interesting there al so.

W saw that the long tubes -- in our
system we have 133 U-tubes, we have a set of |ong
tubes. Just |like a real bundle, you have | ong tubes
and then you have shorter tubes as you get to the
interior of the bundle. The |Iong tubes drained nuch
earlier than the short tubes. So, primary | oop
natural circulation continued until the shortest tube
is drained is what we observed.

CHAl RVAN WALLIS: It'sinterestingif they
were at zero length --

PROFESSOR REYES: Before you start.

CHAl RMAN  WALLI S: This is sort of
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backwards from what you' d expect.
MEMBER FORD: |s there a physical reason
for that?

PROFESSOR REYES: I n terns of which drains

CHAI RVAN WALLI S: The driving force is
bi gger for the |onger tubes?

PROFESSOR REYES: | guess |'m thinking
about that you do have a | onger tube --

DR. BANERJEE: | think if you break the
natural circulation at the top --

PROFESSOR REYES: You break the natural
circulation at the top, so you start seeing those
tubes are bored first.

In terms of resistance | guess on the
outer tubes, they physically are |onger tubes. So,
you have a greater resistance in those so you expect
a lower flow rate.

CHAIRMAN WALLIS: Soif they'redrainedto
a certain height, they beconme short tubes? But
apparently not because there's still that -- you
haven't broken the seal in the top?

PROFESSOR REYES: In the top, that's
right. That's right. And we nmeasured |levels in our

| ongest tubes and our shortest tubes, so | can show
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you t hat.

The thing that was interesting to me was
t hat RELAPS typically uses one tube to nodel the whol e
steam generator. And so in terns of when stagnation
occurs, that can cause sone difficulty because -- it
wor ks wel | on the average. But if stagnation doesn't
really occur until the shortest tube is drained and
you do see a ranp down in the flow rates, then that
does give us a -- it sonetinmes tends to predict nmaybe
alittle too early. It's usually never too |ate.
It's always early. So | guess in that sense it's a
conservative effect.

| know there was sone |ook at sone
mul tiple tubes, |ike a 3-tube or nore scenari os, which
gi ve sonewhat better results | think

DR. BANERJEE: Did you get any reflux
condensation for any of these tests? Refl uxing?

PROFESSOR REYES: Yes. In this test
nunber 2 we did. The problemwas that those fl ows are
solowand it's countercurrent in the hot-leg that we
couldn't really neasure. It'slike azero flowto us.

CHAl RMAN WALLI S: Usual ly, the steam
generators are a heat source?

DR. BANERJEE: No. It's a heat sink

usually. Here, sonmetinmes it's usually a heat source.
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CHAl RVAN WALLI'S: It's a heat source quite

alot of the tine?

PROFESSOR REYES: That's right. That's
right. So dependi ng on how you treat your secondary-
side, if you're not trying to stay within a certain
band and you just isol ate your steamgenerator, that's
what' || happen. It eventually becones a heat source.

Okay, next slide. This shows a picture.
Okay, this is a steamgenerator tube draining. Over
here, this is our long tubes. They start at a hi gher,
slightly higher el evation than our short tubes. These
are actually | ooking at a -- we neasure the DP on both
sides of the tubes. So, we have a long tube. W're
nmeasuring the rising-side and the downside of the
tubes. And, they actually nmesh pretty well.

So this shows they started draini ng about
here, and eventually cane down, and then the short
tubes really didn't start to drain until about here.
So you can see that they didn't enpty until about
here. So, it's about a 1,500 second difference.

CHAl RVAN WALLI'S: RELAP is sonewhere in
between with an average tube?

PROFESSOR REYES:. Right.

CHAl RVAN WALLI'S:  Is RELAP there or not?

PROFESSOR REYES: No, this doesn't show
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any --
CHAl RVAN WALLI'S: | know it doesn't, but
do you renenber where RELAP is?
PROFESSOR REYES: | don't knowfor all the

tests. And, so, | didn't run a calculation with the

MR. BESSETTE: So RELAP with single tube
falls mdway in between these two.

CHAI RMAN WALLIS: It does?

MR. BESSETTE: Yes. W |ooked, yes.

PROFESSOR REYES: (Okay, good.

So certainly there m ght be sone nodel i ng
i mprovenents there in terns of a new nmet hodol ogy t hat
could give us a nore accurate prediction of when
stagnation m ght occur

kay. Next slide, please. The third
stagnation nmechanismwas really quite a surprise to
us. It was this cold liquid intrusion into the |oop
seals. This shows the transparent inversion of the
| oop seal. And what we use, we used saltwater and a
fluorasine dye so that we could trace the fluid
behavi or.

Thisisthislittle weir wall here. What
we see is we maintain a certain level in our cold-1eg

as aresult of this weir wall. You get a spillover.
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For certain conbinations of |oop flow and injection
flow, you get spillover back into the | oop seal. And,
eventual ly, you start filling this |oop seal up with
cold water.

I n our APEX-CE facility, the pressurized
facility, we have thernocouples in our |oop seals.
So, we can tell when we're seeing a plune com ng down
and what the tenperature is in the |oop seal.

VWhat we found i s when | oop seal spillover
begins, that we're producing basically a negatively
buoyant section of pipe here. So, it's resisting the
primary |oop flow VWhat we saw was that when
spi |l over occurred -- whatever | oop seal the spillover
occurs in first, we see that |oop stagnate first.

CHAl RMVAN WALLI S: But RELAP woul dn't
predict this at all?

PROFESSOR REYES: RELAP coul dn't predict
this. No, because we've got the concurrent flow
occurring in asingle pipe. So, that's sonething that
RELAP coul dn't do.

But this was actually the cause of
asymretric | oop stagnation. So dependi ng on which
| oop seal spilled over first would deterni ne which
col d-1 eg woul d becone stagnant first. So in terns of

t he pl ant, dependi ng on t he di scharge geonetry of your
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reactor cool ant punps, the height of that little lip
will determne which cold-leg will becone stagnant
first.

VWhat we sawwas that this only occurred in
conjunction with another stagnation nmechanism So,
essentially, you had to have either a reduced flow
because of the steamgenerator reverse heat transfer
or because your steamgenerator tubes were draining.
And so, you'd see the cold-legs flow going down. So
this only occurred when fl ows were | ow enough so t hat
you can actually backfl ow.

CHAI RVAN  WALLI S: So this actually
occurred in the heat transfer facility in APEX?

PROFESSCOR REYES: Absol utely, absolutely.
So we observed the same phenonena in APEX

And all those tests, that table of tests,
| identified a test where we saw this |oop seal
backfl ow. So, we have our tenperature nmeasurenents.
And you can see that in one | oop seal the tenperature
stays rel atively constant, and in the other | oop seal
you see this decay, just like a plune decay basically
into a stagnant vol une.

And, it woul d only appear when t he nat ur al
circulation flow was | ow enough to permt |oop seal

spillover. So there had to be sone other nechani smto
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drop that natural circulationflowlowenoughto allow
you to spill back

DR. BANERJEE: So the cold water is com ng
fromthe injection?

PROFESSOR REYES: R ght.

DR. BANERJEE: So you're saying it's
stagnant because the net flowis zero or what?

PROFESSOR REYES: No, there's actually
flow this way.

DR. BANERJEE: There's flow both ways,
right?

PROFESSOR REYES: That's right. So it's
a countercurrent flow

DR. BANERJEE: Right. But when you say it
stagnates, it stagnates with regard to cold flow or
what ?

PROFESSCOR REYES: Wel |, what |'msayingis
t hat --

DR. BANERIJEE: What do you nean by
"stagnate"?

PROFESSOR REYES: Oh, in terms of the
| oop. Okay. So once this loop -- that's a good
guesti on.

Once this | oop seal becones col d, what we

see is that the corresponding | oop seal on the sane
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steam generator, you'll see a flow increase on that
side. So, it's diverted. I'mtold eventually the
primary nmechanism which is either steam generator
reverse heat transfer or steam generator tube
drai ning, causes the other loop to stop flow ng al

t oget her.

So what we see here is that there's no --
at some point, this fills up with cold water and then
there's no | onger any positive flowthrough that | oop
tothat cold-l1eg. But the adjacent cold-Ieg, attaches
the sane steam generator channel head, sees an
increased flow until the main mechani sm causes that
| oop to stagnate al so.

Okay. So this was interesting to ne
because this is an exanple of a |ocal phenonenon
affecting integral system behavior. And that's one
that, when we ran the separate effects test w thout
having the integral tests, we wouldn't really see,
recogni ze very quickly, the fact that this has a
potential for stagnating a |oop. | thought that was
a very interesting result.

Okay. Next slide, please. GCkay, another
phenonenon, HPSI plune m xi ng behavior. W have a
horizontal HPSI injection line in this design. Wat

we saw for the flowrates that we were | ooking at, the
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fluid nunber in this line always was | ess than one.
And so we always had backflow. And there's a
signi ficant anount of warm ng of this fluid duetothe
backf | ow.

CHAI RVAN WALLI S: | thought HPSI flow
rates were nuch bi gger than that, but apparently not.

PROFESSOR REYES: | think it may just be
primarily the CEdesigns. It's adesignwithafairly
low HPSI, injecting in through essentially a |arge
di aneter pipe, which would be |ike an accunul ator
line. And so you' ve got a small flowrate. The fluid
nunbers, again, were always nmaxi numflow --

CHAI RVAN WALLI S:  Sone plants have HPSI
com ng in from above the pipe?

PROFESSOR REYES: Yes, top injections.

CHAI RVAN WALLI'S: I n which case you m ght
get even nore of this.

PROFESSOR REYES: You get nmore m xi ng wi th
the top injection | believe.

DR. BANERIJEE: So the check valve is
sonewher e back there?

PROFESSOR REYES: Right, right. So it's
comng in this way. Here's our cold-1eg connection
here, and we're seeing the backfl ow here.

CHAI RVAN WALLI S:  So t hese things are not
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nodel ed i n RELAP?

PROFESSOR REYES: So this would be
somet hing el se that couldn't be nodel ed in RELAP.

MR. BESSETTE: In the plant, these flow
velocities are one or tw feet a second for
West i nghouse and CE.

CHAl RVAN WALLI'S:  How big is the pipe?

MR. BESSETTE: It's about a six and half
inch pipeinthe plant. In B&Wit's different. Flow
velocity is about 20 feet a second.

PROFESSOR REYES: Yes, so it's very
geonetry specific.

I n our transparent |oop, what we did was
we tried to determ ne how nuch of this backflowfluid
woul d be entrai ned and ni xed with the HPSI fluid. So,
we were measuring density profiles in our cold-Ieg.
And what we found was that we saw for a range of fl ow
conditions here that covered the plant operation, we
saw about one to three tinmes of the HPSI was being
entrained into this --

CHAI RMAN WALLIS: It's amazi ng.

PROFESSOR REYES: It was a significant
anount of m xi ng.

CHAI RVAN WALLI'S: So what's coming out is

four tines what goes in?
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PROFESSOR REYES: So, in essence, that's

right. You're mxing and entraining this fluid.

DR BANERJEE: It's a big vortex.

PROFESSOR REYES: Yes. This goes way down
to the end of the pipe. So, you're using all that
surface area and you're just mxing all of that into
it. So by the tine your fluid gets to the bottom of
the cold-leg, you' ve significantly warmed it up.

CHAI RVAN WALLI S: O course, this was
foreseen by the CE designers.

MEMBER RANSOM  There was a nmention of a
check valve. |Is that a plant or your experinent?

PROFESSOR REYES: Pl ant.

MEMBER RANSOM  The pl ant actually has a
check val ve?

PROFESSOR  REYES: Ri ght, | ocat ed
downst ream of this pipe

MEMBER RANSOM That's at the punp
di schar ge?

PROFESSOR REYES: No, no. |It's actually
in this injection |ine.

VR. BESSETTE: Because in norma
operation, plants in 2250 psi and max HPSI of 1600
psi, you need a check val ve there.

MEMBER RANSOM Di d you nean a check val ve
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in the HPSI?

MR BESSETTE: Yes.

MEMBER RANSOM But this is the cold-I eg.

PROFESSOR REYES: No, this is the HPSI
l'ine.

MEMBER RANSOM Ch, that's the HPSI?

PROFESSOR REYES: Yes. It'salittle hard
tosee. The cold-legis actually attached right here.

MEMBER RANSOM  Ch.

DR. BANERJEE: The cold-leg is bigger?

PROFESSOR REYES: Yes.

MEMBER RANSOM  Yes, all right.

DR. BANERJEE: So it really depends on the
level inthe cold-leg too? | nmean if the cold water
goes up above then it doesn't work. So it has to be
bel ow this level, right?

PROFESSOR REYES: That's right.

DR. BANERJEE: So it's spilling out into
t he col d-1eg?

PROFESSOR REYES: That's a good point.
Yes. And that's what we see in this design. It's
pretty nmuch like a waterfall comng in. It just
spills to the bottomof the pipe, and then you have a
head wave that goes out.

Ckay, next slide. So that was an
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i mportant behavior that, again, you really can't
predict with a 1-B code.

CHAI RVAN WALLI' S:  You' d better talk tw ce
as fast in your second presentation.

PROFESSOR REYES: Ch, man. Ckay.

Cold-legfluidthermal stratification. W
di d observe thermal stratificationinthe cold-legfor
all of our natural circulation flow rates. And we
| ooked at core decay powers fromone and hal f percent
to about four percent decay.

We have a core active that generates a
natural circulation flow rate. Those are scaled to
Pal i sades to about one and a half to four percent.
And our HPSI flowrate ranges fromabout 30 percent to
100 percent of HPSI fl ow.

We saw stratification in each of those.
Now, the degree of stratification varied. As the
natural circulationflowrateincreased, the degree of
stratification decreased. So, the nore cold-1egflow,
the less we saw in ternms of stratification. But ,
t here was al ways sone present.

The presence of that lip at the reactor
cool ant punp, di schar ge, enhanced t her mal
stratification in essence as a screen. So, you got

kind of the flow above. So it allowed sone
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stratification to occur pretty nmuch for all the cases.

And the screening criteria we were using,
whi ch wor ks pretty well for an unobstructed hori zont al
pipe -- and we have some good data conparing the
criteria against the Creare data. So, it worked very
well for that.

And also, we have done sone CFD
cal cul ati ons that show for an open horizontal pipe,
that the screening criteria, as when do you go from
well-mxed to stratified conditions, works pretty
wel | . However, for this geonetry, it didn't. It
woul dn't predict awell-m xed condition because of the
presence of thislip. W actually had stratification.

So, this significantly affects the PTS
assessnent net hodol ogy that was used i n t he past. And
we'll talk about that in ny second, very fast
presentation.

DR. BANERJEE: |f you didn't have the |ip,
does the screening criteria work?

PROFESSOR REYES: It should work pretty
wel | .

DR. BANERJEE: It should or did you find
it worked?

PROFESSOR REYES: W didn't try this

geonetry. We didn't really do a test where we noved
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the lip. But in previous tests that we perforned or
that were performed in the Creare tests and al so even
with some of the CFD cal cul ati ons, we found that the
screening criteria worked very well.

DR. BANERJEE: But not in your facility?
Did you do any tests in your own facility where it
wor ked?

PROFESSOR REYES: No. W al ways saw
stratification.

DR. BANERJEE: No. | nean you never took
the lip out --

PROFESSCR REYES: No, we didn't.

DR. BANERJEE: -- in any tests you' ve done
ever in your whole |ife?

PROFESSOR REYES: GCh, oh. Now for anot her
plant that we did performtests, that's right, there
was no |ip there. But then the geonetry was a bit
di fferent also.

DR. BANERJEE: But didthe criterion work?

PROFESSCOR REYES: That's a good questi on.
We haven't applied it to that | don't think.

CHAl RVAN WALLI S: It's a two Froude nunber
thing, is it?

PROFESSOR REYES: Yes, that's right.

Froude nunber col d-l1eg squared plus --
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DR.  BANERJEE: Are there any other

integral tests where the criterion has been tested?
Integral tests, not separate effects.

PROFESSOR REYES: | don't believe in
integral tests, no. | think -- we did sonme testingin
t he AP600 geonetry. For that one, we used -- we did
apply it to that and it worked well. And we also
applied CFD cal culations to that configuration, and
the CFDwas predicting that transitionfromstratified
to well-m xed conditions.

DR, BANERJEE: Well, CFD has a |lot of
probl enms because turbul ence is very strongly danped at
that interface. So | don't think any CFD codes can
cap that m xing properly.

PROFESSOR REYES: We di d see problens with
t hat --

CHAI RVAN WALLIS: | think it's nore of a
criterion, whichis not too sensitiveto mxing, isn't
it? It's sort of an ideal flow criterion,
countercurrent flow Froude nunber instability, and
it's not too dependent on turbul ence.

PROFESSCOR REYES: That's true.

DR. BANERJEE: I[f it's not turbul ent
mxing, it's just sort of Kelvin-Hel moltz.

PROFESSOR REYES: Yes, it's like a | ock
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exchange probl em

kay. So that does affect the PTS
assessnment nethodol ogy that was used in the past
because there may be sonme geonetries where it doesn't
wor K.

Next slide, pl ease. Ckay, stratification.
We have tenperature rates i nside of our cold-1egs. So
we're going from this is the top of the cold-leg to
the bottom of the cold-Ieg. So at the top of the
cold-leg, we're seeing these tenperatures up here.
This woul d be the bottom of the cold-1eg.

What this shows is that for different core
decay powers, which corresponds to adifferent natura
circulation flowrate --

CHAI RVAN  WALLI S: There are eight
different runs here on the sane figure?

PROFESSOR REYES: Ri ght . And then, we
actually - and this is for cold-leg nunber four.
There's another slide like this for cold-l1eg three,
which | omtted, but simlar trends.

So what we did was we varied the HPS
injection, cold-leg three and four. So, there are
actually 16.

CHAl RMVAN  WALLI S: So you used

stratification in every run essentially?
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PROFESSOR REYES: That's right. So you

can see even for the highest case, which was about
four percent in decay power in the real plant, we had
sone stratification

Now, the tenperature -- but thereis sone.

DR. BANERJEE: The "LPM' neans?

PROFESSCOR REYES: Liters per minute. This
is what we were neasuring in volunetric fluid.

DR. BANERJEE: This is your injection
rate?

PROFESSOR REYES: Correct.

And t hen t he top nunber i s our core power.
That gave us the cold-leg flow rates.

VEMBER RANSOM Is the tine scal e okay
here, or do all of these occur at different tinmes?

PROFESSOR REYES: Right. This test was
done as a paranetric study. So you can see that what
we would do is we would set up an initial set of
conditions, we'd let the test run, and then we woul d
heat it up. | nmean we would turn on our punps, mX
again and get to initial conditions, and then start
wi t h anot her set.

So, we ran through these tests in one day
basically, trying to get a feel for what the

stratification mght | ook Iike. Andthen you get this
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ki nd of an exponential decay.

DR. BANERJEE: This was actually real-tine
sort of?

PROFESSCOR REYES: That's correct.

DR. BANERJEE: Turnedit on, organizedit,
and then started it again?

PROFESSOR REYES: That's right. And 'l
show you sone data how you collapse this data with
very sinple scaling. Infact, |'ve collapsed all 16,
or all eight of these tests onto one line with a very
sinple scaling equation. So, it's a nice way to do
it.

MEMBER FORD: |s there a physical Iimt as
to-- it seenms fromthis data that the higher the flow
rate, the greater the tenperature drop. It seens to
make sense.

PROFESSOR REYES: R ght.

MEMBER FORD: |s there a physical Iimt as
to how far down it can go?

PROFESSOR REYES: This tenperature --

MEMBER FORD: |If you went up to five or
six liters per mnute, would it be down to 340
degr ees?

PROFESSOR REYES: Wel |, what you'd see --

one of the things about having this core decay heat,
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t hat nay becone nore inportant. But, this will |evel
out. If you increased the flow rate, you would see
it. But at this point, sone of these are already at
100 percent flow. So, you wouldn't expect -- only if
there was a changed in the plant | guess.

MEMBER FORD: Now that's 100 percent flow
for the punp. How does that relate to the real plot?

PROFESSOR REYES: A hundred percent.

MEMBER FORD:  (kay.

PROFESSCOR REYES: So it's scal ed.

MEMBER FORD: It's scal ed.

PROFESSOR REYES: So if you take your
nunbers and nmul tiply these nunbers by 270, that woul d
be the plant, the correspondi ng plant conditions.

CHAl RVAN WALLI'S: Wuld it be a different
scaling law, not be able to get the mninumto go
| ower ?

PROFESSCOR REYES: In terns of this?

CHAI RVAN WALLI'S: I f you were suspi ci ous
about your scaling law, so you say let's run five
liters per mnute.

PROFESSOR REYES: Ri ght, right. | can
show you - -

CHAI RVAN WALLIS:  You can't go |lower --

PROFESSCOR REYES: Yes, |'Il show you the
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slides. That's right. You can do that by hand. Good

poi nt .

Ckay, next slide. Okay, so that was the
stratification in the col d-1egs.

Downconer plunme behavior. W |ooked at
HPSI flow into stagnant cold-l1egs. W sawthat they
di d produced plumes, but they were relatively weak.
We coul d detect them eight cold-leg dianeters down.
But interns of their strength, they were a lot |ess
-- by strength, | nean the tenperature along the
centerline of the plume verses the anbient
tenperature. That Delta-T was not very | arge.

W ran a nmaxi mum test corresponding to
about 150 percent of the Palisades HPSI flowinto a
single stagnant cold-1eg, and that gave us a plune
wi th about a four degree K tenperature | ess than the
surroundi ng anbi ent fl uid.

The maxi mum HPSI flow into two adj acent
stagnant cold-legs resulted in plunme nerger. The two
pl umes actual |y nerged, and t he col dest poi nt was not
bel ow a col d-1eg, but between cold-legs. | thought
t hat was inportant to note.

CHAI RVAN WALLIS: These plunes are weak
because of all the mixing in the HPSI line and the

col d-1 eg?
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PROFESSOR REYES: | think a big part of it

i s because of the mixing in the HPSI |line and in the
col d- I eg.

Then if we wused three or four HPSI
injection nozzles, what we saw was that the whole
downconer becane well mixed. And, it was a fairly
flat profile. So tenperature went down, but it was a
flat profile in the downcomer, very uniform around.

So for two, you get that plune merging.
And | think that probably gave us the largest --

DR. BANERJEE: This is with a horizontal
line, right?

PROFESSOR REYES: A horizontal injection
into the cold-leg, and then horizontal injection
connected to a downconmer. So that was for stagnant
conditions. W also did it for flow conditions.

CHAl RMAN WALLI S: Can we see the next

figure?
PROFESSOR REYES: Next slide, please.
This show this one case, test nunber 14.
W were looking at -- this is kind of, the anbient

tenperature around here is about 427 degrees K And
here i s the m ni numt enper ature, somewhere around 423.
Thisistheregiondirectly bel owcol d-Ieg

four. Here'siscold-legtw. W wereinjectingonly
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t hrough cold-leg two and col d-1eg four.

CHAl RVAN WALLI'S:  The di fferent codes are
for different nunbers of di aneters down bel owthe col d
legs, is it?

PROFESSCOR REYES: That's correct.

CHAl RVAN WALLI S: It hasn't attenuated
much by the tine it gets to --

PROFESSOR REYES: It doesn't attenuate
much.

CHAl RVAN WALLI'S: So it hasn't m xed nuch.
If it goes to 16 dianeters, it's still recognizable
presumabl y?

PROFESSOR REYES: | don't we sawit at 16.

DR. BANERJEE: Certainly at eight inches.

PROFESSOR REYES: So we're here around
eight. So, this is eight. It is a bit warmer here.

DR. BANERJEE: So in fact the whol e t hings
turns very nuch on what tenperature it's spilling out
at because it essentially doesn't mx once it spills?
It doesn't look like it m xes.

CHAI RVAN WALLIS: | think you're goingto
show us later on that it does mx, aren't you?

DR. BANERJEE: It doesn't m x very much.

CHAI RVAN WALLI'S:  Nor in this figure.

PROFESSOR REYES: This is the case where
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you see plunme nerging. So now you've got two plunes
joining and feedi ng one, which in the previous study
we didn't |ook at that plunme interaction.

DR. BANERJEE: You nean they get sucked
t owar ds each ot her?

PROFESSOR REYES: Yes.

DR BANERJEE: That's interesting.

PROFESSOR REYES: Yes, yes.

Ckay, next slide. Nowl'll talk alittle
nore about that.

CHAl RVAN WALLI S:  Everything you've told
us so far | ooks interesting and new conpared with the
way people were |looking at this 10 years ago.

PROFESSOR REYES: R ght.

For condi tions of | oop nat ur al
circulation, we were interested in this region, where
if you have a plune in cold flow -- now the anbi ent
fluid is noving close to the sane velocity as the
plume. The relative velocity between the plune and
t he anbi ent would be |l ess. And so potentially, this
woul d keep the plune intact longer. And so there's
been sonme good work done on that.

But in practice what we saw as we
increased our flow rate by increasing core decay

power, you're putting nore flowthrough your col d-1egs
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and it just overwhelns the -- you can't observe the
behavi or because it overwhel ns the m xingin the col d-
| eg.

So, in practice, the cold flow in the
downconer is caused by a cold-leg flow And by
increasing the cold-leg flow, we have nore m xing in
the col d-1eg. As a result, we can't detect the
di fference.

DR. BANERJEE: But this is a very strong
function of scal e because the surface area of the cold
flow to the hot flow will vary to the volune very
enornously with the di anmeter of the pipe. Right? The
vol ume goes up as the cube and the other goes as the
square or whatever, something |like that.

PROFESSOR REYES: So how you define your
geonetry, your plume at the outlet is --

DR. BANERJEE: Wat | nean is if you' ve
got a four-inch pipe, the surface area for m xing,
| et's say the di aneter, okay, and underneath is pi (D)
or something, or pi(D) squared actually. So, as you
go up, your mxing area to the volune changes the
rati o because it's one over D roughly. So, in fact,
the scaling is very poor for |arge pipes.

CHAl RMAN WALLI'S: We've al so scaled the

flow rate by Froude nunber or sonething. So you
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better look intotheinteraction between the different
scal i ngs.

DR BANERJEE: Yes. So as far as the
m xing in the pipe is concerned, you may be getting
conmpletely wong results.

PROFESSOR REYES: In terns of what sense?

DR BANERJEE: In terns of m Xxing.

PROFESSOR REYES: The transition we feel
we' ve got.

CHAI RVAN WALLI S: They won't be conpletely
wong. They m ght be not exactly scal ed.

DR. BANERJEE: Well, they won't be w ong.
That size is fine.

CHAI RVAN WALLI S:  So you m ght want to run
tests, which cover a bigger range than just a
strai ghtforward scaling range.

PROFESSCOR REYES: Right. And maybe sone
ot her conditi ons.

MEMBER FORD: Jose, could you go back to
t he previous slide please.

| f you had only one nozzl e operati ng, say
CL-4, presumably t he pl une woul d be symmet ri cal around
t hat one nozzl e?

PROFESSCR REYES: Yes, and it'll kind of

meander about that | ocation.
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MEMBER FORD: Ri ght . Now the m ni mum

tenperature presumably i s going to get higher thanthe
one that you show there, where the two plunes merge.
|s that correct?

PROFESSCOR REYES: Right. That is correct.

MEMBER FORD: Does t he RELAP code predi ct
t hat ?

PROFESSOR REYES: \What |'ve seen is that
RELAP does a good job predicting the well-nm xed
tenperature in the downconer.

CHAI RVAN WALLI' S:  RELAP says not hi ng about

plumes at all.

PROFESSOR REYES: You're right, it
doesn't.

CHAI RVAN WALLI'S:  It's one-di nensional .

DR. BANERJEE: 1Is your |length scal ed down
as well?

PROFESSOR REYES: R ght.

DR BANERJEE: So the length is one-
quarter, and your dianeter is what?

PROFESSOR REYES: About one-eighthinthis
desi gn.

DR. BANERJEE: The di aneter i s one-ei ghth,
| ength is one-quarter?

PROFESSOR REYES: I think that's about

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

160
right, vyes.

CHAI RVAN WALLI S:  You have to | ook at al
this having rel ati onshi ps.

PROFESSOR REYES: It actually started up
with a top down | ooking at the i ntegral behavior, and
then trying to match our HPSI injection dianeter
Froude nunbers and then our col d-1eg Froude nunbers,
getting those to match

DR. BANERJEE: And your HPSI line is also
one-quarter length fromthe check val ve?

PROFESSOR REYES: Correct.

DR BANERJEE: To the actual plant?

PROFESSOR REYES: Right. That's right.

DR BANERJEE: The di aneter i s one-eighth?

PROFESSOR REYES: 1'd have to check the
dianeter. | don't recall.

W scal ed that dianmeter to match the HP
Froude nunber so that we would see if backflow was
occurri ng.

Ckay, next slide.

CHAI RVAN WALLIS: So it's a full-scale
pl ant, but sone of the dianeters have a different
scal e because of Froude nunbers?

PROFESSOR REYES: Ri ght, because of Froude

nunbers.
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kay. Thisis apicture fromthe | VOt est
in Finland. And they did sone very high injection
flow rates with co-flow And we were interested to
determ ne, at least fromthe Palisades plant, if we
woul d see thermal stratification horizontally.

So, as you fill up, you basically get this
thermally stratified region, which increases. Now
fromthe dye youreally can't tell the strength of the
pl ume.

CHAI RVAN WALLI S: They seem to have a
colum of dye, which doesn't nmx at all.

PROFESSOR REYES: Yes.

So you don't see -- it'sdifficult totell
the strength fromjust the picture. And | don't think
t hey' ve actual ly neasured conductivities.

CHAI RVAN WALLI S: | thought the message we
got the last tine we tal ked to you was that everyt hing
was m xed out after a few dianeters. And now there
seens to be a different nessage.

PROFESSOR REYES: Vell, | think the
nessage, at |east for the Palisades, is that what we
see is the tenperature difference between the plune
and the anbient is not very great.

DR. BANERJEE: But that's only because of

m xing i nyour cold-leg. And | think that's happening
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i n the downconer. The downconer is not mxing at all.

PROFESSOR REYES: | think the cold-Ileg
dom nates, yes. | mean actually that --
DR BANERJEE: | nean provided that is

correct, then whatever --

CHAI RVAN WALLI S: Let's get sone |later
data and see if that's the case.

PROFESSOR REYES: So we wer e curi ous about
-- again, this is between 2.4 and 6.8, whether we see
thermal stratification this way. So instead of
| ooking at just the plune verses the anbient, we
wanted to know if there was anything in tenperature
difference between the bottom and top of those
regi ons.

Next slide. So the nmaxinmum flow
tenperature differences we observed from the 2-D
el evation all the way down to the 8-D el evation -- for
this one we used the 50-second average. So this
tenperature condition essentially was there for 50
seconds -- was about 13.6 degrees K. And that's for
test nunmber 9. And that was a stuck-open pressurizer
safety relief valve case.

The primary reason for this tenperature
di fference was because you had a saturated | ayer at

this location. The next slide shows that tenperature
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profile. So you nostly had saturated water up here,
and then you can see it's fairly conpressed down bel ow
her e. So, this is eight dianeters down, four
di ameters, three dianeters, and then a big junp off to
t he 2-D.

DR. BANERJEE: So there was an interface
t here?

PROFESSOR REYES: Yes. So basically what
this is showng is sort of a thermally stratified
interface only going up the downconer.

DR. BANERJEE: But is that, the top, is
that just saturated water or is there steamin there
as well?

PROFESSOR REYES: | believe this is
saturated |iquid.

DR. BANERIJEE: Just saturated 1iquid.
There's not steam So it formed a thermal clinb?

PROFESSOR REYES: That's right. And then
you can see that the tenperature grains are fairly
flat around there. And | guess this is one of the --
alittle bit of a dip there.

So in ternms of stratification, this was
t he worst case, about 13.6 degrees Kfromthe 8-D up
to the 2-D.

DR. BANERJEE: Didthis thermal clinb sort
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of nmove around or did it stay?

PROFESSOR REYES: Wth tinme. Now,
depending on the transient, with tinme you would see
this change. It would either go up or --

DR BANERJEE: How quickly did it nove?

PROFESSOR REYES: This was very slow, so
| did an average. This was a 50-second average.
di d t he sane average over 1,000 seconds and it | ooked
very simlar.

DR BANERJEE: Oh really?

PROFESSOR REYES: Yes, it didn't really
change.

CHAI RMVAN WALLIS: Is this fed by plunes
that come down and then mi x when they get down into
t hat region?

PROFESSOR REYES: Right. [It's just cold
wat er m xi ng. But again, this tenperature difference
is not very great.

DR. BANERJEE: It's like the Finnish
experinment you were show ng us?

PROFESSCR REYES: Right. Except --

CHAl RVAN WALLI S: You don't share the
plumes in this?

PROFESSOR REYES: We don't. That's right.

It's hard to see.
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DR. BANERJEE: Well, it really depends on
the relative -- how cold the plune is. If it's 30
degrees below, thenit'll be at 30 degrees. If it's

50 degrees, it'll be 50 degrees, right?

PROFESSCOR REYES: Yes, it depends on the
pl ume strength.

Ckay, next sl i de. So, t her ma
stratification, | nmentioned in our scaling analysis
report, there were some attenpts to try to coll apse
sone of the data or cone up with sone techni ques. And
so, we issued this before we ran the test.

And a very sinple equation is derived
there in ternms of the m xture tenperature, the nean
m xture tenperature. This di nensional tenperature can
be related to a di nensionless tinme just by use of the
negative feed.

CHAl RMAN WALLIS: It's like a well -ni xed

vol une?

PROFESSOR REYES: It's like a well-m xed
vol ure, yes. And | wanted to see how well that
conpared to our paranetric tests. So where this

di nensi onl ess m xed --
CHAl RMAN WALLI'S: So a one-node nodel ?
PROFESSOR REYES: A one-node nodel

basi cal |l y.
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CHAI RVAN WALLIS: That's a good place to

start.

PROFESSCR REYES: Yes, it's kind of
amazi ng.

These tests, they're a Ilittle bit
different, is that this included the HPSI flows. So
this T,is kind of an ideal m xed tenperature, which
is average if we're using the volunetric flow of the
HPSI. So QHPSI, T-HPSI plus Qcold leg, T-cold | eg
ki nd of thing.

And then this time constant here is
essentially just the m xi ng vol une di vi ded by t he HPSI
flow rates.

CHAI RVAN WALLI'S: This is one of those
academ c studi es?

PROFESSCR REYES: This is one of those
academ c studi es, yes.

Next slide.

CHAIl RMAN WALLIS: And it works?

PROFESSOR REYES: It worked.

So the tenperature that we're using for a
m xed mean is the inlet tenperature for the core. So
it's basically gone through the whol e downconer, and
you're com ng out of the downconer through a turn,

where it mxes sone nore. And it's the inlet

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

167

t enperature --

DR. BANERJEE: Go back to last slide.
What is T,?

PROFESSOR REYES: T woul d be the cold-1eg
fluid tenperature.

DR BANERJEE: And T,?

PROFESSOR REYES: T,is a volunetrically
aver aged tenperature.

DR BANERJEE: It's theinlet tenperature?

PROFESSOR REYES: No. |It's basically T-
HPSI, Q HPSI for Qbeing a volunetric flowrate plus
T-cold leg, Qcold |eg.

DR BANERJEE: So T, into Q?

