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The Subcommi ttee net at the Nucl ear Regul atory

Comm ssion, Two White Flint North, Room T2B3, 11545

Rockville Pike, at 8:30 a.m, Dr. Gaham Wallis,

Chai rman, presiding.

COW TTEE MEMBERS:

GRAHAM B. WALLI S, Chai rman
SANJOY BANERJEE, Consultant
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THOVAS S. KRESS, Menber
FREDERI CK MOODY, Consult ant
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ACRS STAFF PRESENT:

PAUL BOEHNERT, Staff Engi neer

ALSO PRESENT:

STEPHEN M BAJOREK, NRC
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P-ROGEEDI-NGS
8:33 a.m
CHAI RVAN WALLI'S: The neeting will now
cone to order. This is a continuation of the ACRS
Subconmi ttee neeting on thermal - hydraul i c phenonena.
For today's neeting, we will discuss the status of the
O fice of Nuclear Regul atory Research's TRAC-M Code
Consol i dati on and Docunentation Project. The entire
nmeeting will be opento the public. M. Paul Boehnert
i s the cogni zant ACRS staff engi neer for this neeting.
| call upon Joe Kelly from the NRC s
O fice of Nuclear Regul atory Research to begin.

MEMBER  KRESS: Sonmebody asked an

i nteresting questionthat | didn't knowthe answer to:

VWhat does the Mstand for? Is it nodular? Wat is

it?
MR KELLY: It stands for nodernized.
MEMBER KRESS: Mbder ni zed.
MR, KELLY: Andit was aninterimnane, if
you wll, that we initially canme up wth to

di stinguish it from TRAC-P, and we've been | ooking
around for a better nane and we' ve yet to cone up with
one.

MEMBER KRESS: (kay.

MR, KELLY: Soif we do, we'll be changi ng
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t he code nane.

MEMBER KRESS: (kay.

MR. KELLY: And so what |'mgoingtodois
give you a sumary of where we are in the code
consolidation and al so --

CHAI RVAN WALLI S: | thought there was
TRAC- pal eol i thi ¢ and TRAC nedi eval .

(Laughter.)

MEMBER KRESS: But we could call vyou
M chael now?

MEMBER KRESS: Yes. The comment has been
made that since the code was witten in Fortran that
t he manual shoul d be ancient G eek and Latin. So at
any rate, 1'Il talk about the status of the
consol i dati on but also give you an idea of what our
| ong-term devel opnent pl ans are.

First thingl'dlike to do is give you a
rel ease schedule, then I'mgoing to revi ew what our
devel opnent objectives were and the status of those
obj ectives, tal k about howwe' re going to maintainthe
capability to use | egacy input nodels, describe the
current and short-termactivities and then, as | said,
t he | ong-term devel opnment pl an.

Code rel ease schedule. W're going to

rel ease an al pha version to the internal users at the
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end of this cal endar year, sojust in afewweeks. It
will be able to run input decks from UF5, TRAC-B and
TRAC-P with a little caveat on RELAP5. W haven't
quite finished the mapping of the control system
That's kind of being done as we speak. So a very
| arge conpli cated RELAPS deck will not, at this tine,
be able to be run by TRAC.

The docunentation. There will be user's
gui de, a theory manual and devel opnental assessnent
manual .  The user guide we have a first draft, and
thisw |l definitely be m ssingthe RELAPS transl ation
gui de and that's howto take a RELAP5 deck and run it
i nside of TRAC. The theory nmanual, there is a first
draft. It wll not include the BWR nodels and
sections on the new physical nodels. And the new
physi cal nodel s are basically just the refl ood nodel .

CHAI RVAN WALLIS: This theory manual is
going to set the standard for explaining how basic
equations lead to the equations actually used?

MR KELLY: Not the first draft.

CHAl RVAN WALLI'S: Not the first draft?

MR, KELLY: But by the time we get to
here, it will be done.

CHAI RVAN WALLIS: Oh. [It's going to take

you a year to figure out the theory?
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MR, KELLY: Well, take a year to do that

part of the work.

MR. ROSENTHAL: To set the standard of
excel | ence.

MR. KELLY: Good response.

CHAI RVAN WALLI'S: Wwell, okay. Can we see
the draft anyway so we can hel p you?

MR, KELLY: Yes.

CHAl RVAN WALLI S:  Ckay.

MR. KELLY: The draft will not beterribly
different fromwhat you have now. We'Il be doing a
beta release, which wll be our first external
rel ease, to the CAMP nenbers in the spring, and that
nmeeting is nowat the end of April in Korea. It's the
week after the | CAAN neeting in Japan. And for this
case, the docunentation, the user guide, will then be
in final form the theory manual will now have a
conplete first draft, so everything|'ve saidis going
to be mssing here will nowbe there. It will not be
completely rewitten front to back. That's just not
goi ng to happen. What is going to happen is as we go
in and address a certain part of the code, like in
this case repl ace the refl ood nodel, that sectionw ||
be conpletely rewitten. And we've al so put atask to

John Mahaffy to rewite the part of the nonmentum
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equation. So that will be in there too.

CHAI RVAN WALLIS: Al of your cowards.

MR. KELLY: Pardon ne? And we'll have a
first draft of the DArmanual. It will only be parti al
at that point in time, because we're starting our
assessnent |later than we had initially intended. The
official release will be at the end of year '03, and
for that it has to neet the success netrics and then
t he docunentation will be in draft form 'l talk
about the success netric on another slide, but
basically it's to able to be a conplete assessnent
matrices fromall of the predecessor codes with the
same degree of fidelity. Andyou'll noticethelittle
note inred, and it says that the potential with the
docunentation in sone of the assessments wll be
del ayed, and that's due to a real |l ocati on of resources
due to AP1000 and al so the upcoming ESBWR  That's
al ready happened, and you'll see sone of that and the
reason that this part of the manual -- the BWR nodel s
are not going to be in the manual as both the
real | ocation of people and al so of funding.

MEMBER RANSOM Joe, who is actually
wor ki ng on this?

MR KELLY: Vell, the in-house team

currently has four staff nenbers.
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MEMBER RANSOM That's in the NRC, right?

MR, KELLY: In the NRC

MEMBER RANSOM  Yoursel f and who el se?

MR, KELLY: Chris Murray, Wei Dong Wang
and Joe Staudenneier. And, of course, we all have
mul tipl e assignnents, but that is the Code and Mbdel s
Devel opnment G oup.

MEMBER RANSOM  \Who was the fourth one?

MR KELLY: Joe Staudennei er.

MEMBER RANSOM  Joe, but | guess it was
the first one you nmentioned.

MR, KELLY: Let's see, Chris Mirray.

MEMBER RANSOM  Chris Mirray.

MR. KELLY: He does the code configuration
control and testing. Wi Dong is helping me with the
refl ood nodel. That's in addition to being things
i ke t he PUVA Proj ect Manager and t he RELAPS Techni cal
Moni t or.

MEMBER RANSOM  Ri ght.

MR. KELLY: Joe is kind of our BWR expert.
And then nmyself. Then as far as contractors go, Penn
State University, whichis really John Mahaffy, and we
just put a newcontract in place with hi mwhich calls
for a post-doc and a graduate student and part-tine

from an wundergrad student. LANL has been a
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contractor. They're nowgoing to be down t o about one
FTE that's coming in. The other contractor is ISL,
and that's part of their -- they have a | arge contract
for a code on nmai ntenance and assessnent. And that's
t he same contract that RELAP is under, but we've been
doi ng sonme of the TRAC consolidation and the TRAC
assessnent work there.

MEMBER RANSOM  Yes.

MR. KELLY: But as far as TRAC devel opnent
goes, it's primarily Birol Aktas and partially Rex
Shumay . And then for the mapping of the RELAPS
ki netics, we've had sone hel p fromDoug Bar ber of | SL.
And | apol ogi ze t o anyone whose nane | didn't nention.

MEMBER RANSOM Then there's the interface
test too, right? Is that a separate contractor, the
QU ?

MR,  KELLY: Oh, SNAP, yes. That' s
conpl etely separate.

VMEMBER RANSOM Is that wunder vyour
direction too?

MR, KELLY: Well, Chester G ngrich, who's
a menber of ny Code and Mddel s Devel opnent Team is
t he Technical Mnitor for SNAP, and | |eave that to
Chester.

MR. ROSENTHAL: And then we have the
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resources for assessnment, which we'll get to later
this norning. That's separate from devel opnent.

MEMBER RANSOM Does that include
devel opnent al assessnent or do you have t he devel opers
do the devel opnental assessnment? They run tests
probl ens, | assune.

MR KELLY: Yes, definitely.

CHAl RVAN WALLI'S:  Now, who are the users
of this code?

MR KELLY: Well, our primary user, of
course, is NRR

CHAI RVAN WALLI S: So are you going to
train NRR?

MR. KELLY: Well, one of the people that
used to be i n ny Code and Model s Devel opnent Teaml| eft
for NRR, and since that tinme we' ve been getting user
needs for TRACM And so --

DR. BANERJEE: Who is that, Joe.

MR. KELLY: Shanlai Lu. And so that's
actually part of the reason we had to real | ocate sone
of the fundi ng was we got a user need for advanced BWR
fuel in anticipation of the SBWR subnitt al

CHAI RVAN WALLI'S: | think it's inportant
t hat t he Agency get real experienced with use of this

code.
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MR KELLY: Right.

CHAl RVAN WALLI'S: So that it becones an
easy thing to use.

MEMBER RANSOM | guess one ot her quick
guestion: Has anybody ever reviewed the details of
what you're doing froma theory point of view, basic
equati ons and whatever is going on? This Commttee,
| guess, is not, from ny understanding.

MR, KELLY: kay. Over the last five
years, what has primarily been going on is a code
noder ni zati on, i nmproving the architecture and enabl i ng
t he capability to be able to, in effect, do old input
decks, whether they be from TRAC-B or from RELAP5.
And al so the space when incorporating the physical
nodel s fromTRAC-B for certain conmponents. That's it.
W haven't made i nprovenents to the code in the sense
of better physical nodels or better nunerics, except
for, obviously, little fixes occasionally.

So on ny watch, which would be the |ast
five years, the fundanental equations, theway they're
averaged and differenced, have not been revi ewed.
Whet her they were a subject to a peer review before
that time, | don't know. Now, of course, the CSAU
study was done with TRAC PF-1-MOD1, which is the

predecessor code here. The fundanental equati ons have
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not changed since PF-1-MOD1 wi th the exception of the
change to the nonmentum equation for how it handles
area changes.

MEMBER RANSOM Wl |, even that has been
an issue in recent code reviews, and it would be, |
t hi nk, kind of good to get this out and revi ewed and
ei ther get acceptance or -- you know, it's kind of
poor to wait until next year and then find that
there's some objection to way it's handl ed, the view
or whatever. So that --

MR. KELLY: If you want to put us on the
schedul e for, say, sonetine in early spring --

MEMBER RANSOM Wl |, that's, | think, up
to Gaham | personally feel like it would be very
good to take a |l ook at this and resolve sone of the
i ssues that have been comng up in connection with
ot her codes, for exanple.

MR. KELLY: | don't have any problemw th
that at all. Just give us plenty of notice, because
to come here and do a good job, we need to spend sone
time on it, rather than just xerox pages out of the
code manual and slap themup on the projector.

DR. BANERJEE: | guess it would help to
have what ever docunentation you've got in front of us

maybe a coupl e of nonths early so we can reviewit and
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send you questi ons.

MR, KELLY: Well, basically, the part of
t he t heory manual that describes the equati ons and how
they're differenced will stay the same, so you al r eady
have it.

MEMBER RANSOM W al ready have it on CD
but it's, substantially, the TRAC- P docunent ati on, and
it's as vague as that original docunentation, soit's
not hing explicit.

MR, KELLY: There's nothing in it
what soever about how the equations were initially
derived or averaged over the control vol unes. I t
basically says, "Here are the equati ons, here's howwe
differenced them" And that's what will have to be
generated as part of inproving the docunentation, but
it's also what would have to be generated before
sonmeone cones here and presents it. So that can
actually be synergistic in that effect, because we
pl an on redoi ng that part of the docunentation in the
next six nonths or so. So if in the mddle of the
spring or sonet hing, that ti m ng woul d be about ri ght.

DR. BANERJEE: You're aware of the
di scussion that's been thrown around S-RELAP?

MR, KELLY: Well, | won't address S- RELAP,

because | worked for Sienens, okay?
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DR BANERJEE: Right, but --

MR. KELLY: But what | will -- | amaware
of that discussion alittle bit. I've tried to stay
away from it, but | was definitely aware of the

di scussion with the same kind of topic having to do
wi th RETRAN, which preceded the S-RELAP5 submttal.

CHAI RVAN WALLI S: Actually, we're also
aware of the presentation you made when you were
enpl oyed by Si enens.

MR KELLY: Right. VWich, as | recall,
was over six hours.

CHAl RVAN WALLI'S: It was very interesting
and it seens to have di sappeared fromthe corporate
menory of that conference.

MR. ROSENTHAL: We did get the consultants
-- the ACRS consultants report such as yours, and
several of the staff did read it.

CHAI RVAN WALLIS: Ckay. Well, that wll
be sorted out sone tinme next year.

MR, KELLY: Ckay. Now what | want to do
is review the devel opnent objectives and tell you
where we are. The first was to have a nodern
architecture, the next was to effect the code
consol i dation, nake it easier to use and then i nprove

t he accuracy and the nunerics. Wll, as | said, nost
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of the effort, in fact, has actually been in these
first three itens.

Alot was to inprove the architecture in
t he begi nning but what really has the taken the tine
was t he code consolidation. Weinitially reviewedthe
code consolidation as putting in the TRAC B nodel s so
that the PWR code would al so be able to do boiling
wat er reactors and t hen recovering the capabilities of
t he Ranona code by havi ng coupling to 3-DKkinetics and
that's coupling to the PARCS code. And | think
you' ve seen results fromthat, and that's worked out
fairly well.

What turned out to be a big job was doing
t he consolidation for RELAP5. The initial ideawas we
have a PWR code that's supposed to be a |arge break
code. Al we have to do is assess it against snal
break, find out where the deficiencies are and i nprove
the nodels. So that was the initial idea for what
consol i dati ng RELAPS capability would be, but al ong
the way it becane acknow edged t hat nost of our users
are RELAPS users, our past users, and nost of the
i nput decks, whether they're for |arge experinental
facilities or for plants, are RELAPS i nput decks. And
as you know, putting together an input deck for a

plant is no small undertaking. People talk about a
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staff-year or so, or nore.

So the decision was nmade to retain that
i nvestment, and what that nmeans is we wanted to be
able to take a RELAP5 deck, which can be 10, 000,
20,000 lines of input, runit through-- andrunit as
if it were a TRAC deck. And that's not just sinply
translating the i nput deck, which normally you coul d
do if the two codes were close together. But there
were sone very fundanental nodeling differences
bet ween RELAP5 and TRAC t hat caused ot her changes to
have to be made inside of TRAC

Very sinpl e exanpl e is a pipe. |n RELAP5S,
a pipe has a certain nunber of control volunes and
internal junctions only. It doesn't come wth
junctions attached to the ends. In TRAC, a pipe
automatically has junctions attached to the ends.
Now, that's a seemingly trivial thing, but when you're
trying to map conponents froma RELAPS deck to TRAC
conponents that nakes a big difference. So we had to
put in a capability called singlejunctions into TRAC,
which didn't exist before, so that we could start
maki ng TRAC pipes | ook nore |ike RELAP5 pipes, et
cetera, et cetera, et cetera.

CHAI RVAN WALLI S: Now, the equations

you're solving are essentially the same for both
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codes?

MR. KELLY: Well, if you nmean that they're
a two-fluid, six-equation nodel, yes.

CHAl RVAN WALLI'S:  But the terns in those
equations --

MR KELLY: Are different.

CHAl RMAN WALLI S: -- are the sane or
they're different?

MR. KELLY: They're different.

CHAl RVAN WALLI S:  Yes.

MR. KELLY: And that's especially truein
t he noment um equati on.

MEMBER RANSOM Al ong that |ine, Joe,
know that one of the differences, and I'd be
interested in howyou resolveit, is TRACused to vi ew
the -- the volume center had an el evation and so the
el evati on change woul d be fromvol une center to vol une
center, whereas i n RELAPS5 t he el evati on was specified
at the junction. And then the change in elevation
woul d occur at the junction associated with vol unes.
And so how do you handl e that problenf

MR KELLY: TRAC can now do bot h.

MEMBER RANSOM It can do either?

MR, KELLY: \What we basically --

VEMBER RANSOMV | know |'ve had trouble
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wi th TRAC- 2 because they soneti mes di dn't account for
t he el evati on change from vol unme center to wherever
t he junction was on the vol une.

MR. KELLY: Yes. Basically, you can now
bend it inthe mddle of a cell so that you can do the
RELAP5 and then subtract --

MEMBER RANSOM Wel |, that's TRAC. TRAC
bends in the m ddle.

MR, KELLY: Yes. | get it m xed up when
| see --

MEMBER RANSOM  You'll find bends at the
junction or at the ends of the pipe.

MR, KELLY: Basically, it was put insoit
can be done either as part of the input processing and
then -- again, that's one of those little things that
turned out to be a lot of work to get in and get
wor ki ng right.

MEMBER RANSOM The other thing, ny
experience with both codes is that the T-nodel i ng has
never been very good. RELAPS5 has this idea of a
paral l el branch which was an expedi ency, you m ght
say, in developnent. TRAC had the idea of a vol une
whi ch you branch of f of the vol une. And both of those
have probl ens, actually, and I'mwondering if -- you

know, that's an area, | think, that ought to be
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reviewed and maybe some effort ought to go into
actually inproving the T nodel. | don't know what
your opinion is on that.

MR, KELLY: Well, I'd have to --

MEMBER RANSOM  That's conme up here in
terms of how the nmonentum equation is treated and
where the | osses Iie and how you treat the el evation
changes in that situation. Really inportant aspect.

MR. KELLY: Yes. And this is wherel'ma
l[ittle out of my depth, because | haven't | ooked into
exactly howthe Tis done. But what | cantell youis
that when we consolidated the jet punp nodel from
TRAC-B to TRAG-M TRAC-B had problenms conserving
nmonmentumin a T, so in order to be able to do a jet
punp, that basically didn't work because t he nonent um
equati on was di ssi pated, so they had to go i n and put
back the source termfor the driver, okay? Wen we
did that in TRACM we don't need the extra term
because the nonmentum equation is differenced in a
different fashion, and it seens that it does a nuch
better job of conserving nmomentumin a T.

VMEMBER RANSOM It's nore like the
nodi fied Bernoul | i equation that RELAPS is based on,
| guess, so that you preserve the change in the

pressure with increase i n area or change of velocity.
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MR. KELLY: Yes and no.

MEMBER RANSOM  Del TRAC did not a good
job of that.

MR. KELLY: It doesn't use a volune
average velocity |ike RELAP5; it uses the V del V
term But on both the V and the del V there are
nodi fiers based upon the difference between the
junction and the volunme area. And that seens to work
pretty well, and there is a section in the theory
manual that explains where that cane from

MEMBER RANSOM Right. | think TRAC P,
t hey worked on that concept too, you know, to try to
preserve the --

MR, KELLY: In MOD2, not in MODI.

MEMBER RANSOM  Ckay.

MR KELLY: MOD1 uses the non-conservative
form which TRAC-P does as well --

MEMBER RANSOM  Ri ght.

MR, KELLY: -- the Vdel V, but it didn't
have the fix-up for the area changes, so any tinme you
went through an area change, you woul d get nore than
t he actual pressure drop. And that's not the case in
TRAC- P now.

VEMBER RANSOM | know from what we've

seen in RELAPS in sonme of the cal cul ati ons yest erday,
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it's not clear that the MOD3 version anynore behaves
correctly. So it would be interesting even to | ook
into that aspect.

MR. KELLY: Yes. So far, you know, inthe
assessnents that have been done, we have not seen any
very large recirculating flows i n a downconer, so the
punpi ng term or whatever that appears sonetinmes to
occur in RELAP5 we haven't seen.

MEMBER RANSOM  You haven't seen that in

MR, KELLY: In TRAC, in TRAC-M

MEMBER RANSOM  Ckay.

MR. KELLY: Now, on the other hand, we
haven't yet gone and done sone of the things Iike the
OSU test where you have a large body of water
basically sitting still with vapor above it.

MEMBER RANSOM  Ri ght.

MR KELLY: Wien we do those kind of
tests, one of thethings I'Il be looking for is did we
get any artificial recirculation patterns, and at that
time we'll know.

| already nentioned this but it was the
success netric, and that was that the sinulation
fidelity of TRAC-M nust be at |east as good as or

better than each of the predecessor codes for their
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targeted application

CHAI RVAN WALLI S: Have you listed the
difficulties with the previous codes that need to be
resolved, like this sometinmes suppressing nonentum
flux or sonething? Have you nmade a list of -- and Ts
-- have you made a | i st of the things that weren't too
good about the previ ous codes, rather than just saying
simulation fidelity?

MR. KELLY: Well, this success netric was
for the consolidation, andthat's actually settingthe
bar pretty low, so that's not addressi ng t he probl ens
that are there, it's just saying we're going to be at
| east as bad as the predecessor codes.

CHAI RMVAN WALLI S: Well, that's right.
That's --

MEMBER RANSOM  And yesterday it seened
like with RELAP5 cal cul ations, or the recirculating
fl ows, which are a problem there were -- break fl ows
were poorly predicted and even questions about
stability that -- there were no actual tests of
stability but evidence in the calculations that
possible instabilities. And we're wondering, are
those -- well, | guess it remains to be seen whet her
those will be present in the present code, but we're

al so thi nking that under the nmaintenance aspect sone
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of these ought to be corrected or found out what the
root cause is, even in the existing codes.

MR,  KELLY: Yes. I'"ve | ooked at the
nmonmentum fl ux problemin RELAPS before. | did this
during the AP600 for why these recirculating flows.
And it has to do with the way you define the vol une
average velocity. You know, if you're a singl e phase,
you can come -- in a normal nunber of junctions on
each end of the control volume, you can conme up with
somet hi ng that makes a | ot of sense. But once you go
to a two-phase configuration and you have a branch
conponent whi ch sonetines i s used for the | ower pl enum
so it wll have as many as eight junctions for the
downconer and then several junctions for the core al
in this one volune and then you try to transfer
nonmentum fromone to the other, | thought that was a
bad idea once that is taken to that extent. And so
when we did the consolidation of, in effect, the
branch conmponent in TRAC, | kind of said, "No, we're
not going to do monentumtransfer for that. It's a
| arge volune, it's going to act |ike a plenum we'd
| ose the nonentumand get a pressure recovery and then
cone back."

MEMBER RANSOM That woul d be -- that's in

t he TRAC- M?
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MR. KELLY: Wen we map a branch conponent
t hat' s what happens.

MEMBER RANSOM  You just throw away the
nmonment um fl ux cal cul ati on, basically.

MR KELLY: Well, you recover it as a
pressure. But, yes, we don't try to get nmomentumf | ux
fromthe junctions that are a downconer to this branch
to the junctions that represent the core.

MEMBER RANSOM  So that vol ume becones
i ke a stagnation point, in effect, yes.

MR. KELLY: Yes. Because it may not give
the right answer but at least it doesn't go off and
give a horrible answer.

MEMBER RANSOM I nteresting.

DR. MOODY: Joe, | just was sitting here
t hi nki ng you' ve got a code that's going to be rel eased
about this tinme next year, andit will have been built
up of conponents of whatever the state-of-the-art or
the state of the codes are at that tinme. | think ny
short experience so far with ACRS shows t hat all these
codes are living docunents, they're going to be
i mproved or corrected or changed. WIIl there then
probably be a TRACMPlus 1 and thereafter it will a
conti nual --

MR, KELLY: Yes. [I'll be answering that
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as we go through the presentation. | think that's al

| wanted to do here. But during this next year, the
maj or effort is going to be on assessnent and tyi ng up
t he | oose ends to rel ease the code. And so next year,
during next year, we can come one or two tines and
start showi ng assessnment results. Steve is going to
show the matrix that we're doing, and this is a
consolidation matrix, and | don't knowif he has sone
prelimnary results or not, but starting, you know, in
a few nonths, we can start coming and actually show
you what the code does and doesn't do.

CHAI RMVAN WALLIS: So Steve is going to
t ake over part way through this bunch of slides here?

MR, KELLY: Well, I'm going to do that
bunch; he has his own bunch.

CHAl RVAN WALLIS: Well, if you' regoingto
do this bunch, then we better nove al ong.

MR, KELLY: Right. And what |I'mgoing to
basically do is skip, just hit a few high points in
t he next one. These are our devel opnent objectives.
| nprove the architecture. And this is basically
conplete now with the exception of reducing the
mai nt enance and that' s i nprovi ng basi cal |y t he codi ng,
and that's going to be sonmething that's continui ng.

And what | nean is when we go in and fix a nodel or
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put a new nodel in the code or a newcapability, we're
going to do it in a nmuch better way than the | egacy
code. And so, for exanple, the reflood nodel
devel opnent that I'mdoing nowis in its own nodul e.
We tried to make Fortran | ook as nmuch |i ke an obj ect -
oriented code as we can, and so that's going to help
a lot here on readability and al so mai nt enance.

MEMBER RANSOM  When you give that as an
exanmpl e, though --

CHAI RMAN WALLI'S: Is Fortran 907?

MR KELLY: [It's 95.

MEMBER RANSOM  Mbdul arity is kind of an
abused term in my mnd, because every Fortran code
that's ever been witten was nodul ar in sone sense.
Wien you break into serve routines it has sone
nodul arity. But you nentioned the reflood nodel.
WIl it do its own fluodynam c cal cul ati ons then so
that everything is contained in that nodul e?

MR KELLY: No.

MEMBER RANSOM No. So it has to be
pat ched on to existing nodules, to a degree, right?

MR, KELLY: Well, I'Il give you an idea,
a quick idea. It's going to have all of the
constitutive nodels in it for wall heat transfer

interfacial heat transfer and interfacial drag having
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to do with reflood. They're all going to be in this
nodul e. The interface to track is through what's
known as -- well, it's what are known as the nodul e
vari abl es. The actual reflood nodule itself doesn't
knowthat it's part of the TRAC code. It doesn't have
to know a single variable name from TRAC.

MEMBER RANSOM Not hing is passed down
into it; is that right? Then how would you conpute
heat transfer? You need velocities, you need
densities for the properties.

MR. KELLY: Well, those are set in TRAC.
It's kind of a like a calling argunment but a nore
efficient way of doing it. In TRAC, at the
appropriate place, it sets these vari ables in a nodul e

MEMBER RANSOM  Ckay.

MR. KELLY: -- sends it to the reflood
nodule. So what this neans is you can conpile and
debug and refl ood nodul e external to TRAC, because it
doesn't have to know anything at all about TRAC, and
you can put a little driver code where you send it
pressures, mass fluxes and void fractions, check out
t he nodel s independent of the rest of TRAC to mmke
sure it have the correct expected behavior with those

par aneters. And that's a very good way of doing
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t hi ngs, because you can test things alot better, and
you can also do development in parallel wthout
getting in each other's way.

DR. BANERJEE: Howparallelizablew || the
code be?

MR, KELLY: Well, what we've al ready done
is put inwhat I'lIl call coarse grain using PBM and
so you can run nul ti pl e i nstances of TRACon di fferent
processors. So you mght have the vessel on one
processor, a | oop on another, PARCS on another. And
then at certain points -- and this is one of the
things that was done as part of the architecture.
John -- Professor Mahaffy, if youwill, formalizedthe
data transfer in the code. He identified the tines
and there are 13 different tines during the tine step
at which there's the potential for data transfer, and
so he nmade those as synchronization points and

identified what information has to be passed at each

of those points, and those are now in -- they're
actual ly sonmething called -- |'ve forgotten t he nane,
it's list control -- list-driven data transfers. So

you just put a list of the variable names for each of
t hese synchroni zati on points, and then it nmakes that
data available. So that nmakes it very easy to do the

coarse grain kind of things.
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But al so because of these synchroni zati on
poi nts, between themthere's no data transfer, say,
bet ween a hydraul i c conponent and a heat structure or
bet ween one hydraulic conponent and another. So
bet ween t hose synchroni zation points you can then go
to a fine grain, and that's what we're going to be
| ooking at in the next year. And we're also, at the
nonment, | ooking at getting rid of PBM because it's
fairly inefficient and usi ng sockets as a way of doi ng
it.

DR. BANERIJEE: O go directly to NPI,
whi ch has the sockets built in.

MR. KELLY: Well, NPl and PBMare t he sane
-- are two colors of the sane thing.

DR BANERJEE: Yes.

MR. KELLY: So they both have the sane
i nefficiencies. The sockets are closer to the
har dwar e, but you really only have to treat two ki nds:
Posi ¢ sockets and then w ndow sockets. And so by
doing that, we can gain -- and at our |ast
coordi nati on nmeeti ng, John showed t he ef fi ci ency gai ns
you can get by, in effect, renoving the m ddl enan
there. And it's substantial.

DR. BANERJEE: WII| you be able to ground

this on a cluster?
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MR. KELLY: Yes.

DR. BANERJEE: It will automatically set
up all the processes wherever it has to go.

MR KELLY: Not automatically.

DR BANERJEE: You need to tell it.

MR, KELLY: W have to tell it how nmany
processors and what part of the nmesh is going to go on
whi ch processor. But you can do that.

MEMBER RANSOM  Joe, along the lines of
t he architecture, howdo you handl e t he nunerics? You
know, you nentioned the reflood nodel and the TRAC
t hermal - hydraul i c cal cul ati on nodul e, but there are
sone things |I|ike wall tenperature and fluid
tenperature you'd like to be at newtinme, inplicitly
coupl ed. Have you gone to an iterative solution
schene so that you can inmplicitly couple whatever
terms, | guess, that you want to be inplicitly
coupl ed?

MR KELLY: Yes and no. One of the
di fferences between TRAC and RELAP was there is an
iteration schene onthe mass ener gy equati ons al r eady.
You know, RELAP, say if you're in the sem -inplicit
node, it just does one shot at the mass energy
equati ons and hopes the linearization was sufficient.

In TRAC, it actually checks the convergence and we
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iterate on the mass energy equations within a tine
st ep.

MEMBER RANSOM  So you have opportunity to
update inplicit features in code then.

MR. KELLY: Well, you could, but that's
not done yet. But when you see ny |long-term
devel opnment plan it's there, because that is one of
the sources of problens sonetines is that you have
i nconsi stenci es when you go on to the next time step.

CHAI RMAN WALLI S When you i ntroduce t hese
i nprovenents does this increase the run tine?

MR. KELLY: Yes and no. Typically, when
you go to a -- when you look at your run tinme it's
basi cally conposed of two things, sonmething called a
grind tinme, whichis hownuch CPUtine it takes to do
one tinme step for one conputational cell. Obviously,
as you go to a nore sophisticated numeric sol ution,
that's noreinplicit where you tal k about iterating or
solving a larger matrix equation, the grind time goes
up. But if your code performance or robustness
i mproves, and what | nean is you have | ess nuneri cal
oscillations -- well, there's two things, you can
increase the time step size in two ways: One is
vi ol ati ng t he Courant nunber, which TRAC-Mi s al r eady

able to do because of the SETS nmet hod, but someti nes
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even though in theory you can go to large tine steps
t he code doesn't actual ly use thembecause it's having
trouble. Say there's alot of condensation, you know,
one cell is going fromcondensing to flashing, when
you inprove those kind of things and sonetines the
inmplicit coupling that Professor Ransomtal ked about
will do that, then you're able to take ever |arger
time steps so the nunber of tinme steps you need to get
through a given transient goes down, and you have
| ar ge gai ns.

| have experience with the CATHARE code
because | worked in Grenoble for a couple of years.
The 1-D conponents inthat arefully inplicit, so when
things are running very well -- so like for a forced
refl ood probl em where you don't have to worry about
the end oscillating, |I've seen it use one-second tine
steps for a reflood transient, whereas we're nore
likely to use five mlliseconds. That's a huge
di fference. Wen you can do a whol e refl ood transi ent
in a couple hundred tinme steps as opposed to 20, 000
ti me steps, you know, you can spend sone tine per tine
step per cell to get those kind of gains.

CHAl RVAN WALLI S: | think we also get
trouble with the traditional way, sonetines with the

nonment um equation, because of the acoustic waves
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propagating, and of course that happens pretty
rapidly, so you have to go back to very, very short
time steps to catch those waves, which really don't
affect many of the transients at all.

MR KELLY: Right.

CHAl RVAN WALLI S: But because of the
nunerics you have to --

MR, KELLY: Well, actually, yes and no
agai n. If you're interested in sonic wave
propagati on, you have to go down to a tine step that,
if you will, would be a sonic Courant nunber, and
that's very, very small. But this is true of both
RELAPS. They started out with sonmething called a
sem -inplicit numerical scheme, which basically nmeans
that nmass and energy and even nonentum flux are
conducted explicitly. But the pressure equation is
solvedinplicitly for all of the cells sinultaneously.
So that gets rid of asoniccriteria, but it also puts
in sone danpi ng of pressure waves.

So if you' re going to do a pressure wave
transient in a pipeline, you have to crank the tinme
step way down. O herwi se you don't have to worry
about that. Were we get into problens with pressure
waves is it changes T-sat a little. And if vyour

constitutive nodels magnify that, then you can end up

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

444

wi th noisier calculations than you'd |ike to see.

MEMBER RANSOM I ncidentally, along that
line, have you put in -- you know, Mortenson, | think,
did sone -- made sone real inprovements to the
equation of state in RELAP5 in recent years, and have
you put that into TRAC?

MR, KELLY: Yes.

MEMBER RANSOM  You have, good, because
t hat el i m nates sone of the probl ens of T-sat that can
cause a problemw th sone of the nodels.

MR, KELLY: Yes. It wasn't so nmuch T-sat
but RELAP5 when it extrapolated into the neta-stable
region --

MEMBER RANSOM  Yes, neta-stable.

MR KELLY: -- the properties would be
i nconsistent and it would get mass errors. Now, with
TRAC, we didn't have that probl emso nmuch, but what we
had was that the equation for the |liquid density when
you got up to reactor operating conditions was not
accurate enough for kinetics calculations. It's
plenty accurate for |arge-break LOCA but not for
ki neti cs.

MEMBER RANSOM | know in the numerics
they had spongy water too which was kind of

questi onabl e techni que that was basically to try to
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stabilize some of the situation when you get near
inconpressibility, and |I hope that you haven't --
you' ve done away w th those things.

MR. KELLY: | don't know. You'll have to
ask Professor Mihaffy when he's standing here. I
don't know everythi ng about the code yet, I'mstil
| ear ni ng.

CHAI RVAN WALLI S: | assume that you're

answering all these questions is goingtogainustine

| ater on?

MR. KELLY: Well, I thought this was going
to be the easy presentation, | was going to fly
through in notine at all. [1've already tal ked about

the consolidation. That's basically conplete. The
only reason the | arge-break LOCA part isn't conplete
is because we judge -- this is the subject of this
afternoon -- we judge the TRAC refl ood nodel to be

conmpl etely unacceptable, and so we're replacing it

with an interim nodel. That devel opnent's al nost
finished, and we'l|l be testing it starting early next
year.

CHAI RVAN WALLI' S: That's the subject for
this afternoon?
MR KELLY: Yes. Well, not this afternoon

but after the norning break, sorry. Hopeful ly it
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won't go to this afternoon

| won't tal k about SNAP. At sone point
soon, we'll have sonmeone cone and give you a
denonstration. But that's been very inportant as far
as trying to make this easier to run the code.

MEMBER RANSOM Now, that's Ken Jones
that's working on that?

MR. KELLY: Ken Jones -- Initially, the
contractor was | SL.

MEMBER RANSOM  Ri ght.

MR. KELLY: Then we swi tched to Ken Jones.
That contract has expired, and it is now out for a
conmpetitive bid. So at the nonment, we -- or as of
January 1, we won't have a SNAP contractor, but the
proposals are com ng in.

MEMBER RANSOM \Where i s Ken Jones, is he
here in Washi ngton?

MR. KELLY: He's in Pennsylvania
somewhere, so he's not very far away.

One of the objectives was to inprove the
accuracy, and we know we're going to have sone
deficiencies in the physical nodels. That was not
going to be part of the consolidation; that's part of
t he code i nprovenent. And we've started that because

of sone deficiencies that we've uncovered and that
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we'll talk about. An advance two-phase nodel. This
nmeans doing things like adding a droplet field but
al so |l ooking at puttingininterfacial areatransport.
And that's going to be done during this period. And
then we also need to look at quantification of
accuracy.

CHAI RVAN WALLI S: Thi s nmeans
uncertainties? Are you going to try to carry them
al ong i n sone way or are you goi ng to eval uate t hem by
runni ng the code many, many tines?

MR. KELLY: What | would probably do is
what | refer to as the GRS nethod, whichis simlar to
what the Sienens Framatone approach is.

CHAI RVAN WALLIS: O the 59 runs type?

MR. KELLY: O however many you want. But
nowadays that's not, at |east for |arge-break LOCA
that's not such a burden.

MEMBER RANSOM Well, there are sone
t hi ngs you need to do to the code, actually, because
things |li ke maybe interface drag, or whatever nodels
you believe thereis uncertainty associated with them
t hen define a range of uncertainty, | neanit needs to
be built into the code so sonehow you can sanpl e t hese
t hi ngs then.

MR, KELLY: Yes. You have to build in
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multipliers on those phenonena.

MEMBER RANSOM Ml tipliers, whatever.

MR. KELLY: Yes. But the real burden in
all of this is not doing -- if you use that type of
approach, isn't the uncertainty quantification, you
know, turning the crank however many cal cul ati ons,
it's determining the uncertainty in the individual
nodel s that you deem to be inportant. And that's
where code assessnent conmes in, and that's where we
really want to spend sone tine in the next fewyears.

CHAI RVAN WALLI' S:  You shoul dn't just | ook
at the traditional coefficients. |[|f you' re nodeling
t he average B squared, you know it's bigger than the
square of the average, so you mght put in a
coefficient there that you can then vary in sone
reasonabl e way.

VMEMBER RANSOM I"'ma little concerned
with even just putting nmultipliers on these terns,
because nmultipliers sonetines won't give you, for
exanple, let's say you have a range on a vari abl e,
high and low, mn/max, but you want a uniform
di stribution, sostatistically youwant to sanpl e that
in that range uniformally. Now, that either neans
you've got to calculate a multiplier that will give

you t he equi val ent of that, but it's not as sinple as,
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say, varying the multiplier.

CHAl RVAN WALLI'S:  No. You've got to get
statistical --

MR. KELLY: And that's why the GRS net hod
is kind of nice, because what you do is for each for
cal culation, say it's 50 paraneters which you want to
vary, sone being plant paraneters, some the code
paraneters, for each one of those you' ve determ ned a
range but al so the shape of the distributions.

MEMBER RANSOM  Ri ght.

MR. KELLY: You know, people typically use
flat but --

MEMBER RANSOM They don't know anyt hi ng
el se.

MR. KELLY: Yes. But if they can justify
it based on the assessnent, you know, a distribution
of a certain shape, be it normal or whatever, that's
what you shoul d use.

MEMBER RANSOM  Ri ght.

MR.  KELLY: So when you, in effect,
construct an i nput deck, you sanple all 50 of those at
once using their distributions, set them run the
problem do it again.

CHAl RMAN WALLI S: Flat is the nost

unlikely, it seens to ne, and bell-shaped i s t he nost
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likely for nost of those variables.

MR KELLY: And flat penalizes you the
nost. So in default, that's what you go to.

CHAI RMVAN WALLI'S: Can we nove on now?

MR KELLY: Ckay. And this also -- |
tal ked about parallel, and this is things for the
future, | ooking at high-order differencing methods.
Level tracking, both 1-D and 3-D, is put in the code.
That's a bit of a success story. And we also
reinstated the sem-inplicit capability in TRAC,
because TRAC has sets which kind of sem -inplicit's
built into. But we put this back in for BWR
stability, so that's a case where you don't violate
t he Courant nunber.

This is an exanple, this good old
oscill ati ng manoneter problem and what |1'mgoing to
do is show you what happens with the new |evel
t racki ng. So this is a very sinple problem
Actually, this looks like it's closed here, but
actually it was connected to a pressure source, both
of themwere. Start with the liquid level displaced
and let it go. Well, the analytical solutioninthis
iswall friction' s turned off, just goes on with this
magni tude. TRAC was t he bl ack curve, and you see it's

hi ghly danped. You only get a few cycles and it
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basically stops. O interest, there have been tines
with different versions of RELAP where |'ve seen it
start with equal levels --

CHAl RVAN WALLI'S:  And get bi gger.

MR. KELLY: -- and start. Haven't seen
that with TRAC.

MEMBER RANSOM Acritical part of thisis
whet her the frequency is correct, because you can
analytically predict that.

MR, KELLY: And with the 1-D |Ievel
tracki ng nodel --

VMEMBER RANSOM kay. So you got the
inertia right.

MR KELLY: Yes. This was Professor
Mahaffy and his Ph.D. assistant, Birol Aktas. And
they got it working very well for 1-D. More recently
they've put it in for 3-Dconponents, and so | can now
-- and sone of the testing problens, these are
actually 2-D conponents on each side, and do a
manonet er that way.

CHAI RVAN WALLI' S: Well, you should really
put a bend with several nodes on the bottomto see
what you're getting that way.

MR, KELLY: That may actually have been

one of the sanple problens.
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DR. MOODY: What is the natural frequency

for that one or at | east the frequency, | ooks |ike you
have about 11 cycl es over 50 seconds. | counted them
So that's about up 0.2 with a period of about five
seconds |looks like there, and the analytica
expressions, do you renmenber what that --

MR, KELLY: Well, the analytical solution
i s the orange.

VEMBER RANSOM It's a function of the
| ength of the col umm.

DR. MOODY: The square root of G over 2L
or sonething like that, isn't it? | guess it's been
checked out.

CHAl RVAN WALLI S: It's like a Froude
nunber, | ooks like.

DR. BANERJEE: What's interesting is the
poi nts are sanpled, | suppose, on a nmuch sl ower sine
wave.

MR, KELLY: Well, sone of this -- | don't
remenber what the tinme step was here, but sonme of the
roughness is just when you plot it.

DR.  BANERJEE: VWhat are those little
triangl es?