(No response.)

DR BANERJEE: Is T, the cold-Ieg?

PROFESSOR REYES: The cold-1eg
t enper at ure.

DR BANERJEE: So T, is equal to Q and to
T, and to QHPSI and to T-HPSI?

PROFESSCOR REYES: Divided by --

DR. BANERJEE: But does the T-HPSI i ncl ude
t he backflow or is it a theoretical --

PROFESSOR REYES: No, it's separate. It
didn't include the backfl ow

DR. BANERJEE: It did not include?
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PROFESSCR REYES: Right.

DR BANERJEE: But now com ng --

PROFESSOR REYES: But when you're doing
this cal culation, you' re assum ng everything is well
m xed by the time you get to the core inlet. So,
that's why that's --

DR. BANERJEE: So you're just m xing the
two streans, that's all you're doing?

PROFESSOR REYES: Yes.

DR. BANERJEE: So it's like a CSDR. It's
just like a big chain reaction.

PROFESSOR REYES: That's right.

And so when you do have well-m xed
condi ti ons, you can expect to predict reasonably wel |
t he m xed nean tenperature.

And, in fact, when | tal k about the REM X
nodel , it really was based on this idea that you could
predict the well-m xed tenperature very well. And
then you have sone additional correlations to --
devi ations fromthe well-m xed.

CHAI RVAN WALLI'S:  This Tau-m cones from
the volume in the flow rate?

PROFESSOR REYES: Correct.

DR. BANERJEE: It's a space --

PROFESSOR REYES:  Yes.
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MVEMBER RANSOM It's the volune and the

mass flow rate through the volunme, the Tau-n®

DR BANERJEE: Yes, it's the transient
time basically.

MEMBER RANSOM  Well, it's --

CHAI RVAN WALLI S: It's volumetric flow
rate.

PROFESSOR REYES: Well, these tests were
done with a constant HPSI fl ow.

CHAl RMVAN  WALLI S: You didn't tune

anyt hi ng? You didn't assune? You didn't tune

anyt hi ng?

PROFESSOR REYES: The tuning on this
occurs -- in the scale report, | described this in
terms of --

CHAIl RMAN WALLIS: So you did tune it?

PROFESSOR REYES: In terns of the vol une,
there's sone tuni ng of course.

CHAI RVAN WALLIS: So it's not just vol une
di vided by flow rate?

PROFESSOR REYES: That' s ki nd of t he i deal
case. Inthe scaling report, I tried to include sone
of the effects of heat transfer fromthe wall. And
that just falls out of the energy equations. And so

inthe end it winds up being volume over HPSI plus a
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factor, which is a function of the biot nunber.

CHAl RVAN WALLIS: Oh, so there is a --

PROFESSOR REYES: So that biot nunber --
| don't know how rmuch of the wall is interacting, so
there is a fudge factor.

DR BANERJEE: But nonet hel ess, what
you're saying is that the conbi nati on of the col d-1eg
and the line leadinguptothe -- fromthe check val ve
totheinjection point, if you take that vol une as the
wel |l -m xed volunme, at least the exit of it, then
you' re just honobgeni zi ng everyt hi ng?

PROFESSOR REYES: Yes. And this is even
nore extrenme because |'msaying we're mxing in the
downcomer, and now we're neasuring the tenperature
that's at the inlet of the core. And |'mcalling that
t he m xed tenperature.

DR BANERJEE: The inlet of the core?

PROFESSOR REYES: The inlet of the core.
So, we've gone through the whole thing. |1've got a
physi cal tenperature nmeasurenent. And nowif | want
to predict theinlet -- the tenperature to that core,
| can predict that with this technique.

DR. BANERJEE: The T™M

PROFESSOR REYES: The TM the well-m xed

nmean.
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DR. BANERJEE: | see. But your picture

shows al so sone stratification and stuff, the |ast
pi cture you showed us. Right? The previous one.
Go back to the other one.
PROFESSCOR REYES: Thisisinthe cold-Ieg.
DR. BANERJEE: So why shoul d t he ot her one
work? | nean this is separated, right?
(No response.)

DR BANERJEE: |Is this in the cold-Ieg?

PROFESSOR REYES: ['"m sorry. This is
downconer. But this is at eight dianmeters. So, |
haven't shown you -- so we're still fairly high up.

DR. BANERJEE: Right. But | nean, do you
think it gets hotter underneath or what?

PROFESSOR REYES: | think it just m xes.
You don't see this --

CHAI RVAN WALLI S: | think the actual
volume that's mxed is changing, but not enough to
change this exponential --

PROFESSOR REYES: Exactly.

CHAI RVAN WALLI S:  The actual m xed vol une
i s changi ng throughout this.

PROFESSOR  REYES: Thr oughout t he
transient.

CHAl RMAN WALLI'S: The transi ent. But not
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enough to meke a significant difference to your
exponenti al .

PROFESSOR REYES: And t he reason it worked
also is because, again, these were those eight
paranetric tests and they were very short transients.
So, the volune does change.

And so there are sone things in terns of
recommendati ons, CFD verses the sinpler codes, 1'd
like to make when we get to that part of it.

DR BANERJEE: But what relevance does
your, that curve have to what the thermal shock
problemis here?

PROFESSOR REYES: Ch, okay.

DR. BANERJEE: Fromhere you can see there
is a change. And depending on how cold the water
com ng out of your cold-leg is, it wll stratify.
There's a regi on where you' re going to get a very high
change in tenperature in this.

PROFESSCR REYES: Right. So at | east from
the standpoint of comng up with a mxed nean
tenperature, what I'mtrying to say is that you can
scal e some of the tenperature behavior.

So | could use the sane approach wth
Pal i sades and say, okay, here's an exponential decay,

whi ch you can do by hand, and determ ne ki nd of what
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you woul d expect the m xed behavior to be. And that's
how sone codes work. They deviate fromthat point.

But we'll talk about STAR-CD and sone of
the other things. We'Il tal k about a better approach.

MEMBER FORD: Jose?

PROFESSOR REYES: Yes.

MEMBER FORD: Presum ng these data refer
to 7,000 seconds after you start, the 6903?

PROFESSCOR REYES: Right. That's correct.

MEMBER FORD: At a given | ocation, eight
di ameters, what does the Delta-T verses tine
rel ati onship | ook |ike?

PROFESSOR REYES: So you --

MEMBER FORD: One particul ar t her nocoupl e.

PROFESSOR REYES: This is fairly flat.
So, again, | did a 50-second and we started off with
1,000 a second. It changes sonme, but not very nuch.

MEMBER FORD: Ckay. So what about --

PROFESSOR REYES: This is just averaging
t hese thernocoupl es over a 50-second peri od.

MEMBER FORD: So if it levels out at two
seconds or five seconds, there's presumably not nuch
difference because of the heat capacity of the
material. |s that right?

PROFESSOR REYES: So what we sawis -- |
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pi cked the worst case.

MEMBER FORD: COkay. Those are the maxi num
over tine.

PROFESSOR REYES: These are maxi mum for
this test. That's right, yes.

DR. BANERJEE: What is really neans t hough
fromwhat you' re showing is that Delta-T over Delta-X
are very high because this is a very sharp interface
and they're just sittingthere. It novesalittle bit
up and down. But you've got, the change in
tenperature with space is very sharp because of
thermal clinb. So that nmeans it's cold on top or hot
on top and cold at the bottom So, there's a sharp
change in tenperature at that point.

CHAI RVAN WALLIS: So you've got sort of
thermal stresses bothradially and vertically set off
by tenperature grains both radically and vertically.

MEMBER RANSOM | guess t he ot her nmessage
is the change in tenperature is relatively snall
conpared with the overall tenperature.

DR. BANERJEE: Isn't that the m xi ng nodel
-- that his scaling of mxingis correct. | doubt if
-- well, youcouldlook at it in nore detail, but when
you've got a big pipe, that big --

MEMBER RANSOM Well, this is not based on
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his m xing nodel. This is based on his test results.

DR. BANERJEE: No, no. |It's based on the
fact that he scaled the tenperature of his -- | nean
his dianmeter of his tube.

MEMBER RANSOM  Downcomer and the tube

DR BANERJEE: Yes.

MEMBER RANSOM So you're saying the
scaling of the experiment is not --

DR BANERJEE: May or may not. | don't
know.

MEMBER RANSOM May or my not be
reassuri ng.

DR. BANERJEE: That's sonething that has
to be exam ned very carefully.

CHAI RMVAN WALLIS: Jose, you've got a | ot
nore in this presentation too?

PROFESSOR REYES: That's very true.
There's actually a lot of information to present.

CHAI RVAN WALLI' S:  You actual ly shoul d' ve
asked for twice as nuch tinme as you have.

PROFESSOR REYES: WMaybe three tines.

CHAl RMAN WALLI S: Ckay, three tines.

PROFESSOR REYES: Okay. Well, we're cl ose
to the very end of this first half.

One of the things I wanted to do, as we

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

176

devel oped an understanding of all these different
phenonena, how it mght affect the ranking of the
PIRTs. So the two, the main steamline break and
smal | - break LOCA PIRTs --

CHAl RVAN WALLI'S:  We can nove on to the
next page. We realize you m ght have to reassess sone
Pl RTS.

PROFESSOR REYES: Ckay. Theseitens still
remain high. O course, the reason for that is the
degree of cold-leg thermal stratification and the
downcomer plune strength. So, that appeared over and
over with regard to these. So those phenomena renain
hi gh.

The one thing that 1've added is this
nunber, HPSI flow rate and HPSI nunber. The nunber
can affect the outcone. Because if they're two
adj acent col d-legs, you can have plune nerging and
t hat mi ght change your results.

DR, BANERJEE: It seens to nme HPSI
orientation is another factor, right?

PROFESSCOR REYES: Right, the geonetry. |
don't know if | included that or not.

CHAl RVAN WALLIS: And the flowrate -- the
Froude nunmber is very inportant.

PROFESSOR REYES: The buoyant backflowi s
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affected by the HPSI |ine geonetry and fl ow rate.

CHAI RVAN WALLI S: This is a new PIRT
really, isn't it?

(No response.)

CHAI RVAN WALLI S:  You' re maki ng a new PI RT
here, is that what it is?

PROFESSOR REYES: Ri ght, basically what |
sawin ternms of our experinents. And what | found was
that all these were al ready consi dered hi ghly ranked.

CHAI RMAN WALLIS: Oh, they were?

PROFESSOR REYES: Except HPSI nunber. And
in ternms of the backflow, it's described in a nore
general way in terns of --

CHAI RVAN  WALLI S: The backflow was
anticipated in the first PIRT?

PROFESSOR REYES: No, not the back flow
itself but the -- they actually list the HPSI |ine.

CHAl RVAN WALLI S: But they didn't |ist the
phenonmena?

PROFESSOR REYES: No, | don't believe the
phenonmena was listed in the first PIRT.

DR. BANERJEE: The geonetry nust have been
i nportant because dependi ng on how - -

PROFESSOR REYES: Yes, horizontal or --

so, | know the geonetry was listed. So |'m saying
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that these are two that |1've identified that woul d be
of change. But the source water tenperature, where
cold-leg stratification occurs in that, that was
al ready on there.

Next slide. The wall conduction heat
transfer was on there. This wasn't there before:
downcomer plune merging and m Xing. So that's
sonmething that's new. But, again, we didn't see very
| arge tenperature differences in our tests. But it
woul d be sonet hi ng t hat shoul d be i nvestigated | guess
with the CFD codes is what |I'mreconmendi ng.

And then this, the primary [|oop
circulation, flow rate, and stagnation was on the
original PIRT. So a lot of the --

CHAI RVAN WALLI'S: | think we're going to
want to l ook into this business of the plunmes merging
and what affect this has on tenperature distribution.
Because as | understand it the thermal shock anal ysis
i s based on good mxing in the downcomer.

PROFESSOR REYES: R ght.

CHAl RVAN WALLI'S: A bet that was taken
early on, that it was going to cone out that way,
t herefore, that was the way t hey were going to anal yze
it.

DR BANERJEE: What you're replacing is
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good m xing in the cold-Ieg.
PROFESSOR REYES: So it depends on how you
define what Delta-T is considered good m xi ng.
CHAI RVAN WALLI S: | think they went

t hrough a stress anal ysis, which did not take account

of peri pher al circunferenti al vari ations in
tenperature. Isn't that true?
MR. BESSETTE: That's right. | was

expecting to see nore of a plune effect thanit turned
out. So, | was surprised.

CHAl RVAN WALLI S: We were too.

PROFESSOR REYES: Ckay, next slide.

Main steam|ine break. Again, the |ist
that | presented actually was -- all of these itens
were on the original PIRT. Again, the only thing
that's different would be the HPSI nunber and the
backflow in terms of specific phenomena. But other
things are the sane.

Next slide. Wall conduction and then the
pl ume mer gi ng woul d be the other one that | woul d add
to that.

CHAI RVAN WALLI S: It's the same phenonena
really as in the previous one?

PROFESSCOR REYES: Really pretty nuch the

sane |ist of phenonena.
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Ckay, next slide. So sone of the
phenonmena t hat | thought maybe were not as inportant,
t he convection heat transfer coefficient. What we saw
was that it was conduction-limted. And so above a
certain H whether you change it by 10 or 100, it
really didn't change the outcone.

CHAI RMVAN WALLIS: As long as it's where
there's high heat transfer coefficient?

PROFESSOR REYES: That's right.

The upper head downconer flow. For this
particular design, they didn't have |ike the B&W
fl apper valves. It was just the small bypass hol es.
And t here was some war m ng of the downconer fluid over
time. It was pretty much over the length of the
entire transient. It wasn't a very large effect for
the size flow holes that would be typical of this
pl ant .

Sanme thing with downconer-to-core inlet
bypass flow. W tested the bypass flow, but we didn't
see a very large difference in our tenperature
conditions inthe dowmconer. So those were not ranked
as high as previously.

Next slide. Timng of the reactor cool ant
punp trips was | isted as one early on. For the small -

break LOCA trips, the small break LOCAs, the reactor
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cool ant punps will trip onlowsubcoolingtenperature,
which occurs fairly early in the transient before
you've real ly had much HPSI flow. So, | wouldn't rank
t hat as high as before.

For the main steamline breaks inside
cont ai nnent, when you isolate your containment, you
| ose your conponent cooling water, which causes your
punps totrip. So, again, these were tripped early on
in the transient before you have a | ot of HPSI flow.

But thesetwo timng of thetrips, if it's
an automatic function, it may not be that inportant
for these types of scenari os.

A steam generator energy exchange,
feedwater control, feedwater tenperature, for the
smal | -break LOCA tests with breaks greater than five
centineters, really what you see is a secondary-side
tenperature and pressure didn't affect the primry
conditions until steamgenerator tubes -- or they did
affect until the tubes are drained, which happens
fairly early on.

So if your tubes drain then this energy
exchange is not a big, inportant phenonmenon. |f your
tubes don't drain for the smaller breaks then it
beconmes an inportant phenonenon.

Okay, next slide. That liquid steam
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interface in the upper downcomner, for what we tested
we found that you have this high up in the downconer,
you have an interface, a steaminterface with |iquid
and it's saturated |iquid. And so, that was
decoupl ed.

For one test that we perfornmed, test
nunber 20, we had such good m xi ng that we didn't even
detect a tenperature difference in that test because
t here was sonme nmuch condensation on that |iquid. So,
we didn't rank this one very high. But it was, again,

for this particular test.

kay, upper head heat transfer. It was
i mportant --

CHAI RVAN  WALLI S: Now did the non-
condensabl es in your experi ment af f ect t he

condensati on?

PROFESSOR REYES: We didn't try a range of

CHAI RVAN WALLI S: O t he non-condensabl es
in some of these LOCAs that conme fromthe accunul ator ?
PROFESSOR REYES: This has a very | ow head
accumul ator, so we never got | owenough in pressure --
DR. BANERJEE: Did you have nitrogen?
PROFESSOR REYES: No.

DR. BANERJEE: It didn't conme into the
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syst en?

PROFESSOR REYES: W never got it |ow
enough in pressure to get to accunul ator injection

CHAI RMAN WALLI' S:  That can really change
t he condensation rate.

PROFESSOR REYES: And we were focusing
pretty nmuch on the repressurization behavior.

So in terms of the upper head heat
transfer, the core energy and the break fl owcertainly
overwhel med this particular phenonmenon. So | don't
know i f we ought to rank it high, but it does have an
effect.

Okay, next slide. Conclusions of Part I.

CHAl RVAN WALLI'S:  That's the end?

PROFESSCOR REYES: That's the end. So this
just kind of summarizes alittle bit of what was sai d.

CHAI RVAN WALLI'S:  Now, you have anot her
presentation, which is about as |long as this one?

PROFESSOR REYES: It's pretty |ong.

CHAI RMVAN WALLIS: About as long as this
one?

PROFESSOR REYES: That's right. And |
certainly just hit the highlights.

CHAl RVAN WALLI'S: Well, | think this stuff

isinportant. And |'mnot sure that we need to spend,
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what is it, three, over three hours on RELAP this
af t er noon. I f you have equal tinme with RELAP, that
may be a better bal ance of things. | don't know what
t he RELAP peopl e t hi nk.

Do we really need to spend t hree hours on
RELAP t hi s afternoon?

PROFESSCR REYES: A big part of this is
one of our RELAP5 cal cul ations of a main steamline
break, which we could omt. W can skip that.

MR. BESSETTE: We can continue as | ong as
you want today too.

CHAl RVAN WALLI'S: That's what |'mworried
about .

(Laughter.)

CHAI RVAN WALLIS: | think that if we take
a break now and conme back at 1:00 with Reyes Part |1
and he can speak even faster than he did this norning

PROFESSOR REYES: Pretty fast.

CHAl RVAN WALLI'S:  Then we will do that.
W' || have a second presentation. Then we'll get on
to the RELAPS5 presentation, which originally was
allotted 3.25 hours. That seens rather | ong conpared
with the amount of tine that you ve had for vyour

presentation. Mybe everything will work out and we
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will |eave here at a reasonable tinme today. Ckay.
W' || take a break nowand we'l| come back
at 1: 00 o' cl ock and Jose will be on again, having had
a break
(Wher eupon, the Subconmi ttee recessed for

lunch at 12:13 p.m)
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A-F-T-EER-NO O N SESSI-ON
(1:03 p.m)
CHAI RVAN WALLI S: Let's conme back into
session. We will hear Reyes, Part II.
PROFESSOR REYES: Ckay, Part I1.

CHAl RMVAN WALLI S: Even faster than Part

PROFESSOR REYES: GCkay. In this portion
of the presentation, | was going to provide you with
a few conparisons of RELAPS5.2 testing. That's where
we have one test that we were going to present, but
the majority of the work has been done by ISL in terns
of cal cul ati on.

Some STAR-CD cal cul ations, just very
briefly what we' ve touched on. They won't include all
the details, and then a conparison of REM X, RELAP5
and STAR-CD for sonme very sinple cases. Then just
talk a little bit about our revised PTS net hodol ogy
and what might be a better approach as opposed to
what's been done in the past, and then just wap it
up.

So our objective was to assess only
certain aspects of the codes that we thought were
important to the PTS therm hydraulic assessnent

nmet hodol ogy. So t hi s nmet hodol ogy i s what provi des the
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detailed information for the fracture nechanics
assessnent for aw de range of overcoolingtransients.

In the wearlier studies back in the
ei ghties, there were over 200 cal cul ati ons that were
done for the different plants, for Robinson and for
Oconee, for Calvert Ciffs, that provided downcomer
fluid tenperature profiles, convective heat transfer
coefficients on the inside of the RPV, and system
pressures.

So this is what the original -- This is
what the PTSthermal - hydraul i cs assessnent net hodol ogy
| ooked |ike back in the eighties. The way we were
doing it is we had an integral systemcode, a systens
code, RELAP5 or TRAC. W would use that code to
provi de t he boundary conditi ons for sone ot her nodel .

So we had cold |l eg fl ow, HPSI flowrates,
cold leg and HPSI fluid tenperatures, and prinmary
systempressure woul d be obtai ned froma systens code.
Then we had a stratificationcriterionthat woul dtake
t hese boundary conditions to determnm ne whet her or not
the cold leg was stratified thermally.

So that used the cold | eg and HPSI fl ows
to determine whether or not we had the cold |eg
stratification. If it was well m xed, then we woul d

-- the RELAP5 with t he TRAC cal cul ati ons coul d be used
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to predict the downconer fluid tenperature and heat
transfer coefficients.

If it was stratified, then at that tinme we
used REM X or anot her code cal | ed NEWM X, dependi ng on
the HPSI geonetry, to predict downcomer fluid
tenperature and heat transfer coefficients.

So what we've done is, for our test, we
have taken a | ook at REM X, and done some estimates
and conpared it to RELAP cal cul ati ons and to STAR-CD
CFD code, and then that would all -- this information
would all go to the fracture nmechanics fol ks.

So in terms of a cope for RELAP5, we
wanted to see its ability to predict the downcomer
fluid tenperatures and the onset of | oop stagnation.
Those were two of our key goals.

For STAR-CD, the CFD code, we wanted to
determ ne the ability to predict the downconer fluid
t enper at ur es, the <cold leg fluid tenperature
gradi ents, the HPSI backfl owbehavi or, downconer pl une
tenperatures, and the notion and the interaction of
t he pl unes.

Then REM X is a regional m xing nodel.
Agai n, we were | ooking to predict the downconer fluid
tenmperatures with REM X

DR BANERJEE: Now STAR-CD and REM X are
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si ngl e phase codes.

PROFESSOR REYES: Correct.

DR. BANERJEE: So that presunes that you
areinasituationthere was no voiding in these | egs.

PROFESSCOR REYES: That is correct. That's
correct.

So these are the tests that we anal yzed
using the codes. So we have one -- There's a RELAPS
cal cul ation for our stepped inventory test. W used
STAR-CD for that paranetric test. W |ooked at sone
of the m xi ng behavior of a certain nunber of these
paranetric tests.

W used STAR- CD and REM X f or t he st agnant
| oop test in nunbers 4 and 5, and then we used STAR-
CD, REM X and RELAP for this test nunber 6. So | am
goi ng to show you that conparison. Actually, we did
it for 5 also. So we have RELAP5 al so for test nunber
5.

RELAPS for the one-inch hot | eg break from
hot zero power, stuck-open core, and then the two main
steanl i ne breaks we al so di d some RELAPS cal cul ati ons.

We were using RELAP5 3.2 ganmma version,
which is the NRC version, and |I'mjust going to show
you very briefly -- I'"mnot sureif there is anything

beyond gamma.
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DR BANERJEE: Delta.

PROFESSOR REYES: In terms of the G eek.
That was the version we used.

So I"'mjust going to showyou the results
for the one square foot main steamine break.
Overall, for the main steam ine break again, we have
a large break on the secondary side. So we get a
cool down on the primary, but we don't really produce
any voiding in the primary. So it is all single-
phase.

So we have successfully performed the
experinment in May of 2001. It was a hot zero case.

So we simulated the K power about 100 hours after

shutdown. It was inside containment break, is the
assunpti on. So we |ost our reactor coolant punps
early on.

The HPSI s were all owed to actuate just on
-- when they reached the low primary pressure
setpoint, and off speed was isolated after ten
m nut es.

This was the nodalization diagram The
nodel that was used was t he nodel that was provi ded by
| SL. So our group that was runni ng the nodel based on
an original -- it was the original AP600 nodel that we

nodified to sinulate. So HPSI |ines were added, and
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the | oop seals, for exanple, were al so added -- those

l'ines.

DR. BANERJEE: So the downconer was j ust
1-D?

PROFESSCR REYES: Right. Let's go back.
There you go. Vell, we show this region for the

downconer. So we had three sections, but it is 1-D.

MEMBER RANSOM It's a very crude steam
generator nodalization. |s that accurate?

PROFESSCR REYES: The one tube?

VEMBER RANSOM Wll, it is one -- or
t hree vol unes.

PROFESSOR REYES: R ght, yes.

MEMBER RANSOM  That is the way it was
done? The secondary side is just one vol une?

PROFESSOR REYES: Yes. |'mnot sure what
the | SL had on there, but we can ask them Different.

DR. BANERJEE: And the hot |leg was one
vol ume only? Hot |eg was al so one vol une?

PROFESSCR REYES: Yes, one vol une.

DR BANERJEE: \Where is the break?

PROFESSOR REYES: So in this one, thisis
an ADS -- excuse nme, ADV, atnospheric dunp valve
openi ng of f of the steamgenerator on the shell side.

These are just initial conditions. They
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match very well interms -- This is here English units

and then the nmetric units, just conversions here. But

in general, it matched very well w th our nodel.
CHAI RVAN WALLI S: Except for the steam

generator nunber 2 LOCA |level, an extra 4 in there,

4617

PROFESSOR REYES: Yes. That woul dn't
match very well, would it? This is a typo here. |
want to mark that. It should be 61.46. Thank you.

That was a spillover.

CHAIl RMVAN WALLIS: If it'sabigerror, you
can detect it.

PROFESSCOR REYES: That's right. If it's
a big one, you can -- oh, that's a m stake. Thanks.

Then in terns of sequence of events, for
the main steam ine break it conpared very well. This
is just -- This shows the tine in APEX and then the
time predicted by RELAP. |t does -- W performed the
trip mnually. Soit was about four seconds after the
openi ng of the ADV val ve.

The RELAP tripped the punps i mmedi ately.
This was inpressive. HPSI flow began at 91. | t
predi cted 92 seconds. Steamgenerator 2 becane a heat
source. That's when the shell side tenperature becane

greater than the primary side tenperature. |t was
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dead on.

Cold leg nunber 2 stagnated about 383
seconds. It predicted about 600 seconds, and really
--and I'l'l showyou. It was an oscillatory type of

a flow behavior. So it crossed that threshold and
ki nd of oscillated around zero fromthis point on.

Sane thing with cold leg. Both of them
stagnat ed because of the steam generator beconm ng a
heat source.

CHAl RVAN WALLI'S: It did not oscillate in
t he experiment?

PROFESSOR REYES: Correct. Right. Dd
not oscillate.

CHAI RVAN  WALLI S: So mybe it's a
nunerical oscillation of some sort?

PROFESSCR REYES: That coul d be. At these
very | ow pressures, it just seenmed to -- excuse ne, at
these lowflowrates, it gave us oscill atory behavi or.

We secured our feedwater at about 19
seconds |l ate at 619 seconds. RELAP was ten m nutes.
HPSI fl ow automatically stopped on the pressure set
poi nt at about the sanme tine, 1616 versus 1641. Then
we concl uded our tests at about 4,000 seconds.

MEMBER KRESS: Di d you vary t he nodi ng any

to see if you got different answers?
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PROFESSOR REYES: For this, we have not.

Have not. | think, in terms of the results, we got
some very good conparisons.

So the blue line here is APEX-CE data and
t he RELAPS. This is basically our full pressure
condi ti on. So once you get past this point, the
control system maintains a constant pressure in the
test.

DR.  BANERJEE: When you say APEX- CE,
that's your nodel.

PROFESSOR REYES: R ght.

MEMBER KRESS: Hi s experinent.

PROFESSCOR REYES: Experiment. So nowl'm
compari ng RELAPS cal cul ation to the blue is the data,
experi mental dat a.

MEMBER KRESS: What causes that?

PROFESSOR REYES: That pressure drops a
bit low | think part of that may be due to the way
in which the heat transfer surface on the steam
generator tubes interacts. W are still trying to
track that down.

There's another part of it that you wll
see later on, same kind of thing. | think it
potentially could be the way we nodel ed the surface

air in RELAP.
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MEMBER RANSOM WAs the pressurizer

nodel ed?
PROFESSOR REYES: Yes.
MEMBER RANSOM Is it enptied or --
PROFESSOR REYES: No. Pressurizer --
MEMBER RANSOM So this would be the
pressurizer response then, | woul d guess.
PROFESSOCR REYES: So that could be the
pressurizer controller. So we have our levels

covered, so the heaters are on

MEMBER KRESS: That's the sort of thingit
| ooks Iike.

PROFESSOR REYES: W were hi gh, and maybe
we didn't nodel enough.

CHAI RMAN WALLIS: That's essentially the
| oop pressure, though. It's not just pressurizer.

PROFESSCR REYES: That's correct.

DR BANERJEE: But it's al nost the sane.

DR KRESs: It is.

PROFESSCR  REYES: Vel |, and our
nmeasurenment was the pressurizer pressure. That's a
good point.

Pressurizer collapsed liquid level -- so
we had about the right | evel s here. Here's RELAP, and

here is APEX. W were alittle bit | ow, but again not
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by very much. | was surprised by the trends. They
really matched very well.

This is at the 8-D location in downconer
for this test for the min steanmine break. Here is
the data, and here is RELAP. So it predicted a very
smal | difference toward the end of the test.

MEMBER KRESS: Let's see. 8-D, is that
where the beltline was?

PROFESSOR REYES: That's just below --
That is actually below the active co-region. So we
are now past it. So it's closer to a better m xed
regi on.

DR.  BANERIJEE: So this is not at
saturation then?

PROFESSOR REYES: No. No, this is
subcool ed conditi ons.

This is below cold | eg nunber 2. Again,
here is the RELAP calculation, and here is the
neasured data. The HPSI flowrate -- O course, the
HPSI -- The way we nodeled our HPSI was we had a
pressure curve. So the flowrate is dependent on the
system pressure. There is a feedback.

So we what we see is, as pressure drops,
the flow increases, hits a maximum and then as

pressure starts clinbing back up, the HPSI fl ow cones
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down. So RELAP predicts this curve here. It got the
start-up and the shut-down pretty close, and the
overall trend -- | nmean, the shape is simlar

DR. BANERJEE: | guess that's due to the
pressure being wong. Right?

PROFESSOR REYES: So -- Yes, that's right.
So RELAP dr opped down to a | ower pressure, which woul d
gi ve you a higher flow That's right. So that's that
little knee in the first curve.

MEMBER KRESS: Yes, that reflects it.

MEMBER FORD: What physically happens to
around about 1700 seconds? What gives rise to both
t he drop observed and the change in scope predicted,
typically?

PROFESSOR REYES: GCkay. Onthis turn here
where the HPSI is com ng down, the systempressure is
i ncreasing, and part of is what we are doing is we are
injecting -- we are continually injecting our HPS
water, which is filling up that system and can
actually serve to pressurize the system So HPSI
could take you back to full system pressure.

Well, that is what is occurring here. W
have put enough vol une of water here to where we have
repressurized it. In addition, we do have decay heat.

So we are heating up the water that we are putting in.
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So over here we have basically hit our full system
pressure.

DR. BANERJEE: What is the HPSI pressure?

PROFESSOR REYES: For our facility, the
shut of f heads about 385 psia. In the Palisades plan,
it's about 1200 psi a.

This is looking at the break flow rate
compari sons. Here is our neasured -- This is the
steamflow rate data. W used a vortex flow neter
The cutoff flow rate for the vortex flow neter is
about 50 liters per second here. So beyond this, you
just basically have a straight drop.

What | did was we used the liquid|level in
t he steamgenerator to kind of extend this out. So we
were -- This basically would be our expected steam
flow rate out after the low flow cutoff. So just
using a max bal ance on the steam generator 1 shel
side allows us to extend our data a little bit
further.

What we see is a pretty good conpari son up
here. There is abit of a discrepancy here. Nowthis
sudden change -- and, hopefully, sone of the I SL fol ks
m ght be able to see it. | suspect maybe it was a
transition fromchoke to non-choke conditions, but we

get a sudden drop and then --
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CHAI RVAN WALLI S: Wy does it suddenly go

to zero?

PROFESSOR REYES: That was ny -- | don't
know why it goes to zero and cones back up.

CHAl RVAN WALLI S: There's still a break on
t he pressure.

PROFESSOR REYES: So t hat' s sonet hi ng t hat
we are still tryingto figure out what's going on wth
t hat .

CHAI RVAN WALLI S:  Sonething is weird.

PROFESSOR REYES: But it was tracking
pretty well, and then it just dropped straight. So
we'll look into our nodels --

DR. BANERIJEE: Do you nean zero or a
little bit above zero?

PROFESSOR REYES: For this one? | think
it was right -- It m ght have been right to zero. So
| don't knowif it is the nodels that we are using.
There m ght be something that we did incorrectly in
how we nodeled it.

MEMBER RANSOM  Thi s i s a steanl i ne break.
s that right?

PROFESSCOR REYES: Yes. And sothisis the
steamfl ow com ng out of the steamgenerator. So I'm

not sure why it woul d suddenly drop, but it | ooked to
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me like it mght have been a change in the choke fl ow
t o non-choke.

CHAl RVAN WALLI'S: Wl |, that should stil
be conti nuous.

MEMBER KRESS: VWhat was the pressure
difference at that point?

PROFESSOR REYES: | don't -- Well, let's
see, it's about 1,000 seconds.

DR BANERJEE: It should be continuous,
but it may not be in the code.

MEMBER KRESS: It may not be in the code,
because they got to switch from sone sort of a
fl omdown nodel and choke to some sort of a delta P
nodel through a resistance. So it could very well be
di sconti nuous.

PROFESSOR REYES: Well, we are the first
to admt that we are -- in terns of our team we are
novi ces. W don't claim to be the really code
devel opers or nodel ers. So when we i dentify sonet hing
like this, we try to --

MEMBER KRESS: That may show a glitch in
t he code.

PROFESSOR REYES: O it m ght just be our
version, too. | don't know if you' ve seen anything

like that in | SL.
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MEMBER KRESS: There is no reason why it

shoul d behave that way.

PROFESSOR REYES: Yes, but it was tracking
along pretty well up to that point.

CHAI RMAN WALLI S:  No physi cal reason.

MEMBER KRESS: No physi cal reason. That's

right.

PROFESSOR REYES: That's right.

Cold leg flow rates: This is the data,
and this -- For cold | eg nunmber 1 we did not stagnate.

So we reached ki nd of a steady state fl ow. RELAP al so
reaches a steady state condition. It does track the
data pretty well up here, but it overestinmates the
cold leg flow for this region of the test.

|"ve got sonme tables with some nuneri cal
values to give you a feel for --

MEMBER RANSOM Is that a natural
circul ation region?

PROFESSOR REYES: Right. That's right.
So this is all natural circulation flow conditions.
Infact, weinitiatedthe test on natural circul ation.

Here's cold |l eg nunber 3. So 1 and 3 were
attached to t he sane st eamgenerator, and that was t he
broken steam generator. W saw -- This was pretty

good. This is a very good conparison with the data.
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But it did a good job predicting 3.

Here's cold |l eg nunber 2. So two of the
four, this was the inpact steam generator |oop, and
t he steam generator did act as a heat source. So we
did get stagnation in these |oops, and we got this
initial stagnation occurring over here and then it
basically flattens out.

This one didn't oscillate too much. This
next was pretty well behaved. It m ght have m ssed
the peak a little bit. So in terns of the on-site
stagnation, it did a reasonable job there.

Cold | eg nunber 4, againit'salittle bit
above zero there, but it worked -- it gave a
reasonabl e --

DR. BANERJEE: So the flowreverses for a
whi | e.

PROFESSOR REYES: Ri ght . In our
experiment, we see a slight reversal in flow

DR BANERJEE: Both of them

PROFESSOR REYES: That's right.

DR BANERJEE: \hat does that do to it?
Wiy does it reverse?