MR KELLY: Ch, those are just curve

identifiers. Those aren't the points. You have, you
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know, 20 or so points comng up and down each of
t hese.

DR. BANERJEE: But because t hey have sone
sort of a sine wave.

MR KELLY: Onh, okay. Well, | --

MEMBER RANSOM  Wel |, oftentines t hey nake
this conparison and you can conpute the anal ytical
solution on as fine a grid as you |like, nake a nice
conti nuous curve while the other oneis -- well, that
may that not even be every point that's conputed,
because i f these are plotted usi ng NPA-type of graphic

MR KELLY: Right. You don't normally
dunmp every tine step to the graphics file.

MEMBER RANSOM Yes. You sanpl e,
actual ly.

MR. KELLY: And that's what's done here,
but 1'm not sure what the sanpling frequency was.

CHAl RVAN WALLI S: | think Sanjoy is
| ooki ng at a sanpling frequency t here where you get an
alias and you pick up an artificial frequency.

DR. BANERJEE: |"m just hoping that it
wasn't sanpled at that frequency.

MR. KELLY: Okay. This slide has to do

wi th how we go about preserving | egacy i nput nodel s.
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SNAP i s a graphical user interface, and this is TRAC
M The i nput processor for TRAC- P, you know, reading
an ASCI | input deck, still in TRACM At sone point,
we want to take it out and nove it up to here, but for
expedi ency's sake it was left in TRACM Wen we did
t he TRAC-B consol i dation, the capability of reading a
TRAC-B deck directly, which is sinply added, and
t hat' s because t he nodel i ng phi |l osophi es, the way t he
components are done, are the sanme between the two
codes. So if you have either an old TRAC-P or TRAC-B
deck, you can read themw th TRAC-Mand run them You
don't need the graphical user interface.

But if you conme in with a RELAP5 deck,
it's a nmuch bigger deal. So the RELAP5 deck is read
by SNAP, and the RELAP5 nodel editor, which is
finished, can then display that deck, and you can go
in and point and click and change things. It exports
it in a platform independent binary file, which we
call a RELAP5 TPR, for TRAC Portabl e Restart. There's
a part added to TRAC which then is able to read this
file and map the RELAP5 conponents to their TRAC
equi val ents. Then TRAC can export that back to SNAP
using its own version of a TPRfile. And the TRACGM
nodel editor is alnost finished now, it's very cl ose

to being finished, so then you can bring in the TRAC
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-- RELAP deck as a TRAC deck and edit it in SNAP. And

thenthisis atwo-way street, and so then you can run
it. And the only part that hasn't been for the
mapping is the control system and that's underway
ri ght now

VEMBER RANSOM One thing of interest:
TRAC al ways had a very poor input phil osophy, and how
do you build a newnodel in SNAP to build a TRAC i nput
deck?

MR, KELLY: Well, if you' ve seen SNAP wor k
at all, it's works basically the sane for RELAP5 or
TRAC, and what | nean is you --

VEMBER RANSOM You can tell it to put a
TRAC nodel , basically, and so you start fillinginthe
conponent s?

MR. KELLY: Yes. And so you just drag and
drop the conponents on a palette, but then for each
conponent you have to then go and find the data. So
it's better than it was, but it's not as good as it
needs to eventually be, because you still have too
much information to put in.

MEMBER RANSOM Too much nmeani ng -- | nean
some way you have to get the basic information in.

MR. KELLY: Right. But | nmean you know

how what you said that the TRAC i nput was poor?
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MEMBER RANSOM Right. 1t had a nanel ess

type input and --

MR. KELLY: Sone of that's still there,
but we're going to evolve to sonething better as we
go.

CHAl RVAN WALLI'S: | think, Joe, the rest
of this we have seen before, all the consultants have
seen it. You can probably nove through the next few
slides pretty quickly.

MR. KELLY: Okay. Here's where we are on
t he consolidation. Everything' s just about finished
except the assessnent. We're just basically running
alittle late, and the so the assessnment's going to
start later than we had anti ci pat ed.

DR. BANERIJEE: Are you going to be
i ncorporating things |li ke what B.J. is doing at UCLA?

MR, KELLY: Yes.

DR BANERJEE: How is that --

MR. KELLY: Not part of that, but I'l
show you

CHAIl RVAN WALLIS: We're going to get there
in Slide 19.

MR. KELLY: There are only two -- as part
of the consolidation, the idea was consolidate the

capabilities, use the existing physical nodels, don't
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i mprove them Well, we ran into two snags. Wen we
were doing the TRAC-PARC coupling in doing a Peach
Bottomturbine trip, we weren't able to have a good
enough prediction of the axial void profile in a BWR
for the kinetics, so we nade the decisiontoinplenent
the TRAC-B interfacial drag in subcooled boiling
nodel s. That had actually been done kind of in a
hard-wi red way, it worked out very well, so nowwe're
putting it in-- you know, coding it in, and that wll
be in by the end of this year.

Also, as I'mgoing to talk about |ater,
the refl ood nodel is totally unacceptable, and that's
mai nly because of large oscillations. And so we're
coming up with an interimreflood nodel. W did not
intend to do this, but we're basically forced to in
order to have neaningful calculations in the near
term

The first thing was inproving the fine
mesh nodel when they upgraded the way the heat
structures are done in TRAC, and there were sone bad
deci si ons nmade about howto do this. ['Il tal k about
this nore later, so I'll --

MEMBER RANSOM By fine nesh, you nmean in
t he conduction sol ution?

MR. KELLY: The way we handl e refl ood, for
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t he hydrodynamic cells they stay the sane. They may
be on the order of 20 centinmeters long to half a neter
dependi ng upon how coarse a description you want to
use. And, obviously, that doesn't resol ve anyt hi ng at
the quench front, especially axial conduction. So
sonmething | did about 25 years ago was cone up with
sonething | called the Fine Mesh Rezoni ng Mbdel, and
it"'sreally an adaptive grid technique that's applied
to the heat structure, and | just didn't knowthe term
"adaptive grid" at that tinme. So that's what it does.
Based upon | ocal tenperature gradients or heat flux
gradients, it makes a deci sion as to whether or not to
refine or coarsen the mesh just for the conduction.
And that includes the 2-D conducti on.

DR. BANERJEE: Now, these oscillations,
t hey are non- physi cal oscillations, becauseinreflood
there are oscillations that occur.

MR. KELLY: Right. Wich in theory are
equations and constitutive nodel s should time average
out. Excuse ne, you're tal ki ng about bigger.

DR. BANERJ EE: Yes, | ong-term
oscil I ati ons.

MR. KELLY: Yes. |I'mtalking here about

DR. BANERJEE: Wt h very hi gh frequenci es.
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MR KELLY: -- a FLECHT SEASET test with

a force flow, no downconer.

DR. BANERJEE: (kay.

MR. KELLY: And I'Il showyou this, 'l
show you t hose cal cul ations i n the next presentation.

DR. BANERJEE: | have another question:
Do you track the front at all in the refl ood, because
there's a lot of problenms with nunerical carryover
t hat occur ot herw se because of the snearing. And if
you have a tube being filled, you get carryover when
you shouldn't be getting it.

MR. KELLY: That's the idea of the |evel
tracking, and we don't know yet how that's going to
work with reflood, and we'll discover it in the next
f ew nont hs.

CHAIl RVAN  WALLI S: | think there is
physi cal sneari ng because of entrai nnent too, it's not
just numerical snearing.

DR. BANERIJEE: Vell, | nean the real
snmearing is fine if there's entrainnment, but if you
try to refill a tube, let's say a cold tube, that's
al ways a good test, you'll see that you get carryover.

MR, KELLY: That's the purpose of the
| evel tracking, and that seens to be that we don't

have that. But how level tracking is going to
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interface with reflood, in a fewnonths I'Il be able
to answer that.

CHAl RVAN WALLIS: Wwell, we heard Larry
Hochreiter last week or whenever it was, very
recently, and | think the Commttee felt that you
shouldn't wait for two years before soneone tried to
use the data to influence TRAC-M but that the
efficient way to do it was to start right now --
anal yze the data and what you need for TRAC-M at the
same time as the data was being produced. That was
much nore efficient.

MR. KELLY: Yes. And that's really the
subject of the next presentation -- of my second
presentation, so let's discuss that then.

CHAIl RVAN WALLI S: Are you going to
reassure us on that point?

MR KELLY: As best | can.

DR BANERJEE: There's one other point,
Joe, that canme up in the last few neetings. There
were three areas: subcool ed boiling, reflood and then
this condensation stuff. Yesterday, there was this
stuff about the difficulties withthe region wherethe
ECl is comingin. And are you going to do sonething,
because it seens that heat transfer is very poorly

nodel ed in that region.
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MR, KELLY: vell, we will be doing --

well, there's an Upper Plenum Test Facility cold | eg
injection test to | ook at condensation in cold |eg.
| don't renenber the test nunber. W wll be
simul ating that with TRAC, and we'll see how good or
well it does. Later on, as we expand our assessnent
matrix, there was sone -- | don't remenber if it was
EPRI and B&W but it was one-third scale cold |eg
injection test for both accunulator flow rates and
HPSI flowrates. And as soon as we can get that data,
we'll add it to the assessnment matrix as well. And so
try to make sure we have a good job of what the
condensation that occurs there.

MEMBER RANSOM  Wel |, along that Iine,
does TRAC-Mpernmit you to -- | nmean fromyesterday's
di scussion, it was clear that the cold | eg sonetines
needs to be nodeled multi-dinensionally in order to
predict thermal stratification phenonena that are
occurring there and mxing. And in TRACM can you
have nul ti - di nensi onal vessel conponents so you coul d
nodel that cold leg, | guess, nmulti-dinmensionally and
then hook it to the vessel ?

MR. KELLY: In theory, yes. You can have
nore than one vessel conmponent, and we'll be doing

that in the ESBWR, for exanple. The reality, though,
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is TRAC is not a CFD code.

MEMBER RANSOM  Ri ght, | understand.

MR,  KELLY: And so when you start
nodalizing a pipe as if it were a CFD code, there's a
| ot that the constitutive nodel -- | mean it doesn't
have viscous and turbulent sure stress density to
begin wth.

MEMBER RANSOM  Ch, | understand that.

MR KELLY: And if you then let that
hori zontal pi pe go two-phase |'i ke we sawin t he AP600,
your flow regine, yes, it's going to try to -- for
each of those small nodes, it's going to try to
identify aflowregine, and of course aflowregineis
indicative of the entire pipe. So that's a research
proj ect, okay?

CHAl RVAN WALLIS: It will put in a wall
drag when there isn't any contact with the wall and
things |ike that.

MR KELLY: Yes. So that would be a
research project, and anyone that thinks you can j ust
change the noding and get the right answer, you may
get a better answer but you're not going to get the
ri ght answer.

CHAI RVAN WALLI'S: | think you're getting

SO many questions you're goingtorun until the break,
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and 1" mgoing to have to figure out howwe go the rest
of the day.

MR. KELLY: And like |I said, | thought
this was going to the easy presentation.

This is what we're going to do next year,
and the ideais we start with the code al pha rel ease.
W' ve taken a first pass through t he assessnent, we're
going to look through, identify where there are
deficiencies in the assessnent and target whatever,
ei ther nunerics, either the problemdidn't run or ran
real slow or a deficiency in a physical nodel, meke
t hose i nprovenents, conpl etely repeat the assessnent,
t hen ask the questi on do we make it through the entire
assessment matrix as good or better than the
predecessor codes? If the answer is yes, we go to the
official code release. It's also during this period
of tinme we have to update the docunentation

Steve is going to talk about the
assessnment. The only point | want to nake here is we
| ooked at the assessnent matrices for each of the
i ndi vi dual codes, and we basi cal ly conbi ned them And
what we will be doing is code-to-code conparisons.
This was with refl ood and so we don't do reflood for
RELAP5 because that wasn't it mssion, but we'll be

repeating these tests with TRAC-B, TRAC-P and TRAC-M
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and doi ng code-to-code-to data conpari sons.

DR. BANERJEE: Is the point that you're --
all those are pretty | arge experinents. There's al ot
of careful experinents done with sinple geonetries
i ke tubes or things like that, and | think it would
be wort hwhil e having at | east some subset of those in
there, because there the neasurements are very
preci se. W' ve got void fractions, we've got precise
tenperatures and stuff |ike that.

MR, KELLY: | agree.

DR. BANERJEE: And preci se neasurenents of
carryover.

MR. KELLY: And you're going to see ne use
a lot of those tests in the nodel devel opnent in what
"1l be talking about this afternoon. And you're
right, we should then bring those tests over, and |
plan to. They just won't be part of the consolidation
matri x, because that basically said what have we done
before; let's repeat it. But, obviously, that's not
sufficient to be the only assessnent we ever do.

DR BANERIJEE: No, no. It can only be
conmpl ementing this stuff.

MR KELLY: Right.

MEMBER RANSOM One thingthat 1'dliketo

encourage you to do is to include in the assessnent
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what "Il call phenonenol ogical problens, like the
manonet er problem that you just showed. These are
very instructive in ternms of showing the correct
behavi or of the code under at |east situations where
we know pretty nmuch what the answer | ooks |like. And
Ts, loops, static problens, hydrostatic problens, a
| ot of these are very sinple to run and can be very
insightful in terms of just clearing elenmentary
probl ens.

DR. BANERJEE: Does SCTF have |arge
oscill ati ons?

MEMBER RANSOM  Huh?

MR KELLY: Vell, let nme answer his
question. | agree conpletely. There are a few cases
t hat we've brought over from what was done before.
We're going to expand that. Li ke the nulti-phase
sci ence and t echnol ogy benchmar ki ng ki nd of probl ens.

MEMBER RANSOM  Ri ght.

MR. KELLY: | agree. W need to really
expand that and meke sure the code's doing
fundanental |y what's right, whether it's a hori zont al
stratified flow, whatever

MEMBER RANSOM Li ke a vari abl e area pi pe
so you know whet her or not the diffuser woul d behave

correctly. And alot of these can be done and checked
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and gi ve reassurance that fundamentally the thing is
okay.

MR, KELLY: | agree.

DR. BANERIJEE: Wll, there's Gahans
f amous si ngl e- phase probl ens.

MEMBER RANSOM Wl |, sure.

MR. KELLY: And those are very, very good
things for university contracts. |It's good for the
students, and it's a good way for us to get those
probl ens in.

MEMBER RANSOM well, it's, 1 think,
important to build up a package of these so you can
al nost aut omat e t he runni ng when you have t hemi n your
package.

MR. KELLY: Well, we have an assessnent --
| won't call it an assessnent but a software quality
assur ance programwhi ch has an aut omated testing, and
there are a lot of those that are in that, and the
testing at this point intinmeis for differences. So
if you were to nake a code inprovenent that should
have null effects on the answers, then you run this
entire suite, and it's like 700 probl ens nowthat are
run, and then it checks for differences --

MEMBER RANSOM  Ri ght.

MR KELLY: -- and spits out whichever
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probl ems have significant differences, and then you
have to go | ook at those.

CHAl RVAN WALLI'S: Are you going to give
this code to universities so that students can just
run it and then you will get a lot of input fromsort
of standard probl ens, sinple problens, and you'll find
you may learn a | ot that way.

MR. KELLY: Yes. And one of the decisions
that we nade -- well, you know, we have the PUVA
facility at Purdue University, so the ESBWR PUVA
assessment is going to be done by students there. It
was cost-effective for us, it's the people that know
the facility, and so that was a good way to go.

CHAl RVAN WALLI'S:  You probably give it
away - -

MR, KELLY: It's published --

CHAI RVAN  WALLI S: -- and then the
Uni versity could run it on non-nucl ear problens.

MR KELLY: Right.

CHAI RVAN WALLI'S:  Wiich will also be a
good test.

MEMBER RANSOM  And one i nportant thing |
think out of all this dispersed effort, though, is
t hat you have a nucl eus sonmewhere, and | guess you're

devel oping it here --
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MR, KELLY: We're trying to build that

expertise here.

MEMBER RANSOM - - sonehowto retain that
capability.

MR. KELLY: And you see people |ike Steve
com ng on board, nyself com ng back and then sone of
t he younger people that we're trying to groomto fit
speci fic areas. That's like why | have Wi Dong
wor king closely with nme so he can start comng up to
speed on what the physical nodels are or should be,
what the extant database is. So we're trying to grow
that capability. Question on SCTF?

DR. BANERJEE: The gravity reflood, didit
have oscillations, do you renenber?

MR, KELLY: It does. |If | recall, they
get danmped out after several cycles. Then there's a
small -- but the large-scale one -- it doesn't have
| arge-scale oscillations except for the first few
cycl es.

DR. BANERJEE: |Is that realistic, because
| know that with FLECHT | guess they have to try to
danmp these, and at Wnfrith they did two to keep the
constant reflood, which they forced as an inlet
condition. But inreal life, this thingis goingto

oscill ate because the downconers and gravity fl ow.
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the gravity reflood cases here,

scale facility.

There are 2,000 heater

469
Yes. Well, SCTF, especially

it's a very large-

r ods. It

nodel s ei ght bundl es going fromthe core center line

-- they're in a slab geonmetry going from the core

center line to the downconer, and then it has a
downconmer and a lower plenum that's all correctly
vol uned and hei ght-scaled or close to it. And so it

is agravity --

DR. BANERJEE:

to the full going out,

order to give you this,

But you need a resistance
sois it correctly nodeled in

do you renenber?

MR,  HULL: They have a nock-up of the
steam generator that |ooks nore like a steam
separator, so you don't have the steam binding

associ ated with evaporating the drops, but what you

have is, in effect, an orifice plate that they trade
in and out to give themdifferent | oop resistances on

the hot leg. And so there are different tests with

different hot |leg resistances. So that's there.

DR BANERJEE: Ckay.

MR KELLY: This is the long-term

devel opnent plan in a snapshot. There's a color

schenme here. Everything in this light blue color is

going to be part of the initial code release at the
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end of next cal endar year. Likewise with the green
and the yell ow and then further out in the future. So
the ideais to rel ease a new code version on a yearly
cycl e.

CHAI RVAN WALLI S: | think you're also
goi ng to do work on gas-cool ed reactors and t hat sort
of thing.

MR. KELLY: That's up in the air at the
nonment. We were going to do the HTGR as part of TRAC
because of the early submttal with the pebbl e bed.
That isn't going to happen, and so |' mnot part of the

CHAl RVAN WALLI'S: It's not part of your
pl an now.

MR. KELLY: Not part of the plan now. But
what is part of the plan is doing assessnents and
cal cul ati ons for AP1000, getting the code to work with
ESBWR, and you'll notice this little box that got put
inwth condensation wi th non-conpensabl e gases, both
for the PCCS and the suppression pool, that's for
ESBWR. Right after the ESBWR is the STWR- 1000.
Following right on the heels of that is CANDU, the
ACR- 700.

CHAI RVAN WALLIS: Soit's all |ight water

reactors.
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MR. KELLY: And what actual |y t he event ual

approach will be --

CHAI RVAN WALLI'S: One is the heavy water

reactor.

MR KELLY: Well, actually, it's a light
wat er cool er now, the ACR-700. It's light water-
cool ed, heavy water-noder at ed. What the eventual
approach will be for, say, the MHTGR, |'m not sure

what the decision has been on that.

| had a question earlier about the UCLA
work. That's right here, sowe'll be puttingit in at
t he begi nning of this next cal endar year, and it wll
be part of a code release. The sane with the OSU
phase separation test, the ATLATSfacility. And then
| also have to | ook at | ow pressure interfacial drag
in rod bundl es.

|"ve done this by physical nodels,
nunerics and nodel i ng capabilities. One of the things
that got added was the capability of advanced BWR
fuel, and that's havi ng wat er rods i nsi de t he BWR CHAN
conmponent that are actually flow paths, but also
having part-length rods and how that will then feed
back to the kinetics.

CHAI RMVAN WALLI S: Can you advance the

reflood into that period too, the reflood nodeling?
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| think nowit's not supposed to start until --

MR KELLY: Yes. This is the interim

CHAI RVAN WALLIS: It's theinterim but |
mean | earning fromwhat's going on at Penn State.

MR. KELLY: The way that interaction has
wor ked, Steve and | are technical nonitors for that,
so we go up for every neeting, we reviewthe data, we
reviewthe test procedures, we designthe test matri x,
not the experinenters, and we al so nade changes to t he
i nstrunentation that they use.

CHAI RVAN WALLI'S: Unless youtry to put it
into TRAC you won't really know what you need, so you
can design the test neasurenents you like. Unti |
you're working with it you're not really sure if
you're getting the right stuff.

VR. KELLY: Delay to the next
presentation.

CHAl RVAN WALLI S:  Ckay.

MR,  KELLY: This was going to be done
here. It got delayed for a year for two reasons. One
is the actual experinental facility is way behind
schedul e. They were supposed to have a | ot nore done
by nowt han t hey have acconpli shed, and t hen we' ve had
a fundi ng reduction, sowe' ve stretched their schedul e

out. So what they're going to deliver experinmentally

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

473

you're going to see dates out to 2007, okay? The
other reason this got delayed for a year, we had
intended to start it here, is because of this work,
because, basically, the same people are going to do
t hat .

MEMBER  RANSOM Wo's doing the
condensati on work?

MR, KELLY: | will be.

MEMBER RANSOM Do it here, you nmean?

MR, KELLY: Yes.

MEMBER RANSOM So it's being del ayed?