PROFESSOR REYES: Let's see. The other
ones are flowing. So in fact, we have noticed that

with this design you can have -- W've done sone
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early-on shakedown tests where we had two punps
fl owi ng, two punps off, and you do see fl owreversals
in some of the | oops, although this is at a very | ow
rate. So we've done opposite punps, side by side
punps, and you get sone negative flow in some | oops.

So overall, it actually predicted
reasonably well. [I'll give you sone nore details on
that. Here is steamgenerator nunber 1 tenperatures.
What we see is that the RELAP predicts the shell side
temperature -- it's alittle bit high, but again not
a whole lot, and the hot |leg tenperature it predicts
alittle bit |ow

This all may be tied back to the fact that
we had slightly -- RELAP predicted slightly |ower
pressure, which gave you slightly higher HPSI fl ows,
which give you a little bit nore cooling and m ght
have dropped it down a little bit in ternms of
temperature. So that pressure curve from the very
beginning with that little extra knee m ght explain
sone of this difference.

The i nportant thing is that for this case
what we see is that the shell side tenperature always
remai ned bel ow the hot leg tenperature. So this was
al ways -- This wasn't the source of the -- It wasn't

t he heat source.
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On t he ot her hand, steamgenerator nunber
2 was a heat source. Early on in the transient, we
see the hot | eg tenperature dropping below the cold
| eg tenperature -- | nean, the steamgenerator shel
side tenperature. So at steamgenerator 2, the intact
st eam generator becane a heat source.

It did a good job on -- or at least early
on -- in predicting the hot leg tenperatures. Then
there is a bit of a deviation again. That could be
partly due to that difference in pressure we sawearly
on.

Then up here, we are still |ooking at
this. We don't know why -- This is -- The steam
generator is buttoned up. It's isolated. So |I'mnot
sure why we get a sudden drop over here in shell side
conditions -- shell side tenperature.

DR BANERJEE: So to RELAP it's buttoned
up, too. Right?

PROFESSOR REYES: That's right, yes. So
this one we close up that steam generator. W did
stop -- At ten minutes into the transient, we do stop
feeding the steam generator. So this | ooks al nost
i ke the feedwater came on, but that's not what we
di d.

MEMBER RANSOM Well, there was a | eak?
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PROFESSOR REYES: O a | eak i n RELAP. But

the experinment -- it just stayed flat, because it was
a buttoned up system

So that -- Internms of what is going onin
t he steamgenerator, those are the things that we are
still looking at, to try to understand what caused
t hat behavi or.

MEMBER RANSOM There is sonething
i nconsi stent, though, because you have the steam
generator break flow rate.

PROFESSOR REYES: Correct.

MEMBER RANSOM  And you don't show it.
That's that strange glitch at 1,000 seconds, and |
t hought you said it was cl osed.

DR BANERJEE: That's a different one.

PROFESSOR REYES: W had a broken steam
gener at or which was --

MEMBER RANSOM Vell, it was the sane
test, though, | thought, CE-0011.

PROFESSOR REYES: There are two steam
gener at or s.

MEMBER RANSOM Ch, you're talking --
Ckay, one steam generator was --

PROFESSOR REYES: |s broken, and t he ot her

one is -- Yes. This is the pressure curve for the
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br oken steam generator, and RELAP does follow that.
So you would think the tenperature would follow the
saturation. It's just saturation tenperature. So we
are | ooking at that to see what it isthat -- why it's
di fferent.

Then again, steam generator 2: | nt act
steam generator. Again, RELAP, for sonme reason, it
just drifted down faster than APEX, and that
corresponds to the saturation tenperature difference.

Okay. So that's our experience with RELAP
for this one case. Now you are going to hear a | ot
nore about RELAP here in ISL's presentation, and |
want to point out sone other -- talk a little bit
about the CFD cal cul ati ons and sone ot her phenonena.

Sonet hing that | noticedis theinportance
of these nodel uncertainties in terns of sensitivity
to the transport rates. So there's a class of
transients that exhibit a significant departure in
behavi or when you exceed a certain critical setpoint.

So, for exanple, there's some nm ni numcore
mass bel owwhi ch a fuel tenperature excursionis going
to occur. You drop below that mass, and it's like a
switch. You get this excursion.

There is a maxi rumprimary systemliquid

volume above which the HPSI punps wll rapidly

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

207

pressurize the system So these types of transients
are sonewhat susceptible to the uncertainty in your
nodels, if your transport rates are on a simlar --
i nputs and outputs are on a simlar -- So if you had
a code prediction of the outcome of these types of
transients, you really have to consider them
i ndet erm nant w t hout additional study.

If the sum of the uncertainties in the
transport nodels are on the same order, it has a net
di fference anong the transport rates. "1l give a
little explanation of what | nean by that.

Here's a test we ran, 0008. These are the
-- This is our break flow This is atwo-inch hot |eg
break. So this is primary side break flow, and then
this is our total HPSI flow.

So here we see the break fl ow comes down,
and it starts to oscillate kind of around the sane
value as the total HPSI flow. It goes above it and
belowit and above it and belowit. In fact, they are
very much on the sanme order, and eventual ly the break
flow is less than HPSI, and the HPSI can actually
recharge that.

Well, the nore | | ooked at that, the nore
| realized that this would be a very challenging

problem to predict for the codes, for the conputer
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codes to have to try to predict this kind of -- you
know, which one is higher first. It is al so dependent
on pressure. The break flowrate is choke flow. So
it depends on your choke flow nodel s.

So it seenmed to ne that, if you had the
integrated mass balance in the code that | ooked
sonething like this, you have initial mass. You've
got your inlet mass flowrate with sone uncertainty
attached to it, mnus your outlet mass flowrate with
some uncertainty attached to it.

If you assune that these uncertainties
typically are small relative to your flowrates, which
is normally the case -- it's not necessarily a
probl em and for systens withreally | arge HPSI s where
you are putting |l ots of water, well, this my dom nate
t he whole behavior in terms of timng of when you
m ght reach one of your critical setpoints and change
t he behavi or.

We can rewrite this like this. Now the

probl em occurs i s when your inlet flows, your outl et

flows, are kind of on the sanme order. Now your
uncertainties can becone very inportant. So the
uncertainties beconme -- wll inpact the nmass

predictions, for exanple, inthis case, if your inlet

flows mnus outflows is on the same order as mybe

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

209

pl us or m nutes the sumof your uncertainties here for
this particul ar case.

So an accurate estimate of when or if the
system becones liquid filled and repressurizes is
strongly influenced by the magnitudes of the tine
dependent nodel wuncertainties for this particular
case, because your inlets and outlets are on the sane
or der.

So |l just -- | thought this was inportant
to point out, especially for designers who are trying
tofinetune their designs with the code, and they are
[imting maybe HPSI flow to get -- to be the nost
econonmi ¢ design, you mght go to a smaller punp, but
you have to be careful in your nodels. Even if it
predicts things are fine, you need to do a very
careful mass bal ance and | ook and see howwell it is
predicting for these very lowflowrate differences in
your transport nodel s.

| just wanted to point that out. Overall,
internms of conclusions, we used the gamma ver si on of
the RELAP5. W found that the nmaxi mum deviation in
primary system pressure was about 10 percent was the
maxi mum about .25 nmegaPascals, and that was for a
very short portion of the transient, that one section

we saw.
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O herw se, the difference was on the order
of about one percent. So it was pretty close. The
maxi mum devi ation in the well m xed downconer fluid
temperature -- and ' mreferring hereto the 8D-- was
about four percent, and that was at the very end of
t he transient.

The predictions of the HPSI flow rate,
t he pressurizer col l apsed | iquid|level, feedwater fl ow
-- those were all in excellent agreenent with the
dat a.

The maxi num break flow rate we saw was
about 289 liters per second, and that was withinthree
percent of the nmeasured value, was 281, and it was
really within the uncertainty of our vortex flow
meters.

The RELAPS predicted t he break fl owwoul d
experience a sharp drop at about 980 seconds, and we
are not sure what caused that. Possibly, it was the
transition fromone type of nodel, choke fl ownodel to
a non-choke fl ow nodel

RELAPS predicted stagnation in the cold
legs 2 and 4 as a result of steam generator nunber 2
becom ng a heat source. The tinme at which the steam
generator 2 becane a heat source was accurately

predi cted by RELAP.
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Trends in the cold leg flow rates were
very simlar. The numerical val ues were in reasonabl e
agreenment with the data, with the exception of the
data for cold | eg nunber 1 where RELAP over predicted
a bit.

Just as a warning, caution has to be
exerci sed when you are analyzing transients that
involve small differences in the transport terns,
because t he nodel uncertainties can becone i nportant.
So the outcome of those transients, you have to be
very careful as to whether or not you exceed sonme
critical setpoint or not.

Ckay. Any questions on RELAP? You wil |
have opportunities, | guess, total k about the details
of the nodels with ISL, but I'Il junp straight into
STAR-CD, again just to give you a little bit of an
over Vi ew.

W used STAR-CDto -- It's a CFD code t hat
we used to nodel two stagnant cases. The | oops were
stagnant, and we just have HPSI injection, test nunber
5 and nunber 6.

The code was able to predict, in terns of
produci ng the phenonena, HPSI |ine backfl ow. |t
showed cold leg thermal stratification, cold I|eg

countercurrent flow It also showed downconer plune
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nmerging with the code. So | was inpressed that it
could do -- it could capture the phenonena.

W also used it to do a transient main
steanl i ne break case, which we hadn't tried before,
but we wanted to see how well STAR-CD would do with a
transi ent case. |'ve got sone cal cul ations for that.

Qur base nodel for STAR-CD -- W had
768,784 cells and two mllion vertices for the fluid
domain. The solution of the problemwas --

CHAI RVAN WALLI S: Does it matter which
probl em you were sol ving?

PROFESSOR REYES: Oh, this is for the
st agnant case.

CHAI RVAN WALLI S:  That nust be for one of
t hem

PROFESSOR REYES: That's right. This is
for the stagnant. So for test nunber 5 and 6, we used
this nodel. Thank you. You can tell the students --
It was the students who ran these things, and we
reviewed it.

You know, in the old days we would talk
about your hot rod, you know. So this was run on a
parallel on four SUN Fire 240R servers with the SUN
Spark I'll 750 MHz, 64-bit processors and one gi gabit

of RAM The students tal k about these --

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

213
DR BANERJEE;, One gi gabyte.

PROFESSOR REYES: |'ve seen gigabit used
interns of -- which is unusual to ne. | always see
gi gabytes, but recently | saw an advertisenent in

gigabits, and | don't know what that --

So the fact that we can run these things
in parallel certainly speeds things up, but you wll
see that it took a long tine still. So for test
nunber 5, we had a constant tine step of .1 seconds.
We ran about 2200 seconds of transient. 1t took 33
days, a long tine.

MEMBER RANSOM Did you do a convergence
study to showthat that's the right nunber of cells to
use?

PROFESSOR REYES: To actual |y use? Yeah.
No, we would still be doing it.

DR BANERJEE: Just get anot her nachi ne.

PROFESSCOR REYES: Thr ee and f our nmachi nes,
four parallel machines.

Si nce we' ve i nvested i n these nachi nes, of
course, there are nuch faster machi nes now, and --

DR. BANERJEE: This is very slow.

PROFESSCR REYES: Yes, conpared to what is
avail abl e now. You just wait a year, and everything

has changed, and all your noney that you invested is
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inaslowmachine. So | understand nowNRCis running
on PC-based parallel networks and getting sonme very
good speeds with that, a |lot |ess expensive, too.

MEMBER KRESS: So if you used one second,
you woul d have done it in three days?

PROFESSOR REYES: Poi nt -one seconds --
yeah, it takes about 2200 seconds over 33 days.

MEMBER KRESS: Yes, but if you did that
one second, 2200 would cone in three days.

PROFESSOR REYES: Yes. This is pretty
bi g, vyes. These are pretty big nodels. Li ke |
Ment i oned, when we wer e doi ng CFD cal cul ati ons back i n
the Eighties, the nost we ever noded was about 4, 000
nodes.

DR. BANERJEE: | renenber that Ri nghouse
was running STAR-CD with 2 mllion nodes about five
years ago.

PROFESSOR REYES: Ww. This is the nodel
t hat we used for the stagnant conditions. W nodel ed
two cold | egs with | oop seals and HPSI injection. W
nodel ed t he downconer fluid volume and the downconmer
steel, and we nodeled the fluid in the core region.

MEMBER RANSOM Do you know what sort of
turbul ence nodel is included in this?

PROFESSOR REYES: Yes. There were six to
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two in STAR-CD, and | think it was just the straight
K-epsilon type nodel, the very basic one. |In fact,
t hey had | ooked at running this at |am nar and al so
turbulent, and turbulent ran a | ot slower, but they
didn't see a lot of difference in the results. So
there's a |l ot of questions we have with regard to the
turbul ence nodeling in this system

DR. BANERJEE: Well, you probably get a
| ot of nunerical diffusion.

PROFESSCOR REYES: Wth the | am nar maybe.
It was interesting to see, yes. The one thing that
was different is that when they nodeled it, they
nodel ed the bend this way i nstead of that way. So |
wanted to point that out.

MEMBER RANSOM  Actually, there is very
littledifference. Oneis just thelam nar viscosity,
and the other one is equivalent viscosity.

PROFESSOR REYES: Maybe that's it. So
here we' ve got this thermal -coupl ed rake in our cold
leg, and againthis is for this test nunber 5. W are
just injecting cold HPSI water into the cold |eg.
There is no natural circulation flow in the I oop.
It's just a stagnant system

Here i s our -- these four thermal -coupl ed

| ocations here. The blue -- In this case, the blue

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

216

here is the cal cul ation, and then the red is the data.
So this is the APEX dat a.

W see, we start off kind of high. I
mean, our data is higher than the prediction.
Eventual ly, the prediction and the data do agree. It
seens |like -- So you can imagine we are injecting --
we are performng the stratified |ayer inside this
cold leg. So these are the tenperatures that we are
neasuri ng.

It did pretty well at the bottom of the
pipe. Soit got the lower locationin the pipe pretty
well, andit didfairly nicely onthe second | ocati on.
So the stratified layer, that el evation -- the change
inthat |ocation, warmwater on top and t he col d wat er
on the bottomis where it mght have sone trouble
early on. But it's predicting that this whol e region
is pretty warm But eventually, it does match these
two pretty well.

CHAl RVAN WALLIS: At the sane tine it is
doing the HPlI line, is it mxing the HPl 1ine?

PROFESSOR REYES: Right. That's correct.
Soit's also -- W' ve nodel ed t hat geonetry, and it is
al so showi ng backflow in that |ine.

MEMBER RANSOM What did you do for

boundary condi ti ons where t he nodal i zati on ends out of
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t he pi pe?

PROFESSOR REYES: Oh, interns of the fl ow
com ng out?

MEMBER RANSOM  Fl ow or --

PROFESSCOR REYES: Yes, we specified -- W
do neasure those flows. So those are put in as --

MEMBER RANSOM  Boundary conditions.

DR BANERJEE: But uniform

PROFESSCOR REYES: Correct. Right. That's
right.

MEMBER RANSOM  Based on data, | guess.
Ri ght ?

PROFESSOR REYES: There's no profile.
What they have done here is they have kind of taken
the STAR-CD data and done sone graphical i maging,
just to show that it does predict the plune merging
behavior. So this is what we see.

We have injection in two of the Iegs.
Eventually -- For the video that they produced, these
pl unes ki nd of meander about. Eventually, they merge,
and you form one plune.

CHAI RVAN WALLIS: They seemto go a | ong
way, though.

PROFESSCOR REYES: Yes, and againin terns

of the tenperature difference, there's not a big
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tenperature difference between this and the anbi ent.
It is just highlighted that way so you can see the
behavi or.

W also -- So in terms of what we are
seeing with the STAR-CD calculations, it's very
prom sing. It looks Iike youcan-- and|I'll showyou
sone nore in just a mnute. It |ooks |Iike you can --
The phenonena -- it is predicting the phenonena that
exists. Howwell it predicts the phenonena, I'll show
you sonme nore slides here in a mnute.

W did one transient case, because we
wanted to get some neasurenments -- W wanted to
estimate the tenperature profile in the wall and what
we mght see in ternms of heat transfer coefficients
i nside the wall.

So we used STAR-CDfor this main steanline
break case, and we used these as our boundary
conditions. W had a neasurenent of the wall heat
flux on the outside of the reactor pressure vessel.
We had our cold | eg fl ow neasurenents comng into the
cold | egs, and we had our cold | eg fluidtenperatures.
So those were the boundary conditions.

Then we gave STAR-CD -- W had it
calculate the local -- and in fact, you have to back

out the heat transfer coefficients. You have to make
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sone -- You have to define which fluidtenperature you
are using for the -- to cone up with your H

It could predict the | ocal heat transfer
coefficient or the heat flux. It would predict the
i nsi de surface tenperature and the tenperature profile
i nside the RPVwall, and RPV wal | out si de t enperat ure.
O course, actually, we did the whole wall profile.

MEMBER RANSOM  The | ocal conductor heat
transfer coefficient was based on the vault
temperature of it defined by the cal cul ation?

DR BANERJEE: Wll, it does the
calculation. So you don't have to put anything.

MEMBER RANSOM Wl |, | assune you're not
tal ki ng about | ocal tenperature.

DR. BANERIJEE: He took it off the wall,
didn't you?

PROFESSOR REYES: That's right.

MEMBER RANSOM Wl |, you' ve got to have
a delta T to find the heat transfer coefficient.

PROFESSOR REYES: So in terns of rel ating
what STAR-CD calculates relative to what we
conventionally useinterns of heat transfer, you have
to pick a fluid tenperature. So we did it for both.
Now what |' mgoing to show you is just the heat fl ux,

because | think that gives you a feel for what is
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going on. So I'll show you that.

MEMBER RANSOM Ch, you are just going to
showt he heat flux, not the heat transfer coefficient?

PROFESSOR REYES: Right. And | can show
you the delta T across the wall.

Now to run this problem because it was a
transi ent case, we had transi ent boundary conditions.
They went with a much smal | er nodel, had 41, 000 solid
cells and 185,000 fluid cells, for a total count of
about 200, 000 cells.

It did incorporate the stainless steel
vessel and the fluid within the downconer. W used a
.25 second tinme step, and we ran about 4,000 seconds
of transient, and that took about 20 days. Again, a
smal |l er nodel. Actually, we used |ess conmputer for
t hat al so.

This is what the nodel |ooks like. It's
alittle hard to see here, but basically we have the
metal contribution here. W nodeled the -- W did
include the flowfromthe two other cold | egs that we
nmeasured as a boundary condition. It's alittle hard
to see. But this part here just shows the netal
structure of the downconer.

Ckay. So again, we input the cold |eg

tenperatures. W input -- and we had a heat flux at
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t he outside wall, boundary conditions. So we input
t hat .

DR. BANERJEE: You put the neasured
t enper at ures.

PROFESSOR REYES: The neasured -- not
tenperature, just the measured -- W have a heat fl ux
nmeter. So we just used that heat flux measurenent at
t he outside of the reactor vessel wall, and then we
asked it to calculate for us the tenperature at the
outside wall and tenperature inside the wall and,
actually, a whole profile, and the fluid tenperature
at that | ocation, at that elevation.

So this shows the -- So the red is the
STAR-CD cal culation, and the blue is the actual
nmeasured dat a. Here it is predicting the fluid
temperature at the location adjacent to where we
wanted to get a tenperature profile across the wall
out to the outside of the reactor pressure vessel.

So it matched that pretty well.

MEMBER RANSOM Now your thernocoupl e
extends into the fluid. Right?

PROFESSOR REYES: Right, for the fluid
temperature. That's right.

MEMBER RANSOM So are you taking a

cal cul ated value at the sane di stance i nto nmesh?
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PROFESSOR REYES: Right. So that was --

conpared very well, and | hadn't seen any STAR-CD
transi ent cal cul ati ons before. So | was pl eased t hat
this was predicting sowell. But again, we are giving
it the heat flux at the outside boundary. So that
hel ps.

W had it predict the outer wall
tenperature. So now we got a measured tenperature on
t he outside wall. W had STAR-CD predict that. W do
sone devi ati on here down at this point. Again, STAR-
CD here is the blue. The data is the neasured, but in
general, we are looking at about a 5 degree K
di f ference down bel ow t here.

VEMBER KRESS: Now what goes into that
cal cul ati on, because you are still giving it the heat
flux.

PROFESSOCR REYES: W are giving it the
heat flux on the outside wall. Qutside wall.

MEMBER RANSOM This is the outer wall.

PROFESSCOR REYES: Right. Thisis just the
t emper at ur e.

MEMBER KRESS: So you -- | nean, this is
just an outside calculation using thermal radiation?

PROFESSOR REYES: Ch, no. No.

MEMBER KRESS: You actual ly start fromthe
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i nsi de?

PROFESSCOR REYES: Fromthe inside all the
way through, and then we nodeled -- W actually
nodel ed the insul ati on on the outside also. So we've
got the insul ation nodel ed. W' ve got the reactor --
t he steel nodel ed, and then we are just giving it the
boundary conditi on up here saying this is our cold|leg
tenperature and cold leg flowrates, and thenthisis
the heat flux at this |ocation.

MEMBER KRESS: Okay. That's all you gave

PROFESSCOR REYES: That's all we gave it,
and then with tinme dependent values, and we let it
calculate, and this is what it gave us in ternms --

DR. BANERJEE: A heat flux is just a heat
| oss, right?

PROFESSOR REYES: | n essence, that's al
itis, really. It's aheat loss. But it's a neasured
one. So it's able to calculate our outer wall
temperature pretty well.

MEMBER FORD: In this particular test,
you've got a half-inch stainless steel pressure
vessel .

PROFESSOR REYES: Correct.

MEMBER FORD: And you are blow ng cold
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wat er onto t hat heated surface, 475, bl ow ng sone col d
water onto it, and you are cal cul ating the outer wall
t enperat ure.

PROFESSCR REYES: The thing about this
test is that we do see that the tenperatures in the
downconer are fairly uniforminterns of the cool down,
and you've got this big -- On the steam side of the
pl ant, you've got a big bl owdown, and we are noving
energy fromthat primary system

So we are cooling down that primary
tenperature. And so what you are really seeing on the
inside wall is a change in tenperature, which is
fairly uni formaround t he whol e downconer. So | think
that made this calculation a | ot easier to do.

MEMBER FORD: And physically, what is
causing the tenperature to go up again?

PROFESSOR REYES: And so in this system
we are gradually -- Decay heat is causing the
tenperature to go back up, and we are repressuri zi ng
the system which is reducing our HPSI flow rate.

MEMBER RANSOM Correct me if |I' mw ong,
but the wall tenperature is being driven by the fluid
t enper at ur e.

PROFESSOR REYES: That's right. So what

this -- That's really one of the key points, is that
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the H-- the fact that this predicts so well tells nme
that it's not too sensitiveto H, and then |ater on we
did do sonme sensitivity to see if the increased H
doesn't change the wall tenperature nuch, and it
doesn't really.

Ckay. There was a question in the final
report.

DR. MOODY: Excuse ne. So the heat
transfer in the wall is in every direction. Right?
Across the wall and in the plane of the wall, 3-D?

PROFESSOR REYES: Right. That's right.
So they have axial conduction. Now in the final
report, and |'m going to show -- because there was
interest inthe beta, | amgoing to present this very
qui ckly here, if | can

This is for the same -- alittle hard to
see. Let me focus that. There we go. This just
shows tenperature difference across the wall. So you
are going from-- Here you have the positive being
fromthe wall tothe fluid. So it goes positive into
negative and then back up.

This is looking at three different
| ocations, the 1.3 down to the 8. So this is what
STAR-CDis calculatinginterns of the delta P across.

Then we were able to get the -- It's a small
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tenperature difference. Again, we had a very snal
thin wall. That's right.

MEMBER RANSOM | al so assune it is -- You
said it is well insulated or insulated.

PROFESSOR REYES: R ght.

MEMBER RANSOM So the heat loss is
presumably fairly small

PROFESSOR REYES: It's small.

MEMBER KRESS: \What drives those little
bunps in there? |s that because you had little bunps
in your heat flux?

PROFESSOR REYES: That's right.

MEMBER KRESS: G herwise, it would be
snoot h.

PROFESSOR REYES: Ri ght. If we didn't
provide it as a boundary, then --

DR. MOODY: If that is a half-inch wall,

what kind of tine constant is that frominsi de to out

agai n?
PROFESSOR REYES: It's not very | ong.
DR. MOODY: We're tal king seconds?
PROFESSCR REYES: Seconds, | think. I
kind of remenber 19 or 20 seconds. It wasn't very

| ong, maybe | ess.

Since we weren't neasuring the inside --
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t he actual inside wall tenperature, we were neasuring
fluidtenperature and we di dn't have any t her nocoupl es
inside thewall, thisis kind of an attenpt to do sort
of the inverse conduction problem where we know
somet hi ng on the outside, but we want to know what's
goi ng on inside.

So this at | east gave us a feel for what
was goi ng on. These are different di stances i nsi de of
our wall up to 1.2 centineters, about half an inch.
So initially, we are at high tenperature inside the
wall, and this is on the outside of the wall. So
we've got a very small, like -- This is very small
about half a degree K difference.

Then you can see -- As the transient
proceeds you can see the change in the slope here.
This tenperature drops very quickly. This is about
100 seconds. At 200 seconds we see a little steeper.
At 300 seconds, again a bit steeper. But keeping in
mnd that the inside tenperature is changing very
quickly. So here we have 451. That was 471. So we
got about a four degree delta T.

So this nethod then all ows us at | east to
get a feel for what the tenperature profile is doing
inside the wall. It's going from a positive,

basically, to a negative and then back to positive
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agai n.

So in terms of usefulness, it allowed us
to very qui ckly determ ne sonme addi ti onal information
about our test, which we didn't have before, in terns
of measurenents. And the fact that we did have
nmeasurenents in terns of heat flux and wall
tenperatures and fluid tenperatures, and that STAR-CD
was able to calculate it for these conditions
reasonably wel | gave us sone confidence that this is
what is occurring inside the wall.

VEMBER RANSOM Now one nore thing it
m ght be interesting to get out of this datais you do
have the heat flux, and you have the delta T between
t he wal I, and you coul d cal cul ate the bul k tenperature
fromthis code.

PROFESSOR REYES: R ght.

VEMBER RANSOM And then put it in
conventional heat transfer coefficient ternms and see
how well that conpares with the convective heat
transfer coefficients that are bei ng assunmed i n any of
t hese thermal shock type cal cul ati ons.

PROFESSOR REYES: That's right. So this
t echni que al |l ows us then to expand not just this test,
but there m ght be other tests that we coul d use the

sane nodel and see if we can bal ance sone of that.
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VMEMBER KRESS: That data makes it | ook

i ke you' ve got pretty good i nsul ati on on the inside.
PROFESSCR REYES: W do.

VEMBER KRESS: Because it flattens out.

PROFESSOR REYES: W use acowsill. It's
about -- | thinkit's about two i nches or three inches
of the cowsill. It works pretty well.

kay. So | prom sed to show that data.
Agai n, copies of these plots are available in the
final report. You' ve got a copy there.

Ckay. Then | did want to do sone
conparisons of the downcomer tenperatures using the
three different nethodologies, REM X again really
being one of the woirk horses of the earlier
nmet hodol ogy that allowed us to go froma system code
analysis to nore of a |ocal analysis, because at the
time the CFD code in terns of cal culation tinme was too
expensi ve.

In fact, | think we had sonething |ike
over 200 calculations that had to be perforned for
t wo- hour transients, and with the CFD code it was very
expensi ve.

So this is just kind of an overview
STAR-CD uses five different types of nodels for

turbul ence nodeling. It's a 3-Dcode. You can pretty
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much -- any geonetry that you would like. It doesn't,
however, do any boiling or condensation. It does
i ncl ude heat structures.

You can I nput vari abl e boundary
condi tions, time dependent boundary conditions, but it
is very expensive to run in ternms of tine and
conmputers.

REM X was devel oped, because it was a very
si mpl e code, a regi onal m xi ng nodel that woul d al | ow
us to get an estimte, and typically a conservative
estimate, of the downconer fluid tenperatures for a
range of conditions. Essentially, it's 1-D. You can
input a HPSI flowrate, and the cost of running it was
negligible. It would run very, very fast.

It was desi gned for one particul ar type of
basi ¢ configuration, but you could i nput other nodel s
totrytosinulate different types of injection angl es
and things like that.

RELAP5, of course, is a systens code, and
what we were using was a 1-D version. There are lots
of predefined conmponents. |t does do the boiling and
condensation. So that was the advantage of that, and
you can nodel the entire plant withrelatively little
conput ati onal expense.

MEMBER RANSOM What is the | ock exchange
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nodel for closure on the REM X?

PROFESSOR REYES: OCh, yes. This was the
stability at the interface kind of nodel. So,
basically, we tal ked about when you would get the
onset of thermal stratification in your cold Ieg.
I ncorporated into REM Xis essentially al ock exchange
nodel which ties the conditions at the downconer side
of the cold leg to the interface height.

So usi ng t hat nodel plus a conservati on of
mass and energy, you are able to establish the hei ght
of that interface and the relative flow.

kay. So here is conparison data wth
REM X, STAR-CD, and RELAP. The dashed line here is
RELAP. This solid -- this looks solid -- is REM X,
and then the red is the STAR-CD, and then this bl ack
line is the APEX dat a.

Sothisis |looking at just belowthe inlet
of the cold leg. The 1.3 dianeter is down into the
cold leg. So we have a fluid thernocouple there. W
nmeasure tenperature then. In STARCDwe bring it out
about 2200 seconds, matched very well with that data.

DR. BANERJEE: |Is that the 2200 second run
you were tal king about?

PROFESSOR REYES: Ri ght. Correct, way

back when.
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DR. BANERJEE: Wy back when.

PROFESSOR REYES: Thanks. Yes.

DR. BANERJEE: That sanme boundary
conditions for REM X and STAR-CD or different?

PROFESSCOR REYES: Yes. Well, the way the
-- The boundary conditions are the sane, yes. So we
had a constant HPSI injectionflowrate. W specified
the volunmes. And now how you nodel in each one is
different, of course, but we are using t he sane RELAP5
nodel that we used for our transient cases.

In STAR-CD we are using the 700, 000 node
nodel, and then REM X is set up for just -- you
specify the HPSI flowrates, the vol unes of different
conponents, the metal structure. So the inputs are
different, but the sanme geonetry.

So RELAP5 initially underpredictsalittle
bit, and then it kind of overpredicts, and that is
what you m ght expect, if it's really a well m xed
nodel . So it's trying to predict the well m xed
tenperature, and here we are at 1.3D right at the
injection site. So it is going to predict low -- |
nmean hi gh here.

Over here REM X did predict a bit --
underpredi cts sonewhat in ternms of the tenperature

measur ement s.
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Again, | ooking at the 2-D | ocation, here
is RELAPS predictingalittle bit warmer. Hereis the
STAR-CD. Here is the data here, and then here is --
They all, of course, have the same trends. REM X is
alittle bit low, RELAP a little bit high.

Here it's at 4 di aneters down. Again, the
conmpari sons are simlar. Down to 8 dianeters, we see
again here STAR-CDis predicting pretty well, and the
val ues ar e bounded by t he RELAP and t he REM X resul ts.

Here are j ust some nuneri cal values. This
isinternms of the change in tenperature. So we start
off with the fluid at the HPSI |ocation sonewhere
around 60 degrees Fahrenheit. W wanted to determ ne
the warmup to give a ki nd of a good assessnment of how
much did the STAR-CD warm up the fluid versus the
actual neasured tests in termnms of percent difference.

So STAR-CD at 200 seconds we saw from
seven percent to eight percent -- well, excuse ne,
down t o four percent up to about 14 percent difference
as the maxi numdi fference at that tinme. It was cl oser
|ater on. So we are seeing sonewhere on the order of
seven to eight percent on the average difference in
terms of the warmup tenperature, the delta P from
HPSI conditions to the tenperature at that | ocation.

Sanme thing here with REM X. W see agai n,
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not too bad, eight percent, very close. This is a
l[ittle bit higher, up to 24 percent here and up to
about 30 percent. Thistendedto predict alittle bit
| ow.

Then RELAP, again if you actually | ook at
t he nunerical values and the changes in tenperature,
they were not -- we are not |ooking at very big
differences in terns of what we are seeing. Now on
t he scal e that | showed you so that you could see the
differences, it kind of exaggerated a bit.

Wat we are seeing is that, if you can
predict relative well m xed conditions, the deviation
is not toofar for this particular designis what it's
real ly saying.

MEMBER RANSOM  And al | of the predictions
are positive, nmeaning, | guess, they predicted higher
tenperatures than were neasured i n APEX?

PROFESSCOR REYES: Well, | think -- yeah
t hese were just percent -- These are just an absol ute
val ue.

MEMBER RANSOM It's an absol ute val ue?

PROFESSOR REYES: So REM X, for exanpl e,
just fromthe graph you can see, was negative. It was
al ways predicting |ower. That was consistent.

MEMBER RANSOM Ckay. These are
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absol ut es.

PROFESSOR REYES: Yes. "1l have to
change that.

MEMBER FORD: Now you are showi ng there
for RELAP a ten percent difference. It's a
nonconservative change. |It's 128 versus 116, which
woul d predict a lower strain in the netal.

PROFESSOR REYES: R ght.

MEMBER FORD: Do you have any feeling as
to how nuch that difference in strain would be?
You're saying ten percent is low M question is --

PROFESSOR REYES: Yes. | don't have a
cl ue.

MEMBER FORD: Use ten percent, | guess?

MR.  ROSENTHAL: They are due into
February. Hold that question.

PROFESSOR REYES: Right. The idea here
is we are leading up to a couple of things. One is,
if we conme up with an assessnent net hodol ogy, that
m ght give us better -- a nore accurate picture of
what is going on. That was really one of the goal s of
-- at least our goal -- in looking at these
cal cul ati ons.

So one inproved nethodol ogy m ght be,

wel |, we still use our systens codes, RELAP5 and TRAC,
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because at this point we really haven't devel oped a
CFD code that will nodel the entire plant. [It's just
too expensive, and again CFD codes don't nodel the
boi l i ng or condensati on.

So we keep that conponent up on top.
However, what we did find is that the CFD codes can
predict all the essenti al phenonena whi ch you coul dn't
predict very well with a sinple code |li ke REM X. For
exanple, REM X doesn't predict the downconer-plune
interactions, the nmerging of plunmes and that type of
behavi or.

Loop seal spillover, HPSI backflow, the
cold leg tenperature gradients, the RPV heat transfer
-- these things for single-phase conditionsisideally
suited for CFDs. So in terms of an inproved
net hodol ogy, the CFD codes could certainly repl ace
exi sting REM X conponent that we had there, plus a
stratification criteria. So we actually have two
conmponents, stratification criteria and then a REM X
conponent .

So this one would replace those two
sections and then, of course, we would feed that into
the fracture mechanics. So it's not much of a
difference in ternms of what we are doing with regard

to the information flow It's just how we get that
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information. | think we are getting a nuch better
picture in terns of phenonmena and neasurenents
conpared to data. So far we've gotten sone very good
compari sons.

So this would certainly represent an
i mprovenent over what we have been using in the past
with the sinpler codes.

CHAl RVAN WALLI'S:  Well, | was wonderi ng.
The curves seemto showt he STAR-CD does t he best, the
detail ed tenperature curves.