MR. KELLY: Oh, no, not the condensation
wor k, the so-called nmechanistic reflood devel opnment.

MEMBER RANSOM Yes, right. But weren't
you tal ki ng about the condensation?

MR. KELLY: Well, the data is already
extant. |If you |look at the tests done at UCB -- wel |,
fundanmental tests at UCB and M T, then there's things
like the I'Il get the PANTHERS experinment in Italy.

MEMBER RANSOM OCh, this is just the
nodel i ng.

MR, KELLY: Yes.

VMEMBER RANSOM kay. There are no
experi mental progranms, you're saying.

MR. KELLY: No, this 1is not an
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experinmental program for the ESBWR, because that
dat abase was devel oped for the SBWR  When we start
| ooki ng at the SBWR-1000, then we may -- you know,
that horizontal condenser sitting open in the
containment with fins are on it -- or, actually, |
don't knowif the fins are in or out this week -- but
t he database doesn't exist that | know of for that.
And so we may want to have sone confirmatory research
to help us have a code nodel for that, but | don't
know that yet. Ckay?

This is really -- so this was del ayed a
year because t he sanme people that are goingto dothis
wor k are now going to do this work for the ESBWR. And
this was judged to be of a higher imediacy.

The numerics i nprovenents are here. | had
a question earlier fromProf essor Ransomabout nmaki ng
nore tightly coupled inplicit between the heat
structures and the hydrodynam cs and also for the
interfacial heat transfer. That's going to be done
here in 2003. W're also going to add a droplet
field, and this is really necessary for this work.
And we can talk about it alittle bit this afternoon
if we need to. W' re also going to nmake i nprovenents
to the energy equation so we don't have the energy

| oss when you go across a junction with high pressure

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

475

di fference, so basically go to an enthal py formof the
energy equation so we don't get that.

We' re | ooking at high-order differencing
whi ch wi || be used bot h for boron tracki ng and t her mal
fronts, because those all have to do with stability
ki nd of things or a shutdown. And then | ook at nmaki ng
the entire 1-D conponents fully inplicit as they are
in the CATHARE code. And that's where you do an
iteration through the constitutive nodel s instead of
just doingthe constitutive nodel s once per time step.
And t hen | ooking at ways to do the 3-D fluid sol ution
inanmre inplicit form

MEMBER FORD: You have a very, very
anbitious time schedule there, given the fact that
there are several reactors up for certification or
pre-application. You also pointed out that a | ot of
t he work i s bei ng done at universities. Wat has your
hi storical experience beeninterns of thetinelimts
of that work being conpl eted?

MR,  KELLY: I would probably say it
depends, and it depends on what work you gi ve t hemand
who the contractor is. For exanple, at Penn State
Uni versity, we have John Mahaffy. John was one of the
initial devel opers of the TRAC code, and he was the

ori gi nator of the SETS nunerical nmethod. No one knows
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TRAC -- that part of TRAC |Iike John.

MEMBER FORD:  (kay.

MR. KELLY: Now, we'retrying to bring Joe
St audennei er, who's a staff nmenber, along to |earn
that. That's what we've done, we've targeted pieces
of the code for each staff menmber. But John has a
great feeling of ownership for the code, as we all do
with things we've worked on, and so when we have --

give him a problem whether it's an AP1000 deck or

what ever and say, "Look, this thing just isn't
wor ki ng," he'll work onit until the wee hours of the
norni ng. Now, when you talk -- and so a |lot of the

t hi ngs turn around very, very qui ckly, but if you want
to look at sonething |ike high-order differencing
schenes and you want to i nvesti gate several different
nmet hods, find out which is the best nethod in, say, a
st and- al one node before you inplenent it in TRAC, then
it's best to give themsonme anmount of tinme so that the
student can have a learning curve and then actually
make a significant contribution.

MEMBER FORD: So that's been factoredinto
your tine.

MR KELLY: You just have to try, yes.
You know, it's likewise for the parts, which is

Prof essor Downar at Purdue, has done a very good job
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for us, and he's very responsive to getting things
done. And you just do the best you can. But that's
where a lot of the talent is now The people that
worked at the |abs ended up at universities for a
nunber of reasons.

MEMBER  RANSOM For sonething as
fundanmental as high-order differencing, 1'd think
you'd want to put it on a five- to ten-year tine

scale. If you want to | ook at history and what it's
taken, you know that -- | nean this thing' s been
t al ked about for 20 years and nobody, to ny know edge,
has ever successfully inplenmented it into a systens
code. The Germans have been big fans of that. |'m
not sure where the French stood, although they |iked
nost of the characteristics and sone ot her nore exotic
nunerical techniques.

Al ong that line, do you have a good idea
of where CATHARE i s today? Are they fairly robust and
able to do a ot of these problens or are they stil
havi ng troubl e too?

MR, KELLY: | honestly don't know. I
haven't been to a CATHARE neeting in a while.

CHAI RMVAN WALLI S: It seenms to ne, Joe,

that if these advanced reactors nove up their

schedul e, so suppose gas-cool ed reactors cone back,
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then you may be required to give input much earlier
t han you' re pl anning to be ready i n whi ch case can you
hire nore peopl e or sonmet hing? Can sonet hing be done
to nove things up if you need to do so?

MR KELLY: Wthin limts.

MR. ROSENTHAL: Let nme try alittle bit.
The advanced reactor budget and the code i nprovenent
budget are separate budgets. That's not to say that
it's -- the hard thing is finding good people. But
we' |l fund the advanced reactor work that we have to
do, and | think it's actually healthy nowthat we're
going to be using TRACMfor ESBWR. | think that's a
good thing. And that we're doing some TRAC- Mwor k for
AP1000 | think is a good thing to incorporate to get
the Agency using the tools, et cetera. So if that
di spl aces sone of the current devel opnment in the net,
| don't think that's a bad thing.

W do have to prepare, this came up
before, for ACR-700. W do have to prepare for HIGR
and building infrastructure, we've witten the
advanced research plan. And one of the, | think,
| essons | earned from AP1000 and ESBWR is you j ust
can't start too soon on building the infrastructure.
So we know that we have to take these things on.

MR. KELLY: I'"m constantly | obbying ny
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manager to get a coupl e new peopl e because we' ve | ost

a coupl e people over the |ast year.

DR. BANERJEE: | wanted to ask you about
the droplet field, Joe. | mean in many situations
that | know of, you don't have things |ike annul ar

flow where droplets and liquid film coexist, and |
don't think that's your intention in the refl ood part
of this. Were you ve got reflood you' ve basically
got sonething like inverted annular flow, and then
you' ve got sone droplet field above. | wonder if it's
worth all that work to put the droplet field in. |
mean how well can that be justified?

MR. KELLY: Two things: It's not alot of
work to begin with; second, it gives you some enor nous
benefits. Cbviously, once you get to sonething |ike
t he upper plenumwhere you want to | ook at carryover
to the hot leg and you have drops sweeping across
these structures, sonme of the drops hitting the
structures and falling back down to a pool, youreally
need to be able to nodel a pool and a mssed flow
above the pool. That's very hard with just a sinple
two-fluid code where you start to jinmy up the
interfacial drag to make it think it's part of a pool
and partially these drops. You can't --

DR. BANERJEE: But this is a nulti-
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di mensi onal problemyou're tal king about.

MR. KELLY: Yes, but renmenber our nodes
are pretty big, okay? So we'd have a pool and drops
inthe sane volune. But aside fromthat, you're right
about if you |l ook at an individual channel, that you
have a transition between the two, and t hen above t hat
t he drops could just be the normal liquid field. But
what you gainwith the droplet fieldis the capability
to have an interfacial area transport equation from
the droplets, because you need to bring over a nmass
source and an i nterfaci al area source at the sane tine
in order to be able to do that. And if you do that,
you can then trace the evolution of a drop dianeter
fromwhere it was created as it evaporates and al so as
some portion of the drops hit the grids and are
shat t er ed.

That's what we were able to do i n COBRA-
TF. Wthatwo-fluidcode, without the droplet field,
you' re always hearing what is the drop dianmeter, how
would | estimate it? And you end up estimating it
based on local fluid conditions, which are not
necessarily representative at all of where the drop
was actual ly formed or whatever history that drop has
under gone between that point and where you see it up

here.
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DR.  BANERIJEE: Ri ght. But that's a

separate equation. | mean you can capture that with
an interfacial area transport equation. You don't

need an additional field in the nulti-field nodel to

dothat. | can wite an interfacial area equation, |
can wite a single-gap vapor equation, | can still do
t hat .

MR KELLY: It's very hard to do the

transition fromthis continuous |liquidtothe droplets
and get that interfacial area transport right,
especi al | y because you do have a situation where you
have the i qui d coexistingintwo conpletely different
forms.

CHAI RVAN WALLI'S:  You can get the area
right, but the velocities are conpletely different.

MR KELLY: Well, he excluded the case of
i ke annul ar m st.

DR. BANERJEE: Yes. That's a different
probl em

MR. KELLY: But that's the other reason
that you want it. And ny experience, because | was
part of the Devel opnent Team at Patel |l e when we went
fromatwo-fluidto droplet. The droplet made it much
easi er to nodel the physical phenonena correctly, and

rather than being a performance penalty the code
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actually ran faster. You know, the grind tinme was a
l[ittle bit higher but not nuch, but the tine step size
went up. And the reason it did was we weren't having
to play all these ganes with interfacial drag on
these, trying to make liquid look like filns and
droplets or pools and droplets.

DR. BANERJEE: The problemyourunintois
you need a lot nore in the way of closure
rel ati onshi ps once you --

MR. KELLY: 1'll argue that one with you,
because if you |l ook at the way either RELAP or TRAC
handl e sonet hing |i ke annul ar m st, they have all the
equations, save for annular film the constitutive
nodel s, they have the sane set for the droplets, and
then they have a weighting factor between the two,
which is totally fictitious. Whereas as with the
three-field, you have the sane set of constitutive
nodels for the film and you have the sanme set of
constitutive nodels for the drops. You don't need
anything different.

DR. BANERJEE: Now you need an entrai nnent

MR, KELLY: Entrainment, right.
CHAI RVAN WALLI S: It's the difference

bet ween t he two.
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MR, KELLY: Ri ght, but you're doing an

entrainment rate instead of a fraction of liquid
entrai ned. So the nunber of constitutive nodels are
the sane but their i npl enentation is nore
strai ght f orward.

CHAl RVAN WALLI'S: Let's see you do it.

MR. KELLY: [|'ve done it before, and we'l |l
do it again.

DR. BANERJEE: COBRA- TRAC does it al ready.

MEMBER RANSOM So this is a three-field
nodel in the vapor field and two-liquid fields?

MR KELLY: Yes. And what we did in
COBRA-TF was the liquid only had -- the two-liquid
fields shared the energy equation, the thing being
that the interaction between the filmand the dropsis
| arge enough that you considered the film and the
drops to essentially be at the sanme tenperature.

CHAI RVAN WALLI' S:  This is okay for things
i ke strai ght pi pes. Wen you get to bends or Ts, the
droplets and the fil mdo conpletely different things,
you get re-entrainment and deposition, all sorts of
stuff, and you need then to figure out how to handl e
t hose t hings.

DR, MOODY: Could I just reinforce one

thing? The offer or the suggestion was nade earlier
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about maybe i nvol ved ACRS and j ust hel pi ng you i n sone
way. You've got some hi gh- powered hel p at sone of the
universities, really conpetent it sounds like, and
there's apparently a trenendous depth of passion on
t hese various aspects |i ke bubbles and drops and so
on. But perhaps there are a fewblind spots that this
Committee could assist with if we did see the
docunent ati on at sone st age, and what ever your planis
for that 1'd just like to reinforce that | see these
phenonmena nentioned here and | know some of us get
very wiggly inside when we see that and say, "I know
somet hi ng about that, maybe | can hel p."

MR. KELLY: Yes. | wouldlike tousethis
Conmittee, to sone extent, as a peer review. And so
when |'m tal king about this interimreflood nodel,
what you're going to see, |'mgoing to cone probably
next spring sonetine and we're going to have a day-
| ong neeting and we' re going to go t hrough every nodel
| " ve proposed, where the nodel cane from and how it
performs and give you a chance to give us sone
f eedback.

DR MOODY: (G eat.

MR. KELLY: Because |ike you said, there's
a lot of expertise here, and we need to mne that

whenever we can.
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DR. MOODY: Plus the fact that | think

this Conmittee or one like it will be listening to
presentations for years to cone that have been run on
this program and at least if we disagree strongly
with sonmething, we will be able to say we may be
di sagreeing with ourself in sone way.

MR KELLY: Yes. | think that's a very
good suggestion, and | intend to do it.

CHAI RVAN WALLI S: We've got to Kkeep
novi ng.

MR. KELLY: Yes. I'mgoingtoreally hit
these next three slides very quickly. This was ny
crystal ball. Now, | showed a devel opnent plan, and
t here were sone boxes that said BWR i nprovenents, PWR
smal | - break i nprovenents and | ar ge- break i nprovenent s
But based upon what | know about the codes as they are
today, where do | think we have deficiencies in
nodeling, and that's this list for BWRs. And you'll
note the nodern fuel design, the thing that we're
actually already doing, is the result of the user
need. Small-break LOCA --

CHAI RVAN WALLI S: They're for spacers and
all that sort of thing. Spacers have an effect.

MR. KELLY: And grid spacers are a very

| arge inpact and that's subsumed into this. Now,
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actually, in 1984, | worked with Larry Hochreiter at
the end of the FLECHT SEASET program where we used
COBRA- TF t o anal yze t he FLECHT SEASET wi t h bl ockages.
And so we put in grid spacer nodels, both for grid
rewet, droplet breakup, et cetera, and those nodels
woul d be the first step for what we would put into
TRAC.

As you know, we have four different
experimental progranms, and we're going to take --
these are all targeted, basically, to a known code
deficiency, typically, sonething that came up during
AP600. That's with the exception of the rod bundl e,
and that was sonmething different. So we targeted
t hese to a known code deficiency, and we are going to
put themin, and we'll be starting that in January.

CHAI RMAN WALLI S: Qur advice for you was,
agai n, have t he code devel opers work nore closely with
t hese codes, particularly John Mahaffy at PSU.  You
shoul d be worki ng with Hochreiter to seeis Hochreiter
generating the kind of stuff that needs to go in
what ever, the assessnent of TRAC. |Is TRAC going to
have a nodel which can be assessed with that kind of
data, and so on? Put the two together, don't just do
a |l ot of experinments and then two years | ater someone

unearths themand says, "Well, howdo we get sonet hi ng
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useful out of them we can put in TRAC?"

MR. KELLY: Yes. Actually, that's Steve's
and ny job, and that's what we're trying to do. As
sai d, we both serve as technical nonitors in the Penn
State Reflood Program and Steve is a technical
nonitor here. W' ve both been out to UCLA

CHAI RVAN WALLI S:  Yes, but that's part of
their work description, job descriptionistoactually
get sonething which can be used in TRAC

MR. KELLY: Sonetines they do as part of
t he task.

CHAl RMAN  WALLI S: Maybe we shoul d
enphasi ze that.

MR, KELLY: It gets difficult tines, |ike
i f you have a very good experinenter and his students
since they know how to build design, they know the
facility and the i nstrunentation, but they don't know
anyt hi ng about TRAC.

CHAI RVAN WALLI' S:  Then they shoul dn't be
doi ng their Ph.D

(Laughter.)

MR. KELLY: Well, they can learn what a
two-fl ui d code needs, but going inand havingtolearn
the coding of TRAC is something different. It's

gotten better, but --
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CHAI RVAN WALLI S: But just running an

experinment and not thinking about it is not good
enough.

DR. BANERJEE: One concern there is with
t he OSU face separation, when we heard that it seened
that that really was the | east integrated i nto TRAC,
at least the first inpression we had, and that a | ot
of the detailed data that we would have |iked, |ike
the slot frequencies and things, were not being
measured. |'mjust recalling this. And the sort of
correl ati ons whi ch were bei ng devel oped did not seem
defensible, and | think that's part of the record and
you can look at it. But that was the program which
was the | east well-integrated.

MR. KELLY: And | think Steve -- Steve has
-- now that Steve is on board, he's now becone
technical nonitor for this, and Steve is trying to
address those concerns and direct their efforts to
make sure that we get what we will need. And |'msure
at another tinme in a few nonths he can cone back and
actual ly show you what we've put in the code and how
well it does or does not work.

DR. BANERJEE: (kay.

MEMBER RANSOM I'd like to voice a

question there too, because | know from experience
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that the academics just | ook at these system codes
with disdain. You know, they hate to get involved
with them They love to create their own nodel s and
their owm little conputer codes with that, so it's
really going to take some pressure fromyou fol ks, |
think, totell themthat thisis the way it has to be

MR. KELLY: And to sonme extent, that's why
sone of the nodel devel opnent i s being done in-house.
That's one of the reasons for it. One of the other
reasons is to create the expertise here.

MEMBER RANSOM  Sure.

MR. KELLY: But you're right, we do have
to get closer to the experinents in order to get the
value out of them But that's what we're trying to
do.

MEMBER RANSOM Even planning their
experiments, oftentimes you find the experinment is
pl anned i n such a way that the data you woul d get out
of it there's basically no way to use that |evel of
detail on a systens code, so you need to be thinking
fromthe start in this franmework; otherw se, the data
may be usel ess.

MR, KELLY: Well, that's very well taken.

MEMBER RANSOM Ther e ar e many exanpl es of

that through the history of this program you know,
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where experiments have been run wth the data
basi cally never being used.

MR KELLY: The new reg goes on a shelf
and that's that. W're trying not to |l et that happen
here. And the reason it won't happen -- | nean |
can't say we'll never mess up, but the reason the
situation is going to be better is because now you
have sone of the staff doing some of the technical
wor k rather than just managi ng the projects. That's
a big difference fromthe past.

MEMBER RANSOM  Well, I'Il use Ishii for
an exanple. After working with himfor quite a few
years, | know he's always hated these system codes,
but finally he started with sone of his students using
themand found that, well, it's not so bad. And now
| think he's actually operating in a nore integrated
fashion. And the same way with Larry. | nean he's
using TRAC -- | nean not TRAC but COBRA-TF because
that's sonmet hi ng he knew, and so it's easy for himto
think in that framework. But fromthe NRC s point of
view, they have to start to thinking in terns of your
f ramewor k.

MR. KELLY: Yes. W would have forced
Prof essor Hochreiter to use TRAC-M except that the

reflow capability in TRAC-Mat that tinme was so poor,
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and so therefore we | et hi muse COBRA-TF for his pre-
test predictions because it would give a better
answer. In the future, that won't be the case.

CHAI RVAN WALLIS: So then the sumary is
essentially what you've already told us.

MR KELLY: Right.

CHAI RVAN WALLI'S:  Shoul d we take a break
now, Joe --

MR, KELLY: Yes.

CHAl RMVAN WALLIS: -- or do you want to
enphasi ze anyt hi ng nore?

MR. KELLY: Just at the end of 2003 we'l |
have the public rel ease of the consolidated code and
t hat the Jlong-term code devel opnent in the
experimental progranms are going to be driven by the
assessnent results as well as user needs, and user
needs will be the new type of reactors. But it wll
be doing the assessnent, and that's where we really
want to spend sone effort over the next fewyears, not
j ust doi ng code devel opnent in a vacuumbut assessi ng
it agai nst a wi de range of types of experinents, from
smal | fundanmental experinments to the larger integra
experinments, finding where the code has problens,
using that to identify where we spend our resources,

both for nodel devel opnment and al so experinentation.
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CHAI RVAN WALLI S: Ckay. We'll take a

break -- we will take a break till 10:15.

(Wher eupon, the foregoing matter went off

the record at 10: 04 a. m and went back on

the record at 10:17 a.m)

CHAl RVAN WALLI'S: Let's start again. |
j ust wonder if any of the nenbers had questi ons which
| cut off at the break that they want to ask now as we
proceed?

DR. BANERJEE: No, | was just going to say
we want to see Ishii's work soon

CHAl RVAN WALLI'S:  We haven't heard about
that for a long tine.

DR. BANERJEE: Yes. Down the prinrose
pat h of wherever we're going.

MR. BAJOREK: Good norning. M name is
Steve Bajorek. I'mfromthe Ofice of Research. What
|"d like to talk about is the status and where we're
at in our devel opnental assessnment. |If you noted in,
| think, the third to | ast overhead that Joe had up
there, we had two different assessnent matrices that
we're going to be dealing with, and, actually, | think
what | should do before the end of the day, or | can
e-mail it tothe newpeople onthe Conmttee, what al

t hose specific tests are.
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VWhat |I'mtal king about is the first one
where we just had a devel opnental assessnment matri X,
which we are calling the code consolidation matrix
versus sonmething el se that we call ed a PIRT DA nmatri x.
The difference between those is the intensity and the
nunber of tests that go into sone of the specific
phenonena. For the code consolidation part of this,
our interest i s just show ng that TRAC-Mi s giving you
about the sane results as RELAP and the other TRAC
codes. Wien we get to the PIRT-based assessnent, as
we called it, we went to PIRTs for BWR PWR | arge
break and small break and said that, hey, sonme of
t hese phenonena we have to really study in depth so
t he nunber of cases on, as | say, critical flow, sone
of the reflood heat transfer levels will have the
increase in that matri x conpared to what we want to do
just to show that the code has been successfully
consol i dat ed.

What 1'd liketo cover this norning and go
over briefly is sunmarize the work that we have
ongoi ng and gi ve you sone typical results where we've
been abl e to take RELAP, TRAC-B, TRAC-Mfor a test and
showt he conpar ati ve agreenment between t he t hree codes
and test data, let you know what work we have in

progress, and, actually, a better phrase for that is
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work that we have just started in order to try to
address sonme of concerns for BWRs, and then poi nt out
the cases that we're going to be working on in the
first part of 2003 to hopefully conplete the
consolidation and really set the stage then for us to
start inproving nodel s.

As we've mentioned, the purpose of the
code consolidation DAis really to denonstrate that
TRAC-M is giving us what the other codes could
pr oduce. At this point, we try to nake sone
compari sons to data, but thisisreally a code-to-code
conpari son exercise. However, as we go through this
exerci se, what we've been doing is we've been setting
up scripts so that as we change the code and after
we've already extracted that we want to make
conparisons to, we can do this automatically and it
will make it rmuch, much faster the next time around
when nmaybe t he conparison will be an existing version
of TRAC-Mto one with a nodel change in it to the
data, as opposed to bringing in RELAP and TRAC-Binto
the m x

Now, we had afairly late start in getting
going on this code consolidated devel opnenta
assessnment work this year. W' ve had sone problens in

getting SNAP noving, we don't have interimreflood
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nodel yet, so a lot of our work to date has been
focused on unheated, relatively small-scal e separate
effects tests, things that we coul d regenerate a TRAC
Mi nput deck by hand as opposed to relying on SNAP to
take the RELAP deck, crank it through and get the
equi valent in a TRAC-M format.

DR. MOODY: | should have asked Joe, but
what is SNAP, what is that acronym agai n?

MR. BAJOREK: Synbolic Nucl ear Analysis
Pr ogr am Package.

DR. MOODY: Thank you.

MR  BAJOREK: And what it is it's a
conveni ence tool that allows you to take fl ow areas,
vol umes, dinmensions and put them into a TRAC-M or
RELAP type of format. Ildeally, you' d like to be able
to take the RELAP i nput deck, send it through SNAP and
come out with TRACGM That isn't working at this
point, and that's what's caused sone of the del ays.

Now, the tests that we have been working
on are shown here. Since we think that the bl omdown
heat transfer heat transfer package may not change
consi derably, we went ahead and we' ve done sone of the
wor k | ooki ng at the OGak Ri dge THTF tests. W' ve got
a case looking at the FRI GG subcooled boiling, a

si npl e tube nodel with a phase separation in the Cl SE
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si ngl e-tube test.

One of the problens, or at |east one of
t he t hi ngs t hat we woul d be very nuch concer ned about,
i s that since TRAC has been used primarily as a l arge-
break tool, is what isit's performance going to be as
we start to extend it into small-break applications?
So we' ve been paying particular attention to a set of
OCak Ridge THTF |l evel swell tests to try to see howis
TRAC-M going to conpare to tests that you woul d t hi nk
t hat RELAP woul d do very well. W' ve got some ot her
tests on a |large scale at | ower pressure.

As we start to | ook at AP1000, ESBWR at
sonme of the advanced plants, the basic idea that al
of them have is to depressurize very rapidly to
somet hi ng near contai nment pressure to all ow anot her
| arge vol unme of water to be able to gravity-feed into
the reactor. Well, getting a level swell right at
hi gh pressure is one thing, but getting it right when
you have | ow pressure tends to be nore difficult for
a code. So we're working in a set of THETI S boil - of f
tests.

We're | ooking at the critical flownodel,
and we' ve done some prelimnary work in running sone
of the UPTF by pass tests. W ran those over the

sumer, and we have additional cases that we're going
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to use next year. And we've run SCTF Test 719. [|'l]|
show you sone of those results, but we haven't nmade a
whol e | ot of progress, and we haven't put a |ot of
enphasis on atest |ikethis, because what we're doi ng
we want to wait for the interimreflood nodel. W
know that we're not going to get good results --

CHAI RVAN WALLI'S: Do any of these tests
consi der entrai nment froma boiling pool or a swelling
pool? |Is there entrainnment fromthe surface?

MR. BAJOREK: THETIS has some, there's a
very small amount in the OGak Ri dge THITF tests, SCTF
woul d have some, but the best place for |ooking at
that, | think, is in the FLECHT SEASET, FLECHT skewed
power test. Those are on the schedule, but those
won't be happening until the interimrefl ood nodel is
conplete in early part of 2003.

Most of these go through and nake a
conmpari son between TRAC-M the data, and one ot her
code. Let nme show you sone of the results that we' ve
been getting for the Cak Ridge level swell tests
These tests, the tests thensel ves were run i n an ei ght
by ei ght bundle, full height that was -- they were run
in several different nodes. There's alot of -- it's
a nice test to sinmulate because once you get an i nput

deck setup for this, you canvary it fromthe bl owdown
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to a level swell to sone of the snall-break reflood
tests that were run there.

In this series of tests, they tried to
freeze the quench front by controlling the flowinto
the bundle so it will reach nore or less a steady
state and you could get a steady state void fraction
distribution of the bundle. This shows the results
for one of the tests, and what |'mconparing on this
is TRAC-B, which has the squares, RELAP, the round
circles, the experinental data shown by the triangl es,
and TRACMw th the dianonds. And I'mgetting this
type of a conparison. Qur conclusion fromthis is
t hat TRAC-Mi s doi ng about the same as the other tests
at this point. Inthis case, it looks likeit's doing
a better job at picking out what | m ght call the two-
phase m xture | evel than opposed to RELAP, but that's
not true for all of the cases.

CHAI RVAN WALLI S: Now, can you nake it

simul ate RELAP or is TRAC-Mal ways going to be itself

MR. BAJOREK: It's always going to be
itself.

CHAl RVAN  WALLI S: - and sonewhat

different fromall other codes?

MR BAJOREK: Yes. Not all the tests cone
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out that good in conparison to the data. In this
case, we see that TRAC-Mtends to overpredict the void
fraction, underpredicting the total collapse liquid
level in the --

CHAI RVAN WALLI'S:  So what did you do to
make TRAC-Mso different fromTRAC-Bin this case? |
woul d have thought they woul d have been cl ose since
they're both TRACs, only one's derived as a
consol idation of the other codes.

MR. KELLY: Steve, would you like for ne
to answer that?

MR. BAJOREK: Yes, go ahead, because |'m
not --

MR. KELLY: They're derived fromthe sane
code, but the interfacial drag packages in the two
codes are conpletely different. So TRAC has one based
upon small bubbles and bubbles with the size of
hydraulic diameter and fresh rim between the two as
you go frombubble slug. Wereas TRAC-B, and this is
one of the inprovenents nade for BWRS, is it basically
takes adrift flux correlation and converts it into an
interfacial drag coefficient.

CHAl RVAN WALLI'S:  So whi ch one shoul d we
-- there's no real neasure of excellence here.

They're both different from the data in different

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

500
ways.

MR. BAJOREK: That's anot her one and part
of nmy conclusions here is one of the things that we
need to do early in 2003 is to define a nmeasure of
goodness for each one of these conparisons interns of
the scatter plot or a conparison to -- you know, in
terms of a bias and uncertainty. How woul d we be
doing that for these set of tests will be | ooking at
t he t wo- phase | evel as predicted in each one of these,
how cl ose that conmes to the data, the coll apse | evel ,
which we have, and we can also go and neke a
conparison at the | ocati ons where void fractions were
related in order to get a bias and uncertainty at each
of these various |locations for each of these
paranmeters totry to put a numerical val ue on how good
t he code is doing.

"1l skip a couple of the Oak Ridge
compari sons on there. M point with thoseis in sone
cases TRAC-Mi s doi ng probably as good a job as any of
t he other codes; in some cases, there is a need for
nodel i nprovenent. This is for one of the FRI GG
tests where the liquid was entering subcooled to the
bundl e, and boiling would not start until roughly a
neter above the inlet. Here, when we nmake a

compari son to TRAC-B, RELAP and TRAC-M essentially,
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we are doing a fairly decent job of follow ng the
experi mental dat a.

But we do see one out here, a little bit
of an outlier. This is one that had been run with
TRAC-B, and this was a summary of the sensitivity
studi es that were being done with this one, because
there were sonme problens in trying to make sure
sonmebody else's TRAC-B deck was really the sanme as
your TRAC-Mor your RELAP deck. W want to make sure
we get all the volunes and all the areas correct so it
was a fair conparison between each of the codes, try
to get the input.

MEMBER RANSOM  What pressure was this at?

MR BAJOREK: | can't renenber.

(OfFf-mc coment.)

MR BAJOREK: Yes, | think nost of them
were fairly high.

(OfFf-mc coment.)

MEMBER RANSOM  One thing that woul d be
interesting is to see the need for the subcool ed
boi l'i ng research or nodel devel opnent that's goi ng on,
which | guess is driven by | ow pressure?

MR, BAJOREK: Yes. Yes.

MEMBER RANSOM  But |'ve never seen the

data on it. It would be interesting to see the
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notivation for that.

MR BAJOREK: Ckay.

MEMBER KRESS: When you have a test |ike
this with difference in pressure gauges and then
you' re going to nodel the thing with say TRAC-M whi ch
has nodes in it where you get a void fraction in a
node, how do you relate the nodes to the differenti al
pressures? Do you sort of draw a line through or do
you actual | y cal cul ate pressure and say what woul d t he
pressure have been here and here and conpare it with
the differential pressures?

MR. BAJOREK: The way |'ve normally done
itislI"ll look at two points where |' mgetting a void
fraction, and if | wanted to get a conparison to a DP
cell whereit's tap may have been in the mddle, |'1lI
average those void fractures or 1I'lIl do a linear
i nterpol ati on between what the code nodalization is
and what the actual l|ocation in the test was.

MEMBER KRESS: Another way to have done
that is to actually calculate the differential
pressure.

MR, BAJOREK: Yes.

MEMBER KRESS: And conpare it with what --

CHAI RMVAN WALLIS: |If you | ook at TRACGM

out fromhere, it | ooks rather strange, that the high
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void fraction seens to be stepping up the staircase.

MEMBER KRESS: Yes. Sonething seens to be
goi ng wr ong.

CHAI RVAN WALLI S: Is that something to do
with the nodalization or is it sonething to do with
t he physi cal nodel ?

MEMBER KRESS: That's actual |y why | asked
because | worry about that.

CHAI RVAN WALLI S: It's doing sonething
whi ch is not physical and it doesn't seemthat that's
the way it's going to actually be. The other codes
don't do that.

MEMBER RANSOM  Are you tal ki ng about the
oscil I ati on?

MEMBER KRESS:  Yes. It looks a little
strange. That's why | wondered how you actually did
the --

MEMBER RANSOM  That's why it would be
interesting to see sone phenonenol ogical tests with
TRAC- M where they're kind of pure situations and nmake
sure that the code behavi or passes those tests. Then
apply it to the data experinment.

MR BAJOREK: \WWhen we get to putting in
t he UCLA nodels, we'd like to make use of the FRI GG

data, we'd like to nake use of the UCLA rod bundl e,
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but al so just a sinple tube with a heat fl ux where you
can go on a pi ece of paper and cal cul ate your quality
and tenperatures along the way .

MEMBER RANSOM  Wel |, even sinpler than
that. |'mtal king about these |ike the manoneter Joe
showed this norning, and there are a whol e host of
problens |ike that that just say, okay, it |ooks |ike
phenonenol ogically it's behaving correctly, and now
let's nove on to data conparisons.

MR. BAJOREK: Let ne get you our full test
matri x. | hadn't planned on wal ki ng through that
t oday because we had gone through that | ast year, but
right off the bat we have a series of about ten what
| like to consider thought problens. They're ones
whi ch physically don't have a whol e | ot of rel evance
to sone of the phenonena that's going on in a plant,
but they really help you understand whet her the code
i s conserving mass, nomentum and energy.

As we're getting close to conpleting the
work on SNAP, we're starting another series of
assessnments whi ch have been driven prinmarily for the
need to get the code ready to do ESBWR.  So sone of
t he tests which have been towards the end of our, at
| east our priorities in terns of the devel opnenta

assessnment matrix, we've noved up. Those being FI X
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ROSA, FI ST, and we're al so starting to get LOFT ready.

W want to do sone small-break tests with LOFT in
addition to sonme of the |large-break tests.

CHAI RVAN WALLI S:  Now ESBWR has a chi mey
t hat drives the natural convection, andit's not cl ear
what the flowregines will beinthere, if the bubbles
wi || have gone right into sone swells or big bubbles.
" mnot sure you have a very good basis for know ng
j ust what happens in that chimey. It's a big scale
and it's a chemcal reaction --

MR BAJOREK: This is a shorter, wder
coreinit.

CHAI RMAN WALLI S: -- that tends to get
non- one di nensi onal phenonena wher e t he bubbl es squi rt

up one side or sonething.

DR. BANERJEE: | think they're putting
sort of --

CHAl RVAN WALLI'S: Are they going to put
some guides in there? | just wondered if we have a

good dat abase for evaluating that.

MR.  BAJOREK: Not for that specific
effect, no.

CHAI RVAN  WALLI S: O for natural
convection in a large, really |arge chanber.

MR BAJOREK: It does tell ne that when we
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nodel a plant like that, | think it's going to be
particularly inmportant toisol ate and be abl e t o nodel
a hot assenbly and get the radi al power distributions.

Wrk that we have upcom ng, for Ilarge
break we want to continue the work on UPTF. W're
al so addi ng i n sone additional tests because we don't
want to be overly | arge break-centric i n what goes on.
We want to |l ook at a test |ike UPTF Test 25 where you
woul d be | ooking at perhaps long-term cooling or
events very late in reflood or perhaps |ike you' d see
inaninternmediate array. But for small-break, where
bypass now becones wat er bei ng swept away fromthe top
of the downconer as opposed to t he sweepi ng out of the
| ower plenum a prevention of SI from reaching the
bott omof the downconer, as you see in Test 6 and Test
7.

We started this but we've also put a
little bit on hold, and we're working with trying to
get an agreenent with the Korean M nistry of Science
and Technol ogy. They would |i ke to send soneone over
here to work with us for at least a year. They're
particularly interested i n bypass phenonena probably
because of its behavior inthe CE systemAD Pl us Pl ant
where they have an injection port above the cold | eg.

And the concernis will that sweep out nore water than
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what m ght have been predicted from UPTF type tests,
even wth the direct vessel injectioninits |ocation.

They've run a series of tests they' ve
call ed M DAS where they've put the ports above the
cold leg and have studied bypass phenonena in a
smal l er-scale facility. So we've sort of stopped
goi ng on here in anticipation that we're going to have
an analyst fromKorea to pick up this work over the
course of 2003.

As soon as we get SNAP to the poi nt where
it can take a RELAP deck and generate a TRAC- M deck,
we want to get going very quickly on the small -break
and | ong-termcooling type tests which are inportant
t o AP600, AP1000. Those woul d be the SPES, the small -
break LOCA tests, the tests that had been run in the
APEX facility for AP600. |'mparticularly interested
inrunning these tests, what we call the "no reserve"
or the beyond-design-basis tests, primarily because
t hose that have sone conditions, sone tests that help
us to understand upper plenum entrai nnment phenonena
better than what we woul d froma typical integral test
where everything is going on at once. And we'd al so
want to start getting the ROSA-1V deck up to speed and
runni ng sone of those snall-break tests.

As Joe had pointed out, we're working on
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toget toaninterimreflood nodel. That's why in the
work that we've done to date we haven't nmade a
t remendous anount of progress on things |ike FLECHT
SEASET, nodeling the RBHT or the SCTF or CCTF cases.

MEMBER FORD: Steve, you say dependi ng on
avai l abl e resources. What's the risk if you don't
have the resources in ternms of your capability to
assess sonme of these pre-applications for advance
reactors and al so for the AP1000?

MR BAJOREK: Well, | thinktheriskisif
we don't get the resources to get the right nodels in
t he code, feel confident that we've put themin there
correctly, and that takes a while, and run a very wi de
spectrumof tests, we're not going to be abletogoto
NRR and say, "You have a tool by which you can audit
the --

MEMBER FORD: So does that nean that the
whol e advance reactor comercialization stops?

MR. BAJOREK: No, because NRR, | believe,
woul d say, "We can make our judgment on the safety of
that plant by just |ooking at what the vendor gives
us. "

MEMBER FORD: So in other words, you're
not an informed reviewer in that case.

MR. BAJOREK: | agree with you. | think
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that's the risk. | think that people who have to
performthe review to a certain schedul e would say,
“I"1l just have to take what | see fromthe vendor and
make my decision on that." Wereas | think a better
deci sion can be made is if you can take an i ndependent
tool and do your own individual, independent
cal cul ations of their tests in those plants itself.
That's why we've been trying hard to nove up the BWR
assessnment. The refl ood nodel devel opnent that we
woul d do with Penn State, that's been pushed out in
order to accommpdate that. That's clearly a resource
probl em because the sane peopl e who are going to put
non- condensi bl e nodel s i n the codes are the sane ones
t hat are goi ng to be hooki ng up new gri d nodel s based
on the RBHT dat a. So if you conpare what we had
presented today in terns of devel opnent to | ast year,
you'll see this m xing or noving up of BWR activities
at the expense of things |like RBHT and sone of the
assessnents.

So at this point, with regards to the
assessnment, we feel that we've started a significant
nunber of cases. We're getting pretty nuch |ike we
woul d expect, because we have a different package in
TRAC-M Apart fromwhat's i n RELAP or TRAC-B or TRAC

P, we don't expect the results to cone right on top of
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one of the other codes. But in the cases we've | ooked
at, it seens as though we're about as close to the
data, in general, as those other codes have been. And
| tried to show you an exanple for a level swell, a
case where if this code falls down, that's a place
where we' d sort of expect it because it really hasn't
been used in that capacity previously.

Now, | think an inportant step before we
start doing nuch in terns of the nodel inprovenent is
nowis the time for us to start thinking of what do we
nmean by code accuracy? W' re goingto go through, for
exanple, with the level swells, and we're going to
devel op a bi as and uncertainty for col |l apse | evel, for
two- phase level, for the individual void fraction
nmeasurenments, and possi bly another schenme that 1've
used before in this series is, okay, what multiplier
woul d it take to correct your prediction to bring you
inline with the data? And if we conclude that the
reason those TRAC-Mcal cul ati ons were of f because of
interfacial drag, we can go in, put an interfacia
drag nultiplier onthis, seeif that really and truly
brings us back to the data, and if we got the right
nodel , then we have a distribution of nultipliers that
need to be accounted for with the | arger-scal e tests.

This is sonmething that we need to start
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working on fairly soon so we can devel op these for
TRAC- Mt oday and hopeful |y a year fromnow we can say,
ah, the bias has inproved this nmuch as we repl ace the
subcool ed boi I i ng nodel, the T-phase separati on nodel
or the reflood heat transfer nodel.

I naddition, in 2003, we're goingto start
focusing nore on the integral effects tests. 1In a
way, this is probably a better way of getting a nice
code-to-code conparison because we'll have |ots of
processes going on at once. But we would be | ooking
at OSU, ROSA, SPES, possibly BETHSY, sone of these
| arger-scale tests in 2003. But, again, that's sort
of a resource issue as well. [|If we don't have SNAP
functioning the way we were hoping to, that neans
we're going to have to put together this TRAC- M deck
al nost the ol d-fashioned way. It's a big help to have
the RELAP deck to give ne the processed areas and
vol umes and fl owdi aneters and use SNAP t o produce t he
TRAC- M nodel , but it's not the nice clean-cut send in
a RELAP and get a TRAC nodel out that we had been
hopi ng for.

MEMBER RANSOM  Steve, let nme ask you a
question on that. W heard earlier that the SNAP work
is being put up for bid now or rebid. Is that a

result of unhappiness with the present contractor or
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what's the reason for it?

MR. ROSENTHAL: No, not at all -- sorry,
Jack Rosenthal, Safety Margins and Systens Anal ysis
Branch, RESA, excuse ne for interruptingthis evening.
| think I feel nore confortable with the noney, and
right now we're right in the mddle of several
conmer ci al bids. W have several contracts that just
came to an end and we had to put out new commerci al
bi ds, and we have to bid within a conpetitive process.
The fact that we've been on continuing resolution in
Congress has inpacted our ability to place funds at
what turns out to be acritical tinme, and we just have
tolive with it.

MEMBER RANSOM  All right.

MR, BAJOREK: | think the problem wth
SNAP is it was a very anbitious undert aking.

MEMBER RANSOM Wi ch?

MR. BAJOREK: The devel opnent of SNAP. We
have to take all of the RELAP decks, send themt hrough
and produce a TRAC- M deck.

MEMBER RANSOM Vell, the whole TRACGM
project was pretty ambitious. Kind of |ike fusion,
you know, it's, what, a 20-year project that'sinits
40t h year.

DR. BANERJEE: As long as it's not |ike
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col d fusion.

(Laughter.)

MR. BAJOREK:  Another part of the code
consol idation work has al so been the work using the
phase separati on data at ATLATS and t he UCLA subcool ed
boiling. W heard you when you guys said in June and

July, | guess it was, "You need to i ntegrate your code

work with the experinmental work." W agree 100
percent on that. It hasn't been schedul ed t hat way,
we're trying to move that up. It still remains a bit

of a resource problemto try to cover sone of our
ot her areas.