PROFESSOR REYES: R ght.

CHAI RVAN WALLI'S: But when you get to a
table of percent differences, it's not clear that
STAR-CD is superior to RELAP in terms of percent.
Maybe the nessage depends on how you present it or
sonething. RELAP in that particul ar exanpl e seens to
do pretty well, but naybe that's just for that
particul ar run.

PROFESSOR REYES: Right. And this is out
to 900 seconds. \When this was prepared, we hadn't
finished the 2200 seconds. It should be carried al
the way out. It givesus alittle of a snapshot at a
particul ar set of tine.

CHAI RMVAN WALLI S: Well, | guess we have to

| ook at how accurate we need to be in order to get the
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sort of answers we are interested in.

PROFESSOR REYES: Ri ght . If we are
| ooki ng at tens of degrees or, you know, 20 degrees K,
we are well within the range of what this seens to
predict. If we are | ooking at very small differences,
again it's much nore chal |l engi ng.

Okay. So overall, the RELAPS predictions
for the main steanline break were in good agreenent
with the well-m xed downconer fluid tenperatures. It
did a reasonable job of predicting the stagnation
mechani snms in terns of reverse heat transfer for the
mai n steam i ne break

REM X tended to abealittle -- tended to
conservatively underestimate the downconer fluid
tenperatures. For sone of the trends there has to be
sonme extra work to make sure that the uncertainty in
t he nodel s doesn't overwhel mthe result.

STAR-CD captured all the phenonena, the
HPSI line backfl ow, the cold Ieg therm
stratification, downconer plunmes nerging, and the
predi ctions were we are pretty good agreenent with the
neasur ed dat a.

| think the CFD codes offer a significant
i nprovenent. So if you really want to know what is

going on in a plant, you can certainly nodel up your

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

239

HPSI line or your cold leg and get sonme good
i nformati on about what is going on.

DR. BANERJEE: As long as it's single

phase.

PROFESSOR REYES: AS long as it's single
phase, yes. Two-phase, no guarantees there. | know
some - -

DR. BANERJEE: There are no guarant ees at
all.

PROFESSOR REYES: That's right. And |
don't knowif there are any CFD codes that cl ai mtwo-
phase capability.

MR ROSENTHAL: They are working on n-

phase at Penn State. Cone back in a half a dozen

years.
PROFESSOR REYES: Half a dozen years,
okay.
DR. BANERJEE: | think the problemis not
with witing the code. It's what nodels you put in

for three di nensions.
DR. MOODY: Isthe situationlikely to get
better or worse in two-phase?
PROFESSCOR REYES: I n terns of prediction?
DR. MOODY: Yes. Well, in terns of how

hard your are working the netal. In other words, the
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destructive tenperature gradients that are being
produced -- would they be better or worse?

PROFESSOR REYES: Well, in ternms of what
we saw i n downconer thermal stratification, having a
saturated liquid up on top and some subcool ed on the
bottom certainly gives us the biggest gradients, is
what we saw. |If you translate that to a Palisades
pl ant, saturation tenperature is going to be higher
than what we see here. So it could be a large
gradi ent, but then they've got a larger length. So
maybe the DI-DX is --

DR. MOODY: You are still talking single
phase still, though?

PROFESSOR REYES: Correct.

DR, MOODY: Let's see.

PROFESSOR REYES: It coul d be si ngl e- phase
st eam

DR, MOODY: Okay. There are states or
conditions where you would have bubbly flow or
sonmething that would be a -- nmke it behave any
differently?

PROFESSOR REYES: In ternms of the
downconer tenperatures?

DR, MOODY: Yes.

PROFESSOR REYES: There are sone. | know
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there is an interest inlowflow. In terns of these
very thick vessels, if youinput into downconer fluid,
the potential may be for saturation. | nean, if you
put a |l ot of energy into this thing and you are cl ose
to saturation tenperature, possibly you can get
saturated conditions in the downconer, which would
certainly change the phenonena quite a bit.

Si nce our vessel walls arefairly thin, we
don't -- we can't drive that type of a condition.

CHAI RVAN  WALLI S: | guess you say
significant, because they can nodel things which the

other methods cannot nodel which are actually

happeni ng.

PROFESSOR REYES: That's right.

CHAI RVAN WALLI S: But whether it is
significant to the actual evaluation of PTS, |I'mnot

qui t e sure whet her you woul d want to run CFD codes al
the time in evaluating PTS or not. You mght just

want to run them for a check.

PROFESSOR  REYES: That's right.
Certainly, I think there's nethods that can
conservatively estimate the cold tenperatures. | f
you use those tenperatures, | think you are going to

be | ower than what you predict. So if you wanted to

fine tune that, that's basically what that says, and
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find out what physical phenonena is going on.

Okay. | think, with that -- 1 talked
quite fast, but it still took an hour.

MR. BESSETTE: One thing you could do is,
you know, once you identify your four dom nant
sequences, if you can choose to, you can go back and
further refine your --

CHAl RVAN WALLI'S:  And ask nore detail ed
guesti ons.

PROFESSCR REYES: That's right. Ckay.

MEMBER RANSOM  Well, it would seemli ke
you coul d get high heat transfer if you get downconer
-- but I inmagine that only occurs under depressurized
conditions or fairly lowpressure. But that certainly
is going to produce bigger gradients inthe wall, if
you ever get into that condition.

CHAl RVAN WALLI'S:  That woul d be on the,
say, | arge break LOCA condi ti on where you depressuri ze
everyt hing, and then you pour |iquid.

MEMBER RANSOM  Spray water on the wall .
Pretty high stress.

DR. BANERJEE: One thing you could do is
i ncrease your radial nodes by a factor of eight and
your axial nodes by a factor of four, and run --

You' ve already got it nodalized. So it's trivial to
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do that, and just run a case and see what happens.

CHAI RMAN WALLIS: This is with RELAP.

DR. BANERJEE: No, no, no, wth STAR-CD,
because you've got it all nodalized. So it would be
alittle bit coarser, but who cares, and you can see
whet her it scales or not. That, actually, would be a
very interesting case, and it woul d take you m ni nmal
effort to do it.

DR, MOODY: If it took him 30 days to
cal cul at e.

DR. BANERJEE: OCh, that's just because his
computers are sl ow.

DR MOODY: | know. | know. Maybe |
m ssed sonmething. | probably did half a |ap behind.
How di d you get heat transfer between the fluid and
the wall? You specify a heat transfer coefficient?

PROFESSOR REYES: No. Actually, the CFD
codes will actually -- What they do is they have the
law of the wall, which allows them to essentially
predict what the tenperature gradients would be
t hrough the wall.

I f you want to convert that information
then into an H, which we are accustoned to, a standard
heat -- to conpare to a heat transfer correlation, you

can back that out. So you can take the tenperature of
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t he fluid node adj acent to the wall, if you want to do
it that way, and have a delta T and predict an H, or
you cone up with a bulk fluid tenperature and t he wal |
tenperature, then back out an H  So just for purposes
of conpari son.

MEMBER RANSOM  You are saying STAR- CD
uses the law of the wall fornulation to obtain the
heat transfer coefficient.

DR. BANERJEE: It's nore conplicated than
t hat . They use danping functions. It amounts to
t hat .

CHAI RVAN WALLI S: Okay. Anything elseto
present? Thank you very nuch. That was very, very
i nteresting.

PROFESSOR REYES: You're very wel come.

CHAI RVAN WALLI'S: | think we m ght nove on
and get started on the next presentati on and t hen have
a break maybe half an hour or something where we've
got into it.

DR BANERJEE: Let me have one | ast
guesti on. Are you boundary conditions sort of
scaling, too, in ternms of pressures? |s there any
scaling associated with that?

PROFESSCR REYES: The flow rates? The

coldlegflowrates, the HPSI flowrates, they are all
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scal ed.

CHAI RVAN WALLI S: Now we have another
mar at hon presentation, 62 transparencies.

MR. PRELEWCZ: And |I'm not going to be
able to speak as fast as Jose.

CHAI RVAN WALLIS: | don't think there is
any way that NRC enpl oyees could get through at this
speed. Seens to ne sonething academ cs can nmanage.
Jose is used to getting through what ever he has to get
through in the tine of a lecture.

Okay, cone back to serious natters. Wen
it makes sense to break, we'd like to break, but |
don't think we need to break quite yet.

MR. PRELEW CZ: We usually start with the
credits at the end of the novie, but there were quite
a nunber of people involved in this effort. So |
woul d |i ke to acknow edge them at this point.

Dave Bessette and CGene Rhee fromthe NRC
made a | ot of contributions. |"ve listed the ISL
peopl e. W also had a couple of subcontractors
Applied Analysis Corporation and |TS Corporation,
whi ch did some of the RELAP assessnents.

VR. BOEHNERT: Wuld you identify
yourself, sir?

MR PRELEWCZ: Oh, |'mDan Prelew cz.
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Qur objective is to establish the
applicability of RELAP5 for PTS anal ysis. That is the
primary objective. Al sowhen we started, we wanted to
make maxi num use of avail abl e experinental data and
RELAPS i nput data, and al so denonstrate | im tations of
RELAPS5 and how t hose woul d be handl ed.

Maj or points to be nade: First of all,
t he PTS significance i nvolved rel atively rapid energy
renoval fromthe primary system and again we have
t al ked about sonme of these things, the loss of high
energy coolant through the break or the valve,
excessi ve heat renoval by the secondary or injection
of | ow tenperature cool ant.

Basically, RELAP5 is used to perform
ener gy bal ance and the pressurization analysis. Then
i mportant paraneters: Primarily, the downcomer
t enper at ure; downconer pressure; and of course, the
heat transfer coefficient, of |ess significance,
because as we stated a couple of tinmes, basically the
problemis conduction limted in the vessel wall.

We woul d i ke to showt hat some phenonena,
the ones that RELAP5 can nodel, are nodeled in a
reasonabl e manner, for exanple, | oop fl owstagnation,
some phenonena whi ch cannot be nmeasured by the one-

di mensional code, for exanmple, cold l|eg thernal
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stratification, have a mninmal effect on the result.

Again, continuing on the mmjor points:
Many events have single phase flow in the primry
| oops throughout the event. So conplex, two-phase
fl ow phenonena do not play arole. W also wll show
t hat there was sonme behavi or that was predicted to be
unphysical -- for exanple, cold leg recirculating
flows within two by four plants, in one cold | eg and
out the other on the same side; and also sone
unrealistic physical recirculating flows in the
downconer, and tal k about what steps were taken or how
we addressed those in the PTS anal ysis.

CHAI RMAN WALLI'S:  You had to selectively
di sabl e the nonentumflux nodel. That's interesting.

MR.  PRELEW CzZ: Yes, we selectively
di sabl ed the nomentum fl ux nodel

CHAl RVAN WALLIS: Soif you didn't get the
monmentum flux right, you could get into trouble.

MR. PRELEWCZ: That's correct. That's
why you have to | ook very carefully at the results to
make sure that they are physically realistic.

DR. BANERJEE: What does sel ectively nean
here? Wherever there were probl ens, you disabled it?

MR PRELEW CZ: well, we found, for

exanpl e, the pl ace that gave us troubl e was t he bottom
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of the downconer where the downconer connects to the
| ower pl enum

CHAl RVAN WALLIS: We discussed that the
ot her day, and we felt it was a little bit hokey down
t here, too

MR. PRELEW CZ: Wen you divide it upinto
si X, the six connecting to one gives the formul ation
of momentum flux, which is based on a nodal average
velocity, whichis very difficult to define for these
codes, it gives it a problem So we turned it off at
that location, and we wll see, we got good
conmpari sons to the test data.

VEMBER RANSOM When you say you turned it
of f, you nean at the juncture of the nodes connecting
to the pl enun?

MR PRELEW CZ: That's correct.

MEMBER RANSOM  So bot h the i n and t he out
woul d be di sabl ed?

MR. PRELEW CZ: |If you're tal ki ng about in
being at the cold | eg, no, that was not --

MEMBER RANSOM Wl |, no, | didn't neanit
that way. | meant that, if you | ook at the junction,
you presumabl y have a gradi ent or a divergence of the
nonmentum or velocity, and so that's just disabl ed.

MR, PRELEW CZ; Yes.
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CHAI RVAN  WALLI S: Do you have a

coefficient that multiplies sonme V-squared terns or
somet hi ng, and you just nmake that coefficient zero.
| s that what happens?

MR PRELEWCZ: Again, I'mnot famliar
with the innards of the code, but there's a swtch
that lets you turn off nonentumflux. So | assune it
just takes -- It does not use that term when it is
sol ving the nomentumequation. That's what | believe
it does.

DR,  MOODY: Does this relate to your
nonent um questions | ast nonth?

CHAl RVAN WALLI S: Well, |I'm sure, very
much so, that L-shaped strange control vol une we were
tal ki ng about .

MR. PRELEW CZ: O her points to be made:
The nodeling practices that were followed were
consi stent with past experience. For exanple, we drew
consi derably on the extensive anmount of work that was
done for AP600, and | ater Don Fletcher will present
sonme of the relevant AP600 -- APEX AP600 results.

Al so, consi stency was nai nt ai ned bet ween
the plant analysis and the assessnents against
experinmental data in terns of nodeling options and

nodel i ng phil osophy, and as we will see, conparisons
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of RELAPS predictions agai nst experinental data from
integral tests are in reasonable agreement for PTS
signi ficant paraneters.

Qur conclusionthat wew Il try to get you
to is that RELAP5 is applicable for a PTS anal ysis.
What we are not going to address i s uncertainty. That
is the subject that will be covered |ater. However,
| understand that this will be an input to it.

| SL has been runni ng bot h t he PTS anal ysi s
cases and the assessnment, and we'll turn these decks
over to the University of Maryland and, as they are
with the PTS cases, they do sensitivity studies by
changi ng paraneters and using that as input to the
uncertainty anal ysis.

So what we wi |l be tal ki ng about today is
the setting up of those decks, the running of the
transients, and the conparing to data, but not the
uncertainty anal ysis.

CHAI RVAN WALLI S:  So your nodalizationis
about |ike what Jose showed, is it?

MR. PRELEWCZ: | don't -- Again, | don't
t hi nk that was quite an honest diagram but |I'm not
sure. | don't knowthat, when you cane to a conponent
like a pipe, you showed the nodes in each pipe?

Looked |i ke you just showed the conponent.
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CHAI RMVAN WALLI'S: Oh, there were nodes in

t he hot |eg.

DR.  BANERJEE: But they were just
nunbered. | renmenber that nunber 356 or sonet hi ng was
for the whole hot |eg, and then his | ower plenum was
very -- was just like --

CHAI RVAN WALLIS: One big box.

DR. BANERJEE: Vell, yes, it was one
hori zontal box or naybe nore, and then with pipes
going in and one pipe comng out inthe mddle. Dd
he sort of disconnect, Jose, nonmentumflux as well or
did you |l eave it on?

PROFESSCR REYES: No, we didn't.

DR BANERJEE: OCh, okay. So you didn't
have to di sconnect anything?

PROFESSOR REYES: That's correct. W
didn't -- Weran with the original nodel that we had.
We didn't disconnect anything.

DR. BANERJEE: So why did you have to
di sconnect it then?

MR PRELEWCZ: Well, we found that --

Again, it's transient dependent, and it's nostly when

you get two-phase flows in the downconer. 1Isn't that
right? If you get two-phase flow-- in single phase,
it seems to do reasonably well. Wen you get the two-
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phase flows in the downconer, it give it a real
probl em

| think the ones you were doi ng probably
at that point inthe dowmconmer were pretty nuch single
phase.

PROFESSOR REYES: R ght.

MR. PRELEWCZ: So that's probably the
di ff erence.

MEMBER RANSOM Wl |, the other thing you
nmentioned i s the nore connections you have to a single
vol unme, the nore questionable the nodeling becones.

DR. BANERJEE: So does this involve al ot
of judgment on the part of the user, and during the
transi ent you turn these things on and off?

MR. PRELEW CZ: No. We don't turn themon
and off during the transient. What we do do is we
make a run, and we | ook at the results to nake sure
they are physically realistic. If they are not, then
we nmake adjustnents to nmke sure that they are
bel i evabl e and physically realistic.

DR. BANERJEE: How do you know they are
physically realistic?

MR. PRELEW CZ: Well, if you have the
downconer flows which are on alnobst the order of

magni tude of the full flow circulating down out of
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sone of the six azimuthal segnents and up the others,
circulating around in these patterns w thout any
driving force, we don't have a perpetual notion
machi ne. Something has to drive it.

In this case, it's a nunerical problem
that isdrivingit. Soit is unrealistic. So we know
t hat that cannot happen.

CHAI RVAN WALLIS: | think, as opposed to
f eedback, you shall nmke an error in the nmonentum
flux, and it gives you nore nonmentumwhi ch then gi ves
you nonmentum f | ux.

MR. PRELEW CZ: Qur code devel opers tell

us that that is what the problem is. It's an
instability which feeds on itself. Once it gets
started, it feeds on itself and builds up a

recirculating flow, which eventually gets |inmted by
friction.

CHAI RVAN WALLI S: Momentum flux termns
behaving |ike a punp.

MR, PRELEW CZ: That's exactly right.
It's behaving Iike a punp. And again, it happens at
the lowflow, generally intwo-phase when t he nonentum
flux term beconmes nore significant conpared to the
ot her driving forces.

DR. BANERJEE: |s there sort of a rul ebook
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which tells people whereto turnit off and where not?

MR. PRELEWCZ: Well, that is going into
t he user guidelines of what we have | earned on this.
This is not thefirst timethis has reared its head as
a problem It was a problemfor AP600. There it had
to be turned off in the whol e downconer for all those
cross-flow junctions, and eventually the code
devel opers fi xed the problem and it didn't have to be
turned of f after they fixed the problem However, we
notice in this case that at the bottom where you
connect the six to one, it's still caused a problem

DR. BANERJEE: So when you say it can be
used for PTS, you nean it can be used for PTS if you
turn things off selectively and ordered in a certain
way and so on?

MR. PRELEW CZ: |f you have an experienced
user who |ooks at the answer and sees what he is
getting and makes sure it's realistic.

DR. BANERJEE: But now suppose t he answer
| ooks realistic. How do you knowit's right?

MR. PRELEW CZ: Well, we're going to see
some conparisons tothe integral test data which shows
that these paraneters, |like the downconer fluid
temperature, the pressure in the wall -- well, we

don't do nmuch with heat transfer coefficient, but the
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other two are reasonabl e well predicted.

CHAl RVAN WALLI S: It would be nore
reassuring if you could make different assunptions
about this nmomentumterm and you still converge to
t he sane answer. |t woul d be nore reassuring, and you
woul dn't have to use all this judgnent about whether
or not to switch it on and off.

MR, PRELEW CZ: Well, that's true,
although there certainly were some cases where we
turned it on and off everywhere, and it made very
little difference for single phase cases. As we were
exam ning this problem that is one of the things we
did. It sort of was accidental. W were having sone
code failures, and we thought it was nonentum fl ux
causing this problem So we turned of f nomentumf | ux,
and it didn't change the results at all for these
si ngl e phase probl ens.

DR. BANERJEE: Well, for single phase it
woul dn't probably, because there is no accel eration
t erm al nost.

MR. PRELEW CZ: Well, there is when you
have an area change, but if you go around the | oop, it
doesn't change the | oop pressure junp. It just shifts
the distribution a bit.

DR. BANERJEE: Well, what happens t hrough
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an area change. Does your pressure rise if the area
i ncreases or not?

MR PRELEWCZ: |If the area increases --

DR BANERJEE: Yes. Suppose |'m going
from - -

MR. PRELEWCZ: ~-- the pressure will go
you. You will recover your dynam c head.

DR. BANERJEE: Right. Does it do that
wi t hout these terns?

MR. PRELEW CZ: Yes. |In fact, that's why
you don't turn it off where the cold | eg connects to
t he vessel, because you do recover some pressure when
you go from the small cold leg into the |arger
downconer.

MEMBER RANSOM Let nme nake a coupl e of
comments there. | think, in answer to your question,
yes, it does, if you assune a snmooth area vari ation.
|"'m talking strictly one-di mensional now. It does
have a capability of nodeling an abrupt area change,
an abrupt area change where you do not recover the
pressure. It's a Bourda-Carnot type nodel, and it --

DR. BANERJEE: But you need a noment um
flux termfor that. Right?

MEMBER RANSOM  Yes, and t he ot her comment

| was going to nake is -- correct nme if you want --
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t hat these problens have arisen pretty much in the
attenpts to extend the 1D nodeling to nulti-
di mensi onal phenonena |ike the downconer, then
mul ti pl e connecti ons.

Because of the way the nonentum flux is
approxi mated, some of these recirculation problens
devel op, and the correct way to do that, of course, is
go to a correct 3-D or multi-dinensional --

DR. BANERJEE: Wl |, the only issue | have
is not with -- is with the previous slide where his

obj ective, he states, is to show that RELAP5 can be

applicable for PTS analysis. Since nost of the
interesting areas there are mul ti-di nensional, | don't
see how you can say that with all honesty. | nmean

j ust because it agrees with sonme data t aken sonewher e,
isthat the reason or is there sone reason actually to
bel i eve that this code can capture mnulti-di nensi onal
effects or are you going to argue that nulti-
di mrensi onal effects are not inportant? Wich of the
t hree?

MR. PRELEWCZ: Well, it's probably the
| atter, because we put in --

DR. BANERJEE: Well, Jose Reyes just

showed us whet her they were i nportant. He spent nost

of his presentation tal ki ng about multi-di nensi onal
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effects.

MEMBER RANSOM  Who was that?

DR BANERJEE: Jose.

MEMBER RANSOM Hose? But yet he conpared
it to a 1-D nodel.

CHAl RMAN WALLI S: That's surprising.
RELAP seens to do quite well anyway.

MEMBER RANSOM Wi ch seens to be sone
evidence that really --

DR. BANERJEE: All this suckback and this
into the HPI |ine or whatever was uninmportant?

MR PRELEW CZ: Vel |, t hat | ocal
phenonmenon takes place quite a ways from where --

DR. BANERJEE: Yes, but it's because of
t hat | ocal phenonena that the effect is small. [If, in
fact, there was no mxing in the cold leg or in the
HPI 1ine, you would get a hell of alot of tenperature
di fference between the plunme and the surrounding
fluid.

MEMBER KRESS: |'mnot so sure that's true
now, because as Dave nentioned earlier, if your
tenperature difference is bigger going in, you get a
bi gger driving force for m xing.

DR. BANERJEE: For what Dave said, that's

right, but the case hasn't been proven.
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MEMBER KRESS: Oh, vyes. That hasn't

really been proven.

CHAI RVAN WALLI'S: Doesn't that m x them
anyway? Doesn't RELAP m x t hemwhen the HPlI cones in,
and it m xes?

MR. PRELEW CZ: RELAP, being a one-
di nensi onal code, has a mxing -- type of m xing.

CHAI RVAN WALLI'S: So you're lucky that
t here are physical phenonena there.

MR. PRELEW CZ: | guess you could say we
are getting the right answer for the wong reason or
we are representing the mxing in a very sinplistic
way. We are doing it in a mxing cup fashion, even
t hough the mechanisnms are, as Jose showed, quite
conpl ex.

MEMBER KRESS: Wl |, | would hate to think
that's the case, because as Sanjoy said, all of the
pl ants may not have the sanme injection geonetry; and
if the real phenonmena is occurring back there in the
injection line and not really due tothe mxinginthe
downconer, then you may have probl enms show ng your --
provi ng your case for other reactor systens.

We just don't |ike conpensating errorsis
t he thing.

MR BESSETTE: Seens to ne, | think what
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Jose showed is that with injection geonetry, we
understand the | ocal m xi ng, where it is occurring and
why, and | think we showed that there's so nmuch m xi ng
in the injection line in the cold leg that the
downconer tenperatures are fairly uniform which is
what RELAP says as well for different reasons, is
RELAP has no other choice. But then there's a
question of the other geonetries.

We know t hat Westinghouse and CE have a
fairly simlar situation in ternms of the injection
velocities, the mxing that you m ght expect in the
injection line. W knowB&Wis different. B&Wcones
in at a high velocity, but then you have this m xing
region that occurs at the injection location, this
hi gh m xi ng region at theinjectionlocation, which we
could show that you will end up with the sane
situation by the tinme you get to the downcormer.

CHAI RVAN WALLIS: What will you do with
Beaver Valley or GCconee -- or maybe not GCconee
anynore. Are you going to run STAR-CD in order to
show t hat you get enough m xing or are you going to
run new experinents or what?

He said on the Palisades nunerical and
experinmental results. So --

MR BESSETTE: Yes. He said Palisades.
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CHAI RMAN WALLI S; How about these ot her

geonetries? How are you going to do -- assess thenf
You can't just talk about them You have to make a
cal cul ati on of sone sort.

DR. MOODY: Whil e they are thinking about
it, Dan, 1 think you' ve done everybody's tune by
putting those two statenments on one slide here, that
you sel ectively take out nonentumterns and t hat RELAP
i s applicable.

MR. PRELEW CZ: Just one comment on what
they are tal king about. The |ower injection flow
probably woul d be expected to nmix | ess than the high
injection flow

CHAI RVAN  WALLI S: | don't want a
qualitative argunent. Are they going to analyze it
nunerically or are they going to do experinents?

MR. PRELEW CZ: That's a question | can't
answer. They got the budget to do that.

DR. BANERJEE: Well, one suggestion that
| made to Jose was to run the case for the full scale,
whi ch you can easily dowith CFC. If you preserve the
same type of phenomenon on that scale, then at | east
we believe that your experinment is properly scaled in
sonme way, at least if you don't knowit for sure, but

you have sone supporting evidence.
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So that would probably be the |east
difficult thing to do i mediately to showthe effect
of scale. Now the effect of geonetry probably is a
little bit nmore difficult, because even if you go the
CFD route, you would have to renodalize and | ook at
two or three representative plants, and that may or
may not be easy to do. | don't know.

MEMBER KRESS: But that's a lot easier to
do than experinments.

DR. BANERJEE: But then it would at | east
i ndi cate --

MEMBER KRESS: 1t woul d sure go a | ong way
for nme to answer the question

DR. BANERJEE: Right. Now this sort of
| ast conclusion there in the |ight of what we have
seen, | think, is too -- if you have your previous
slide, please. | think this is just too sweeping a
st at emrent to nmake when you t ake out nmormentumf | ux and
have no mul ti-di mensi onal effects, where experinments
are showi ng nul ti-di nensional effects.

You may say that it gives the wong -- the
ri ght answer in sone cases for the wong reasons, but
this is not very satisfying.

CHAI RVAN WALLI'S: | think we need to hear

all the rest of the presentation, then come back to
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this conclusion and say, you know, is it really
appl i cable. Mybe we shoul d nove al ong here.

DR. BANERJEE: Take it off that slide.

CHAl RVAN WALLI'S: Ot herw se, we are goi ng
to have to break, and I'Il just stop this
conversati on.

MR. PRELEWCZ: Here we go. The three
phenomena we | ooked at were natural circulation flow
and fl ow stagnation, integral systemresponse, and of
course, pressurization itself, which is a primary
figure of nerit.

O her phenonmena influenced the main
phenonmena -- for exanple, critical flow -- but they
are secondary effects. For exanple, critical flow, we
run whol e break spectrum So we cover all of the
break areas.

There are a nunber of phenonmena that
RELAP5 cannot predict -- for exanple, reflux
condensation, mxing and stratification in the cold
| eg, downconmer plumes and dissipation. Assessnents
were performed where these phenonena were known to
occur to establish the inpact on the RELAPS PT
cal cul ation results.

So sone of the cases we | ook at --

CHAI RVAN WALLI S: So you are goi ng to show
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us the things that RELAP can't do don't matter. |Is
t hat what you are going to show us?

MR. PRELEW CZ: Again, the PTS -- the
significant events, we kind of covered that already;
primary side valves open and recloses later wth
operator failure to control the HPSI flow primary
side breach in which the HPSI fl ow cannot conpensate
for the break fl ow, the small prinmary side breach, the
HPSI can conpensate; plus sonme other failures, and
then nultiple systemfailure and | arge secondary si de
depressuri zation.

We' ve got some exanpl es of the first four,
and | think Sergei -- or Jose has already covered the
| arge secondary side depressurization.

Agai n, maxi num use was nade of existing
experi ment al dat a. W used existing RELAP
devel opnental assessnent cases. Again, the NRC
identified cases to be run, 19 or so different
assessnent cases, fromMarvi ken for critical flow, MT
pressurizer, Sem scal e for natural circul ation, Upper
Pl enumTest Facility for downconer condensation, then
rel evant -- these were all analyzed on the kind of
separate effects phenonena basis -- and then rel evant
integral test data from M ST, which is a B&W type

Sem scal e at a B&Wdesign; a LOFT, ROSA-1V, and al so
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some rel evant AP600 facility data fromAPEX and ROSA.

CHAl RVAN WALLI'S: A lot of these are not
anything like the APEX integral test facility. They
are just checking out certain details of RELAPS.
Marvi ken didn't | ook at PTSat all. 1t just | ooked at
critical flow

MR. PRELEW CZ: That's right. The first
bullet is kind of things we | ooked at for separate
effects for different phenonena. The others are
integral tests, and including -- W also analyzed
APEX- CE- 13, which is one of the tests that Jose
mentioned earlier.

W started out wth the Mrviken
experinments for critical flow. W analyzed two cases,
run 22 and 24. Henry-Fauske Critical Fl ownodel which
is adefault nodel was used, and it was al so used for
all the PTS cases.

This is a description which you may be
famliar with Marvi ken al ready, but it's basically --
one of the reasons we selectedit isit is full scale,
unlike many of the other tests which are at sone
smal | er scal e.

CHAI RVAN WALLI'S:  Now t wo- phase criti cal
flowis an exanpl e of a scal e dependent situation. |If

you go to a big scale, then you have a |l onger tine for
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the fluidto go through. It cones to equilibriumnore
readily. It's a small scale. Things happen over a
very short distance and so on.

So I"'mnot quite sure how this is taken
care of by Henry-Fauske. | don't think they have an
equi I i brati on nodel

MR. PRELEW CZ: One of the paraneters is
a nonequil i brium paranmeter, and | believe that does
try to account for it.

CHAI RVAN WALLI S: Pressure count for
scal e?

DR BANERJEE: It's an L-by-D ratio.

CHAl RVAN WALLIS: It's not a scal e then.
If it's L over D, it doesn't scale. Anyway --

MR PRELEW CZ: Vell, we will see what
t he conpari son shows. And again, as we have said, a
| ar ge nunber of whol e break spectrum was run, which
makes the precise value calculated by the critica
flow nodel of less significance to the overall
concl usi on.

This is just a schematic of the facility,
just alarge vessel, bl owdown fromthe bottomthrough
a di scharge pi pe and a test nozzle with different size
orifices. This is a schematic of a RELAP5 nodel

This is just a string of one-di mensi onal nodes. Then
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there was an initial tenperature profile, subcooled
liquid w th a vapor on top, superheated vapor on top.

CHAI RVAN WALLI' S:  Everyt hing worked out
pretty well.

MR. PRELEWCZ: Well, we're alittle bit
off. There's an initial drop, and then a recovery,
initial flashing, alittle bit |ow pressure recovery
after the initial drop. But otherw se, for test 22
this is the pressure response.

The next slide shows the mass flow rate,
nmeasured at the break, and again conparison is quite
good.

CHAI RVAN WALLI'S:  The thing that ends in
ganma is the prediction.

MR PRELEW CZ: Pardon?

CHAI RVAN WALLI'S:  The thing that ends in
ganma is the prediction.

MR. PRELEW CzZ: That's the prediction
right. And the dashed line is data.

This is test 24. It's not quite as good,
but again you can see it followed the pressure, and it
gets away from the subcooled, timng isn't nuch
di fferent between RELAP and the test data.

This i s one that kind of goes in the ot her

extreme. Marviken was full scale. W were asked to
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anal yze the M T pressurization data. This is a very
smal | scale. So it has some probl ens associated with
smal | scal e testing.

Basically, it was an insurge under
qui escent conditions into a pressurizer. Water was
injected into the bottom and basically pushed the
steam up and caused the pressure to rise.

CHAI RVAN WALLI S: There's very little
m xi ng. You have sort of a piston conpression.

MR. PRELEW CZ: That's right, basically a
pi ston, and RELAP -- W wi || see several tinmes, RELAP
does tend to overpredict condensation. It turns out
inthis facility environnental heat loss is a fairly
significant factor.

Let's see. RELAP kind of underpredicts
the repressurization. This is -- The up part of the
curve is when you are putting the water into the
pressurizer. Then, of course, as you stop putting it
in, the pressure decays fairly rapidly through the
envi ronnental heat | osses.

In fact, w thout the environnmental heat
| osses, RELAPS just about overpredicts by the anmount
it underpredicts here. So sonething that is rather
hard to nmeasure, the environnmental heat | osses play a

relatively significant roleinthis, becauseit's such
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a small facility.

Again, thisis probably the worst pressure
prediction we got, and we will see that in the tests
we actually do quite a bit better

CHAl RVAN WALLI'S:  This is al nost a hand
cal cul ati on. It's just a piston conpressing somne
st eam

MR. PRELEW CZ: Well, except you got to
account for the heat | osses.

CHAl RVAN WALLI'S:  That's right.

MR PRELEW CZ: The next one we | ooked at

was Sem scal e Md-2A Again, you are probably
famliar with this. [It's a scaled nodel of a four-
loop PWR, 1/1705 scaling. These are, again,

Sem scal e. Mst of the tests run were integral tests.
What we | ooked at in this case was separate effects
tests on natural circulation flow.

In this case, the facility was run in a
single loop configuration. The intact |oop punp was
repl aced with a spool piece that contained an orifice
simul ating a |ocked rotor punp, and the vessel was
nodi fied from a normal configuration in that they
wanted to elim nate the stagnated region in the upper
head. So they basically replaced it with a cap. So

there wasn't an isolated hot -- a region in the upper
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head to be at a different tenperature.

CHAI RMAN  WALLI S: Water packing or
sonething |ike that?

MR. PRELEWCZ: Well, | think what they
didn't want is -- They wanted all the fluid to be able
tocircul ate through the | oop, and they didn't want to
be picking up as it flowed either cold or not fluid
out of that upper head.

Anyway, this is a schematic of the
configuration that was used for single | oop. Again,
this is the nodalization diagram and you can seeit's
fairly detailed |like the one that Jose showed, and we
have ei ght nodes -- well, actually, nine nodes up and
ni ne nodes down in the steam generator.

CHAl RVAN WALLI'S:  Lower plenumstill has
just an in and an out. | guess it has two vol unes
down there.

MR. PRELEW CZ: There are two volunes in
the | ower plenum yes. And again, the downconer in
this case is no nulti-dinensional nodeling. It's al
one- di nensi onal downconer.

In sem -scale test S-NC-2, which is the
first one we | ooked at, they exam ned single phase,
t wo- phase, and refl ux steady state nodes as a functi on

of the primary systemnmass, and what was neasur ed was
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the loop flow as a function of the primary system
mass, and there was reflux boiling occurring at the
| ow val ues of the total primary system mass. RELAP
was not capable of predicting that. Instead, it goes
through an oscillatory flow and predicts an
oscillatory flowin the hot |eg.