MEMBER RANSOM Rem nd ne, ATLATS is the
Penn State facility, is that right?

MR. BAJOREK: |I'm sorry. ATLATS is the
facility at Oregon State --

MEMBER RANSOM  Ch, Oregon State.

MR. BAJOREK: -- that's being used to
devel op nodels for entrainment and carryover to a
relatively |arge-sized branch |ine.

MEMBER RANSOM Cot it.

MR. BAJOREK: We know what the facility
| ooks like, we have a nunmber of tests, we've got
questions on the old nodels, we still have questions

on the new nodels. But to get started on this, we're
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setting up a TRAC-Mnodel of the facility, we're going
to sinulate it with both TRAC-M and RELAP. Not t hat
we're real particularly interested in adding new
nodel s t o RELAP, but we think at this point when we do
AP1000 audit calcul ations, we want to get a better
nodel in the RELAP, because we don't think TRACMis
going to be up to snuff, okay, in the right tine
frame. So we intendto get facility nodels of ATLATS,
make sinmulations with TRAGC-M and RELAP. Both the
nodel s are identical at this --

CHAI RVAN WALLI S:  \What happens to RELAP
when TRAC-Mis really operational and used a | ot, do
you stop maintaining RELAP or what happens to it?

MR. BAJOREK: No. We intend to mmintain
RELAP for sonetinme into the future. W think that
RELAP is still a tool that a | ot of people are going
to use, including the staff.

CHAl RVAN WALLI'S:  You woul dn't maintain
TRAC-B and so on.

MR. BAJOREK: No. But one of the big
differences is when we cone up with new nodels for
grid nodels or newrefl ood nodels, we're going to put
those to the TRACM W aren't going to try to put
themin both RELAP and TRACM That's why | say this

one may be the exception just because of where we're
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at in TRAC- M devel opnent. W want to nake sure that
we can make a good estimate on what this higher carry
over in the hot | eg does to AP1000. So we're going to
try to do both TRAC and RELAP at this point.

But as we go to other tests, includingthe
UCLA work, those nodels are going to go right into
TRACG-M they won't go into RELAP. And that's the
ot her project that we did start | guess it was around
the Septenber tine frame. W' ve been working with
UCLA to devel op sub-routines that we can take and put
right into TRACMto replace the subcool ed boiling
nodel that's in there now W've iterated with them
on, "Hey, here's what the code can give you, here's
what we expect to get back out fromthe sub-routines,"”
and we haven't had a problem with that. There's
not hi ng new that the code can't handle, and there's
not hi ng that we have to supply to these cal cul ati ons
that the code isn't already using in sone capacity.

So | just wanted to |let you know that
out si de of the code consolidation we are starting to
t ake advant age of these experinental progranms, and |
think if you look on Joe's overall schedule, we
intended to start that about now and hopefully we'l|
get these nodel s functional, understand themthrough

t he devel opmental assessnent and in the REV, | guess
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0.0 rel ease at the end of 2003, TRAC- Mwoul d have bot h

of these available to the user.

CHAl RVAN WALLI S:  Thanks very much, Steve.
W' |l nove back to Joe Kelly. This Iooks Iike a fat
package. Ends up at Page 78.

DR. BANERJEE: Seventy-five?

MR. KELLY: You just handed out the first
package. Do you want to hand out the second one?

CHAI RVAN WALLI S:  Jose had 120, | think,
yesterday. W're having a real contest in getting
t hrough a | arge nunber of transparencies or slides.

MR. KELLY: | know howto work the nouse,
| just don't know how to turn it on. | just saw a
green light flash. It flashed but thenit's back off.
Technol ogy's great when it works. Ah, | saw a
glimer. Thanks, Paul.

CHAI RVAN WALLIS: It's now warm ng up.

MR. BCEHNERT: I[t's warm ng up. It's
com ng up.

MR, KELLY: Okay. A good part of this
presentation | actually gave to this Subcomrittee

about four and a half years ago at the begi nning of
t he RBHT Program
CHAl RVAN WALLI S: There's been no progress

since then?
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MR. KELLY: Well, this Commttee has

changed substantially since that point in tine, so |
t hought | would repeat sone of it. But in the
interest of tinme, alot of the first 20 or so slides
"' mgoing to skip through very quickly and not argue
about the rationale for the programbut just hit a few
hi ghl i ght s.

What | was going to basically tal k about
i s what the programis, why we're doing it, very brief
description of the current reflood nodel that's in
TRAC, show you some of the results that are the reason
that we are ditching that nodel and part of the reason
for doing the RBHT test, and then tal k about howwe're
going to use the data from the RBHT facility to
devel op the nodels. 1'll skip this.

When | tal ked about the program it was
really two things: A nodel inprovenent effort and an
experimental program And this effort actually
started at the sanme tinme as our RBHT Program but it
was i nterrupted by things Iike nme | eaving t he NRC and
al so me getting a |l ot of other assignnments. So we've
done sonme work here but then you know about the test
facility.

The one thing 1'd point out here is the

intent was to have a small -scal e refl ood and bl owdown
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rod bundle test facility, and so what we were doing
initially was all of the piping at the RBHT facility
was goi ng to be designed for high pressure, and a | ot
of it is, sothat later on we could go in and do, say,
a bl owdown rewet test there. But as cost escal at ed,
some of the components, |ike some of the tanks, are
not sized for high pressure, but sone of the |loop is.
Qovi ously, the bundl e housingisn't, but we knewt hat.

| will go through this. W' ve planned a
nunber of different types of tests in the facility.
First, obviously, you do the bundl e characterization
once you buildit. Single-phase, steady state flowto
get the bundl e and grid spacer pressure drops. That's
been done. | also wanted a series of tests wth
steady state two-phase flow, and the point hereis to
neasure the void fraction, again using DP cells,
normal flow regines, talking bubble, bubbly slug,
churn turbulence, in order to get a database at | ow
pressure, low flow, decayed heat levels for the
passive plants. Well, that was not done as part of
t he bundl e characterization. W're going to be doing
it during cal endar year '03. They did nmeasure bundle
heat | oss, which we'll be using when we sinulate the
test. That's sonething that's needed there. They

also did radiation tests with the evacuat ed bundl e,
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and you can use that as part of the assessnents of
your BWR channel radi ation nodel, structure radiati on.

Starting later in 2004, | guess now, are
t he steamand m st cooling tests, and these arereally
unique to the facility and one of the big reasons for
doing it. There's nothing really major about single-
phase steam cooling in a rod bundle except that
there's not a whole |lot of data out there, and the
datais widely scattered. So the idea hereis to | ook
at turbul ent and m xed convection, because we're in a
Reynol ds nunber range like starting down as |ow as
2,000 up to about 20,000, but also look at the grid
spacer enhancenent in single-phase conditions to be
able to use this as part of a baseline for what you
t hen see when you' re two-phase.

Then at the sane steamflow rates inject
dropl ets near the bottom of the bundle in each sub-
channel with a known droplet mass flux and size
di stribution, because we've designed these injectors
and tested them previously. W can use that to | ook
at two-phase enhancenent of the convected heat
transfer. This is the kind of thing like if you have
particle gas flows where the particles can increase
the heat transfer, except with drops it's a little

nore conplicated process.
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CHAI RMVAN WALLIS: These are going to be

with very hot rods so that you can get into
Lei denfrost-type --

MR. KELLY: Yes. You'll be beyond that.

CHAI RVAN WALLI S: O For sl und- Rohsenow or
what ever ?

MR, KELLY: Yes. And we'll talk about
that some nore |ater.

MEMBER RANSOM | have a questionrel ative
to that. How do you plan to use that in the code?
That's sort of an artificial situation you create in
t he experinment, and I' mwonderi ng how do you use t hat
to help you with the code nodel ?

MR, KELLY: Well, when you're devel opi ng
a nodel for this first flowfromboiling and all you
have are, say, reflood data, you' re always going,
wel |, what is the vapor flowrate, what is the dropl et
flow rate, what is the droplet dianeter when you're
trying to nake judgnents about which nodel to use.
Here we know those things.

MEMBER RANSOM Are you goi ng to put that
into the code as an input condition in a way, like a
boundary condi ti on, and t hen sone way say, okay, do ny
heat transfer correlations predict the correct

behavior with this situation?
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MR, KELLY: Well, yes and no. You do it

bot h ways. You'll have detailed | ocal condition data
her e.

MEMBER RANSOM Ri ght, but you created an
artificial condition, and |I'm wondering how do you
relate that to reality?

MR, KELLY: Well, two ways. One is you
know t he | ocal conditions now, because you nmade t hem
easy, okay? You can take those | ocal conditions and
use themto judge how good correlations you find in
the literature are for those local conditions. So
t hey can make a difference in which nodel you sel ect.
But then you can also use it in code validation, and
that's where we woul d do exactly what you're saying,
we woul d set up and run the test exactly the way the
test is run, injecting the liquid in droplet forns.

MEMBER KRESS: Are you going to have
multiple grids and series in these tests --

MR, KELLY: Yes.

MEMBER KRESS: -- so that the drops
actually do change as they go through the grids?

MR, KELLY: Yes.

MEMBER KRESS: So then you'll have to
recharacterize the droplets after each grid?

MR, KELLY: Well, what you find, and this
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i s based nore on ny experience with the FLECHT SEASET

Program the Sauter mean di aneter of the total dropl et
popul ati on only changes a snal|l anmount as it goes past
each grid, they' re not | arge changes. Wat you do see
is some fraction of the drops have hit the grid, and
typically the fraction of the drop that's within the
projected of the area of the grid is shattered into
m crodrops, and those mcrodrops evaporate very
rapidly just downstreamof the grid, and that's what
provi des the superheating of the vapor.

MEMBER KRESS: Yes. And that gives you
sonme clues as to how to nodel it.

MR. KELLY: Right. And we did this once
before in 1984 with COBRA-TF and FLECHT SEASET, and
it's the I essons that we | earned in doing that work
t hat have hel ped define some of this.

MEMBER KRESS: Yes. | think that's a
reasonabl e vi ew of what happens.

MR KELLY: So this is what we can get

fromthese tests: Information on the convective two-
phase enhancenent, and I' || descri be what that is nore
|ater, we'll get sone information on the interfacial

heat transfer, and this is superheated steam to
dropl ets, because we'll see the axially evolution of

t he vapor tenperature, again, given that we know what
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the droplet flowrate is. And we'll also be able to
ook at the grid spacer effect wunder two-phase
condi ti ons. Under two-phase conditions, there's
really two. One is if the grid is wet. Imagine a
liquid filmconpletely covering a grid that's about
two inches long and covers the mddl e of each sub-
channel . That's an awful | ot of surface area. And if
you t hen bl ow super heat ed st eampast this wet surface
area, you get apretty | arge heat transfer coefficient
times a pretty large area. So that's a real good sink
of heat fromthe vapor

The other way is the process | described
before, which 1is droplet shattering. Dr opl et
shattering beconmes nore i nportant when the grids are
dry. \Wereas when the grids are wet that's such a
good heat sink al ready the dropl et shattering becones
secondary. Inthe tests that we've run to date, we've
kept the peak clad tenperatures down to about -- to
about 1800 F is the maxinumthat's been run. Under
t hose conditions, for nobst of our tests, the grids
rewet very quickly and stay wet. That's part of the
reason the grid effect you seein RBHT is so large is
that the grids are wet. |If you want to go to best
estimate plus two sigma, 95th percentile type

cal cul ati ons where you can have up to 2000. 100 F, then
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that's non-prototypic. Under those kind of
conditions, the grids would be dry, and that's what we
saw i n FLECHT SEASET, and that's why t he second seri es
of reflood tests in the RBHT we're going to bunp the
rod tenperatures up high enough to get those grids
dry, and then we'll be able to conpare behavior with
wet grids versus dry grids.

| al ready sai d sonet hi ng about the forced
reflood test, but what we did when we designed the
test matrix is kind of split it into two parts. One
part we wanted to | ook at what happens in what we'l|
call froth region or inverted annual are boiling. And
so we tried to do a paranetric. Now, in the bundle,
starting at around 48 inches, we started having a
fairly fine mesh of DP cells, because the void
fraction is very inmportant for this regine.

And so what | did was pick the point in
t he transi ent when the quench front would be up into
that and then vary the subcooling at that el evation.
So that would be the paranetric is changing the
subcooling at, say, 53 inches. For dispersed flow
film boiling what's nore inportant is the void
fraction of the quench front. So, again, do a
paranmetric on pressure and mass flows of a quench

front void fraction, again, at that |evel where we
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have the DP cells.

CHAl RMAN  WALLI S: W talked wth
Hochrei ter about whether or not DP was a good nmeasure
of al pha.

MR. KELLY: It depends on where you are.
If there's a lot of water around, like say if you're
in bubbly, bubbly slug under these kind of |ow flow
rate conditions --

CHAl RVAN WALLIS: At low velocities, at
| ow vel ociti es.

MR. KELLY: -- at lowvelocities, there's
no probl emwhat soever. And the highest flowrates we
go up to are six inches a second. That's about 150
ki | ogranms per neter squared per second, sothat's very
| ow.

CHAI RVAN WALLI S: But when you're at high
al pha and you're looking for the whole nunber of
drops, it's not so clear you can do that.

MR.  KELLY: The way | look at it if
there's a grid spacer in your Delta P span, then you
really have to | ook carefully because the pressure
drop across that grid is very large. So let's set
t hose aside. You would still have then say di spersed
fl owconditions, about plus or m nus five percent void

fraction, not five percent of the void but five
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percent just because your frictional pressure dropis
t here.

CHAI RVAN  WALLI S: Presumabl y, you
accel erate the drops downstream of the grid too
There's other conponents that --

MR. KELLY: Right. So anything above 90
percent void fracture don't believe DP cells, just
throw t hat away, just say it may be an indication but
it's probably nore an indication of the frictiona
pressure drops. But between zero and, say, 80,
they're pretty good, but once you get higher than
about 80, especially if there's a grid spacer around,
DP cells are not that great.

DR. BANERIJEE: Do we have any direct
evi dence  of their performance |ike against
densitoneters? | nean one of the issues is that in
regi ons where you get rapid vaporization, you' ve got
very high accel eration of the pressure drops. Soit's
not very convi nci ng unl ess you have sone other way to
corroborate this.

MR. KELLY: Well, the rapid vaporization
whi ch appears is actually pretty small conpared to
what you're really talking about. You can do hand
cal cul ati ons on what t he accel eration | osses are, and

they're pretty small for this. That's been done
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before. W did |ook at putting a --

DR BANERJEE: So do you have anything
witten up on this or does Hochreiter have sonet hi ng?

MR. KELLY: 1|'ve seenit before. | don't
knowif he didit for the RBHT. |'ve seen it as part
of other experinental prograns. W did look into
using a gamua-densitoneter, and the one that they
wanted to use was a | ow energy one that had been part
of another NRC program but there were sone fairly
substantial costs associated with getting it and
getting it back to working. But what was worse,
because it was -- they wanted |ow energy so they
didn't have to worry about radiation shielding and so
on. The real problem was that the |ow energy one
needed a special wi ndow because it can't see through
netal, so it can only see down through the gaps.

And, apparently, the -- for some reason,
it didn't work with the quartz wi ndows, so we had to
have sonebody put a ruby insert in the quartz w ndows.
And i f you foll owed al ong with this program we've had
enough trouble with the quartz wi ndows, and i f we had
put another insert inside of it, it just -- it would
have been awful. So we didn't do it.

DR. BANERJEE: So the reason you didn't

use it was difficulty.
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MR KELLY: Cost and difficulty.

DR. BANERJEE: But one thing needs to
validate that this neasurenent technique actually is
okay or not on what its limts are. And | think that
in Karlstein they' re using densitonmeters, so you put
a direct neasure there. Franz Myinger, the guy who
devel oped this stuff, was |ooking straight through.
So there m ght be a dat abase there that coul d hel p you
to validate this.

MR. KELLY: Yes. | sawyour conment about
that in the notes fromthe RBHT, and certainly when |
start doing the data analysis, if Hochreiter's team
has not done a better analysis of that, then | wll
take a look at it to have sonme idea of the accuracy.

DR. BANERJEE: And maybe you can anal yze
t he probl em away.

MEMBER RANSOM Wl |, as a matter of fact,
if you just took a stead state calculation for a
dropl et drag nodel and wall friction nodel and t he gas
at the flowrates that you're tal ki ng about and show
that the DPin that case howit conpares w th what you
woul d i nterpret froma hydrostatic pressure difference
in terms of void fraction. And | would think that
woul dn't be too hard a cal culation to make, and if it

doesn't correlate well, why it's an indication that
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this method really does not work.

MR. KELLY: Yes. Well, |I've done that in
the past, and that's why | say throw away anything
with a void fraction nore than about 90 percent.

MEMBER RANSOM  Ri ght.

MR. KELLY: Because it's just -- at that
point, it's just giving you an indication.

MEMBER RANSOM  Yes.

MR. KELLY: Yes. Now, you're not goingto
nmeasur e dropl et volune fractions. |In dispersed flow,
the dropl et fractions we're tal ki ng about are hal f of
a percent. You're not going to neasure that -- we're
not going to neasure it with a gamma-densitoneter, and
you're not going to neasure it with a Delta P cell.

DR. BANERJEE: The only way you can get
them is by neutrons capturing, which is accurately
done.

MEMBER RANSOM  So, really, | think what
you're sayingis it's very useful, because you either
have liquid, primarily, or small void fractionin the
subcool ed boiling region and then highly dispersed.

DR BANERIJEE: No, no, you have an
i nverted annul ary region.

MEMBER RANSOM You have an inverted

annul ar, which that one too would be critical.

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

530
MR KELLY: Let ne get about 50 view

graphs fromhere and we're going to talk a | ot about
t hat . And that 1'Il show you why we have the DP
cells, because that's one of the big things here.

What we were hoping to do was have a
second bundle build where we would go in and change
the grid spacer design or put guide tubes in, because
now we just have heater rods except for the four
corners. And the point of thisisif you put in guide
tubes, |'ve seen | arge-break LOCA cal cul ati ons, the
gui de tubes, because they don't have a heat source,
can rewet, and they provide a radiation sink for the
fuel rods. And in sonething|like a Wstinghouse 17 by
17 design, you're never nore that | think it's two
sub- panels away from a guide tube. So you can get
about 25 degrees K on your PCT by nodeling radiation
to gui de tubes.

CHAI RVAN WALLI S:  They have wat er rods and
things |ike that too, don't they?

MR KELLY: But water rods are in BWRs.
And BWR radiation is very inportant because of the
cani ster housing. So we were hoping to do this, and
we were al so planning on doing gravity reflood tests
to try to look at the effects of oscillation on

entrai nnent, | know that's sonething that Professor
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Banerjee tal ked about, and also do a parametric on
outl et resistance. Notice these are all grayed out,
and the reason is that the cost of the facility
construction and schedul e were both nuch nore than we
expect ed, but al so the costs of the ongoi ng operati on,
because this isn't run by graduate students, it's run
by professional staff at the ARL. That's nuch hi gher
than we're used to in our other facilities, and with
everything else that's going on in the different
reactors, et cetera, we've had to nake funding
reductions to this program So we're basically not
going to do this unless there's sone dramati c need or
fundi ng made avail abl e.

MEMBER KRESS: But you would still have
t he guidance in the code to deal with those.

MR. KELLY: Yes. This was just totry to
put some of this in perspective. Wen they did the
CSAU study and quantified the uncertainty in TRAC
PF1/MOD 1 back in the late '80s, they cane up with a
very large safety margin for | arge-break LOCA. 1t was
about 350 degrees K. That was for a fornmula plant
with a peak |inear heat generation of about 9.4
kilowatts per foot. Now, in the submittals you've
seen recently, you see nunbers up nore like 15

kil owatts per foot, and when you do that, when you do
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your best estimate prediction wth tw sigm
uncertainty, you no longer have this very large
margin. Instead the marginis very decreased, and you
start getting tenperatures up to what you get for an
Appendi x Kcalc. ['mgoing to showthose on the next
slide.

And so this is an exanple of a best
estimate plus uncertainty calculation at 15.1
kilowatts per foot. So this is a 95th percentile
calc. This was a CSAU study at a nomi nal tenperature.
This was basically the result that shut down a | ot of
t he t hermal hydraul i c research because the margi n from
here to the Appendix KIlimt was so large that it was
called a "never nmnind." But as you add the
uncertainty, which was up to about here, and then you
go to t he higher power | evels with uncertainty, you' ve
shrunk the margin. And in fact today, if you | ook at
t he best estimate submttal for the AP1000, it's right
about here.

CHAl RVAN WALLI S: One has to wonder
whet her 95 percent certainty i s good enough if you're
soclosetothelimt. Depends on the risk and so on.
| mean there's nothing nmagi cal about 95 percent.

MR KELLY: Right.

MEMBER KRESS: Well, | guess you ask the
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guestion of what are you risking, what are you | osi ng
if you exceed the limt? And here | don't think that
[imt is -- 1 don't think you lose much if you exceed
that. |Is that right?

MR. KELLY: That's a whol e ot her questi on.
For me, I'msaying this is the law, we're getting up
very close to it with the vendor calcs, our code at
the nonment isn't good enough to really audit those
cal cs. W want to have a code with a |ow enough
uncertainty that we can do a parallel calculation and
if we get a nunber close to what they have, it makes
NRR s job a little bit easier.