CHAI RVAN WALLIS: So you are assessing
RELAP. What does this have to do with the PTS
phenonmena? Are there particul ar phenonena --

MR PRELEW CZ: Wel I, natural circulation,
t he magni tude of natural circulation flow

CHAIl RVAN  WALLI S: It's inportant to
predict that right. So you've got to check it agai nst
something which |ooks something Ilike the PTS
situation.

MR. PRELEW CZ: Right.

CHAI RVAN WALLI S:  Ckay.

DR. BANERJEE: And the draining, | guess.

MEMBER RANSOM Dan, t hose nodal i zati ons,
did you just take those over or are they standard
nodal i zati ons?

MR PRELEW CZ: That was the standard
nodal i zation for sem -scale. That's correct. W did
not redevel op a sem -scal e deck for this application.

DR. BANERJEE: So for the refluxing test,
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if I recall there was a core | evel depressionin sem -
scale due to the holdup in the steamgenerator. D d
you see that in RELAP, too?

MR,  PRELEW CZ: W didn't |ook that
carefully at what was in the core depression. W
| ooked at the nagnitude of --

DR. BANERJEE: Al ot of liquidgot held up
in the steam generator

MR. BESSETTE: Yes. You are referringto
a different test than this one.

DR BANERJEE: Well, was it a different
one?

MR. BESSETTE: That was |i ke about a four
or five-inch cold leg break regular integral test
where you go through a liquid | evel depressionin the
core before the | oop seal clears.

DR. BANERJEE: Ri ght. That was a
different test?

MR BESSETTE: It's a different test.

DR. BANERJEE: That woul d be a good test
to take a look at, because -- | nean, reflux
condensati on presunably i s inportant for small breaks.

MR. BESSETTE: Well, yes. Sotheliquid --
The 1iquid holdup is part of that phenonena, but -- So

it's -- That kind of phenomenon occurs in like a four
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to six-inch cold | eg break.

MR. PRELEWCZ: |If I'mnot correct, Don,
isn'"t some of this in the ROSA? | think we are going
to see sone of this.

DR. BANERJEE: You probably woul d see t he
same in ROSA

MR. PRELEW CZ: Yes. W ran the sane
tests in ROSA after we saw that --

MR. BESSETTE: It shows that RELAP hol ds
up nore than what is in --

MR. PRELEW CZ: Yes. so when we sawthis
happened i n sem -scal e, we then turned t o ROSA and had
them run the sane test.

MR. BANERJEE: We'|ll see it then?

MR. PRELEWCZ: But we will see that in
Don's presentati on.

Anyway, this is theresult. They started
with a full system and then ran until they got a
steady state, neasured the flow, then decreased the
inventory in steps, waited until another steady state

was achieved, and basically you can see here that

RELAP produces in sonme -- again, the circles are the
RELAP5 gamma version -- reproduces the trend fairly
wel | . Again, these lower points here are the

ref | uxi ng node.
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Test NC-3 was a simlar test but instead
of varying the primary system nmass, they varied the
secondary systemi nventory and det erm ned t he nat ur al
circulation flowrate as a function, actually, of the
st eam gener at or heat transfer area.

Again, this is less inportant than the
ot her one, since in many of the transients -- thisis
the -- Again, we start out with a |l arge heat transfer
area and t hen decrease t he secondary systemi nventory.
You can see, at the lower values of the steam
generator heat transfer area RELAP does not do a real
good job of predicting the natural circulation flow.
But nevertheless, it produces the trend reasonably
wel | .

CHAI RVAN WALLI'S:  Now I think this m ght
be a good place to take a break. | just want to check
wi th you. You are going to hand over to Don. |[s that
what you are going to do?

MR, PRELEW CZ: Wen we get -- Don is
going to do the ROSA.

CHAl RMVAN WALLIS: He's not going to add
nore transparencies to our stack, is he?

MR. PRELEW CZ: No. Al 'l t he
transparencies are in the stack that you have.

CHAl RMVAN WALLI S: So we have hope of
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finishing at a reasonable tine.

MR. PRELEWCZ: Yes. Actually, | think
thisis thelast separate effects test. Maybe | coul d
just do this one, and then we can break between the
separate effects and the integral effects. |Is that
okay?

CHAl RVAN WALLI'S:  Sure, that's fine.

MR. PRELEW CZ: Ckay. Upper Pl enum Test
Facility, UPTF -- again, one advantage is full scale
for loop 1300 negawatt PWR with four full scal e hot
| egs and col d | egs.

Basically, inthis test -- Again, none of
these tests were really intended for PTS. The reason
this was put into the matrix of tests for PTSis that
we know t hat RELAP has sone problens with predicting
condensation on steam In fact, it tends to
overpredi ct the condensation. So this was put into
exam ne t he behavi or of condensationinthe downconer.

This is a schematic of the test facility.
It actually was set up for test 6, and basically what
they did was inject steaminto the top of the core and
into the steam generators, and then injected cold
water into the cold legs. So there was steam com ng
up t he downconer and back fromthe steamgenerators at

the same time there was injection flowinto the cold
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| egs.

The test we ran was Run 131 where the
st eami nj ect ed was super heat ed 400 degrees F, and ECCS
was i njected fromthe accunul ators inthe threeintact
| oops, and it was again slightly subcool ed, 246 F. At
the pressure that it was run, the saturationis 263 F.
So it was only --

CHAl RMVAN WALLIS: It's awful |y warmfor an
accunul at or .

MR PRELEW CzZ: Slightly, yes.

CHAI RVAN  WALLI S: Accunul ators are
normal Iy 100 degr ees.

MR. PRELEWCZ: Right. So it was only
slightly subcooled. Again, in this case RELAP is
fairly close to the data, but it is in the direction
you woul d expect. It does, as expected, sonewhat
overpredict the condensation or sonmewhat | ower
pressure, but the downconer penetration is fairly
reasonabl e.

CHAl RVAN WALLI S:  The RELAP prediction --
it's not a CCFL type thing.

MR. PRELEW CZ: This is a RELAP prediction
of the penetration of flowinto the injected ECCS as
it filled the |ower plenum And again, we are a

little bit low on the pressure, but that's not

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

277

unexpected, because RELAP, as we would expect,
condenses a little bit nore -- or condenses the steam
alittle bit nore rapidly, not unexpected.

Again, thisistherefilling of the | ower
pl enum and t he suspicion was that there's somnething
wong wth the data here, because they give a tine
when it starts to fill up, which is right about here.
So | think this junp-up is just a problemwth the
dat a.

So if you shifted everything up, RELAP
woul d do even better at predicting the flowinto the
downconer.

So with that, we are transitioning from
separate effects to integral tests, and maybe this is
a better tinme to take a break.

CHAl RVAN WALLIS: So we wi |l take a break
nowthen. Take a break until five m nutes past three.

(Wher eupon, the foregoing matter went off
the record at 2: 50 p. m and went back on the record at
3:08 p.m)

CHAI RVAN WALLI S: Let's conme back into
sessi on.

MR. PRELEW CZ: W did a nunber of
assessments agai nst integral test facility data. the

first plant that was done was Oconee, a B&Wpl ant, and
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MST is the facility that nodels an integral test for
B&Wtype plants. | won't go through all the details.

Basically, it's power-volune scaled. In
this case, the power and the volune are scaled
slightly differently, a power scaling of 817 and the
volunme scaling of 820 on the primary system  Next
slide.

This is aschematic of thistest facility,
and the one point of interest is that they have an
external downconer. So it's not an annulus, although
at the top of the annulus they have a rod so that the
flow coming in from the four cold |egs doesn't
directly interact. It hits the rod first and then
goes down. But later in the bottom part of the
downconer, it's just an open pi pe.

Again, they also have the vent valves
which, in a normal plant, are kind of check val ves.
In this plant, they have themcontrolled. They are
basi cal | y not or val ves t hat t hey control based on sone
nmeasur ed pressures. Those were active in this
simul ation. Next slide.

This is |ooking dowmn -- another view of
the facility | ooking down fromthe top, and here you
can see agai n that external downconer, which is again

one of the unprototypicalities with this test for PTS
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where we are interested in downconer behavior, and
this is a side viewshow ng the candy canes and st eam
generators. Next slide.

This is actually hal f of the nodalization
diagram |t shows one of the two sides with a single
downcomner and the two cold |l egs with two punps. They
refer to themas the A-loop and the B-1oop, and you
again you can see that fairly detail ed nodalizati on.

The HPI injects into the cold |legs, and
both the core flood tank or the accunul ator and the
| ow pressure injection inject into the top. Next
slide.

W |ooked at three cases for the
assessnent, sel ected because t hey were ki nd of typi cal
of transients that we are analyzing for pressurized
t hermal shock. The first one is a feed and bl eed case
which is simlar to a pressurizer core stuck open PTS
event, and then two cold | eg break LOCAs, a 10 square
centimeter break and a 100 square centineter break.
They are equivalent to a 1.4 inch break in the pl ant
and a 4.4 inch break. So it's kind of a smaller cold
leg break and then nore toward internediate size.
Next sl i de.

CHAI RVAN WALLI'S: | thought Jose wasn't

| ooking at cold | eg breaks at all.
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MR PRELEW CZ: I think in the risk

significance, the cold | eg breaks do play sone role.
Ri ght ?

CHAl RVAN WALLI S:  For PTS?

MR PRELEW CZ: For PTS, right.

MR. BESSETTE: Yes. They are of |ess
significance than the hot leg breaks. ©One of the
difficulties is, if you go back to our experinental
dat abase, we ran nostly cold | eg breaks and not hot
| eg breaks.

MR. PRELEW CZ: W do have sone hot |eg
breaks for ROSA So we are not wthout hot |eg
br eaks.

In any event, the first test we | ooked at
was the feed and bl eed test where we are feeding in
t hrough the HPI and out through the PORV, and again
initial conditions of the facility was operating with
full punp fl owand ten percent scal e power. Transient
was initiated by stopping the aux feedwater punps,
isolating the steamgenerators until the PORV -- that
is, renoving the heat sink, and then they pressuri zed
and the PORV popped open, and when the PORV popped
open, at alittle later tine the HPl was turned on.

Agai n, key paraneters we're | ooking at are

t he pressure and the downconer tenperature, which we
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will see were predicted well. Next slide.

This is a sequence of events for this
case. Tinme zero, as we said, the aux feed punps were
stopped. The steamgenerators were i sol ated. At nine
seconds there was a scramsignal which initiated the
core power decay, and then again we are a little bit
off on -- quite a bit off, actually, on the tinme when
t he pressuri zer sprays were act uat ed on hi gh pressure.

Then t he PORV popped open by itself, and
thenit actually recl osed nonentarily. Thenit opened
again, and after it opened the second tine, it was
| ocked open. The punps were tripped. So we got into
a natural circul ation node.

There was liquid flow out of the PORV.
There was also in the test stagnation in each of the
two | oops, the A-l1oop and the B-1oop, actually quite
a bit into the transient. This was run for eight
hours. So this is a long transient, and it was a
coupl e of hours in before the stagnation occurred.

CHAl RVAN WALLI S: Now woul d t he ti me when
you mght be interested in PTS would be in that
peri od?

MR. PRELEW CZ: Cbviously, the |l oop flow
stagnationisthetine. Youwll see, the tenperature

al nost continuously decreases during this event. So
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it'shardtotell exactly when the nost significant --
when it woul d be nost significant wi thout running a
fracture nechanics calculation. Next slide.

Again, one of the things we found with
nost of these cases is, if you get the boundary
conditions right, you're going to be pretty close on
the tenperature, and that really isinline with the
PI RT t hat Dave showed for Robinson. Inportant itens
were the tenperature and the flowrate of the HPl, the
accumul ator flow and so forth.

This is the PORV fl ow whi ch, you can see,
is quite well predicted by RELAP5. Next sli de.

CHAI RVAN WALLI'S: This is a choked flow
t hr ough the PORV?

MR, PRELEW CZ: This is choked flow
t hrough the PORV, right.

CHAI RVAN WALLI S: The water fills the
pressurizer. So this is a --

MR. PRELEW CZ: Eventually, it did, yes.
| had -- On the sequence of events, there was a tine
when the pressurizer filled solid.

CHAI RVAN WALLIS:  So sone of this is two-
phase flow through the PORV?

MR. PRELEW CZ: Actually, it's very short.

The two-phase flowis early in this period, and this
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is probably pretty much --

CHAl RVAN WALLI S: St eanf

MR. PRELEW CZ: -- two-phase or single-
phase |i qui d.

CHAI RMAN WALLIS: Ch, it's liquid?

MR PRELEWCZ: It's liquid through the
break, yes, through the PORV. You're putting in

liquidthroughthe HPl, andit's going out through the

PORV.
CHAl RVAN WALLI S: The pressurizer is full.
MR PRELEW CZzZ: Feed and bl eed. Yes,
pressurizer is full. Next slide.

That was the break flow. This is the HPI
flow, which you can see again is fairly well
predi ct ed. My guess would be it's initially two-
phase. This part is single phase, and when you start
to get two-phase, you start to get some choking inthe
break or some flashing, and it drops down to a
sonewhat | ower value. You see RELAP for a short tine
junps back up again, but except for this one case
where it |ooked |ike the break cooled for a short
period, the prediction is quite good. Next slide.

This is the reactor coolant system
pressure versus time, and you can see again, it's

fairly well predicted. You can see a couple of
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glitches here in the RELAPS pressure. W wll see
t hat those actually correspond to some recircul ating
flows in the cold leg, the start and stop, sone
recirculating flows in the cold Ieg.

CHAI RVAN WALLI S:  Those are not physical ?

MR. PRELEW CZ: el |, that's an
interesting question. The data showed it, but it's
really -- in the sense that we can induce this
nunerically, this same kind of behavior --

CHAl RVMAN WALLI'S:  These glitches are in
t he cal cul ation, not in the experinment?

MR,  PRELEW CZ: Can we have the next
slide? Maybe we can look at it. I'mgoing to get to
the flowin a mnute.

This is the -- There was no data taken on

the flowrate. The instrument failed. Sothis is just

a RELAP cal cul ation of the cold leg flow. | may have
gotten ahead of nyself. | think it's the next
transi ent where it actually goes into the
recirculating flow | don't think there is any on

this one. Could I have the next slide?

Ah, yes, | was -- This is the cold |eg
which is the one with the pressurizer, and it -- I'm
sorry, the one without the pressurizer. A-loop with

t he pressurizer keeps flow ng.
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CHAI RVAN WALLI S: So one cold leg is

feeding the other cold leg? Is that what it is?

MR. PRELEW CZ: That's what i s happeni ng
ri ght here.

CHAl RVAN WALLI'S: Well, it's areflection
of the other, just going round and round.

MR. PRELEW CZzZ: Round and round the
circle, that's right.

CHAI RVAN WALLI S:  Hey, you're not al |l owed
to do that.

MR. PRELEW CZ: You're not allowed to do

that. That'sright. And we'll see that, despitethis

CHAI RVAN WALLI' S: Hey, Vic, you got to fix
t hat . In the tests for RELAP, put in a circular
stagnant system there and let it run and see what
happens.

MR. PRELEW CZ: Well, anyway, a short tine
after it stagnates here, and then it starts this
recirculating flow pattern, and then it ends, and |
think --

CHAI RVAN WALLIS: |If you switch off the
nmonentum fl ux, does it still do that?

MR. PRELEWCZ: No. This is not -- W

don't think this is the nonmentum fl ux base.
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CHAI RVAN WALLI' S: Ch, it's something el se?

MR PRELEWCZ: W think it's something
el se, yes. But anyway, those blips on the pressure
curve correspond to kind of the start and endi ng of
t hat behavior. Next slide.

We didn't have any data on the flow, but
we do have cold leg fluid tenperature, and this is the
A-1oop, the one with the pressurizer. You can see in
the data that at this time there's arapiddropinthe
cold |l eg tenperature. One can infer that that's when
t he | oop stagnat ed.

Now RELAP5S di d not predi ct any stagnati on.
The data did show a stagnati on, and you can see that,
when the stagnation occurs, there is quite a bit of
di fference between the RELAP prediction and the test
data. Next slide.

CHAI RVAN WALLI'S: Wit a mnute. This
stagnation is just about when RELAP started
recirculating, is it?

MR. PRELEWCZ: Yes. On the flow-- You
want to go back a couple of slides?

CHAI RVAN WALLI'S: It got the flowto zero,
and then it started --

MR. PRELEW CZ: Ri ght here. The flow

first went to zero. It stayed there for -- actually,
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it stayed there for a while, and then it started this
recirculating flow, and it stayed there. Thenit went
away.

CHAI RVAN WALLI S: Then it came back
occasi onal | y.

MR PRELEW CZ: It blipped up. It didn't
persist, but it did have a couple of blips of
occurrences. That's correct.

MEMBER RANSOM  When you run into that, do
you turn that over to the problemreporting andtry to
get it fixed?

MR. PRELEW CZ: Yes. W turn it over to
t he problemreporting. For PTS, alarge reverse flow
| oss coefficient was put insothat it couldn't occur.
And again, we did sensitivities. W ran with and
without. So we had cases -- we call themw th |arge
k-factor and cases w thout |arge k-factor. So we
handled it by sensitivity study and, | think, took the
nore conservative of the cases. |I'mnot really sure
how they -- how the PRA people handled it. W gave
t hem bot h cases.

I n any event, coul d you go ahead a coupl e?
This is the other -- This was cold |l eg tenperature in
t he other cold | eg, and you can see it al so stagnates.

This is the data stagnating here.
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CHAl RMVMAN WALLI S: It looks as if the

nonentum equation is wuninportant except when it
predi cts nonphysical results.

MR. PRELEWCZ: Well, it's probably a good
point, and | think |I tried to make that. RELAP is
doi ng an ener gy bal ance, and that's what is inportant.
If you are a little bit off on the HPSI tenperature,
you see it right anay. You're alittle bit off on the
HPSI flow, you see it right away. |If you m spredict
the loop flow, it hardly shows up. So you are exactly
right.

This is the cold leg B. This is the one
wi t hout the pressurizer. RELAPS5 does predict the
stagnation, and these blips are basically backing up
of the -- predicting the backing up of the cold water
fromthe injection. The |location where this is, is
where there was a mneasurenent, and it's actually
upstream of the injection point. So this is backing
up fromthat injection point occasionally after it
st agnat es.

CHAI RVAN WALLI S:  Thi s i s agai n sonet hi ng
that is not physical, or what?

MR. PRELEW CZ: | don't think the backing
up i s necessarily unphysical. The test data didn't

show it. So in that sense, it didn't happen in the
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test.

Again, this period in here is the period
where you had that recirculating flow So it didn't
back up when it was recircul ating.

CHAIl RVANWALLI'S: It certainly didn't want
to do what the data showed, one way or the other. It
either recirculated or it backed up.

MR. PRELEW CZ: Next sli de.

This is the bottom line. This is the
compari son of the upper downconer tenperature, RELAP,
and the data. You can see again, corresponding to the
recirculating, there's some blips init.

CHAl RVAN WALLI'S: It just |ooks like this
E™ or sonet hing.

MR. PRELEWCZ: Well, basically, thisis
-- If you |l ook at the whole system it's a big m xing
cup. You are putting in cold. You are taking out
hot, and the average tenperature i s goi ng down; and by
the time you get to the downconer where -- In fact,
this is about the elevation --

CHAl RMAN WALLI S: So a one-node node
m ght not be too bad.

MR. PRELEW CzZ: Well, that's what we f ound
out in the first PTS study. Wen they couldn't run

nore than a dozen cases, SAICcane up wth a six-node
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nodel that was basically a m xing cup, and it worked
and was used to extrapol ate the results fromt he ot her
cases to the --

CHAI RVAN WALLI S: REM X does sonet hi ng
simlar, doesn't it? It just has a few m xing cups
here and there.

MR. PRELEWCZ: Yes, right. So in any
event, you can see that RELAP, in spite of the
nonment um equati on predictions in the | oop, has done
what | would call an acceptabl e job of predicting the
tenperature in the downconer. Next slide.

This is the other end of the downconer.
This is the lower. Ones near the top of the heated
section are the sane el evation as the heated section
inthe vessel. This is near the bottomof the heated
section. You can see, it's also reasonably good
prediction.

|*ve showed a couple of data points, and
t hey do have around the different azi nuthal | ocations
inthe downcomer, although in this caseit's just one
pipe. So it doesn't make a lot of difference. It's
all connected, but you can see that the data shows
very little variation. Next slide.

The next test that we |ooked at was a

smal | cold | eg break, 10 square centineters, 1.4 inch
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equivalent. Unlike the other tests, this test was
started at a natural circulation condition. The punps
wer e not operating.

Again, it's arelatively small break. So
it takes a while for things to develop. \When the
pressurizer dropped one foot after the break was
opened, basically, there were several actions taken.

The steam generator |evel setpoint was
increased. So the aux speed filled it up, filled the
steam generator, and both of them actually up to
31.60. The HPSI was actuated, and a core decay heat
power curve was initiated.

Again, duringthe test natural circul ation
isinterrupted. W do get some | oop fl ow stagnati on,
but there is no core uncovering. Next slide.

This is the sequence of events for the
test, starting with the break opening. Then you can
see, it took a mnute or actually two mnutes in the
nmeasure for the pressurizer |evel to drop and the HPI
to be initiated.

There was flow interruption in both the
hot leg and the cold leg, and you can see -- we
haven't done the best of jobs, but in this case RELAP
does predict the flow interruption in both of the

| oops.
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There was later in the transient a
conplete loss of natural circulation flow, and you
will also see that in both the RELAP prediction and
the test data, there is sone of this recirculating
flow.

CHAI RMVAN WALLI S: That starts when you get
stagnati on.

MR. PRELEW CZ: It's like the previous
one. You go to stagnation. You sit there for a
while. Then it starts up. But surprisingly enough
the test data did the sane thing in this case. Next
slide.

This is kind of the bottomline. This is
t he upper downconer tenperature, and you can see it is
not as good in this case as it was in the previous
case, and we will see again, you can relate this to
the inflows and outflows, HPSI and so forth.

But we showed a coupl e of downconer tenperatures.

This i s agai n the upper downconer, but we
started with the bottomline this time. You can see
that it is not quite as good, but still the trend is
qui te reasonabl e. Next slide.

Here you can -- and this is the conpari son
of the pressure. You can see that RELAP is a little

bit high on the pressure. So if you go back to the
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first slide, of course, it's high on the tenperature.
So what's happening is it is not getting as nuch HPSI

flow Soit's got a higher tenperature. Next slide.

CHAIl RVAN  WALLI S: It's not Dbeing
conservative. |Is that right?
VR. PRELEW CZ: It is bei ng

nonconservative in this case. That's correct.

Again, this is the HPSI flow rate versus
time. You can see that, when the HPSI flowis |ow --
| guess we're putting it the other way. When the
pressure is too high, the HPSI floww Il be | ow and
the tenperature will al so be too hi gh, because you are
not getting as much HPI flow into the system Next
slide.

This is the break fl ow. You can see we've
done reasonably wel |l predicting the magnitude of the
break flow. Next slide.

Al so, reactor vessel |l evel versustine --
there is some lowering of the liquid |level. Again,

| * mal ways suspi ci ous of these that neasure delta P' s,

because other things -- they are not neasuring the
physical liquid |evel. They are nmeasuring a
differential pressure. Tenperature changes or

somet hi ng el se happens, you' re not on, but you can see

the code did a pretty good job of predicting the
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| evel . Next slide.

Here is cold leg A This is the one with
the pressurizer on it. You can see, there is an
initial flow stagnation, and for quite sonetine the
fl ow basically stays stagnated. But the data, which
is the triangle and the plus, you can see the data
shows this recirculating flow pattern.

CHAI RMAN WALLI S: Ri ght.

MR. PRELEW CZ: And t he peopl e who ran t he

test, B&W-- this was run, | guess, at their Alliance
Research Center -- noticed this phenonenon and did
sone i nvestigations. They attribute it -- Cbviously,

you have to have sonething to drive this. You have to
have sone ki nd of heat being put inunsymetrically in
one | oop rather than the other loop -- one cold |eg
rather than the other cold |eg.

They attribute it to asymmetries in the
envi ronnent al heat | osses, as the best they coul d cone
up with. Again, this was not the main thrust of their
test. They were interested in those days in |arge
LOCAs and smal | LOCAs.

CHAI RVAN WALLI S: | assune it's the
pressure drop drivingit around the circuit. It's not
just the heat |oss difference.

MR. PRELEW CZ: Well, if you were to take
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-- There is an el evation change around the [ oop. So
if you were to have sonepl ace where you had nore heat
| o0ss on one side than the other side, it could cool it
off and drive some fl ow.

The thing that is surprising, though, is
sonetinme | ater RELAP predicts the same phenonenon to
occur, and it's kind of about the same magnitude. |
guess it's limted in some sense by the friction.

The thing is, we can induce this
nunerically. So we are very reluctant to say anything
about, you know, RELAP predictions of this phenonmenon.
| think the experinmentalists were befuddled by it, and

we can change the order of solutions matrix and --

CHAl RVAN WALLI S: Well, it's not just
nunerical, if it actually happened.
MR. PRELEWCZ: Well, it happened in the

test.

MR BESSETTE: See, in a facility this
size the facility heat | oss can be conparabl e or even
nore than decay heat. In this case, the cold leg
started acting as a heat exchanger, |osing heat just
to the anbient.

MR. PRELEW CZ: You have to have sonet hi ng
todriveit, basically. In RELAP we can get it to --

The co-devel oper set up sone sinple problens where
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they can get it to occur without any driving force.
So we know that it can be predicted unphysically in
RELAP by the order of the matrix solution. So again

CHAl RVAN WALLI S: But you can't bl ane t hat
for the actual data

MR. PRELEW CZ: That's right. Next slide.

This one is even nore dramatic. This is
the B cold Ieg. You can see, this is -- flow
stagnati on woul d be here, and you can see that it took
| onger to get to the stagnation condition, and pretty
much i medi ately both RELAP and the data show this
recirculating flow pattern.

MEMBER KRESS: Does RELAP nodel heat
| osses?

MR PRELEW CzZ: Yes. W have heat
structures on the | oops, and they have --

MEMBER KRESS: Does this also do the
out si de?

MR. PRELEW CZ: | believe they have a heat
transfer coefficient to the environment on the
out si de, yes.

MEMBER KRESS: Yes, but it's symmetrical.

MR. PRELEWCZ: It's symmetrical. That's

right. In RELAP thereis noreasonto believeit's --
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you know, there's no unsynmetry put into it.

MEMBER RANSOM  Well, you have to take
that with a grain of salt. There's always a little
asymretry and round-of f sonewhere, you know, in these
cal cul ati ons.

MR PRELEW CZ: That's correct.

MEMBER RANSOM To trigger it. It can't
drive it. It could trigger it.

MR. PRELEWCZ: So in any event, despite
-- | mean, this is not the major influence. The ngjor
i nfl uence appears to be that we are a little high on
the pressure. Therefore, we are a little |low on the
HPSI fl ow and, therefore, we are alittle high on the
tenperature, despite all of this stuff.

Again, in the PTS analysis we saw this
sane phenonenon occurring, predicted in the RELAP
cal cul ati ons, and we handled it by doing sensitivity
studies. W put inlarge reverse-K factors, and t hat
got rid of this. It didn't happen with the |arge-K
factors.

We ran with and wi t hout, and we' ve got the
two results to look at. There are sonme differences in
tenperature between them This does cause sone
mxing. So there is a difference in tenperature.

MEMBER KRESS: Now where does the feed go
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in?

MR PRELEW CZ: Pardon?

MEMBER KRESS: Where does the feed go in?

MR. PRELEWCZ: Into the cold |eg.

MEMBER KRESS: Just one of the cold | egs?

MR. PRELEW CZ: Both cold | egs get -- All
four cold | egs have HPI injection.

MEMBER KRESS: Yes. Now when you node
that in the code, is it --

MR. PRELEWCZ: |It's pressure dependent.
We have a table that will put inaflowproportional--

MEMBER KRESS: To the system average
pressure?

MR. PRELEW CzZ: -- a function of the
pressure at the injection point.

MEMBER KRESS: OCh, at theinjection point?

MR. PRELEW CZ: In that |oop, yes, the
| ocal pressure at the injection point is what
det ermi nes how nuch HPI flow cones in.

MEMBER KRESS: Okay. It looks to ne |ike
then a stagnant system like this which has these
points on them plus a bleed location, is basically
unstable, and all you have to do is get alittle bit
of sonething toget it started. It could be nunerica

or it could be a real fluctuation in pressure.
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The t hi ng woul d keep drivingitself dueto
the -- You wll then end up with -- It won't
restabilize itself, | don't think. But | would have
to think about that.

CHAl RVAN WALLI'S: Does this happened in
t he reactor?

MEMBER KRESS: Oh, probably not. It
probably has sonething to do with the heat | osses,

i ke they said, being a predom nant portion of it.

MR. PRELEWCZ: Well, it's aninteresting
phenonenon. | think the code devel opers -- we are
still looking at it as sonething that we need to
understand better than we do now. But it is
interesting that it occurs in the test. | think
that's -- It's interesting, but we are not ready --

MEMBER KRESS: | think the startling case
is the unstable, and the recirculation is the stable.
Al'l you have to do is get the recirculation going,
when you have the situation you have.

DR, MOODY: VWhen you refer to code
devel opers, who are you referring to?

MR. PRELEW CzZ: d enn Mrtenson and
conmpany. Next slide.

This is just -- This is the secondary

condi tions, just to showyou that we got a reasonabl e
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agreenent on the secondary type. The bottomtwo are
the liquid levels in the two steam generators. You
recall that one thing that happened is that, when you
turn the HPI on, you also set a level in the steam
generators, and you can see we have naintai ned that
| evel .

Al so, the pressures are in reasonable
agreenent with the data. Next slide.

The last M ST test that we did was a
| arger small break LOCA, 100 square centineters,
equi valent to about a 4.4 inch break in the plant.
Again, this sane type of shift to a core decay heat
node. The aux feed fills up the steamgenerators and
mai ntai ns a constant |evel control, 31.6 feet.

In this case, the cold leg is weighted,
interrupting the primary flow, and the hot |leg rises,
al so flashed and conpletely voided. Since thisis a
| arger break, the low pressure injection was also
initiated and also the accunul ator, what they call
core flood tank, injected into the system Next
slide.

This is the sequence of events. Again,
nmeasurenments weren't real good. So we had to estimate
some of these fromthe data. But see, we are not too

far off on loss of loop natural circulation flow,

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

301

around two m nutes, both the prediction and t he dat a.

Sort of another Kkey event when |ow
pressure injection initiated, that's kind of a
function of the pressure. |It's just again like the
HPI. It's pressure -- So when the pressure gets to
the | evel when the LPI caninject, it injectsintothe
system

There was one difference we wll see,
whi ch probably makes the biggest difference in the
temperature. There was a criteria for throttling the
HPI fl ow when you got 75 degree subcooling. W never
got that in RELAP, but it apparently occurred in the
test, although apparently it was nothing automati c.
The test operators were told when they saw 75 degr ees
subcooling to punch out one of the two HPSI punps.

We did have quite a bit of difference
bet ween t he neasured and the RELAP. So it's not that
t he operators -- You know, there was a difference t hat
could justify not -- the reason for not turning it on
in RELAP again. Sanme with the other case, we ended
the sinmulation at about 4,800 seconds. Next slide.

MR. ROSENTHAL: Dan, maybe you coul d skip
to Slide 65.

MR. PRELEW CZ: Is that okay with the

commttee? The commttee is the audi ence here.
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CHAl RVAN WALLI'S:  Well, there is nothing

new.

MR, ROSENTHAL: well, Dr. Wallis, it's
your meeting. | think people are starting to fade.
The point that we wanted to make -- and you'll see it
in -- Nunber one, we have a nunber of assessnent

cases. So we are broad in scale.

There's bunps and warts and wi ggl es inthe
RELAP stuff which we presented to you. You know, we
are trying to be open about it. W seemto get the
pressures and tenperature in the downconer pretty
good, which is why we are doing it.

It's your choice. | think you ought to
pick up -- skipalittle bit, and then -- But | would
like to do at | east a couple of the ROSA cases, which
| think the commtteeis famliar with, and that woul d
give you -- It's your choice.

CHAl RVAN WALLIS: Yes. Let's skip to 65.

MR, ROSENTHAL: [|'m sorry, Dan.

MR. PRELEWCZ: Oh, that's fine. Thank
you. No problem

This is the bottom Iline. This is the
conmpari son that we are interested in, the downconer
tenperature, the function of tinme. As | nentioned,

t he one departure here is when you have a difference
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between the throttling criteria. Wen one of the two
HPl s i s disabl ed by the operators, test data junps up
i medi ately.

In RELAP5 where we did not neet the 75
degree subcooling criteria, you continue along the
line. So it kind of shows you, you get the -- The
boundary conditions are really the nost inportant
determ nant. Next slide.

CHAI RMVAN WALLI S: This is an external
downconer.

MR PRELEW CZ: This is an external
downconer.

CHAI RVAN WALLI'S:  Just squirting in from
a pipe into a vessel?

MR. PRELEWCZ: Well, the HPI goes into
the cold |l eg, which then goes to the downconer. The
LPI and the accunmul ator go directly in --

CHAl RVAN WALLI'S:  There's sonme sort of a
plume in this vessel, although it's a vessel, not a
downcomer. But there's sonme sort of a plunme there,
t 00.

MR PRELEWCZ: In the vessel?

CHAl RVAN WALLI S: I nthe downconer, inthe
ext ernal downconer. There's sone kind of a plune.

MR. PRELEW CzZ: It's relatively small
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There's four cold legs comng in on the top.

CHAI RVAN WALLI'S: So when you say upper
downconer tenperature, it's all well mxed up there?

MR. PRELEW CZ: Well, again, | say upper.
That's where -- It's at the elevation of the top of
t he heated section. So it is down several feet bel ow
So it has a couple of feet to m x.

DR. BANERJEE: Do you have the flowrate,
too, with the downconer?

MR. PRELEW CZ: | don't have any pl ausi bl e
flow rate in the downconer.

DR. BANERJ EE: But wer e t here
measur ement s?

MR. PRELEW CZ: | doubt it, because it's
hard to neasure. There's cold leg. In fact, there's
cold | eg neasurenents of the flowrate. There's HPI
nmeasurenments of the HPI flow

CHAI RVAN WALLIS: |If you' ve got all the
cold |l egs, we should get the downconer.

MR. PRELEW CZ: If you add the four
together, it's got to be the downconer flowin this
situationwhereit's basically single-phase flowgoing
-- or nost of them | guess the last one it wasn't.
The | ast one gets sone enptying. Next one.

This is again the secondary side. In
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fact, if we want to nove on, this is one -- W' ve gone
froma two-hour talk to a three and a half hour talk
yesterday, and now we are back to a shorter tine
t oday.

LOFT L3-1is a one-inch small break LOCA.
| think nost of you are famliar with LOFT. This is
a break where the HPSI pretty nuch keeps up, although
they did turnit off for awhile to try to enpty the
system

The conclusion is pretty nmuch the sanme as
the others. If you get the boundary conditions right,
you will get the downconer tenperature right. So
maybe | can just -- We'll go quickly through this.
Everybody is pretty nuch famliar with the LOFT
facility. Next slide.

This is the noding diagram just to show
the level of detail. You can see it's a fairly
detail ed nodal i zati on. Next slide.

Sequence of events: Again, in this case
it's turning on and off of the HPSI, which we did at
the same -- We turned it off at the same tine and on
at the sane tinme. So the sequence of events is kind
of boring. Next slide.