MEMBER KRESS: What bot hers us quite often
about that is that wuncertainty is generally a
paraneter uncertainty, and we know that hidden in
t hose codes i s sonet hing call ed nodel uncertainty and
we don't know howto deal withit. And we don't know
whet her the realistic best estimtes of our version of
Appendi x K are supposed to include that nodel
uncertainty.

MR.  KELLY: By nodeling, do you nean
physi cal nodels or an interimnodel ?

MEMBER KRESS: Well, that's the question
of lack of know edge uncertainty where you niss

somet hi ng that --
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MR. KELLY: And you just have to do with

t he best you can with a conprehensive assessnent.

DR BANERJEE: Wll, there's also the
built-in scal e uncertainty. You know, the assessnent
tries to address that, but there's nothing really
that's been ever done on full scale conpletely. Bits
and pi eces have been.

MR. KELLY: Right. You do the best you
can.

Thi s was tal ki ng about where we are with
TRAC. Wien they did TRAC PF1/ MOD1, this was back in
the late '80s, the CSAU study did quantify the
uncertainty a little bit in a hand waiving way
conpared to what you see with the Westinghouse and
Framat one submittal s, but they did quantify. But they
also identified a nunmber of areas of TRAC nodeling
deficiencies and high uncertainties and said that
there was a potential for a significantly |arger
margi n than they had identified.

Well, what that led to was a devel opnent
program to inprove the reflood nodels in TRAC, and
they cane up with a conpletely new, which they woul d
call, nechanistic reflood nodel and it was based
primarily on data from tubes, for exanple, t he

Wnfrith hot patch test. There was m ni mal assessnent
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agai nst rod bundl e data, only a couple of the | arge-
scale facilities, no FLECHT SEASET test at all. And
just the way things worked, there was | ess and | ess
interest at this time, so there was very little
assessment, and at that point, the code kind of sat
around for a while. Then the AP600 cane and we want ed
to do | arge-break LOCA cal cul ations with TRAC t hen,
and that's when we started having sonme problens with
it and realized that it wasn't good enough. And,
actually, the contractor did try to i nprove the code
but was unsuccessful. So the point here is that the
pedi gree that was generated for MOD1, and what |'m
tal king about is all the separate effects refl ood
tests, all of the integral tests, the SCTF, CCTF,
UPTF, LOFT, all of the assessnent that was done here
doesn't apply to MOD2. And the nodels that are in
MOD2 are what are in TRAC- Mt oday.

MEMBER RANSOM Joe, al ong that |ine, then
RELAPS they went to a drift flux nodel or at | east the
interface drag that they used in rod bundl es was based
on the EPRI drift flux nodeling, which | always felt
was a step back. But is TRAC using that sane kind of
phi | osophy?

MR KELLY: No. TRAC uses --

VEMBER RANSOM Mbre nechani stic?
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MR. KELLY: Wll, I wn't call it nore

mechani stic. It uses the kind of thing that we did in
COBRA- TF. Basi cally, you know, you say there are
smal | bubbl es at a certain diameter, | arge bubbl es at
a hydraulic dianeter, and there's sone kind of al pha
ranp between the two to get you to transition from
bubbly to slug. And there is a little profile
correction factor inthat's taking froma drift flux
nodel , but that's an area that needs work. |If void
fraction under those situations areinportant, that's
what needs work. And that's one of the reasons we
want to do the interfacial drag test in the RBHT
facility this com ng year is to give us a dat abase at
| ow pressure conditions. By nore mechanistic, what |
would really think of it is the interfacial area
transport type nodels where you start nodeling the
bubbl e coal escence and breakup processes as driving
your flow regine transitions. And we're not there
yet. That's a few years away.

DR.  BANERJEE: But you wouldn't be
nodeling the transition in breakup, | think you'd
sinply put source terns in.

MR KELLY: Right.

DR. BANERJEE: | nean it's going to be

very enpirical
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MR,  KELLY: Yes. You just nmnove the

enpiricismone | evel down.

DR BANERJEE: Down.

MR. KELLY: Yes. But it also gives you
evol utions over length and tine scales that we don't
have now. That's one of the real keys.

DR. BANERJEE: Ri ght.

MR KELLY: And that's why | wll
typically put quotes around nechanistic any tine,
because at sone point they're all enpirical. W don't
have dropl et trajectories and drops fl atteni ng agai nst
wal | s and everyt hi ng.

So then | cane on the scene and t he RBHT
Programstarted to cone about. So | went and started
t o do sonme separate ef fects assessnent using what '
just call TRAC-M  Anywhere you see MOD2 |'Il say
TRACG-M And so what | | ooked at was FLECHT SEASET,
and | did sonme calculations for a |low flooding rate
test, and they're conpletely unrealistic, highly,
hi ghly conservative, and you' re going to see those in
a second. The reason they were i s they have extrenely
| arge oscillations. It was a very good nodel of
Vesuvius. And this is for a test with fixed inlet
flow rate.

DR BANERJEE: Low pressure, right?

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

538
MR. KELLY: Two point seven bar. And so

t he concl usi on was t hat significant nodel inprovenent
was needed before we started doing any kind of
quantification of uncertainty for TRACM And sothis
i s kind of my phil osophy here, sol will go over this
slide. Cbviously, it needs inprovenent. The current
nodel is overly conplicated, we need sonething that's
a little bit nore sinple, at | east nor e
straightforward. W' ve got to reduce the oscillatory
behavi or, and then we have to i nprove t he accuracy of
t he predictions.

In the past, and I'mgoing to criticize
this because |'ve done this, not just other code
devel opers, |'ve done it, what you would do is go to
theliterature, findsome other correlations, try sone
di fferent correl ations, maybe tune a fewcoefficients
or put in sone different snmoothing ranps to try to
snoot h things out so you don't see so nuch. You end
up with sonmething that's overly conplicated, and it
has conpensating errors in it. So you have no
assurance -- even if you're matching the right
tenperature for part of the transient, you have no
assurance that you're matching it for the right
reason. And, typically, you aren't. You may get the

right heat transfer, but you' ve got the wong fluid
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conditions, so that means your heat transfer node
can't really be right.

So what we want to do here is have an
experinmental programthat to the extent that we can
with theinstrunmentati on we have avai |l abl e t oday gi ves
us the detailed data that you need for node
devel opnent. And, of course, you want to be able to
supplenment this with nore fundanental tests Ilike
Prof essor Banerjee tal ked about earlier.

Then try to select or, if you have to,
devel op t hose nodel s | ooki ng at t he under| yi ng t hi ngs.
So don't just get the heat transfer right, get the
heat transfer and the void fraction right. O if
you're in the dispersed floor regine, get the heat
transfer and t he vapor tenperature right. Andthen --

CHAI RVAN WALLI'S: O neasure the dropl et
velocity and get that right too, anong other things.

MR. KELLY: W can tal k about that |ater.
Let's say the droplet flowrate, okay, the entrai nnent
rate. Sotry to get the right lIocal fluid conditions
and the right heat transfer, but also when you're
doing this try to nake sure that the nodels you're
devel opi ng for the code are consistent with the two-
fluid nodel in the way the nunerics in the code are.

Okay. We can skip that, skip that. |1
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basically just said this, but if we have to devel op a
nodel, it has to be accurate, but you also want it to
be consistent, and what | nmean here is if the flow
regi me map you're using for your interfacial drag and
interfacial heat transfer tells you you're in this
regime, well, when you calculate the wall heat
transfer it should be in the sane regine. A |ot of
t he codes, typically you'll have, ineffect, different
flow reginmes for interfacial drag, interfacial heat
transfer and wall heat transfer for the sane node.

So you need to try to nmake those
consistent and try to get rid of ad hoc nodels,
especially if they're inportant. So, for exanple, in
interfacial drag for i nverted annular fil mboiling, at
the time we did COBRA-TF, we didn't really know
anyt hi ng. So if | recall, that interfacial drag
coefficient is 0.01. And when we did sinmulations it
ki nd of, sort of gave void fractions that weren't too
bad, so it was left that way. But when you can, you
know, especially if there's nore fundanental data
avai l abl e, go and get that data, reduce it and cone up
with a nodel that's not just, well, what Dennis Wallis
used to call a six-pack correl ation

DR. BANERJEE: But, you know, the friction

factor, whichis constant, is reasonably good for wal |
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anyway - -

MR, KELLY: Yes.

DR. BANERJEE: -- soit's probably not too
bad.

MEMBER RANSOM You know, | never

understood the NRC s use of the word, "ad hoc." |
think officially it neans speci al case, and |' ve never
seen anything wong with using special case nodels
that apply to a specific situation. But it's always
used in a negative sense here, it seens, neaning

pi cked out of the air, but that's not what it really

neans.
DR BANERJEE: O | ashed together.
MEMBER RANSOM  Huh?
DR BANERJEE: O | ashed together.
MEMBER RANSOM O | ashed t oget her, right.
But "ad hoc," | think, in the English | anguage neans

speci al pur pose.

MR. KELLY: Well, | nmay have to change
that. | may end up putting "six-pack” where it says,
"ad hoc."

And the ot her thing is when you devel op a
nodel you need to think about its nunerica
characteristics. 1'Il give you a very qui ck exanpl e.

Whet her it's the Chen Nucl ear Boiling Correlation or
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a lot of others, you use the inverse Martinelli
paraneter, and so it has a quality over one m nus
quality as one of the terns in it. | may have it
upsi de down, but | always do that. One of ny -- X
over X

And what this really cones fromis a force
bal ance on interfacial drag and wall drag to give you
a film thickness. Well, the code cal culates void
fraction; it does that calculationitself. And sothe
void fractionis the fil mthi ckness. But when you go
tolowflowrate conditions, basically stagnant pool -
type thing with boiling, what is the quality? It
really becones undefi ned.

Li ke, for exanple, if you' re a pot on your
stove boiling, the vapor flow rate cones up but the
liquid is actually falling down. \What is your flow
quality? You know, flow quality is a very nice
correlating paraneter for a steady state one-
di mensi onal experinment. It's not a very good
paranmeter to usein atwo-fluidcode, because now your
quality can go between zero and one, and one m nus X
over X, it can go anywhere. Andif that's nultiplying
ei ther a suppression factor or aflowfactor ina Chen
correlation, you can get big oscillations from

somet hi ng that you woul d never dreamwoul d gi ve you a
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probl em

So when you can base your correl ations on
integral variables. And what | nean by an integral
variable is sonething like the void fraction. The
volume fraction in a control volunme results fromthe
conservation equations, so it takes sone anount of
time for that void fraction to change. \Whereas a
velocity at a junction can flip-flop very quickly.
Well, you can read the rest of that.

There are sone things unique about the
experinment, and this is where if you think thisis a
wor t hwhi |l e programfor the NRCto pursue, you need to
make that nessage very clear to our Mnagenent.
Budget for this programhas been reduced, it could go
to zero, so if you think it's a worthwhile program
make sure our Managenent knows that.

CHAl RVAN WALLI S: It seens to be the rule.
As soon as sonething that's been expensive starts to
gi ve useful results, youstopit. So all our previous
i nvestnent is thrown away .

MR. KELLY: Yes. Please give that nessage
very clearly.

DR. BANERJEE: There was a reason, though,
t hat was sort of -- you know, there were presentations

t hat were nmade before the RBHT or after, |' mnot sure,
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to us where the analysis showed that it really didn't
matter what the details of the droplet field were.
There were sone boundi ng sort of assunpti ons nade. |
was trying to remenber, was it S-RELAP or which way,
whet her it was Forsl und- Rohsenow or you -- it seened
that the peak clad tenperature was remarkably
insensitive to details of the nodel in this dispersed
boiling region, or whatever, that was taken.

MEMBER RANSOM  That was in the quench
regi on.

DR. BANERJEE: Well, no, it was for the
PCT, which is not necessarily in the quench region
somewher e downstreambei ng steam cool ed. And if they
t ook, say, just steam cooling and said that -- and
filmwas still inmportant, of course, but if you say
everyt hing becane steamor it stayed as droplets, it
didn't really make too nmuch difference. This was the
argunment made to us that the PCT is remarkably
insensitive to the details of these nodels. So if
that's the case, then the case has to be nade on a
different basis. | don't knowwhat the truthis here,
because that was bei ng argued by sone group of people
who are trying to get approved as it was.

MR. BAJOREK: This is Steve Bajorek from

Research. Then that nust be something that's incident
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to that code only, because 1've done lots of
calcul ations with COBRA TRACand it is very sensitive
to your assunptions on droplets, the droplet size and
the local flux that you have near the PCT |ocation.
The reason for that i s dependi ng on your droplet size
and how it interacts with the grids, that is what's
providing a lot of the cooling to the steamitself,
and it will have a very large inpact on the steam
t emper at ure.

DR. BANERJEE: Then we shoul d have or you
shoul d docunment it because the analysis that was
presented to us for S-RELAP was that the, at | east for
t he | arge- break LOCA, the details of the correl ations
t hat were assuned did not have a really | arge effect
on PCT which was why they could afford to be rather
caval i er about what they used. And they showed sone
graphs, right. And that left, at least nme, with the
feeling, maybe incorrectly, that this is sonething
new, | haven't seen this before, so maybe if this is
the case, then all this stuff isn't all that useful.

MR. KELLY: Now, we can talk about the
For sl und- Rohsenow a little bit | ater because it has a
very checkered history having to do with the CSAU
study. But --

DR. BANERJEE: Maybe you have to make your
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case better.

MR. KELLY: Yes. | agree with Steve but
t here are sone conpensating effects for an i ntegrated
system You know, if you have nore heat transfer in
the core, you tend to carry nore liquid up. If it
gets to the steam generators and you have steam
bi ndi ng, you reduce the reflood rate, then you get
| ess heat -- so there are sone gl obal paraneters that
tend to nake the nopdels |less sensitive than they
appear in the separate effects tests. But how
sensitive | don't know, and today | can't tell you
wi th TRAC- M because the oscillations that we see are
so large that the results just sinply aren't
meani ngf ul .

DR. BANERJEE: | think the argunment, Joe,
was that let's say that there was a certai n anount of
liquid intrain, that's inportant, of course. If it
all turns to steam then it gives you some enhanced
steam flow rate and sonme reduction in steam
temperature. Convective coolingtothat steamthenis
quite effective. And then if these don't turn to
steam but stay as droplets, they enhance the heat
transfer due to various effects. And the upshot of
all this is that you get roughly the sanme answer. So

the details of the droplet field are | ess inportant
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than the details of the entrainnment, how nuch is
ent r ai ned.

MR. KELLY: What |'d say is that one catch
inall thisis you have to say where do those dropl ets
turn into stean? |If you'll allow those droplets to
turn to steam in the core, then the steam cooling
argunment works. But if instead you really do have a
good nodel for this steam generator and the various
processes that occur between the upper plenumhot |eg
to steamgenerator, if one of those droplets that turn
into steamis in the steam generator so that they
provi de a back pressure and limt your reflood rate,
that's entirely different.

DR. BANERJEE: They were letting it go
into the channel itself. They were saying, "Here we
have droplets and here we have steam and the answer
is about the sanme.”™ But that's only fromthe cooling
poi nt of view

MR. KELLY: Yes. But suppose rather than
letting droplets turn into steamthere you have the
dropl ets that carry of f and provi de your back pressure
by evaporating in the steam generator. Then the
nodel s that you used from the droplet are very
important, just as Steve said. Now, it depends on

what heat you take out and where you take it out is
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what's really inportant.

MR  BAJOREK: That sounds Ilike a
conpensating error sonmewhere in their formulation.

DR. BANERJEE: Coul d be, dependi ng on t he
position, Steve.

VMR, BAJOREK: Because even the FLECHT
SEASET tests with one inch per second, and there's a
coupl e down at 0.8 inch per second, all showed very
hi gh carryover, 70, 80, 90 percent. And those are
droplets which if they don't becone de-entrained in
t he upper plenumare going to contribute to a steam
bi ndi ng effect.

DR. BANERJEE: You may be conpletely
right. Al I'msaying is it needs to be docunented,
because t here was a school of thought put forward that
it wasn't terribly inportant whether you used
For sl und- Rohsenow or this or that or whatever.

MR, KELLY: | just | ooked at ny watch and
saw what tinme it is, so I'mgoing to skip a whole
bunch of vi ewgraphs here on why we're doing this and
why | think it's a good idea and try to get you to
sone of the stuff | think is nore inportant.

Schedul e, everything for the test has been
pushed back due to the budget cuts. Basically, we're

only going to be able to afford to run the facility
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for about half of the year, and so things that we're
pl anning on doing in two years are now going to be
stretched out to four to five. W already discussed
t hat .

CHAI RVAN WALLI S:  You al ready had a five-
year plan just to spread out for ten years.

MR,  KELLY: In effect, due to taking
longer to build the facility and now the budget
reducti on.

MEMBER KRESS: Is all this due to the
conti nui ng resol ution?

MR KELLY: No. Reall ocation of resources

MEMBER KRESS: Real | ocati on.

MR KELLY: -- to the advanced pl ants.

MEMBER KRESS: (kay.

MR. KELLY: Wen | talk about what's in
MOD2 and t he devel opnent they did, | would say that
devel opnent is well-intentioned, and what | nmean here
is they used data fromfundanental experinments, ones
that were in tubes, they did things |ike | ook at the
j et breakup experinments by Ishii and DeJarlais. They
did give a consistent treatment of flow regines
bet ween i nterfacial sheer drag and heat transfer, and

the way they did that was with a position-dependent
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i nverted annul ar flow regine map, which I'mgoing to
show in the next slide. So it's based upon distance
from the quench front. And there was a big -- |
shoul d probably have used a different font here.

The nodel that was installed in the code
is very, very conplicated, and the |evel of detai
there is not at all supported by experinmenta
evi dence. It has 48 coefficients which can be
adj usted, and they actually went through a three-year
| ong programtrying to, using a non-linear optim zer,
adj ust these coefficients in order to inprove their
cal cul ati ons, but that was a dismal failure.

CHAI RVAN WALLI S: How many dat a poi nts are

t here?

DR. BANERJEE: Forty-eight.

MR, KELLY: And you'll see where sone of
those conme in just a second. It also contains

mul ti pl e movi ng functions, soyou're never really sure
what's bei ng used. You know, what correlation is
bei ng used here at this point inthe transit, no idea.
It ignores differences between rod bundl es and t ubes,
and it is susceptible to very large nunerica
oscill ati ons.

MEMBER FORD: Joe, excuse ne, you said

that thisis not -- likely will not be funded because
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of reallocation of noney to the advance reactors?

MR, KELLY: Well, the funding has been

reduced.

MEMBER FORD:  Yes.

MR. KELLY: Actually, | may have m sstated
t hat . That's probably a better question for ny

Managenent to answer. But at any rate --

MEMBER FORD: But this is relevant to the
advance reactors.

MR KELLY: Well, if you're tal ki ng about
ESBWR, for exanple, if in a large-break LOCA it does
not dry out, which | believe is the claim then
refloods in their mnd doesn't occur. It is very
rel evant to AP1000, but of course we're just comngin
alittlelate for that. This would have been great if
we had done it five years ago.

And beyond that, it woul d be rel evant for
CANDU, ACR-700 but that's sideways, so you'd need a
whol e different set of reflood experinents and a | ot
of other things for us to accurately nodel a CANDU

So the refl ood fl owregi nes what they did
is they used the | ocation of the quench front, which
is Zchf, as a trigger for the flow reginmes and
cal cul at ed di stances downstreamof that at which you

woul d go through each of these flow regines. And
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t hat's bad enough, but what's worse is they nade it a
function of a capillary nunber where the capillary
nunber has the liquid velocity at the quench front in
it. And if any of you have ever | ooked in detail at
a TRAC or RELAPS cal cul ation and | ooked in a reactor-
type system |ooked at the liquid velocity at this
point, it wildly oscillates. So if you do that and
all these links are functions of that, all of these
links are going to wildly oscillate, and the net
result is your vapor generation rate wldly
oscillates. Andinthis particul ar case, what happens
is the water would come in, you just blowit all out
t he bundl e. For FLECHT SEASET, the upper plenumacts
| i ke a phase separator, so once you bl owthat water up
inthe upper plenumit's gone. The bundle sits there
qui escent for a while until enough inventory's built
up and it does it again.

CHAI RVAN WALLI S: Cof fee percol ator

MR, KELLY: It's nore violent. Let ne put
it this way: |If you turn the critical flow nodel on
at the top of the bundle, it affects the answer.

CHAl RMVAN  WALLI S: You actually have
critical flow at the top?

MR KELLY: Yes. That's how bad it was.

DR. BANERJEE: Sonic velocities.
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CHAI RVAN WALLI S:  Whose fantasy was this?

MR. KELLY: Wll, they didn't realize
that's why the answers weren't quite as bad as they
really were.

Thi s just shows you t he di stance for sone
-- if these velocities were constant, what sone of
those links woul d be in centineters, and it shows you
t he degree of resolution they were trying to get when
the best -- smallest node sizes you typically wll
ever use W ll be about 25 centineters.

For each of those reginmes, there are
different correlations for heat transfer to the wal |,
fromthe wall to the vapor or wall to liquid. And so
all these different nodels, and then there are these
various different ranps. So | nean | took a | ook at
this and tried to figure out what's sal vageabl e and
what isn't, and | ended up deciding to throw it all
away.