Break mass flowrate they didn't measure

too far. You can see as far as they neasured 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

306

stopped, it did pretty well. Next slide.

MEMBER RANSOM |Is that all Henry-Fauske
and RELAPS5?

MR. PRELEW CZ: Everything we did was
Henry- Fauske and RELAP5, vyes.

This is the HPSI flow. W are a little
bit highinitially. | don't know what happened with
the test. It was lower the first tine they turned it
off, and after it came back the second tine, it kind
of was right. I wish there was sone difference
between the first and second tine they turned it on.
Next slide.

Primary system pressure: You can see,
we're a little bit low Next slide.

This is the upper downconer tenperature,
and you can see again where it started off a little
bit | ow, because we were high on the HPSI flowin that
initial period, and we kind of stayed there.
Remenber, the HPSI slide, we were a little bit |ow
They turned it off at this point.

Beforethey turnedit of f, RELAP predicted
alittle bit lowon the HPSI flow Again, that was
probably sonething different in the test that we
didn't incorporate in the nodel. You can see again,

we are low on the tenmperature. Next slide.
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Wiy don't we just go to -- | think the
rest of themare velocities and stuff. APEX-CE test:
W did one of the tests that -- on the |atest test
here, the APEX-CE. Again, | think Jose covered this
pretty well. Wy don't we go to the next one?

Thi s agai n Jose showed t he confi gurati on.

CHAI RVAN WALLI'S: This has to do with the
how rmuch the plunes persist?

MR. PRELEW CZ: Well, the test -- The one
we did was the PORV stuck open and then reclosed.
Agai n, this was one that was kind of put into be like
a PTS transient. So this was APEX-CE 13, the stuck
open relief valve from full power wth subsequent
reclosure, andinitiated fromfull power steady state
condi tions.

ADS-2, which is the leftover from the
AP600 days, on the pressurizer had an orifice put in
scal ed to stuck open PORV on Pal i sades. Pardon? SRV,
sorry, stuck open. Again, two cooling punps were
tripped. Hi gh pressureinjectionwas actuated. Flood
power was shifted to decay heat node, and the
sinmul ated SRV was open for an hour and was then
recl osed, and 20 mnutes |later was the end of the
simul ati on. Next slide.

This is just a conparison of the initial
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condi ti ons, which shows that we did a pretty good job
matching all theinitial conditions, alittle bit off
on the pressurizer level but not real significant.
Next sli de.

This is the sequence of events. At tine
zero, the SRV was opened, the scramsignal. HPlI flow
started, and again the punps were tripped at the sane
time as inthe test as in the simulation. W pretty
much did all the events the sane. So there is no
timng difference in the events. Next slide.

This is one of the bottom lines, the
pressurizer pressure. You can see, there wasn't al ot
of a decrease. Thisisinitial pressure. So it drops
down, and this is sort of the inportant part. Thisis
t he recl osure.

You can see that RELAP5, as typified by
maybe the MT test, was a little bit slower at
reaching the peak pressure, but eventually actually
got up to the same pressure as the test data. Next
slide.

This is the pressurizer level. You can
see, basically what happens is that the fl ow, as we'l|l
see, is nostly vapor. It won't quite fill up the
pressurizer. The heaters are on during the test. So

they help to keep vapor going out the break rather
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than |iquid. Next slide.

Again, this is the downconer fluid
t enper at ur e. Not very much of a decrease in this
case, but you can see that fairly good agreenment again
bet ween the RELAP and the test data. Next slide.

This is the sinmulated SRV or ADS-2 vapor
flow  You can see, while there's a lot of junping
around, there's reasonably good agreenent between t he
test data and RELAP cal cul ati on. Next slide.

This is the liquid flow out of the
simul ated SRV. Again, you can see, while it's very
noi sy, thereis certainly the sane order of magnitude.
Next slide.

This is the -- Again it shows you the
secondary conditions reasonably well. This is the G
| oop steam generator pressure. Next slide.

This is the other | oop, the so called P-
| oop. I n APEX-CE they keep the same term nol ogy as
AP600. There's |loops going with the pressurizer in
t he other ones. Next slide.

Thisis the RCPinlet tenperature, and you
can see we are right on there. That's the -- | guess
you would call that the cold leg tenmperature. Next
slide.

I"'m not sure this neans very nuch.
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Downconer col lapsed liquidlevel. It basically shows
there was no enptying. Next slide.

So in summary, APEX-CE test 13 simulating
t he stuck open saf ety val ve, the subsequent recl osure.
The downconer tenperatureis predictedw threasonabl e
accuracy, and the tenperature actually showed little
dependence on azinuthal position in both RELAP and
APEX neasurenents.

The pressurization was at a sonewhat | ower
rate, but eventually the peak pressure fromRELAP was
actually slightly higher.

So the concl usion is that RELAPS provides
a reasonabl e prediction of the test data, which was
t he pur pose of these cal cul ati ons whichw |l be turned
over to the wuncertainty people to be used to do
uncertainty val uations.

If there's no questions, Don is ready to
tell you about APEX -- ROSA- APEX - - ROSA- AP600, ri ght.

DR. BANERJEE: What was t he downconer |i ke
i n ROSA?

MR. BESSETTE: ROSA has an annul ar
downconer, about two-inch.

DR BANERJEE: It's a true downcomer?

MR. BESSETTE: True downconmer, not |ike

M ST.
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DR. BANERJEE: And not |ike Sem scal e.

MR. BESSETTE: Not |i ke Sem scal e either.
They had -- Both M ST and Semi scal e had t hat external
pi pe downcormer.

DR BANERJEE: And ROSA was full height?

MR. BESSETTE: Yes, full height.

MR. FLETCHER | am Don Fl etcher of ISL,
and the subject | amgoing to tal k about today are the
ROSA assessnents that we've done for PTS.

There are five tests that we have | ooked
at, two of them in ROSA-AP600 and three of themin
ROSA-1V, which was the predecessor facility to ROSA-
AP600. Next slide.

Fi rst t he ROSA- AP600 t ests: ROSA- AP600 i s
a 1:30 vol unme scale, full pressure representation of
a Westinghouse AP600 passive safety reactor, full
hei ght el ectrically heated core. The facility has two
| oops that represent the two AP600 | oops, including
one hot |eg, one steam generator.

In the test facility, there is only one
reactor cool ant punp and one cold leg per |oop, as
opposed to two in AP600. The pressurizer is |ocated
on one | oop, and the core nmakeup tanks are | ocated on
t he ot her | oop.

The PRHR, the passive residual heat
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renoval system is located on the sane |oop as the
pressurizer. There are ADS aut omati c depressuri zation
systemval ves on the top of the pressurizer and on the
hot legs, and the IRWT is the in-containnent
refueling water storage tank, which is a | arge vol une
of water that is used to inject cold water into the
primary coolant system after it has depressurized
follow ng the operation of the ADS.

DR. BANERJEE: ADS-4 was off the --

MR. FLETCHER:  There are four stages of
ADS. ADS-1, 2 and 3 are small valves on the top of
the pressurizer that open in sequence to bring the
pl ant down gradually in pressure. ADS-4, | believe
t here are ei ght valves in the plant, four on each cold
leg -- on the hot |eg, excuse ne.

DR BANERJEE: Directly on the hot |eg?

MR. FLETCHER: They are directly on the
hot | eg, yes. Next slide.

This is a layout of the ROSA facility,
ROSA- AP600 facility, showing the two | oops and the
orientation of the accunulators, the OCMs, the
pressurizer and so forth. Next slide.

RELAP5 nodal i zation, which | know you' ve
seen enough of by now. This is the nodalization that

was used as a part of the AP600 eval uati on study for
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the safety analysis. W have not changed the nodel.

The downconer is an annul ar downcomner in
the facility, integral in the vessel. The gap is two
i nches, and we have nodalized that region using six
channel s i n t he downconer, all connect ed back t oget her
at the | ower plenum That is one of theregions -- It
isthis regionthat we have had difficulty with, with
t he downcomer circul ation as aresult of the nmomentum
flux that was tal ked about earlier.

As far as the nodalization of the plant,
we are pretty nmuch nodeling -- I nthis noding di agram
you see anoding that is fairly well representative of
what we are using in the pressurized thermal shock
nodel s for the plants, four up and four down in the
steam generator, approximtely the sane nunber of
nodes in the vessel and in the | oops.

Qobviously, the passive safety systens
aren't in the plants we are | ooking at for PTS. Next
slide.

The first test is AP-CL-03, which is one
that received a lot of attention in the AP600 safety
anal ysis work. This is aone-inch equival ent di aneter
break on the bottom of the cold leg in the CMI | oop
with the reactor in full power operation.

Single failure is one of the two ADS-4
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val ves on the CMI | oop hot leg fails to open. Next
slide.

Sequence of events is shown here. The
sequence conpares rather well down through the point
wher e t he accumnul at or i nj ecti on begins, and then after
t hat the cal cul at ed sequence proceeds alittle faster
than it does in the experiment.

The loss of natural circulation in the
pressurizer loop and in the CMI | oop conpare fairly
wel | between the test and the data. Next slide.

Pressuri zer pressure nmeasur ed and
cal cul ated as a function of tinme over the 8,000 second
period. The obvious thingis we are doing well on the
pressure down to about here, and then the code
cal cul ates a faster depressurization than is seen in
t he dat a.

This point hereis where the ADSis fired
on the top of the pressurizer. This knee here, as we
depressurize the primary sufficiently that the CMIs
stop circulating, and that results in that need right
there. All inall, not too bad of a conparison on the
pressure. Next slide.

This -- | showthis only because the CMI
behavior is fairly inmportant as to how t he sequence

proceeds i n AP600. W have the time. CM circul ation
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is initiated back here near the beginning of the
transient, and then the CMI draining is fairly well
predicted by the code, the timng of that.

We do see that in the calculation we are
draining the CMI slightly faster than we are in the
test during this initial period here.

DR. BANERJEE: Wasn't there a CMI refill
t hat occurred?

MR. FLETCHER: Ri ght here. The CMI refill
was in the test. W have also seen them in
calculations. They tend to be fairly spurious. W
didn't see it in the calculation here.

CHAI RVAN WALLI'S: That can't happen in
full scale.

MR FLETCHER  Pardon ne?

CHAl RVAN WALLI'S: That can't happen in

full scale, |I think we decided.

MR. FLETCHER | guess | couldn't say on
t hat .

CHAlI RVAN WALLI S: That's wher e

condensati on sucks the water back in.

MR. FLETCHER: Ri ght . There is a bit
later on one of the other tests a pressurizer
refilling from condensation that we see in the test

data. | wanted to showthat to you a little bit.
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DR. BANERJEE: There was an oscillationin

the pressurizer. Right?

MR. FLETCHER Cscillations in the
pressurizer because of the fluid going out of the ADS
at the top. It was fairly oscillatory, and | really
didn't want to dwell on that at this point.

DR. BANERJEE: It dunped right into the
hot |eg, though.

MR. FLETCHER Yes, the pressurizer dunps
into the hot leg, and there is an ADS-4 where the
wat er comes in.

DR BANERJEE: It was sucked out.

MR FLETCHER: Right. The key point in
the CMI draining is when you reach the 67 percent
| evel , which is here, because that is the -- This is
t he point when ADSis fired. Soit's inportant to get
the draining -- the beginning of the draining at the
right point. It's inportant to get the rate of
draining at the right point, and then it's inportant
to get to the time when the ADS is fired.

Then finally, it's inportant to end up
with some CMI | evel down here at the end about the
time when you get to |IRWST injection, so that you
don't starve the core for water. Next slide.

These two slides show the cold | eg mass
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flows on the pressurizer |oop side. Wen we say P-
| oop, we nean the | oop that contains the pressurizer
and the PRHR system The right slide shows the CMI
| oop cold | eg nmass fl ow response.

The black is the test data. The red is
the RELAP5 cal cul ation. The obvious thing here is
that the code nailed the prediction here on the tine
when we | oss circul ation on the pressurizer | oop. W
didn't do too badly here on the CMI | oop as far as the
time when we lost circulation. Next slide.

One of the features of this ROSA test was
the thermal stratification of cold |egs. This is
dri ven because on t he pressurizer | oop t he PRHR system
di scharges into t he steamgenerator outl et pl enum and
that cold water flows toward the vessel

VWhat we see in the test is an extrene
thermal stratificationof that flowtoward the vessel .
The colored curves here represent the top to the
bott omon a rake of thernocoupl es, fluidthernocoupl es
in the cold | eg between the punp and the vessel.

VWhat we see on the dashed |ine, the bl ack
dashed |l i ne here, which is the RELAP5 cal cul ation, is
t hat RELAPS happi | y nakes t he whol e cold | eg col d, and
as aresult the tenperature going into the vessel in

RELAPS is fairly conservatively cal cul at ed.
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CHAl RMVAN WALLI'S: Youwould think it woul d

be closer to an average, since it's mxing there.

MR. FLETCHER: Well, thethingisthereis
no fl owthrough the l oop. The only thing com ng down
the cold leg is what is com ng out of the PRHR So it
beconmes -- It goes to the cold tenperature, not tothe
aver age.

CHAI RVAN WALLI S: Wl |, shoul d we concl ude
anyt hing useful for the PTS fromthis?

MR.  FLETCHER Vell, | think what we
conclude is that there's some conpl ex behavi or going
-- thermal stratification going on in the cold |eg.
RELAPS cannot predict it, and yet | think youw |l see
in a mnute that the effect on the downconer
tenperature is mninmal.

VWhat we have going on on this | oopis that
t he PRHR system di scharges into the steam generator
outlet plenum The cold I eg cones off of that, and
we've lost the circulation around the loop. So the
PRHR flow is the only flow going toward the vessel.

CHAI RVAN WALLI S: So really, there's a
countercurrent flow or somnething, too?

MR. FLETCHER: There i s no countercurrent
about it. The PRHRflowis the only fl ow experi enced.

DR. BANERJEE: It's just flow ng around
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the bottom R ght?

MR. FLETCHER It flows al ong the bottom

CHAl RVAN WALLI S: And there is sone
stagnant fluid on the top?

MR. FLETCHER That is correct. That is
correct, but thereis no place for the flowto return,
if it comes up this way. So it's not really a
circul ation.

DR. MOODY: Wul d you professors mark him
off for putting a zero on that left end of the scal e?
It's a log scale, right, on the botton?

MR FLETCHER® No. It's --

CHAI RVAN WALLIS: It's time. Thereis a
zero tine.

DR. MOODY: You go out to what, 10,000
seconds?

MR FLETCHER: This is 10,000, 6, 000.
It's not I og.

DR. MOODY: Well, you can mark nme off.

MR FLETCHER: | would have used zero,
2000, 4,000 and so forth, but | used the slide as it
exi st ed.

CHAI RMVAN WALLIS: The thing is, if that
cold water is running down, you wouldn't expect the

water on the top to heat up the way it does.
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MR. FLETCHER. Well, it's cooling down

during this tinme period.

CHAl RVAN WALLI'S:  But it heats up?

MR. FLETCHER The situation changes here
because of aut omati c depressurization, and everything
changes at that point.

DR BANERJEE: But thenthe stratification
cones back agai n.

MR. FLETCHER: Toward the end here, yes,
we do have sone stratification, and RELAP5 is
under predi cting that. There is still some flow
com ng, PRHR, but the systemis nuch nore chaotic and,
actually, | think the cold leg is partially voided
during this time frame. That nmay be the reason for
that. Next slide.

This is the other cold leg. Wat we see
here is that there is, both in the test and in the
cal cul ati on, sonme bleed of that cold water fromthe
pressurizer |oop cold | eg, around the downconer, and
then out the break on the CMI | oop. That's what we
are observing there. Next slide.

The next four slides, these two and on the
foll owi ng i mage, are t he downconer tenperatures at the
top and bottom of the core on opposites sides. This

is on the Cloop side at the top of the core
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el evation. This is on the Cloop side at the bottom
of the core el evation.

The conpari son between the neasured and
cal cul ated tenperatures, fluid tenperatures in the
downcomner, conpare fairly well. W are doing very
wel | here. We are doing sort of well here. The
difference between these two is related to the
di scharge and tenperature of the PRHR system which |
will show you in a mnute. Next slide.

CHAI RVAN WALLIS: Wiy does it go wong
| ater on?

MR FLETCHER  Pardon ne?

CHAI RVAN WALLI'S: Wy does it go wong?
You say you're doing very well up to a certain point.

MR. FLETCHER: Ri ght here, why does it go
wr ong?

CHAl RVAN WALLI S:  Yes.

MR. FLETCHER: Thisis adifferenceinthe
| RWST injection time. So --

DR. BANERJEE: Which is data, and whichis
RELAP?

MR. FLETCHER RELAP is the dashed |ine.
|"msorry, it's hard to see on this.

CHAI RVAN WALLI S: The data has nore

wi ggl es?

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

322
MR FLETCHER: No. The one that has nore

-- I"'msorry. The one that has nore wiggles is the
data, and that is the solid line.

DR. BANERJEE: So the first bunp there is
RELAP toward the bottom when | RABT cones in?

MR FLETCHER  Thi s one?

DR. BANERJEE: Yes. Wich is RELAP down
t here?

MR. FLETCHER | can't see on that slide,
to tell you the truth.

DR BANERJEE: The bottom one i s RELAP?

MR, FLETCHER This is RELAP in here.
This is the test data. And that's true in all four of
the cases. So what we are | ooking at is 180 degrees
apart in the downcomer at the top of the core
el evation and at the bottomof the core el evati on, and
the results at all four of these are about the sane.
Next .

One of the reasons that we cone down a
little slower at the beginning of that cooldown is
that the PRHR discharge tenperature in RELAP is 15
kel vin higher than it isinthe test. This has to do
with the nodeling of the I RAMST and how the thernmal
response to the | RABT goes during the transient.

O course, there is no | RAST in existing
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plants. So this really isn't pertinent for -- This
difference is not pertinent for PTS. Next slide.

Then t he reason why it goes bad is that we
reach the | RAST i nj ection point sooner in RELAPS than
we do in the test, and that's why behavior there
| ooked like it was off in phase, but the magnitudes
were nore or |ess the sane.

DR. BANERJEE: Well, except it's off by
1,000 or two seconds. Right? Somewhere.

MR. FLETCHER: Yes, we are off in timng.
There is no doubt about it. W are off in timng.
But we are off in timng because of the way the CMI
drai ning has gone and so forth. W know why we are
off in timng.

DR. BANERJEE: | think |I remenber it had
sone inplication on core inventory. It may not be
important for this, but --

MR FLETCHER: Yes, it does have -- Yes.
The core inventory -- it's critical to get CMI | eve
-- the relationship between the CMI drain, the tine
the CMI drains and the tinme the | RAST cones on. It's
i mportant to have sone overlap at that point. So it
is critical for core |evel.

CHAI RVAN WALLI' S:  What does this tell us

about thermal shock?
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MR. FLETCHER This tells us -- The only

thing -- The purpose of these last two slides |'ve
shown you is that the differences that we are
observing in the downcomer tenperatures are mainly
caused by these aspects of nodeling AP600. So |
think, if we nodel as boundary conditions properly the
| RWST i njectiontinme and t he PRHRt enperature, that we
woul d do even better than what you have seen on here
already, which I think is pretty good at this point.

DR. BANERJEE: Nowyou reran these, right?

MR FLETCHER W have rerun them

DR. BANERJEE: Because the original
probl em was there was severe oscillations.

MR. FLETCHER: There is still oscillation
in the pressurizer. This is --

DR. BANERJEE: No, no. The pressuri zer,
there are real oscillations. Right?

MR FLETCHER  Yes.

DR.  BANERJEE: Yes, but | nean, if |
recall, there were sone oscillations in the core.

MR FLETCHER In the core?

DR. BANERJEE: Yes, due to the fact that
you were getting these bursts of vapor at the |ow
pressure before | RABT cane on.

MR. FLETCHER: No. Perhaps | have a slide
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back there that woul d answer your question, but the
core level --

DR. BANERJEE: Your cal cul ations won't
show it, but I think the cal culations that were done
at the tinme of the AP600 seened to show that. There
was a problemw th the stability of the code, and the
vaporization. It hadtodowth the split between the
heat going into vaporization and the heat going into
heating up the liquid, some sort of partitioning
function.

MR. ROSENTHAL: | think the thing that we
are interested inis that we have a | ot of production
wor k where we have done hundreds of production runs
for different scenarios. The code that we used is
RELAP Mbd 3.2.2. gamma. So by using the sane code to
do the assessnent cases, we should be gaining sone
confidence that the -- well, [I'Il <call it the
production runs are reasonable, given that we are
usi ng the same code. That's why we wanted toredoit.

DR. BANERJEE: Maybe, but in this case
don't think RELAP really -- Even here, if this is
really a question of whether you got the resistances
right, inflow outflowresistances -- |If you got those
right, you could do this with a hand cal cul ation

almost. You wouldn't need RELAP.
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Al'l it amounted to was what was | osses in
the IRAST line and to the ADS. So | don't think this
proves very nuch. The other cases m ght be better.
This was all nonentum equation al nost.

MR. FLETCHER: | don't recall -- 1 knowwe
had sone difficulties, but | don't know that it
relates to this.

DR. BANERJEE: It relates to vaporization
in the core.

MR. FLETCHER You asked about core | evel .
Here's core col | apsed | evel for the cal cul ati on we are
just 1 ooking at.

DR. BANERJEE: Ri ght.

MR. FLETCHER: And the RELAP cal cul ati on
is the triangles here. W are alittle bit |ower on
core level. So we're alittle bit high on PCT. The
timng is different because of the CMI probl ens that
we've had, but | don't see --

DR. BANERJEE: Well, maybe you fixed the
problemin your -- but in the early days you' ve had a
problemw th stability.

MR. FLETCHER: Well, there have been nany
versions of RELAP. It is an ongoi ng devel oprent.

DR. BANERJEE: Maybe in this version, you

don't.
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MR FLETCHER: And we' ve been careful here

to use the sane version that we are using in the PTS
anal ysis, which is not the nost recent.

MEMBER RANSOM | had one question on the
downconer. You have six vertical stacks of vol unes,
| guess.

MR FLETCHER  Yes.

MEMBER RANSOM And, what, four are
connected to the cold legs and two hot |egs pass
through it, | guess.

MR FLETCHER:  That's correct. That's
correct. W connect them back together again at the
bottom of the downconmer where it neets the |ower
pl enum

MEMBER RANSOM To a single volune, |
guess.

MR,  FLETCHER Yes. W are one-
di mensi onal from there up through the core. So we
have a t wo- di nensi onal or three-di mensi onal downconer

MEMBER RANSOM  And all of those vol unes
are cross-connect ed?

MR. FLETCHER: They are all cross-
connect ed, vyes.

MEMBER RANSOM And nonmentum flux is

i gnored ever ywhere?
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MR. FLETCHER Right. W have turned off

nmonmentum flux in the downconmer.

MEMBER RANSOM Did you do that anywhere
el se in the nodel ?

MR, FLETCHER:  No.

MEMBER RANSOM Only in that downcomer?

MR. FLETCHER Only in the downconer
whi ch, by the way, was one of the suggestions that was
made at the time of the AP600 study. So this nodel
began fromwhat wor ked on t he AP600 study. Therefore,
we have the nulti-dinmensional downconer, and we've
used the recomrendati ons that were in place at that
time.

CHAl RVAN WALLI'S:  The vel ocities are not
very high, are they? So you wouldn't think the
nmonentum fl ux woul d be a big contri butor.

MR. FLETCHER The nonentumf | ux seens to
be the biggest problem when the velocities are not
high. I1t's whenit's quiescent that the nonentumf]| ux
seens to becone a problem

CHAI RMAN WALLI'S: This is rather strange.

MR FLETCHER  Yes.

CHAI RVAN WALLI'S:  Wen it's negligible,
it's the biggest problenf

MR. FLETCHER: Yes. We do not have an
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expl anation. W are still |ooking. Shall we go on?

The concl usions for AP-CL-03 is that the
conpl ex syst embehavi or and ti mi ng were wel | predicted
with RELAPS. Coolant loop flow stagnation is
excellently predicted. Experinents exhibit thernal
stratificationintheliquidfilledcoldlegs. RELAP5
can't nodel it, but the code to data conpari sons show
that the effect on the downconer |iquid tenperatures
is mniml. Next slide.

CHAI RVAN WALLI'S: 1" mjust wonderi ng how,
when all this is put together into a case for the way
PTS is going to be handled, whether all these
conpari sons wi t h ROSA- A60O are real | y goi ng to be very
convi nci ng, becauseit's conpletely different system

MR. FLETCHER: It is a conpletely
di fferent system

CHAI RVAN WALLI S: VWhat are you really

learning that is going to be relevant to PTS?

MR, BESSETTE: Well, it's a case of the
best available -- | nmean, we will show you al so ROSA-
4. It's the only large scale facility data we have

avai l able that nocks up like the Westinghouse/ CE
pl ant and has downconer tenperature neasurenents and
So on.

So it's the case of the best avail able
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data that we have. Now probably sone of the ROSA-4
data, you m ght say, we don't have sone of these AP600
qguestions in them but these AP600 cases were really
easy to generate, and they are not of no interest.

DR. BANERJEE: So the net result of this
was that the stratification in the cold |leg did not
|l ead to a plume being formed in the hot leg. Is that
t he bottom | ine?

MR BESSETTE: A plume in the downcomer?

DR BANERJEE: A plune in the downconer.

MR. BESSETTE: Is that what you --

DR. BANERJEE: Is that the bottomline, or
what ?

MR. FLETCHER: Yes, but, Dr. Banerjee, |
don't think I'm trying to claim that no thernal
stratification in the cold leg is of concern. |'m
just saying here it was not.

DR. BANERJEE: Yes, okay.

MR  FLETCHER: Wien | saw Jose's
presentation, | see that there's a ot going on in
there that, obviously, this code cannot handl e.

MEMBER RANSOM | have a question, Don,
that you may or may not know t he answer to. But when
they went to Mod 3, they put in a donored nonentum

flux formulation, didn't they?
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MR FLETCHER: | don't know t he answer to

t hat .

MEMBER RANSOM  As opposed to Mod 2. |
believe that's correct. One of the reasons that you
have trouble at zero velocity is, of course, things
switch back and forth for mnuscule differences.
That's one of the dangers of that kind of thing.

MR. BESSETTE: So for integral system
data, we have ROSA and we have APEX, which we are
showi ng, and for B&Wgeonetry the only data we have
are M ST. So that's why we are enphasizing these
three facilities.

MEMBER KRESS: | guess the question that
comes to nmy mnd is: For the TTS evaluation, the
uni que part of the new stuff was going to be a
conpl ete conprehensi ve uncertainty analysis to give
you distributions at the endpoint.

| fail to see how | can take this
i nformation, which gives you sone good feelings and
confidence -- howdo | convert it into away to assess
the uncertainties in the PTS results?

| fail to see that step, how you go from
here to say, okay, now how am | going to use this
information to say | have a certain level of

uncertainty inthe PTSresults. That's the thingthat
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bot hers nme nost right now

MR. BESSETTE: Well, | guess to do a
sensi ble -- in doing a CSAU approach, let's say, CSAU
type of uncertainty studies, you have to have sone
confidence that your base calculation that you are
using to do sensitivity studi es on has sone validity,
and how do you establish that is fromcode assessnent,
| ooki ng at conpari son between the code and the data.

We show you a body of this information,
and showthat we can do a reasonabl e j ob of predicting
t enperatures and pressures.

MEMBER KRESS: You are sayi ng sonehowthis
dat abase conparison will be fed to the PIRT people to
help themin their --

MR. BESSETTE: You have to have sone
bel i ef that your starting point is valid. If you do
asensitivity study on somet hingthat i s questionabl e,
then the sensitivity study --

CHAl RVAN WALLI'S: Well, that's the first
step. But once you've got that, then you have to do
the sensitivity studies, and then you have to sort of
get a real handle on the uncertainties for PTS.

MR, BESSETTE: Yes.

CHAI RVAN WALLI'S: I'mnot quite sure how

you do that.
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MEMBER KRESS: That's what |'m asking.

MR. BESSETTE: So this is kind of to show
t hat RELAP has sone validity, some believability toit
and, therefore, the sensitivity studies are valid.

MEMBER KRESS: Wel |, we ki nd of thought it
had some validity and sone believability.

MR. BESSETTE: Not everybody woul d agr ee.

MEMBER RANSOM | think the thing they are
struggling with is even the CSAU has a provision for
t hings that are not nodeled and things that are not
nodel ed correctly, biases.

MR. BESSETTE: That's right, biases.

MEMBER RANSOM Yes. And so we've seen
some t hi ngs here which | ook |i ke they woul d need sone
bi ases, and so how do you establish the magnitude of
t hose bi ases then? | think CSAU did not give any real
gui dance on how to do these things.

MR. BESSETTE: No, and in fact we only
applied one bias, as | recall, in CSAU. But the
provision is certainly there for applying biases.

MEMBER RANSOM Yes. Howto establishthe
magni tude is the other thing.

MR, BESSETTE: Yes.

DR. BANERJEE: But ROSA-IV certainly woul d

be closer to a scaled version of one of the plants.
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Ri ght ?

MR BESSETTE: Yes.

DR BANERJEE: Are you going to show us
sone results from ROSA-1V?

MR. BESSETTE: Yes. Yes. |In fact, the
test he is going to show is the one you were
nmentioning earlier where the liquid hauled up in the
| oop seal clearing.

DR. BANERJEE: right.

CHAI RMAN VWALLI S: Ckay. So maybe you
shoul d nove on t hrough these tests, and then we'l| get
to the ones which are nost interesting.

MR. FLETCHER. Ckay. On AP-CL-09 -- next
slide -- AP-CL-09 is the sane break size, sane
| ocation as AP-CL-03 that we've just seen. |[It's just
there's nultiple safety systemfailures. W starve
the core for liquid fromall sources.

| think you can slip through a couple
here, Bill. Keep going. The sequence of events | ooks
pretty good, the conparison between the cal cul ation
and the data. The thing we are mssing,
interestingly, is the order of loss of natural
circul ation.

In the test we lose it first in the CMI

| oop. Then we lose it second considerably later in
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t he pressurizer loop, andit's the other way around at
about the sane tinmes in the cal cul ation. Next slide.

CHAl RVAN WALLI'S: These things are very
sensitive to delicate bal ances.

MR. FLETCHER Yes, and that's exactly
what we are seeing here. The pressure conparison
| ooks pretty good. Next slide. But here is what |
was sayi ng about the |loop flow stagnation.

In the pressurizer |oop, the test shows
that it comes down snmoothly to zero. The cal cul ation
shows an abrupt stop inthe pressurizer |oop flow, and

we see exactly the opposite on the other side. Next

slide.

CHAI RVAN WALLI S:  And all these wi ggl es,
pl us and m nus w ggles -- what do they nean?

MR, FLETCHER: W have the ADS system
firing out in here. W are looking at the -- W are

| ooking at the flowin the | oop seal of the cold | eg.

CHAIl RVAN  WALLI S: So the flow is
oscillating in the cold | eg?

MR. FLETCHER: It's oscillating back and
forth inthe | oop seal. W have bl own t he systemdown
with ADS, andit's sitting there oscillating. W have
wiggles in both the test and the cal cul ati on.

CHAl RMAN WALLI S: It's hard to see the
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test, because you've witten over it.

MR. FLETCHER Yes. | knowit's hard to
see, and | wish | had themseparately to show you, but
t hey are both oscill ati ng, al though, clearly, the code
is oscillating nore in this tine franme. Next slide.

CHAl RVAN WALLI'S:  So you are putting in
slugs of cold liquid?

MR. FLETCHER: No, no. This is just water
sitting in the cold |eg.

CHAl RVAN WALLI'S:  But it's oscillating.

MR FLETCHER: It is responding to the
changes in pressure on both sides.

CHAI RMVAN WALLIS: Isn't it banging to and
frointhe cold |eg? You' re going to have to stand
asi de.

MR. FLETCHER: Were we are showing --
will. Thisis the cold leg. The steamgenerator is
up here, and the vessel is here. W have water in the
bottom of the | oop seal

CHAl RMAN WALLI S: Gscillating like a
manonet er .

MR. FLETCHER: It's oscillating like a
manonet er, back and forth.

MEMBER KRESS: The tinme is too short for

it to go very far.
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CHAI RMVAN WALLIS: You can't really see

t hat because of the scal e here.

MR. FLETCHER: It's not slugging. |It's
just water sitting there.

CHAl RVAN WALLI'S: | thought it was nore
like a slugging oscillation in the cold |eg.

MR, FLETCHER:  No.

MEMBER RANSOM Do you know i f those are
driven by pressure differences?

MR. FLETCHER Yes. What's happening, the
core is boiling. The core is throwing water up into
t he ADS system and so there is pressure disturbances
as a result of the slugging on the core side and in
t he hot |eg side.

VWhat we are just seeing here is the
response in this | oop seal of the water flow ng back
and forth. Next slide.

The reason we had the different behavior
between the two |oops, between the code and
cal cul ation, ended up being related to the thernal
stratification. In the pressurizer |loop we had
thermal stratificationinthe coldleg, and thenthis
water was seen to run over to the CMI loop in the
test, and the CMI | oop is where the break is.

As aresult of that water flowing intothe
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CMT | oop, it stopped the CMI | oop fromflowing in the
test. In the calculation, we don't have the thernal
stratification, and so we did not see that behavior.
Next slide.

DR. BANERJEE: The calculationis quite a
bit |ower than the --

CHAI RVAN WALLI S:  Yes, RELAP is way down.

MR. FLETCHER: Back up. It's down,
because back on the previous slide we have | ost
natural circulation in the RELAP cal culation at this
poi nt . So if the tenperature plunges because the
water fromthe PRHR systemis the only flow in the
| oop, and so this is just reflecting a stagnant cold
leg with water in the | oop.

CHAI RMVAN WALLIS: So that's the PRHR --
What's that tenperature there your finger is on?

MR. FLETCHER: This is the RELAPS
cal culation of the cold |l eg tenperature.

CHAl RVAN WALLI S: Is that the PRHR
t enper at ur e?

MR. FLETCHER: What it's saying is that,
when the | oop stagnates in RELAP5, the PRHR flow is
the only flowin the cold leg, and it is quite cold.
But we have a difference in stagnation behavior inthe

test. The loop is still flowwng. So that's why it's
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hi gher. It's up there. It still has loop flow
conbi ned with PRHR fl ow, which is the reason why this
is so high.

CHAl RVAN WALLI'S: | just wonder if it's
likely that this could be predicted in the PTS
scenari o where RELAP i s predi cting for some geonetries
and some reactors quite unreasonably | owt enperat ures.

MR. FLETCHER. Well, the easy answer is
there is no PRHR systemin the PTS plants, but the
nore relevant question, | guess, is could the HPI
geonetry be different in such a way that it could
cause these kinds of differences, and | think the
answer is yes.

CHAIl RVAN WALLI'S:  You've got sort of a
cold stream of HPI flow ng along the bottom of the
pi pe.

MR. FLETCHER. Ri ght.

DR BANERJEE; You've got a tenperature
di fference between the top of the pipe and the bottom
of al nost 150 degrees.

MR FLETCHER:  Yes.

DR. BANERJEE: And that's being -- And
that's while the loop is flowing still. Right?

MR FLETCHER  Yes. Back one slide.

DR. BANERJEE: If | renenber, there is
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still flow there.

MR. FLETCHER: We still have flow here,
and that's why the tenperature is so high at the top
of the pipe.

DR BANERJEE: Yes.

MR. FLETCHER: So what we are doing is we
are conbi ni ng the hot fl ow out of the steamgenerator
with a cold flowfromthe PRHR -- ahead one slide --
and what we see is that the hot water stays in the top
of the cold leg. The PRHR water fl ows underneath it.

DR. BANERJEE: What is happening to the
downconer tenperature?

MR. FLETCHER I"'m glad you asked.
Forward one nore.

CHAI RVAN WALLIS: I'mtrying to get away
fromthe other curves.

MR FLETCHER  Yes.

DR. BANERJEE: Let nme go back to it.

MR. FLETCHER. (Ckay. Again, we have the
four downconer tenperatures. This is at the top near
the top core elevation, the bottomcore el evation on
the C-1oop side. Wiat we see right hereis the effect
of the difference in | oop stagnation.

There's adifferenceinthe way -- There's

a difference in the cooldown rates in the downcomer
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during this tinme frane.

DR. BANERJEE: Nowthe data is there. It
|l ooks like it's at about -- Let's take the | owest
poi nt .

MR. FLETCHER.  Ckay, 425.

DR. BANERIJEE: Could you go back two
slides to see what it looks like. Okay. Now that
seens like it's the --

MR FLETCHER  Back one nore.

DR BANERJEE: No, no, that's it.

CHAI RMAN WALLI S: Is it the average
t enper ature?

DR. BANERJEE: No. It |ooks like the | ow
tenperature, which is -- At about 2,000 the hottest
temperatures are up at 550, and the col dest
tenperatures are around 425.

MR.  FLETCHER ['"'m not sure we're
comparing the right ones. The one where we | ooked at
t he 425 tenperature was at the top of the core on the
C-loop side. This is the P-l1oop cold |eg.

DR. BANERJEE: Well, let's | ook at the P-
| oop si de.

CHAl RVAN WALLI S:  Ahead of the C-| oop one.

MR. FLETCHER: COkay. Here is the P-1oops

-- or the CGloop side, and here is the tenperature
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that is comng -- the downconer. And you're right,
it's alittle above 425.

DR.  BANERIJEE: So it looks like it's
seei ng t he col dest tenperature and not the nm xed nean.

VEMBER KRESS: Unl ess there is steamin

t here.

MR, FLETCHER | don't think there is
steam during that -- There is no steam before this
poi nt .

DR BANERJEE: So let's |ook at before
2,000 seconds.

CHAl RMVAN WALLI S: If you go to 4,000
seconds, it's sort of follow ng RELAP rat her than the
ot her codes.

VMEMBER RANSOM Well, the interesting
thing is that under 2,000 it | ooks |i ke RELAPS agrees
with the highest tenperature.

MR FLETCHER  Yes.

MEMBER RANSOM  And t hen suddenly pl unges
down to the | owest.

MR. FLETCHER: The reason for that is that
in RELAP5 this loop is flowing. 1In the test, it's
not .

DR BANERJEE: No, no. It's just

opposite. Not this |oop; the previous one.
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MR. FLETCHER: Right. On the other one

it's the other way around. RELAPS5 is flow ng, and so
t he downconmer -- or the cold | eg tenperature i s hot,
and the downconer bel ow that woul d be hot.

DR. BANERJEE: Let's focus onthe previous
| oop for the nonment where RELAP is not flow ng, and
the --

MR. FLETCHER: Back up one.

DR. BANERJEE: (kay. There you've got a
tenmperature which is around, let's say, 400, alittle
bit above the cold tenperature. Let's say 425
averagi ng. GCkay?

Let's goto the two slides forward nowto
t he downcomer.

MR. FLETCHER: C-1oop si de.

DR. BANERJEE: Okay. \What's happeni ng

t here?

MR. FLETCHER. C-loop side --

DR. BANERJEE: Around 2000.

MR. FLETCHER  Around 2000, we're at --
Well, it's got to be before this, becausethis -- It's

got to be right here. So that's 425.
DR. BANERJEE: So it's seeing the col dest
tenperature comng out, and it's the sane for the

other side. |It's not seeing the m xed nmean, and |
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don't understand how it is agreeing with RELAP,

because RELAP i s showi ng nmuch col der tenperatures.

| f you go back two slides -- Go back two
slides, please. Yes. |It's show ng 350. So howthe
hell is -- Sorry. Howis the downcomer comng up in

temperature to 425 fromthere? It's show ng 250.

MR. FLETCHER: Can | look into it and get
back with you? 1 don't think I can do it standing up
her e.

DR. BANERJEE: Well, | think it woul d be
nice to put the downconer tenperature curve
superi nmposed on these, just to be able to overlay
them Then we can |look at it and see directly.

VMEMBER RANSOM Wel |, they are different
volumes. So one has to mx with the other one, |
woul d guess.

DR. BANERJEE: Right, but if the flowis

goi ng toward t he downconmer -- In the experinent it is
clear. It looks like the bottomflowis going into
t he downconer, and that's what you are seeing. In

RELAP, though, it's not clear, because the flowis of
t he order of 350 when the downconer tenperature i s up
to 425.

MR. FLETCHER. Maybe what is happeni ng,

it's this cold in the cold |eg. It gets into the
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downconer, mixes with water from the other |oops
before it goes down.

CHAI RVAN WALLI S:  Ther e nust be sone ot her
| oop doi ng sonet hi ng.

DR. BANERJEE: But there are only two
| ops, right? The other loop -- Go to the next | oop.

CHAl RVAN WALLI'S:  The next |oop is even
hotter water.

DR. BANERJEE: It's 400. No, that's hot,
yes. This one is hot.

CHAI RVAN WALLI S: If we look at, say,
6000, all the water that is comng in is above 420.

MR. FLETCHER: The problem is very
different after this point, because ADS is bl own in,
and we are at |low pressure. It's a different -- and
it's probably partially voided.

CHAI RVAN WALLI'S: Well, howdoes it get so
cold, though, later on? You're putting in hotter
wat er .

MR. FLETCHER. How does RELAP5 get so cold
her e?

CHAI RVAN  WALLI S: If you plot the
downconer fluid tenperature on top of this, at 6000
it's dowmn to 330 or sonething.

MR. FLETCHER: My guess is this is
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saturation.

CHAl RVAN WALLI'S:  Way down bel ow all of
t hose.

MR. FLETCHER: My guess is this is
saturation. ADS is blown here. We're down at
at nrospheric pressure.

CHAI RVAN WALLIS: It gets cold by boiling
and evaporating down to saturation. That's how it
does it?

MR. FLETCHER: The whol e system has been
bl own down. We've opened up all the ADS

CHAl RVAN WALLI S: Those nmagent a curves are
all supersaturated -- superheated?

MR. BESSETTE: That's right. | think they
getting the hot wall effect.

CHAI RVAN WALLIS: It must be in a steam
ar ea.

MR. BESSETTE: In the data, yes.s

CHAl RMAN WALLI S: Mist be in a steam
region.

MR. BESSETTE: So in the data the pipeis
voi ded, and you are seeing wall tenperatures.

CHAI RMAN WALLI S: Ckay. Well, | don't
know if this is relevant to our PTS discussion.

DR. BANERJEE: Only before ADS blows it
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coul d be rel evant.

MR. BESSETTE: | think what you are seei ng
i s, because the downconer tenperature i s bei ng war ner
than that cold |l eg tenperature, it's show ng that the
water from that cold leg getting m xed with other
wat er, and downconer tenperatures are actual |y war mer
than the cold |eg.

CHAl RVAN WALLI S: kay. Vell, | think
someone has to do the job of tying this in with PTS,
and what have we learned fromthis which is really
giving us insight into actual problens.

MR. FLETCHER: Go forward. Keep going,
one nore.

| think this slide is the sanme as for the
AP- CL- 03, basically. The systembehavior, timng are
wel | predicted. The order that the cool ant |oops
stagnate is reversed between the cal cul ati on and the
test. Next slide.

The test exhibits thermal stratification
t hat causes that difference. Next slide.

But the downconer tenperatures are shown
to be well predicted. We are off by a maxi mum of
about 25 kelvin on any of the four individual
tenmperatures, and the average difference is about 5

kel vi n.
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DR. BANERJEE: That coul d be because it's

-- At least, it looks like here it's a snmall
downconer.

MR FLETCHER  Yes.

DR. BANERJEE: And Dave says both streans
are mxing. RELAP is just lucky. |It's very cold on
one, very hot on one. So yo mx it, and you get about
the right tenperature.

MR FLETCHER | understand.

CHAI RVAN WALLIS: | guess we shoul d keep
goi ng. Do you think we can stand keepi ng goi ng unti |
the end without a break?

MR, ROSENTHAL: Do you want to go over
ROSA- | V?

CHAI RVAN WALLI'S: Well, I'mnot sure what
we are going to learn. | nmean, we want to |earn
anyt hi ng we can.

MR. FLETCHER: Shall | hit the highlights
on ROSA-1V?

MR. ROSENTHAL: Wy don't you do the five-
m nute version?

CHAI RMVAN WALLI S: Okay. Maybe we can get
to five o' clock or something.

DR. BANERJEE: Do you have any rakes in

ROSA- | V?
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MR FLETCHER: Like this? No.

MR. BESSETTE: Yes, we do. The same
t hernmocouple rakes -- Well, nmaybe |I'm wong. I
believe that --

MR. FLETCHER:  Sorry. You know better

than | do, |'m sure.

MR. BESSETTE: | could be wong in ny
menory, but | believe there was the sane cold |eg
rakes.

CHAI RVAN WALLI S: W sai d t hat ROSA-1V was
nore representative or somnething?

MR FLETCHER: ROSA-1V  is nor e
representative of PTS, because it's scaled to a four-
| oop Westinghouse PWR

CHAI RVAN WALLI S: So what do we | earn from
it now?

MR. BESSETTE: W avoidthese conplicating
factors of PRHR and CMrs.

MR. FLETCHER Right. But | do want to
tell youwe nodeledit with a 1-D downcomer as opposed
to the multi-D downconmer in ROSA-1V, which was the
nodel that existed when we picked it up, and we did
not change that.

Let's see. SB-CL-18 is a six-inch break.

So it's the largest break. Slide 37 -- go forward
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four, Bill -- is a sequence of events. 1T |ooks good
down to the point where the accumulators start to
i nject, and t hen t he code prediction goes nmuch faster.

CHAI RVAN WALLI'S: So what | notice hereis
on page 44 you seemto have a liquid tenperature in
t he downconer whichis very different in RELAP than it
is in the experiment.

MR. FLETCHER  Yes. This is the worst
case we had to showyou. Downconer tenperature, we're
showi ng 90 degrees apart in the downconmer. The two
trends are up here like this. Code cal cul ation
dramati cal |y plunges.

VWhat we have is we have a break flow
difference that starts it all off at the begi nning,
and so we end up with too little water in the primry
cool i ng systemthat, when the break finally uncovers,
causes it to be pressurized too fast.

| don't think that issue is particularly
pertinent for PTS, because we are nodeling a break
spectrum But one thing that is significant is that
we have a pressure that falls dramatically during that
time period as the accunul ators start toinject. It's
a self-feeding situation. The accunulator starts to
feed cold water into the cold | egs, which are voi ded

because this break is fairly large. That cold water
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condenses, takes the pressure down even nore, and the
accumul ators --

CHAl RVAN WALLI S: That's what RELAP is
predicting?

MR FLETCHER  Yes.

DR. BANERJEE: This is just falling
saturation?

MR. FLETCHER: No. What you really have
is a nodel of the accunul ator that says | have so nuch
pressure, and ['ll only inject when the downstream
pressure is lower; and the |ower the downstream
pressure is, the nore I'll inject.

DR. BANERJEE: And that tenperature curve
-- is it correlated with the pressure curve in Slide
42? Looks like the minimumis about the sane tine.

MR. FLETCHER. Ckay.

DR. BANERJEE: The m ni num cones at 500
seconds.

MR. FLETCHER: Well, yes, but | ook at the
difference in the m ni mum

DR. BANERJEE: Yes, but I'msaying that's
RELAP.

MR. FLETCHER This is RELAP, and this --

DR. BANERJEE: So if you look at the

downer tenperature, isit just saturation tenperature
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at that pressure, what you are seeing?

MR. FLETCHER Back to 44, | guess. I
don't know the answer to that.

CHAI RVAN WALLI'S:  You have to look it up
in the steamtabl es.

DR BANERJEE: One point 5 MPA.

MR. FLETCHER: Which is -- 15 at nospheres
is 200 psi, and we are --

CHAI RVAN  WALLI S: This is liquid
temperature of 330 k. You're darn cold.

MR FLETCHER It is. It's accunulator
tenperature, | think, is what it is.

DR BANERJEE: Ch, that's accumnul ator
t emper at ure.

MR. FLETCHER: Here's the accunul ator fl ow
rate.

CHAl RVAN WALLI'S:  Way bel ow saturati on.

MR. FLETCHER: Here's the accunul ator fl ow
rate. Here is the flow We overpredict it by a
factor of two and a half as far as the flow rate of
the accunulator, and it 1is all driven by the
condensati on nodel in RELAPS, the interphase
condensati on nodel .

It's particularly bad for the six-inch

break, because the six-inch break is such that the
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plant tries to depressurize, but it kind of hangs up
when it gets down to around t he accumnul at or pressure,
whi ch is about 500 psi or 600 psi.

So for a six-inch break, the accunul at or
starts the flow, and thenit's a self-feeding process
where the condensation takes the pressure down even
nore. So you overpredict the accunul ator injection
rate.

CHAl RVAN WALLI S: So it quenches t he whol e
system

MR. FLETCHER: It does. Nowif the break
is much larger, then you don't have this self-feeding
t hi ng, because the pressure in the systemis going to
go down to atnospheric and stay there, regardl ess of
what the accunul ator is doing. So there is no self-
feeding effect.

So | think this is probably the worst
prediction we will see.

CHAI RVAN WALLIS: So you were telling us
before, forget all the details, RELAP5 does a good j ob
of predicting liquid tenperature in the downconer.
Now we have an exanple where it doesn't.

MR. FLETCHER: Right, and | say on ny
concl usion slide the conparison is poor.

CHAIl RMAN WALLIS: So we can no | onger --
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MR FLETCHER: And | say it's --

CHAI RVAN WALLI S:  -- believe our previous

rat her nai ve concl usi on.

DR. BANERJ EE: Don' t say it's
conservative, because you don't know how it will go
somewher e el se, you know. | nmean, who knows. |If this

is wong, it's wong.

MR. FLETCHER Well, it's conservative for
this experinment.

DR. BANERJEE: The next one, it could be
unconservati ve.

MEMBER RANSOM Well, in this particular
experiment it looks like your break flow is pretty
poor, overpredicted.

MR FLETCHER: Yes. Right. This whole
thing is set up by RELAP5S predicting too much break
flowduring the early part of the transient, and that
-- As aresult of that, we depressurize too fast and,
because we depressurize too fast, the accunul at ors get
into the act and feed on the depressurization, and it
becones a runaway.

CHAl RVAN WALLI S: So we really better
under st and what RELAP is doing and why.

MR. FLETCHER: Yes, absol utely.

CHAI RVAN WALLI'S: Wiichis just what to do
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if you don't have the experinent there to guide your
t hi nki ng.

MR. FLETCHER: Well, we have seen these
events over the years with RELAP5, and we always
recogni ze that this is unphysical, and we try to poi nt
it out at that point.

DR. BANERJEE; How bigis the coldlegin
terms of tine?

MR FLETCHER | n ROSA?

MR BESSETTE: It's eight inches.

DR. BANERJEE: Eight inch. | don't see
any rake data here, though.

MR. BESSETTE: | believe they had t he sane
rake of 5 thernocouples across the cold leg, but |
could be wong in ny menory.

MR. FLETCHER: We will see if we can find
out .

DR. BANERJEE: Can you sort of give us, if
possi bl e, a synopsis of the real data on this one in
terms of tenperatures, not RELAP5 cal cul ati ons but
actual tenperatures and pressures found in the
experiment, because in a way, what you are arguing i s
that the downcomer tenperature is a mxed nean
tenperature of the tenperature in the cold leg. You

can directly check that from your experinment. You
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don't RELAP.

CHAIl RVAN WALLIS:  Well, | thought RELAP
was pi cking out the col der tenperature in sone of the
ot her runs.

DR. BANERJEE: Well, that was due to ot her
reasons.

CHAl RVAN WALLI'S:  So again, | nmean, you
conclude different things fromdifferent tests here.
| don't know how we generalize it to apply to PS for
sone ot her reactor system

MEMBER KRESS: Well, maybe take this for
an exanple. If this is a bias in the condensation
nodel , you coul d extract howmuch bias thisisinthis
case, and put that in the code and fix it.

CHAI RMAN WALLIS: If you can fix the code
to cover these anomalies, then you have a  Dbetter
code.

MR, BESSETTE: Except we are not even sure
about the bias, because if the -- if it all goes back
to the break flow being off, then this could be
resol ved --

MEMBER KRESS: It could be real.

CHAl RVAN  WALLI S: |'"m sure you are
reassuring mny colleague, Peter Ford, that you are

really on top of all this and predict what we need to
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know.

DR. BANERJEE: For sone reason, RELAP has
a big bump in the break flow between 350 and 500
seconds.

CHAl RVAN WALLI'S: That's a wart.

MR. FLETCHER: Back up one. W probably
shoul d have started in at the beginning. W would
have gotten through this a lot better. Back up one
nore. We are missing the break flowbadly during this
time frame, what | think is 150 to 250 or so.

DR. BANERJEE: Then again later, right?

MR. FLETCHER: Well, this is accunul ator,

is what that is. W' re putting in so nmuch water that

CHAI RMVAN WALLI S: W are not review ng
APG0O0.

MR, FLETCHER: W are not.

CHAl RVAN WALLI'S:  And yet a |l ot of these
phenonena have to do with things |ike CMs.

MR. FLETCHER Sure. This is accunul ator

MEMBER KRESS: This is ROSA-IV. It's not
APG0O0.

CHAI RVAN WALLIS: COkay. It's just -- Oh,
okay.

MR. FLETCHER: This is accunul ator.
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CHAI RVAN WALLI S: It ought to be nore

rel evant to our thoughts.

MR. FLETCHER: Yes. The accunul ator gets
so far runaway that it throws so nuch water up in the
systemthat even the break fl ow goes up dramatically
in this tine frane. We are sure the accunul ator
response i s wong. Let's put it that way. It's
obvi ously wrong.

CHAI RMVAN WALLI S: Qovi ously wong? |
mean, if it condensed that rapidly, it could do this,
couldn't it?

MR. FLETCHER Well, it's obviously wong
as far as the conparison with data goes. W are way
of f.

CHAIl RMVAN WALLI'S: Ah, so it is wong, but
not obviously. | nean, it's clearly wong.

MR FLETCHER It's clearly wong.

CHAI RVAN WALLI S:  Cbvi ousl y nmeans t hat you
knew ahead of tine it was going to happen, and you
didn't.

MR. FLETCHER: No, we di dn't know ahead of
time. It is this break flow difference here -- next
slide -- that you can see the density di fference here.

CHAl RVAN  WALLI S: That's not very

reassuring either.
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MR. FLETCHER: There is the density in the

cold leg, in the top, mddle and bottom of the cold
| eg where the break is |located. Here is the RELAPS
density, and it's this period right here. W are
m ssing that, and then afterwards we m ss everyt hi ng.

CHAl RVAN WALLI S:  What ever you do, don't
touch the screen with an open pen.

DR. BANERJEE: But if you go back to the
break flow curve, isn't it underpredicting and then
over predi cting?

MR. FLETCHER: Well, before you nove it,
Bill, we do have the density right on at that point.
So go back one, Bill.

| agree with you. Doesn't it | ook |ike we
are overpredicting and t hen under predi cti ng, and t hese
two average out. But it's not working that way.

DR. BANERJEE: Wy not ?

MR FLETCHER | don't know.

CHAI RVAN WALLIS: | think we are going to

have to nove on. There are just too nmany questions

here that may be specific to this experinent. You
have to really know what is -- think about what is
goi ng on.

MR. BESSETTE: | think we have to spend

nore tinme, certainly, on this particular comnpari son.
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CHAI RMAN WALLI S: Can we npve on to the

next one? 1Is it going to show sonmething simlar?
MR FLETCHER Ch, that was the worst.
CHAl RVAN WALLI S:  That was the worst?
MR. FLETCHER As far as the concl usions
go, the conmparison with the test data is poor. RELAP
conservatively predicts t he downcormer fluid
temperature for this experinent.
CHAl RVAN WALLI'S:  But it's way off.
MR. FLETCHER. It is.

CHAI RMVAN WALLI S: It's exceedingly way

of f.

MR FLETCHER: | agree.

SB-HL-06 is the hot | eg break i n ROSA-1V.
It's a two-inch break. HPI and aux feed fail. Loss

of off-site power. So the punps close down. This
starves the core for water, and once the core starts
to heat up, we open up the pressurizer PORV to
depressurize the system That's how the test goes.
Next sl i de.

Sequence of events is shown here. The
sequence of events conpares very well, and then we end
up with a heat-up in RELAP5, starting slightly before
100 seconds early i n RELAP5S conpared to the test dat a.

In the test, the core starts to heat up.
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The PORV is open. In the calculation we have done,
we' ve forced the PORV to open at the sane tine as in
the test. So we did not open it early, as would be
expect ed, which sort of biases the conpari son. But we
are going to have to bias it one way or the other.
Next sl i de.

The pressure foll ows, and the cal cul ati on
follows the test data well. When the PORV opens, we
depressurize faster with RELAP5 than we do in the
test. Next slide.

Again, we are m ssing the break fl ow. The
red line is the break flow through this period
t hr oughout the beginning of the transient. That
affects the way the pressure -- depressuri zati on goes
when the PORV opens, because we don't have as nuch
water in the priner.

CHAI RVAN  WALLI S: You seem to be
predicting too nuch break flowlater inthe transient.

MR FLETCHER  Too nuch break flow?

CHAl RVAN WALLIS: Well, the red line is
way down | ow.

MEMBER RANSOM It doesn't |ook very
trustworthy.

MR. FLETCHER: But thisis thetime -- W

are mssing the break flow badly during this tine
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frame. So by the tinme when the PORVs open out here at
about 6000 seconds, we have nuch less water in the
primer in the calculation than we do in the test.

DR. BANERJEE: It would be worth maybe
showing us a little bit nore average break flow for
t he experiment so we can see where it actually is.

MR. FLETCHER Ckay. A point well taken.

DR. BANERJEE: At the nonent, we can't
tell.

CHAl RVAN WALLI'S:  The bottomline is 53,
isit? Again, we have a difference between --

MR FLETCHER: Go ahead slowy, Bill.
Loop flows stagnate at about the right -- a little
early on one side, alittle late on the other. Next
slide.

We wer e aski ng about U-tube water hol dup.
We are doi ng okay on wat er hol dup in the | oop-A side,
and the loop-B side we are draining out early,
probably a break flow effect.

CHAI RVAN WALLI'S: This is the steamtube?

MR. FLETCHER: Steam generator tubes.

CHAI RVAN WALLI S:  Drai ni ng?

MR FLETCHER  Yes.

CHAl RVAN WALLI'S:  Is that what he tal ked

about this norning?
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MR FLETCHER: Yes. These are the

differential pressures in the up-flow sides of the
st eam generator tubes in the two steam generator.

DR. BANERJEE: So it gives you the core--

MR. FLETCHER: It gives you the core
pressure. In fact, we went pretty fast there. I
think -- Go back.

CHAI RVAN WALLI S: Maybe we need to go
fast. It's fascinating, but --

MR. FLETCHER: Coul d you show 41? This is
back on the previous test, slide 41. This is where we
m ssed the draining. The code has an overprediction
of the water hol dup.

DR. BANERJEE: So you get a --

MR. FLETCHER: W get a core |evel
depression, and that actually pushes the water up the
downconer and i s one of the causes for the break flow
bei ng too high.

DR. BANERJEE: So you woul d expect inthis
case that you would get with RELAP too high a
downconer tenperature prediction.

MR. FLETCHER: Too hi gh?

DR. BANERJEE: Relative to what you got
bef ore.

MR. FLETCHER: | went back on you one
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test. This was the one that we had a lot of
di scussi on on.

DR. BANERJEE: Oh, | was talking -- |I'm
sorry -- the other one.

MR. FLETCHER  Yes, okay. So if you go
forward. | can't renmenber where we were, Bill.

DR. BANERJEE: You were on the holdup in
t he st eam generator.

CHAI RMVAN WALLI'S:  You were on 52.

MR. FLETCHER Fifty-two. We were here.
Ckay.

DR. BANERJEE: So now you are getting a
core |level depression. So you are shoving stuff up
t he downconer.

MR, FLETCHER: No. We are actually doing
better than the data at this point. Thisis -- W are
drai ning faster --

CHAI RVAN WALLI'S: This is better than the
dat a?

MR. FLETCHER Fromthe vi ewpoi nt of how
much water is being pushed up the downconer, how far
the core is being depressed.

DR. BANERJEE: 1t depends how you | ook at

MR. FLETCHER. Well, in this loop --
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DR. BANERJEE: There is no problem

MR. FLETCHER: In this loop we are
draining okay. 1In this |loop we are draining early.

DR. BANERJEE: So what happens to the
downcomer tenperature?

MR. FLETCHER  Ckay, go forward.

DR BANERJEE: Which is the data?

MR. FLETCHER: The data is the red and
green here.

CHAI RVAN WALLI'S: This is the bottomline
her e.

MR. FLETCHER  Yes. This is the upper
downconer fluid -- the tenperature at the top of the
core in the downconer, and we have two readi ngs that
are 90 degrees apart in the downconer, and we see t hat
we are below -- The RELAP5 cal culation has | ower
tenperatures in the downconer.

CHAl RVAN WALLI'S:  Mdst of the tine.

MR. FLETCHER Most of the tine, and this
point we mss right here is a condensation event in
the test in the pressurizer. W are bringing in
accumul ator flow. It is filling the system back up.
A little of the cold water is getting into the
pressurizer, and it is literally --

CHAl RMAN WALLI S: That would have a
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shocki ng effect on the wall perhaps, that precipitous
drop of tenperature.

MEMBER KRESS: Too short.

MR FLETCHER  Yes. Yes.

CHAI RVAN WALLI S: It gets zapped a few
times with flips of tenperature, conceivably.

MR. FLETCHER: W do see the sane
pressurizer refill event. W ran this out to 20, 000
seconds, and we do see a simlar event in the code out
here at about 15,000 where the pressurizer refills.

The timng difference is because we are
m ssing the inventory in the prinmary cooling system
So the timng difference played into it.

CHAI RVAN VALLIS: It's not clear tone, if
you put the theory, all of the experinental codes into
a PTS prediction, whether one would be worse or the
ot her would be worse in ternms of --

MR, FLETCHER: That is true. That is
true.

CHAI RVAN WALLI S:  Ckay.

MR. FLETCHER: The summary of this test:
Break flowdifference led to faster depressurization.
The timng of the cooling loop ¢ circulation is well
predicted. The downconer fluid tenperature 1is

conservatively predicted.
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CHAI RVAN WALLI S:  Maybe.

MR FLETCHER: Maybe? Next sli de.

The final ROSA test is run in nore of a
separate effects node to | ook at natural circulation
under refl ux condensation conditions. Here we've got
a closed primary system W have set the conditions
on the secondary side so that we condense on the
i nsi de of the steamgenerator tubes, and then we start
drawing liquid off of the primary until we see refl ux
cool i ng node bei ng entered.

Then we do this experiment in three
separate steps of pressure, and then at each of the
pressure steps we increase the power in steps. Next
slide.

Here is the pressure. The first oneis at
7 bar. The second one is at 3 bar, and the |ast one
is at 1 bar. Next slide.

Then at each of those pressures, we
i ncrease power as shown here. Next slide. Next
slide.

What we are seeing is that RELAP5, which
is the blue Iine here, is overpredicting the water
holdup in the tubes as conpared to the data,
significantly overpredicting the water hol dup in the

tubes. At the internediate pressure, we are cl oser to
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the data, and then at the | ower pressure we have even
| ess water in the tubes than in the test.

This shows the RELAP5 velocities, the
vapor and liquid velocities at theinlet tothe tubes.
VWhat we see is that at high pressure RELAP5 never
predi cts any downfl ow of Iiquid out of the tubes into
t he steam generator plenum

CHAl RVAN WALLI S: Do we have a PTS
scenario we are concerned about where reflux
condensation matters?

MR. FLETCHER | would say, yes, it's
i nvolved in nost of the LOCAs. | guess the question
is how | ong does that exist.

MR. BESSETTE: | guess | would say the
opposi te.

MR. FLETCHER: You would? Well, and
people are going to go through this period.

MR. BESSETTE: We pass -- In practice, we
don't really worry too nuch about refl ux condensati on
nost of the tine, because even at LOCAs we pass
quickly from a situation of natural circulation to
fl ow stagnation. But this is, as |I say, the nost
severe -- one of the npbst severe tests of the
interfacial drag and what-not in the code. So that's

why we wanted to ook at it.
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MR FLETCHER: Next slide. As far as the

|oop flowrate -- and this is the | oop fl owrate over
at the <cold leg -- we see that RELAP5 is
overpredicting the loop flow rate at the higher
pressures, about right at the internedi ate pressures,
and then is underpredicting the loop flowrate at the
| ower pressure.

What this means is that at the high
pressures we have so nuch water in the tubes that it
occasionally spills over the top of the tubes and
finds its way down to the cold leg and circul ates
ar ound.

Then at the | ow pressures, we have so nuch
reflux cooling going on, on the up-flow side of the
steamgenerator, that none of the water makes its way
over and finds it way to the cold |eg. So that
expl ains the difference there.

CHAI RMAN WALLIS: Nowis this going to be
used to fix up RELAP to do a better job of reflux

condensati on?

MR. BESSETTE: Well, | think so. | think
that we've identified this -- or at |east the code
devel oper -- The code devel oper peopl e working for | SL

know about this problem and as | understand it, they

are working on it.
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CHAI RVAN WALLI S:  Are they going to adapt

RELAPS until it does a better job, and then that w |
be a better RELAP5 to use for PTS? Is that the idea?

MR. FLETCHER: | woul d say no, not in that
timng.

MR. BESSETTE: Not inthat tinme frame, no.

MR, ROSENTHAL: | mean, RELAPS 3.3.3 --

CHAl RVAN WALLI S: Ganmma.

MR. ROSENTHAL: No, no, no -- is aversion
we have now where we are continuing to spend sone
noney on inprovenent, code bugs, code fixes, which
will do for sonme period of tine.

For the time being, we are working
furiously with nost of our effort into TRAC, and what
we need to do is take the | essons that we've |earned
from this exercise and make sure that we are
addressing themin TRAC.

CHAI RMAN WALLI S: So you are goi ng to nmake
no deci sion about the PTS until TRAC is operational ?

MR. ROSENTHAL: No, no. So nowlet's --
So now we are really at the end, right? That is what
are we going to do? W would like to nove on with
maki ng deci sions on PTS. | think you' ve seen the
state of the art in howwell we can do. W can apply

RELAP over a reasonably broad nunber of experinents.
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Now cones t he questi on of how can you use
this information, and what do you have to live with?
Now nmy uncertainties | havein, let's say, atransient
are going to be different than in a small break LOCA
or a large break LOCA or in this perverse six-inch
case in which my accunulators are floating on the
system and | don't -- and | think we have to think
t hrough how we are going to do it. But if we end up
sayi ng that we don't know those tenperatures better
than, let's say, 100 K, let's say, then | think we
have to figure out howto use that fact in the overal
uncertainties and nove on.

DR. BANERJEE: Is there a sort of
t hreshol d of tenperature bel ow which you have to coo
the walls to make this thing an inportant accident?
Does it have to go below Ii ke 300 Fahrenheit?

MR. BESSETTE: There's no sharpcliff, but
there is acertain-- Certainly, the further down you
go in tenperature, the nore risk probability is going
up. Certainly, when you are down -- | think nost of
t he dom nant events that we are seei ng, the downconer
temperature is getting down to about 200 F,
t her eabout .

DR. BANERJEE: Ckay. So let me try to

understand this couple of paraneters which haven't
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been really clarified.

Let's say that it's the beltline region
which is at nost risk, and it's specifically the
wel ds. Now there is some tenperature at which --
above whi ch you don't worry too much, | presune, or do
you worry at all tenperatures? That's the first
i ssue.

The second i s, | guess, gradients intine
and space -- right? -- because that determ nes stress.
So what you are asking us to wite or whatever, give
an opi nion on, i s whether RELAP5, if | understand you,
gi ves us a nethodol ogy for calculating at |east the
tenporal gradients, because it cannot give you the
spatial gradients. Ri ght ? And do this in the
tenmperature range of interest. That's the real issue.

Now the tenporal gradient issue still
remai ns, because we don't know if these plunes come
down or whatever yet. | nmean, they do cone down, and
you don't know how i nportant they are.

MR, BESSETTE: Well, that's right. You
know, short duration fluctuations don't matter in the
vessel wall. There are variations that occur in a
ten-second tine span, you know, oscillations or
what ever don't matter, because of the tinme constant in

the vessel wall.
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DR. BANERJ EE: So what other tine

constants would matter?

MR. BESSETTE: It's an order of 100 to 500
seconds.

MEMBER RANSOM Wasn't that characterized
as so many degrees per second.

MR. ROSENTHAL: You need to talk in the
m ke, Vic.

MEMBER RANSOM | was wondering if they
woul dn't characterize it as the rate of tenperature
decr ease.

MR. BESSETTE: That's inportant, too, but
every time you shut down, vyou go to a cold
tenperature. But you have -- you don't generate the
t hermal stress, because you cool down fast enough.

VEMBER RANSCOM That's the rate.

MR. BESSETTE: That's a rate, yes. Wen
you are above -- W have transients that don't bring
you above 300 F. You don't have to worry about those.

CHAl RVAN WALLI'S: Doesn't the surface of
the netal go essentially to the water tenperature,
because that is where the heat transfer is |imted?

MR, BESSETTE: That's right. [T will
follow the water tenperature.

CHAl RVAN  WALLI S: And so you m ght
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actually develop a surface crack, but it wouldn't
actual |y propagate across the whol e vessel

MR BESSETTE: That's correct.

CHAI RVAN WALLIS: Still, you are going to
stress that surface |layer pretty highly if you chil
it. In avery short tinme, you still stress it.

MR. BESSETTE: That's right, but interns
of vessel failure -- Well, see, the thing is -- So
your thermal stress nowis applying to a very snal
part of the vessel.

CHAI RVAN WALLIS: That's right. So you
m ght actually grow sone fl aws, but you woul dn't have
t hem zap across the whol e vessel.

Well, | don't quite know what to think
| thought Jose was sort of nopping up all the probl ens
with PTS and giving us a good handl e on everyt hing.
But we seem to be converging. Now we |ook at al
these other tests, and sonetines things work out;
someti mes, they don't.

" mnot quite sure what | concl ude on the
RELAP conpari sons we saw in the | ast three hours.

MR, BESSETTE: Well, | think, you know,
some of the things we've shown you like this, the
conpari sons are bad. These |iquid hol dup conpari sons

are bad, but they don't really matter, | think we can
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ar gue.

CHAI RVAN WALLIS: Wwell, you have to have
some definite questions you are asking, and then you
have to figure out how, if at all, these things --
what we've seen here, answers those questions.

MR. BESSETTE: Again, as | ong as the focus
i s the pressure and t he downconer tenperature, | think
nost of the conpari sons have | ooked pretty good, with
t he exceptions -- with a couple of exceptions, which
| think we need to do sonme nore work on in expl aini ng
exactly why they deviate.

CHAI RMVAN WALLIS: Well, in these days of
realistic anal yses, | ooking pretty good doesn't nean
anyt hi ng. You want to |ook at wuncertainties and
quantify them

MR. BESSETTE: So |i ke Jack says, if this
is the best we can do, is it good enough? And you
know, if you |l ook at the pace of inproved fidelity in

t hermal hydraulics over the past 20 years or so, it's
hard to know how nuch we have inproved. So there's
not nuch expectation we are going to do markedly
better in the next ten years.

DR. BANERJEE: Well, | think for single

phase flow, that's not true.

MR BESSETTE: No, of course.
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DR. BANERJEE: You have cone a | ong way.

MR. BESSETTE: But in the situations we
are dealing with --
DR. BANERJEE: For the | arge break LOCAs

and t hen you have a probl em because it's not goingto

be sinple.

CHAI RVAN WALLI' S:  Cone a | ong way because
of CFD?

DR BANERJEE: Yes.

MR. BESSETTE: G ve us 20 years, and maybe
we will have two-phase CFD.

DR. BANERJEE: Well, in 20 years? W wil |l
presumably want to resolve this before that. Right?
O not.

MR. BESSETTE: Presumably, we will want to
resolve this in the next few nonths.

DR. BANERJEE: Ri ght.

MR. ROSENTHAL: Well, | think we need to
put our heads together within the context of we don't
know what sequence we are in. Right? W have a
mul titude -- you know, 40 or 100 different sequences
to look at, each with its correspondi ng probability.
Then for any given sequence, | only have a certain
fidelity with which |I can predict pressures and

tenperatures. Then | have ny fracture nechanics with
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its uncertainty.

| have ny uncertainty on how nmuch copper
and phosphorus and sulfur is in the well.
Unfortunately, we don't know that, and | ook where it
all fits together.

In isolation |'"mnot sure if even -- you
know, what is the dom nant issue?

DR. BANERJEE: | just wanted to ask you,
Jack or Dave, how many of these sequences are you
dealing with all liquid, and how many two-phase, if
you took a fraction? |1s a quarter all |iquid?

MR. BESSETTE: Well, for the risk dom nant
sequences, we're dealing with tw-phase all the tine.
DR. BANERJEE: Al the tine?

CHAI RVAN WALLI S: And CFD doesn't hel p you
t hen?

MR. BESSETTE: It hel ps.

CHAl RVAN WALLI'S:  No, it doesn't.

MR. BESSETTE: It hel ps you t he way we saw
during Jose's presentations, but when you | ook at --

CHAI RMAN WALLI S: Not when you have two-
phase fl ow.

MR. BESSETTE: No. But it gives you
sonmething nmore. It gives you nore insight.

DR. BANERJEE: Wy do you say the risk

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

378

dom nant is two-phase? Sorry.

MR. BESSETTE: Wel |, because t he sequences
that are showing up as being risk dom nant are al
LCOAs, let's say, two inches and greater. So there
you are al ways deal i ng two-phase.

CHAl RVAN WALLI'S:  Well, I'mworried how
it's all going to cone together, and it really ought
to cone together in ternms of some gl obal uncertainty
anal ysis that soneone is responsible for, and that's
the University of Maryland that's going to
m racul ously get there in two nonths from now.

s that where it is going to cone fronf
Wio is going to pull it altogether into a rational
argunent, where the uncertainties are properly
handl ed?

MR, BESSETTE: Well, if you say whose job
it is, of course, it's University of Maryland, but --
So the question | think you have is --

CHAl RVAN WALLI'S:  Well, the last time we
had a presentation from them our wuncertainty
i ncreased instead of being decreased. So it's al
going to cone together in February?

MR, ROSENTHAL: That's the goal.

MR. BESSETTE: Let ne say, we didn't try

to exclude the others, and we knew -- and in fact, we
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had di scussed whet her we shoul d have ot her di sci plines
here, and we had been asked to spend a whol e day on
the thermal hydraulics. So --

CHAI RVAN WALLIS: | think it's been very
useful. The thing is, though, we would like to be
able to say at the end of the day, yes, you guys are
really on track; we can see you converging to
sonething which is believable and will resolve the
issues and will feed into the other anal yses. |' mnot
quite sure that that is what we are going to say to
you.

MEMBER FORD: Do you want to go around t he
t abl e?

CHAI RMAN WALLI S: | think it would be
useful to have sone conments, yes.

MEMBER FORD: Because 1've got sone
mul ti pl e questi ons.

CHAI RVAN WALLIS: W certainly need to
hear from you

MR. BCEHNERT: | think the presenter needs
to be told what to do here. W' ve kind of norphed
into subconm ttee caucus here w thout --

CHAI RVAN WALLI S: So maybe we should
finish this presentation. Thanks very nmuch. Jack was

going to sumrari ze everything at the end.
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DR MOQODY: Can | just ask one thing

before --

CHAI RVAN WALLI'S: | think we shoul d hear
fromthe nenbers who haven't been so vocal up to now,
and some of us have been expressing opinions all
along. But then maybe sonme others would like to.

MEMBER FORD: But before we get into the
around-the-table --

CHAI RVAN WALLI S: Maybe you should be
first.

MEMBER FORD: Well, no, 1'd like to hear
from Jack, your point of view as to what your
expectations are. | recognize that you are not
overall in charge of the whole project. Wat do you
think of the staff's --

CHAI RVAN WALLI S:  You need to speak in the
m ke.

MEMBER FORD: Oh, | apol ogi ze. Jack, what
i s your thoughts on the staff's expectations for the
February 5th neeting?

MR. ROSENTHAL: We are clearly not | ooking
for aletter now | think that cone February -- |I'm
sorry. Jack Rosenthal. |[|'mthe Branch Chief of the
Safety Margins and Systens Analysis Branch in the

O fice of Research, Regul atory Resear ch.
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We are clearly not |ooking for a letter
now. This was just for information. It shows you the
status that we are. Cone February, | think we will be
| ooking for aletter fromyou, and | think that, as |
see it now, that hinges on how we portray the -- how
you show you how we' ve accommpdat ed t he uncertainties
in all these various disciplines into a reasonably
cohesi ve story.

MVEMBER FORD: If you are going to go
around the table, Gaham let ne start.

CHAl RVAN WALLI'S: Wy don't you start.

MEMBER FORD: | guess, to a certain
extent, this started of f by ny comments at the January
neeti ng when | asked for what was the substanti ati on,
data substantiation for the RELAP code.

Quite honestly, |I've heard -- seen a | ot
-- 1 was really i npressed by the nunber of conpari sons
bet ween observati on and the RELAP theory, in addition
to the other codes that were tal ked about, and | was
i mpressed.

| mnot enough of a thernodynamcist -- a
t her mal - hydraul i cs anal yst to see t he nuances bet ween
mul ti - phase and si ngl e- phase conditions as they rel ate
to the dom nant sequence. | didn't hear nuch about

t he adequacy of the scaling factors, and |I' massum ng
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that, because | didn't hear that, it is not a ngjor
techni cal problemin that area, scaling fromthe test
facilities to the real reactors.

| "' munclear as to the treatnent of node

uncertainties. I'"m assuming that the paranetric
uncertainties will be dealt with in the overall
treatnment of the PTS system but | didn't hear
anything about the -- on the treatnent of nodel

uncertainties.

| ve heard bandi ed around that the RELAP
code is fine, because it gives areasonabl e prediction
of plus or m nus 10, 20 degrees C between observation
and theory. But | don't know whether that is an
adequate criterion, because | don't know how that
i mpacts on, for instance, the frequency of through-
wal | cracks, if you are plus or mnus 25 degrees.

For instance, in your tenperature during
the transient, if that inpacts on plus or m nus orders
of magnitude in the frequency of through-wall
t hi ckness, then that's not an adequate criterion.

|"m assuming that there is not a mgjor
technical difficulty in transferring the pressure,
time, transients in the fluid into pressure, tineg,
geonetrical distance and strainrate inthe material;

because those are the main criteria that are going to
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tell you whether you are going to propagate a crack
and/ or arrest a crack.

CHAl RVAN WALLI S: Do you nean t enper at ure,
time?

MEMBER FORD: Tenperature, pressure, tine,
strainrate. Those arethe maincriteriato determ ne
whet her you are going to propagate and/or arrest a
crack in an irradi ated body.

| was disappointed that | didn't see any
material properties, and I'mtold that that will be
done by the materials guys. |"m just hoping it
doesn't fall through the crack between t he two groups.

Those are ny -- and | really do thank the
presenters for showing us a great anmount of data
bet ween observation today. Thank you.

CHAI RVAN WALLI S: Vic, do have sone
conments at this tinme?

MEMBER RANSOM | don't know. | have to
adm t sone di sappointnment inthe results. Certainly,
goi ng back years ago, | think if we had seen sone of
t hese anonal i es, you know, the first i ssue woul d have
been to try to understand themand elimnate them if
at all possible.

I"m talking about things |ike these

recirculating flows, the needto turn off the nonmentum
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flux terms in sone of the nodels, the break flow
nodel i ng whi ch seened to be i nadequate. The stability
is an issue in certain of the cal cul ations.

| would find it hard to draw any
concl usion fromthe ki nd of cal cul ati ons we just saw.
It seenmed, fromJose Reyes' presentation, that maybe
t hi ngs coul d be put onafairly solid footing fromthe
standpoint of a conservative estimate, but with as
many issues that seem to be on the table in the
nodeling, it's just not clear howto treat that. ['d
have a hard tinme nyself trying to deci de what ki nd of
conservatismto apply.

DR, MOODY: | know, if you talk to a
fracture mechanics expert, they will tell you that
their technology is pretty mature, and naybe has | ess
uncertainty associated with it than the fluid
nmechani cs, which gives you the boundary conditions.
| can't answer for that, but | just wonder, when you
do hit, John, the probabilities, are there |arge
probabilities of uncertainty, or isthere al arge band
of wuncertainty in the probabilistic -- or in the
fracture nechanics? s that when it cones to
propagating a crack?

| guess the boundary conditions are

spatially varying in a tinme dependent tenperature on
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t he boundary of a piece of structure, and t he RELAP - -
Soneone nentioned that the RELAP program had been
worked to the state of the art. |In other words, how
wel | predictions were made i s just about workingit to
the state of the art of RELAP itself.

Maybe the fracture nechanics show the
| arge uncertainties in the boundary conditions from
RELAP but don't translate into |large uncertainties in
whet her you are going to fail or not. |Is there any
way to nake a gross statenent that that is true or
not? And if it is not -- In other words, if the
fracture nechani cs showed -- are as sensitive to the
boundary conditions as they are to the propagati on of
a crack or progressing toward a failure, then really
you have -- there's going to be a |arge band of
uncertainty in this whole matter

It seenms that the place to start is the --
This is just soneone tal king who doesn't have to put
out budgets or anything like that and has unlinmted
resources. You want to go back and maybe do a nodern
version of RELAP with all kinds of inprovenents or
sonething, make it about as up to the level as the
singl e phase transients that we saw today or single
phase conparisons that Jose presented.

|"mjust ranblingalittle bit, but I feel
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alittle bit weak. |If soneone were to ask ne on the
out si de do you think you can predict this, 1'd say,
well, we can predict it within this nmuch, and | hold
ny hands out about three feet apart. It would be nice
if it was narrowed down.

| think somewhat of the weakness | feel is
inthe fluidnechanics, andthat's really up for grabs
at this point, what RELAP can do, and nmaybe it's being
demanded to do, what it never was intended to do.

That's not very profound, but | just see
a range of uncertainty here that, sooner or later, is
going to be narrowed down. What did you say, in
anot her 20 years we will be there?

MEMBER FORD: Could | make a conment on
that? Fred, there are uncertainties, certainly, in
the fracture mnmechanics side in ternms of flow
distribution, internms of fluence -- change of fl uence
t hrough the very thick vessel wall.

| think the question hereis input tothat
nodel will be things such as thermal stresses because
of these effects, pressurization stresses, strain
rates. These are all things which will cone directly
fromthis code.

The question is: |Is the uncertainty in

t hese t hermal hydraul i c codes going to mar kedly change
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the distribution of the frequency of through-wall
cracking? And that's the questionthat isin front of
us, | think, right now

| f the uncertainties are so huge that the
95 percentile of that frequency is way up, 107 well,
forget it. Forget the 10°° frequency of through-wall
cracking. Then you just mght as well shelve this
whol e approach. | don't think it's that, but just
t aki ng extrenes.

DR. BANERJEE: | guess the probleml have
isvery different. 1 really don't understand what is
requi red of these codes. |If | had in front of ne an
expressi on whi ch says, if you had crack growth rates,
say, related to thermal stress and nechani cal stress,
what ever, in terns of fluence, sone pre-factor or an
exponent -- If | have that expression, | could work
backwards and say at this tenperature | require this
accuracy. At that tenperature | require that accuracy
in terns of the gradients, you know, in thermal
stresses.

| can calcul ate thermal stresses. At the
nmonment | don't know whether from RELAP we require
accuracy to 20 degrees Celsius to be accurate, 50
degrees Cel sius or rate of change of 50 degrees in an

hour or 50 degrees in a mnute. | have no idea as to
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what is our goal here.

So in a way, we are saying that this
cal cul ati on shoul d be as accurate as possible, but it
may be that -- You know, | think this is the state of
the art. You are not going to get too much better
t han what we've got today. In two nonths, certainly
not. So nore or less, this is what where we are.

CHAI RVAN WALLI S: But, David addressed
this question. | think it was in the second or third
slide, where there is an iterative process, directly
related to your question, Sanjoy, that he had -- |
don't knowif it was the fifth or sixth bullet he had
t here. There is an input from the PFM the
probabilistic fracture mechani cs, how good do we have
to be.

The question is -- The thing is, we
haven't had the answer to that.

DR. BANERJEE: Right, and that is why we
are sort of in a vacuuma little bit right now.

MEMBER FORD: That is correct.

DR. BANERJEE: So if you are asking -- not
you are, but if we are asked to deliver an opinion, we
don't really know what the accuracy required of the
code is right now. That's where | have problens with
it.

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

389
CHAI RVAN WALLI'S: But if we did it today,

then that thermal hydraulics box of Dave's right at
t he begi nning of this norning -- you would put RELAP
init, presumably. What el se would you put in there,
know ng what you know fromthis ot her work? Wuld you
put in sonmething different fromAPEX, different from
RELAP?

DR. BANERJEE: RELAP and REM X, | guess.

CHAIl RVAN WALLIS: REM X didn't do a very
good job. So --

DR. BANERJEE: Maybe it doesn't. | didn't
know.

MEMBER FORD: But it's conservative, isn't
it? That's what | renenber.

MEMBER KRESS: It didn't appear to do a
very good job when you conpare it.

CHAl RVAN WALLI'S: Do you guys know what
you need to put into that box called thernmnal
hydraulics in the overall slide that Dave showed this
nor ni ng? You have to know what you need to know. You
have to go after it in a systematic way.

MEMBER KRESS: | think we are asking the
wrong questi on when we ask the questi on how good does
RELAP have to be. | think the question we need to ask

is howgoodisit. W need -- because that's what the
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whol e thing i s about, and we need to figure out howto
transl ate what we have into the actual uncertainties
in RELAP in predicting the PTStransients, and that's
the only focus.

To sone extent, these ot her data and ot her
t hi ngs we' ve | ooked at, |ike, for exanple, the MST
test, in particular, are sonewhat irrelevant to that
question; because they don't really apply that well
to PTS transients in my mnd. So they confuse the
i ssue, and |I'm not sure.

That's one reason | asked the question of
how are you going to use this data and translate it
into an overall uncertainty analysis, and | think
that's ny biggest question right now, is how are you
going to do that.

A lot of these things that we heard are,
in ny mnd, just things you are not going to use at
all, alot of the ROSA tests and the M ST tests.

| certainly think the work at OSUi s right
on the mark, and that definitely can be transl ated
into some sort of wuseful interpretation of the
uncertainties, and | think that shoul d be t he focus of
alot of it.

|"mnot sure it covers the full range of

tests and PTS sequences that you need, but | would
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certainly make as nmuch use of that as | coul d, because
that's good stuff.

We don't like conpensating errors. So
t hi nk anot her bi g question in nmy mnd was the m xi ng,
and in the sense that you seemto get -- The m xing
gets the right answer for the wong reason. | don't
think that can be tolerated very I ong. So you need to
address how that can be dealt with, with using RELAP
in the uncertainty analysis in a better way.

| don't how that is to be done yet, but
it's, clearly, to ne, the -- It showed that sonme of
the 3-Deffects are i nportant, and RELAP can't handl e
3-D as it is. So you have to deal with it in an
uncertainty space somewhere. | don't know how to do
that yet, but that's an issue with ne.

| guess that's the mmjor part of ny
commrent s.

MR. BESSETTE: One of the points that you
just said was, when you | ook at a RELAP conpari son
bet ween one of these tests, M ST or what ever, and you
see sone difference, |ike we've said, there is still
t he question of what does that nmean in terns of the
pl ant; because the facility is not the plant, and the
nodel of your facility -- the RELAP nodel of your

facility is not necessarily a facility, and there may
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be --

MEMBER KRESS: You are exactly right.

MR. BESSETTE: -- nodeling errors you have
made. | nean in terns of the code input. So the

compari sons we have shown vyou thenselves don't
represent sone sort of a bottomline.

MEMBER KRESS: Yes, and that's why | think
| have difficulty figuring out how to use them

MR BESSETTE: So |ike when we did like
CSAU, for exanple, they did not directly use
conparisons of TRAC with an integral systemwth a
LOFT test as being -- show crack versus LOFT data and
saying this is the TRAC bias or uncertainty. W
didn't do that at all.

MEMBER KRESS: Well, | see two ways you
can use integral test data. One of themis, if they
clearly show a bias that you can just put into your
code like they did with -- | guess it was the
Framat onme people for the | arge break LOCA. But if you
can clearly pick a bias out of your data and it's
applicable to PTS, then you could alnost apply it
directly.

VWat | would be tenpted to do wth
integral test data is back out of it the separate

effects things that caused the differences in the
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results, and put my uncertainty then on those separate
effects nmodels that exist in RELAP and treat the
uncertainty that way. But that's a tough job to do,
and I"mnot quite sure how you do that, but that's
about the only way | see to use integral data.

You have to back it up in terms of what
nodel s are giving you those differences, and get some
sort of uncertainty on those particul ar nodels.

CHAI RVAN WALLI S: If | | ook back at Dave's
presentation on slide unnunbered, page 2, there'sthis
anal ysis procedure, and there's sonething called
t hermal - hydraulic analysis, and it |eads to pressure
and tenperature versus tinme. | guess it alsoleads to
heat transfer coefficient.

That's all it leads to. Then if | | ook at
the CSAU, | find that that's probably not good enough.
|'ve got to do a quantifying of uncertainty, and |'ve

got to select uncertainty representative scenari 0s.

That's all it has to do.
So you have to figure out -- and | don't
think this is a trivial exercise -- how all this

i nformati on which is comng in fromeverywhere to us
today, a lot of which was very interesting, fits into
t his purpose of getting the question of tenperature,

heat transfer efficient and uncertainty on those
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t hings versus time, which is what you need -- the
i nformati on you need to hand to the next step in the
process. That's what you need to do.

| don't think that this information
transfer really cares whether or not there is m xing
inthe HPl line and all that. That is physics that
goes into the out put, but once you hand over sonet hi ng
to the PFM people formthe thermal -hydraulics, they
don't care about whether there was m xing in the HPI
i ne.

They just want to know what do | put into
nmy anal ysis as conditions inthe downconer, and what's
the wuncertainty on those things | put into ny
analysis. That's all they need to know.

MEMBER KRESS: Either that or they needto
know on the very high end of the uncertainty.

CHAI RVAN WALLI'S: | think this is where
maybe not enough effort has been put in yet. It's
very tenpting to say, oh, let's | ook at some nore data
and try to figure it out and try to figure out what
happened i n AP600, the ROSA tests, and there Jose has
done sone very interesting stuff, and I' mvery pl eased
that CFD is predicting sone of his results.

How do you take all that and use it in

this engineering technical analysis of pressurized
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t hermal shock? | think that's where you' ve got to be
very disciplined and very rational and have your
argunents really put together in a way which is
convi nci ng. But | don't know how that is going to
happen.

MR. BESSETTE: Well, the approach -- you
know, the approach we had been following is we take
this -- W, say, wite down a list of what are the
nost inportant factors that are going to affect ny
bottom |ine of pressure and tenperature, and |i st
t hose, and say, well, now how well -- So we cane up
with a list of about 12 of 13 paraneters --

CHAI RVAN WALLI S: Eventual |y, sonmeone has
to predict these as -- hand over these pressures and
t enper at ures.

MR BESSETTE: So that shows us what we
have done. So now we've got these 12 or 15 factors
t hat we bel i eve dom nate t he answer, that are the nost
i mportant factors. Then we vary these.

CHAI RMAN WALLI S: That's right.

MR. BESSETTE: And generate sone
di stribution or whatever. So that's what we' ve done.
Then | think the question was posed of, well, how do
you know -- So you are varying these using a tool

some RELAP, a base case cal culation. Howwell do you
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know your base case cal cul ati on?

From that, | think you have to turn to
assessnment results. You know, when you do assessnent
results, you don't get a nice, tidy picture, thisis
ny answer. |It's ten degrees or sonething. You get
answer s t hat soneti mes | ook very good, someti nes don't
| ook so good.

There's a |l ot of different things you can
| ook at in assessnent. It's almbst an open-ended
t ask.

CHAl RVAN WALLI'S: But if you can identify
that this assessnent is better if | get a better
under st andi ng of, say, whether or not | amgoing to
excl ude nonentum flux ternms or sonething |ike that,
that's a |esson you' ve |earned, and maybe this is
somet hi ng you have to feed into your black box that
spews out these pressures and tenperatures. You have
t o have uncertai nty on sonet hi ng about whet her or not
you are going to include the nomentum flux term or
somet hi ng.

You identify that. Then you put those in
guantitatively into your uncertainty anal ysis.

MEMBER KRESS: Wel |, nowyou can wor k your
approach in reverse. Take your ranges you have

al ready deci ded on for your uncertainty. Put themin
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your code, the nodel of the test and see if the
uncertai nty range does back the actual result you get.
That woul d be -- You know, that woul d gi ve sone | evel
of confidence in what you are doing.

DR. BANERJEE: Do you have any
nmeasurenments in the downconer of tenperature in two-
phase conditions in a |large enough facility?

MR. BESSETTE: Well, yeah. Wen we talk
about two-phase, we nean -- \What | was thi nki ng of our
neeting was that we got two-phase soneplace in our
system Now in ternms of what we are saying, do we
have two-phase in a downconer --

DR. BANERJEE: O in the cold Ieg.

MR. BESSETTE: So a |lot of tines, nost of
t hese transi ents then, we are endi ng up wi t h t wo- phase
inthe cold | eg, and nost of the transients will end
up with steamin the top of the downconer somewhere
around the cold leg on up, and liquid bel ow that.

DR. BANERJEE: Ri ght, but the | arge breaks
will be liquid comng into a relatively voided
downcormer. Right? And the issue there would be
whether this liquidis cold and this tongue of |iquid
com ng down gives you a high thermal stress in sone
region that it cools the material rapidly, and al so

maybe spatial stresses.
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Do you have any data of that type at all?

MR. BESSETTE: Yeah. So we |ooked at,
let's say, an extrene of a |l arge break where you are
dunping in a lot of cold water, and you' ve got a | ot
of steamaround. There, the first thing you have to
be able to do is to have the condensation in the cold
| eg just about right.

| think, as you heard before, what we've
seen in the LOFT or UPTF is that the condensation in
the cold legis sufficiently efficient to preheat the
downconer water to saturation. Now the other thing
about -- If there are periods when you are putting in
-- doing the accumulator injection, you would be
putting in nore water.

You woul d be puttingin so nuch water that
you soak up all the steam and you still have sone
subcooling left, a little bit of subcooling left.
That' s accunul at or exhaust. Then you would go back
tolowpressure injection, and you get -- Nowyou have
nore steam than water, basically.

So you heat up all the water to
saturation. So what we've seen back froml arge break
days i s we get enough condensationinthe coldlegsto
basi cally heat up the water to close to saturation, if

not saturation.
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CHAI RVAN WALLI S: Can you put sone sort of

uncertainty on that whichis convincing? I|f the range
of uncertainty is high, then you could end up with
some nuch col der wat er

MR. BESSETTE: Yes, | think we have enough
-- we've done enough conparisons in the past.

CHAI RVAN WALLI'S:  So this direct contact
condensation is well enough understood that you can
predict?

DR. BANERJEE: |It's probably incorrectly
predicted in the codes, but you've got the
experiments.

MR. BESSETTE: That's right. So there may
not --

DR. BANERJEE: You may not need t he codes.

MR. BESSETTE: You have to first | ook at
what your code is predictingtoseeif it's -- because
-- Then in terns of the details, it's even nore
conpl i cated, because you got slugs of water that can
nove back and forth across the injection |ocation
whi ch is what happened in the experinments.

DR. BANERJEE: But what cones out in the
downconer? Are there any experiments for | arge break
LOCAs where the downconers were instrumented wth

t her nocoupl es, and you knew the tenperatures -- the
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| arge downconer, not a small downconer?

MR. BESSETTE: There probably were wal |l
t enper at ure neasurenents.

CHAI RVAN WALLI S:  UPTF-- Di d UPTF do t hat ?

MR. BESSETTE: UPTF doesn't start with a
very hot downcorer. You know, it starts off about a
300 degree Fahrenheit downconer, not a 550.

CHAI RVAN WALLIS: Are we running out of
t hings to say now?

DR. BANERJEE: | think you may have enough
of a matrix of cases, if you piece it together, would
support an argument of the type that you are naking,
that for the |l arge breaks the water is pretty closeto
saturation, you know. Then you've got steamthere.

You may have. It seens very reasonable to

CHAI RMVAN WALLI S: Then you're going to
argue that for the smaller breaks, it's mxed up --
For ot her reasons i s well enough m xed. Right. Ckay.
Wll, let's see if it all conmes together.

MR. BESSETTE: So it's a very conplicated
puzzl e that you have to piece together.

MEMBER RANSOM Vel |, one suggestion |
woul d have is: | knowit's rate of cooling of the

wal |, which is inmportant froma thermal stress point
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of view, and | would suspect that that is what they
woul d want fromthis, not downcomer tenperature.

MEMBER KRESS: It's both.

MEMBER RANSOM Rate of cooling?

MEMBER KRESS: You have to have bot h.

MEMBER RANSOM Vell, it's rate of
cooling, | would argue, regardl ess of what you say.

MEMBER KRESS: Yes, you have to have rate
of cooling, but you have to have the actual
t emper at ur e.

MEMBER RANSOM Rat e of cool i ng over tine.

MEMBER KRESS: Yes, but you have to have
t he actual tenperatures, too.

MEMBER RANSOM So it's both a matter of
how much cool i ng do you do over a | ong period of tinme
and al so the rate of cooling which produces stress.

| suspect, if you talk to the structural
people, the wall has a tine constant associated with
it, a few hundred seconds or whatever, of which
changes in tenperature over that period of tine are
not very inportant.

One technique would be to do a tine
average, sliding tine average of these results in
whi ch you wi pe out the noise, you m ght say, whichis

uni mportant froma thermal stress point of view That
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woul d tend to predict a nore rational behavior than,
say, the sporadic type of oscillations that you see.

It mght also provide a neans of then
establ i shing what uncertainty do you have in this
integral rate of cooling of the wall, so that you
coul d provi de a bound, you m ght say, fromthis work.
But it does seemthere needs to be sonebody fromthe
structural side saying what do we need or is this
sati sfactory.

MEMBER FORD: But that isintheir formt.
Item6 in this uncertainty analysis is feedback from
t he PFM people as to what they require. That's not
known, | guess --

DR. BANERJEE: If it's a time average of
300 seconds, it's very different from you know,
i nst ant aneous val ue, because t he nmeanderi ng streamor
what ever jet falling down plunes. Doesn't matter. |
nmean, over 500 seconds the average i s a ni ce Gaussi an
di stribution.

CHAIl RVAN WALLIS:  Well, just to give ny
feeling fromexperience with all this is that, if |
wer e a consul tant working on this problem | woul d say
|"mgoing to take sone tinme to get all this data and
stuff that you' ve showed us and | earn about all the

phenonena.
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Then |'m going to take some time to
condense this down i nto somet hi ng which is usabl e for
anal yzing PTS. M experience woul d be that the second
task is just as demanding as the first, and I'm not
sure that you have a strategy or have done very nuch
of the second task.

Maybe you' ve done a |l ot of it, and we j ust
didn't hear it. But | hope you have, because that
second task i s demandi ng, putting it altogether into
sonet hi ng which is actual |y usabl e t o nake convi nci ng
anal yses which will stand up to exam nati on.

That' s what we are going to hear about in
February?

MR. BESSETTE: Yes. So far it's taken up
all our tine to do task one.

CHAI RVAN WALLI S: Yes, but you know, |
t hi nk you know what | nean there.

MR. BESSETTE: Yes, | know. That's what
| had in mnd for task

CHAI RVAN WALLI S:  Anyt hing el se we need to
say?

DR MOODY: | think it was the tine
constants. | want to go over that. \When you have
sonmething |i ke Sanjoy. You took an experinent, and

you broke, what, a glass tube by throwi ng cold water
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into it?

DR. BANERJEE: Condensati on shock. You do
it every time, yes.

DR. MOODY: Okay. Was that water hanmer
that broke it or was it --

DR, BANERJEE: Vell, it was just the
shock.

DR MOODY: Not thermal shock?

DR BANERJEE: Not thermal shock.

DR. MOODY: Sonebody took a gl ass out of
the drier. Was that Dave? And you put cold water in
it, and broke. Is that the rate of tenperature change
t hat does that, according to what Vic was talking
about ?

MR. BESSETTE: Yes. It's the sane thing,
of course. | put the glass on the counter, and | pick
it up 20 seconds later, it won't break.

DR MOODY: Because it's down -- because
the tenperature rate goes down, because the glass
t enper at ure has gone down.

MR. BESSETTE: The rate of change is
important. The rate of change -- the tine constant,
the rate of change of tenperature, and the absol ute
temperature are all three --

CHAl RMAN WALLI S: And also flaws in the
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gl ass.
MR. BESSETTE: And the flaws i nthe gl ass.
DR. MOODY: \What about a case where you
have suddenly spitting on a hot glass with cold water
relative to noving a boundary like the water in the

downcomer or sonething, and steam above, if you're

novi ng up and down this way? | guess wherever the
boundary crosses a point on the wall, you get a
transient -- or you get a gradient, a tine gradient.

Right? And you al so get a space gradient.

VWhat is it that makes it crack? Is it
both the space and the tinme gradient, or what?

MR, BESSETTE: Let's see.

DR. MOODY: That woul d sort of put a bound
on what you really got to get out of the thernal
hydraulics, wouldn't it?

MR BESSETTE: See, the fracture code
tracks the stress continuously. Their time step is
one second. So they track the thermal gradi ent and--

DR MOODY: Spatial or both tine and
spatial ?

MR. BESSETTE: So they wupdate the
conducti on equati on once per second, and so they track
that, and at given time intervals they take these,

let's say, snapshots of --
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DR MOCDY: Profil e?

MR. BESSETTE: They generate the stress
field, and then they do the fracture cal cul ation from
the stress and tenperature and --

CHAI RVAN WALLI S: | think there's sone
uni form conditions around the periphery, jets and
pl umes and t hi ngs.

MR. BESSETTE: So they are using --
speaking on the topic of plunes, they use a single
t enper at ur e boundary condition. So thereis no axial,
no circunferential .

CHAl RVAN WALLI'S:  No axial variation?

MR, BESSETTE: No.

DR BANERJEE: And no radial variation?

MR. BESSETTE: And no circunferential, no
axi al .

DR. BANERJEE: | see. So it's just the
wal | is changing in tenperature.

MR BESSETTE: Asinglefluidtenperature
a single heat transfer coefficient, and then that's
t he boundary condition for the conducti on equati on.

MEMBER KRESS: Strictly radial heat
transfer.

CHAI RVAN WALLIS: Extrenely idealized.

DR. BANERJEE: That's probably i s not what

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

407

i s really happeni ng, because you are probably getting
a thermal gradient sitting somewhere.

MR, BESSETTE: Well, you see, the top of
the core -- So the top of the core is about five feet
bel ow t he bottomof the | oop el evation. So where you
are nost likely to see these sharp thermal gradients
inthe fluid is up around the | oop el evation.

DR. BANERJEE: That wasn't what Jose's
experi ment was showi ng. He saw a sharp gradi ent about
hal fway down from the nozzl e.

DR MOCDY: Well, are we providing the
wrong boundary condition with RELAP then or not the
conpl ete boundary condition that would be needed?
See, maybe I'mstill a quarter-lap behind, but | can
see a cold level rising up onaflat wall that's hot.
| can i mgi ne where would that level go is right at
that point. Al of a sudden there is a very rapid
ti me dependent change in tenperatureinthe wall. But
even at the sanme time, depending on how fast this
| evel is noving around, there nay or may not be a
spatial gradient in the wall.

Maybe |' maski ng t he questi ons that don't
really apply. ['"'m thinking nore in ternms of what
happens in the wall, and | think we are really

focusi ng on RELAP or a boundary condition. But nmaybe

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

408

these kind of ideas help you focus on what do you
real ly need out of the thermal hydraulics to give you
t he boundary conditions that are going to be the nost
appropriate to apply to a wall or a piece of netal.

VEMBER RANSOM | think you're right
Fred. What the materials people ultimately want is
t he tenperature gradi ent through the wall, because it
is what is producing the stress. You know, it's the
I i near coefficient of expansion, theinner part of the
wall is going to be in -- | guess we are cooling it
off -- goingtobeintension. Utimately, the inner
| ayers will rupture, and that's what causes t he crack
to propagate from the flaw that is presumed to be
t here.

| think that nethodology is pretty well
devel oped fromthe structural side.

CHAIl RVAN WALLIS: Well, it isif you don't
have sonme of these variations around and up and down.
If you get this sudden -- this layer that Fred is
tal ki ng about, then you' ve got sonething --

MEMBER RANSOM Wl |, that is why it woul d
be interesting to find out, but normally it's the
gradi ent through the wall nore than it is, say, the
circunferential or the axial gradient.

DR MOODY: If this was a wall, this
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table, and you had a circle of cold on it just
suddenly applied, then wouldn't the same thing apply
as it tries to shrink and pull in?

MEMBER RANSOM  Yes, sure. It wll.

DR. MOODY: Ckay. So we can have bot h.

CHAl RVAN WALLI'S:  Any non-uniformty in

t enperat ure.

Okay, are we ready to call it a day,
gquarter to six? kay, well, we wll close the
transcript and the neeting, and we will neet again

tomorrow norning. W are going to recess until 8:30
t omor r ow nor ni ng.
(Wher eupon, the foregoing matter went off

the record at 5:47 p.m)
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