CHAl RVAN WALLI S:  \Where was this done?

MR KELLY: Los Al anos.

CHAI RVAN WALLI S: It wasn't done in an
academ c environment, was it?

MR, KELLY: But this nodel got a best
paper award at a conference.

So at any rate, | started doi ng assessnent
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agai nst FLECHT SEASET Test 31504, which is basically

just a one-inch per second reflood case. This is
axial profile of the clad tenperature, this is the
code calculation, thisis the data at the time of the
PCT, and we're already overpredicting by al nost 100
degrees C, but thereal difference is the quench front
is lagging behind about half a neter. It gets
absolutely ridiculous as you go a little bit further
intime. This is the quench front propagation. The
TRAC cal cul ationis so sl owbecause you' re t hrow ng so
much water away. It's turning a one-inch per second
reflood rate test into about a 0.2-inch per second
refl ood test.

CHAl RVANWALLI S: It's being conservati ve.

MR, KELLY: Yes. And then sone. But you
can't say that if you were to apply it to an integral
test, because then when you throw the water in the
upper plenum the next tinme step when all is
qui escent, the water falls back down. So the answers
won't | ook this bad but | still sure wouldn't believe
t hem

And this is an indication of the
oscill ation. This is the vapor tenperature as a
function of tinme. Thisis the data. This is sonewhat

simlar to what you'll see fromRBHT, except the RBHT
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m cr ot her nocoupl es actually seemto work alittle bit
better. And this is 400 to 800 degrees Kin the vapor
temperature, and that's just an i ndi cation of how bad
t hi ngs are.

MEMBER RANSOM  These ki nd of things only
happened i n RELAPS.

MR.  KELLY: So, obviously, we need a
better nmodel with enphasis on let's get rid of this
oscillatory behavior and then let's inprove the
accuracy.

CHAl RVAN WALLI S: There is sone real
oscillatory behavior in the real --

MR. KELLY: No question. Both the | arge-
scal e downconer to core oscillations but there's al so
alittle high frequency that you probably sawin the
novie. That one --

CHAI RVAN WALLIS: Bursts of |iquid.

MR, KELLY: Yes. That one will probably
end up tinme averaging out, because that's such a
| ocal i zed phenonena drive, that we're not going to
resolve themin the next few years. W may resol ve
them before | retire but not in the next few years.

To give us a vocabulary as | go into the
nore interesting part of the presentation, |I'mgoing

to talk about four different regines. This is a
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little cartoon that | scanned out of a FLECHT SEASET

docunent. Transition boiling, it occurs at the quench
front, so this is where you go from pre-CHF nucl ear
boiling type heat transfer tofilmboiling. It's only
one to two centineters |ong, okay? Wat's | abeled
filmboiling on here is what's often called and what
"1l call inverted annular. You typically see this
for high flow rate and highly subcool ed conditi ons,
conditions |ike when you had accumnul ator injection

You won't see this regine when you
have, say, HPSI injection and your | ow pl enum s al npst
saturated and your flow rates are low. This regine
won't exist at all.

It's what they calledatransitionregine,
which actually covers a nmuch larger part of the
bundle. I1t's typically between void fractions of |ike
40 to 90 percent. It's also called inverted slug,
which is what 1'Il typically say -- agitated,
inverted, annular or froth. It's a mxture of liquid
fragnents and dropl ets and basi cal |l y occurs when -- as
you go axially in the bundl e, your vapor flowrate is
i ncreasi ng as you go up, because there's just nore and
nore boiling. At some point your vapor velocities get
to be substantial enough, they can break up this

liquid core, and that's what triggers this regime.
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And then above this, the disperse flow
regime, which 1'll call a disperse flowfilmboiling.
When filmboilingis stuck as a tag on sonet hi ng here,
we don't really nean annular filnms. Wat it really
just nmeans is that the liquidcan't touch the surface.
The surface is beyond the Leidenfrost point.

And this just shows cl ad tenperature and
heat transfer coefficient versus time mapped agai nst
those regines for atypical lowflooding rate refl ood
case. In the disperse flowregion, the heat transfer
coefficient gradually increases as the quench front
appr oaches. That's sinply because the steam
t enper at ure has gone down.

At sonme point quite often in these
tenperature versus time traces, you'll notice a
di stinct discontinuityinthe slope, andthat's at the
onset of either this inverted slug or inverted annul ar
where the heat transfer coefficient dramatically
increases over a fairly short distance. Then you
actual ly have the quench front, and that's when you
need the | og scal e for the heat transfer coefficient.
Downstream this can be nuclear boiling or just
conduction to |I|iquid. And all you're doing is
renovi ng the decay heat, so the heat flux is on the

order of five watts per centineter squared, it's very
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smal | .

So | was going to talk, of course |I'mnot,
but | was going to tal k about five different regines,
and then for each regine why it's inportant, give you
some background that 1've | ooked at, tal k about the
constitutive nodel s that are needed and t hen howwe' | |
use the RBHT data. We're obviously not going to get
t hrough what |'ve prepared. | think I'"mgoing to do
the first one in detail so you can see where |'m
coming fromand then we can check the tinme and then
maybe cone back anot her day.

CHAI RVAN WALLI S: My suspicion is that
these are fairly conplicated nodels, so even though
you don't want 48 coefficients, you' ve got to figure
out what's the essential physics that ought to be
represented wi t hout undo conplication. But | ooking at
the whole picture, it looks as if it's not a very
sinmple thing you're going to try to describe. So |
would think that you really have to, as we said
before, do it in coordination with the experinent,
because you will be asking questions as you devel op
t he nodel which the experinment nmay not have answer ed,
and this may tell you what you need to neasure that
you haven't mneasured.

MR, KELLY: Well, the one thing is |I've
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been in this part of the business for along tinme now,
so | have a fair anobunt of experience, as does Steve,
and we' ve both worked not only with the experinmental
prograns in the past but we've both worked with the
code, so we know what the code needs and expects. And
so we tend to serve as technical nonitors on these,
and especially with the RBHT Programwe' ve nade a | ot
of changes in the program based on this, and ']
poi nt out a couple of those.

CHAI RVAN WALLI S:  Ckay.

MR, KELLY: But I'll do the first regine
in detail, and then dependi ng upon how nuch tinme we
have we'll see where we can go from there, because
this will give you an idea of exactly what you're

tal ki ng about .

So I'm going to talk about inverted
annular or film boiling, so this is a reginme that
occurs typically just downstreamof the quench front,
and it occurs when the liquid is subcool ed. It's
| argely responsi bl e for the quench front propagati on,
the rate at which you' re quenching the bundle. You
know, peopl e tal k about axi al conducti on governingit.
It's really only the case for like an idealized
falling fil msituation. Wat youreally have here, if

| go back to this slide, is you have a region of
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enhanced heat transfer that rapidly cools the rods to
t he poi nt at which the rod can rewet. And, of course,
once it gets to that point, it quenches instantly.
But it's this precursory cooling that really governs
the rate.

And if you conpare the quench front
velocities that you see in tests |like this with ones
that will be governed by axial conduction, it's nore
t han an order of magnitude faster, sonetines it's two
orders of magnitude faster. Soit's getting this heat
transfer right. This greatly augnented heat transfer
coefficient just downstream of the quench front is
what really --

CHAI RMVAN WALLI S: |s that what you nean by
i nverted annul ar fil mboiling, what you call the frost
region in the --

MR KELLY: In sonme slides, yes. | t
depends on when | nade the slide.

So it controls the quench front
propagation, but also it gives you the vapor -- in
concert with the reginme just aboveit, theinverted --
what I'll call inverted slug, it gives you the vapor
generation rate that ends up providi ng the vapor nmass
flux, the vapor tenperature and the entrainnent rate

downstreamto t he di spersed fl owregi on which is where
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you cal cul ate the PCT. So this serves as a boundary
condition for your di spersedflowfil mboilingregion.
And so these are the two reasons it's inportant.

To get into the background, when | first
started doing this five years ago, | |ooked at sone
PERI CLES tests, and these were tests | had started to
| ook at when | worked in G enoble. It's a fairly
| ar ge rod bundl e, and ny concl usi ons froml ooki ng wi th
these tests, and I'm going to show you why, or at
| east partially, isthat the nost i nportant effect for
this regine was the void fraction profile just
downst ream of the quench front.

More recently, 1've |looked at nore
fundanental tests, and these are steady state, |ow
quality filmboiling in a tube done by Fung. And so
it's a tube with a hot patch which is used to freeze
t he quench front near the inlet and then so you're
able to actually do a steady state film boiling
experiment withlow quality conditions andthe type of
heat fluxes in the range that you would see in a
refl ood case. They al so i ncl uded a ganma densi t onet er
to measure the void fraction

When | | ooked at these, | realized that
t he subcooling was al so highly inmportant and that we

were going to have to do a nuch better job of the
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interface to liquid heat transfer -- interfacial heat
transfer coefficient. And |'mgoing to showyou these
now. That's just the conclusions | had coming into
this.

PERI CLES, as | said, is a |arge bundle,
m xi ng grids, typical co-sign power profile, athree-
bar high inlet subcooling, range of mass fluxes,
instrunentation was fairly standard, just rod
t her nocoupl es and Delta Pcells, but the Delta Pcells
were over by half a neter, whereas in FLECHT SEASET
t hey were about 25 centineters and in RBHT we go al
the way down to eight centineters.

So what | did | went out to a point in
time where the quench front was just a little bel ow
the m d-plane, and at that instant in tinme, | did an
axial scan of all the clad tenperatures in the center
parts of the bundle. And by doing an inverse
conduction solution generated the heat transfer
coefficients for all those points. So what 1I'm
plotting is the heat transfer coefficient versus
di stance, and this is distance downstream of the
qguench front, okay? And what you see is -- oh, when
| say heat transfer coefficient inthis context, |I'm
al ways referencing it to T-sat just so we have a

conmon basi s, because you have superheated steam et
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cetera. Soit's referenceto T-sat. You see a large
val ue j ust downstreamof the quench front and an axi al
decay.

DR. BANERJEE: How did you do the heat
flux? Were there any direct neasurenents of heat
flux?

MR KELLY: No, inverse conduction.

DR. BANERJEE: Ckay. So you inferred
t hem

MR. KELLY: Whichisn't too bad as | ong as
it's not changing too rapidly. But one of the things
| wanted to | ook at, because a |l ot of the correl ations
-- typically what's done is people grab off Brom ey
because it has a nice pedigree and it gives you the
right order of magnitude, and then there are void
fraction nodifiers, sonetimes mass flux nodi fiers and
soneti mes subcooling nodi fiers all stuck ontopof it.
But it's really the wong -- it doesn't describe the
ri ght phenonena. It sinply is wong here. So | knew
| wanted to ook at the liquid mass flux effect. So
three different tests at 80, 130 and 190 kil ograns
neters squared per second, where 130 is about six
inches per second, just to correlate that. And so
this is the same plot, and what you see is there's

some effect but it's not terribly large, but it is

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

564

t here.

What | wanted to then do was go and check
the void fraction. Now, renenber, | only get the void
fraction with all the caveats based upon Delta Pcells
that are fairly large, so these are the three
different tests, going from80 to 190 kil ograns per
net ers squared per second. And the individual points
here are the actual void fractions, if youwll, or a
representation of howmnuch liquidwas in that Delta P
span. Between those |'mjust doing a sinple |inear
i nt erpol ati on. This is sinply not right, it just
gives ne an idea of what the void fraction may have
been, and |' mexpl ai ning this so you knowthe caveats.

Then | went and replotted this as heat
transfer coefficient versus this interpolated void
fraction. In all three -- data fromall three mass
fl uxes went away, within a lot of scatter but still
the mass flux effect went away. So my concl usi on was
that the axial profile of the void fraction just
downstream of the quench front is what was the nost
critical parameter for us to get correct.

One of the deficiencies in previous
reflood tests, |ike FLECHT SEASET, is the Delta P
spans were, say, one foot, 25 centineters -- well, 30

centineters, excuse nme. And when you do that, this
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regime quite often is only a few inches long. You
know, it certainly isn't always nmultiple feet, and so
if you want to get an axial profile, you need nuch
smaller. And so we went down to three inches and we
did sone hand cal cul ati ons showi ng that we thought
with three inches, with the accuracies of the cell
we' d get meani ngful data, and it seens that we are if
you | ook at the traces. Unfortunately, | don't have
any to show you, but they seemto make sense.

CHAI RVAN WALLI'S: You're really plotting
heat transfer coefficient agai nst Delta P or sonet hi ng
because the void fraction cones fromDelta P

MR. KELLY: Right. 1t's an indication of
the collapsed liquidlevel inthat span. Soit's just
an indication. But that's why we, if youwll, forced
Penn State to use such a fine array of Delta P cells
over the m ddl e section of this bundl e was so we coul d
ook at this and see if this was indeed the case.

|"ve already said this, and this was the
result. In the mddle part of the bundle, we put 11
DP cells with a span between ei ght and 12 centi neters.

CHAI RVAN WALLIS: Well, it mght be that
Delta P in your void fraction is a neasure of the
m xi ng of the turbine set up by the relative velocity

which is holding up this liquid at the boiling void
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fraction, rather thanthe absolute velocity turningto
the mxing. | don't know, it just --

MR KELLY: Yes. You can do --

CHAI RVAN WALLI S: There's got to be sone
kind of velocity, it seenms to ne, that's giving you
the heat transfer coefficient. Maybe it's the
relative loss that it's holding up the job that's
giving the void fraction rather than the absolute
total velocity.

MR. KELLY: Yes. Inthis case, it's nore
aliquid colum, and we'll get to that. You can do
estimates of what the acceleration and frictional
pressure drops are for this reginme, and they're
relatively small conpared to the gravitational head.

DR. BANERJEE: But if the liquid colum
has to be carried out at sone point, the thing has to
| ook alnmost like a fluidized bed, right, with a
pressure drop?

MR. KELLY: That's what | think happens
downst ream of this.

DR. BANERIJEE: Ckay. Bal ance the
gravi tational head.

MR. KELLY: Yes. And so you can take your
equations, get rid of some of the ternms and do the

backout, you know, alpha one mnus alpha Delta G
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equal s --

CHAI RVAN WALLI'S: I'Il just say for the
record I'mgoing to give the gavel to ny coll eague,
Dr. Kress, here. |1'mgoing to go and get an airpl ane.

MR KELLY: Okay.

CHAI RMVAN WALLI S: Thi s has been very, very
i nteresting.

MR KELLY: Well, thank you.

CHAI RMVAN WALLIS: [I'msorry I won't see
the rest of it, but | can read it.

MR, KELLY: Well, "Il probably just do
this one and then go near the end, and then we can
revisit this at another tine.

But before you go I'mgoing to try to get
-- this won't let you go so fast. Never m nd. I
wanted to show you nmy |ast slide, but they'Il just
have to tell you about it.

MEMBER KRESS: He's got the slides.

MR, KELLY: Well, there's one of those

that isn't onthere. | don't even know what this is.
I'"'m going to go back to ny presentation. So |
apol ogi ze for that. | should have known better than
to --

DR. MOODY: Sonebody said the best |aid

pl ans of mce and nen often --
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MR KELLY: Does anyone know what this

application is?

DR BANERJEE: Never saw it. Wy don't
you just go back to your slide show and just select
your | ast one?

MR, KELLY: That's what I'mtrying to do

but it --

MR. ROSENTHAL: Slide 39.

MR. KELLY: Sonehowit's going on Internet
Expl orer.

MR,  ROSENTHAL: -- live in fear that
that's what will happen in the control group.

MR. KELLY: | should not have tried to go
too fast. Ckay. Now we're back to where | left.

Sorry about that distraction here.

Now this is sonething | |ooked at nore
recently as part of the interim reflood nodel
devel opnent, and it's a lowquality film boiling
experiment done by Fung. | think it was done i n AECL,
and so it's a tube, an Inconel tube, wth inside
di amet er about what you get from a 17 by 17 rod
bundl e. There's a hot patch down near the bottom
that's basically a tenperature control where you
freeze the quench front here so you create film

boiling conditions and you don't et the tube quench

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

569

even though you're at relatively | ow powers. So you
have an array of thernocouples but also a gamm
densi t onet er. So you would take void fraction
nmeasurenents at five locations. The only bad thing
about these tests were they were at atnospheric
pressure. | wish they'd been a little bit higher.

And so this is the wvoid fraction
dependence of the heat transfer coefficient. Sol've
got the heat transfer coefficient, the sane netric
units, versus void fraction, and I"monly showi ng it
for data that woul d be subcool ed where the equilibrium
qual ity woul d be negative. And the various points go
with tests froma mass flux from2100 to 500. Now, for
each of these tests, at nost it would be five points
per test, and in fact in the subcool ed regine there's
typically only one or two. So when you see a test at
500, maybe two or three of these are from the sane
test. The other ones are froma different test at the
same pressure and mass flux but nmaybe a different
inlets tenperature or a different power.

The fact that these line up as well as
they do to a void fraction is really pretty amazi ng
that there's that nmany different tests and you can put
themall onthere, and they' re not too very different.

But if you close your eyes and have a good

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

570

i magi nati on, you can kind of see there mght be a
little mass flux effect, but tests at 500 kil ograns
per meter squared per second tend to be nore near the
top and the other ones a little bit lower, but it's
very small; it certainly is secondary.

And sonmethingtoreally note, becausethis
was really a surprise to me, we're still at negative
equi librium qualities here. This is subcooled, and
yet the void fraction is up near 70 percent. That's
really pretty amazi ng, because your view of inverted
annular filmboiling is very, very vapor filns which
gi ve you void fractions on the order of five or ten
percent. And that's what you get if you take the
Brom ey equation and convert those filmthicknesses
fromit into a void fraction. So we're totally --
sonething totally different than Broni ey.

Now, if you convert -- take these void
fractions, turn theminto filmthickness and nake t he
same assunption that Brom ey made of her conduction
across that thin film turns out you conme very cl ose
here, and you get sonething that | ooks |like this. And
thenif you allowthat filmto be turbul ent and figure
out what the velocity nust have been to support the
colum of liquid, et cetera, you get sonething down

here. So sonething else is clearly going on.
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And there have been other tests, like
Costigan and Wade did neutron radiography on a
quenching test and they |ooked at this inverted
annul ar region. And you al ways viewit as just very
nice co-axial cylinders sitting there well-behaved.
And then people will tal k about waves on the surface
of the core, and all that happens, but what also
happens is the whol e core, especially as you get out
to here, this whole core just noves around and comnes
very cl ose to one side, then back and forth. And when
it does that, it enhances the heat transfer.

DR. BANERJEE: It al so breaks up, goes up
and falls back is what you see in all these tests.

MR, KELLY: Yes. And that could be
happeni ng here as wel | .

DR BANERJEE: Yes.

MR. KELLY: Althoughthisis steady state.

DR. BANERJEE: No, | nean even in steady
state.

MR, KELLY: Yes. Especially at one
at nosphere.

MEMBER RANSOM well, Joe, are you
planning to use the void fraction as an i ndependent
vari abl e in t he heat transfer coefficient

est abl i shnent ?
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MR, KELLY: O course.

MEMBER RANSOM  The problens | see with
that is void fraction is generally very hard to
predict with these codes. Do you have anot her nodel
for void fraction at the quench front or --

MR. KELLY: W just have to do a better
job of predicting the void fraction.

MEMBER RANSOM But the void fraction is,
i ke you sai d, maybe 20 centi neters averaged over t hat
that you're going to predict with the code, unl ess you
subdi vi de the regi on sone way.

MR, KELLY: Well, a couple things. W
will be using smaller nodes because we're able to do
t hat nowadays because of conputer power. It's, of
course, still not the scale you need to, and we'll
just have to do an interpolation of the void fraction
between cells to sinulate this axial profile and see
how we do. You know, the codes tends now, even if
t hey use Broml ey, they put sone kind of void fraction
wei ghting on it where they get the void fraction from
the two-fluid solution.

DR. BANERJEE: The coarseness of the
noding is true for any correlation you use, whether
you use void fraction or anything el se.

VMEMBER RANSOM That's true but nass fl ux
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and sonme things like are nore stable paraneters,
actual ly, and void fractions tend to be wild, all over
t he pl ace i n nost code cal cul ati ons so that it's going
to feedback into the heat transfer.

MR, KELLY: And |'d say it depends on
which mass flux you're tal king about. If you're
tal ki ng about the vapor nmass flux and you don't have
t he probl ens that | described earlier, | agree, that's
relatively stable. If you' re tal king about the liquid
mass flux, then you have what Professor Banerjee
tal ked about. Both inreality and in the code, it's
quite often positive/negative. And, actually, the
void fraction is much nore snooth than that or at
| east it can be.

MEMBER RANSOM How far are you away from
installing some of these nodels and trying it out?

MR. KELLY: The nodels are being coded
now. They'll be finished by the end of this nonth,
and we'll be doing the testing starting in January.
And maybe | ater this spring we'll be back here show ng
you what the results are and review ng each nodel
i ndi vidual ly.

MEMBER RANSOM | think it be interesting
to foll ow how t his goes.

MR. KELLY: So this was the first way |
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plotted it, because | still renmenbered what | saw of
PERI CLES, so | had heat transfer coefficient versus
void fraction. And, actually, if youwere to override
t he two, they woul d be cl oser than you woul d have ever
t hought .

Then | went back and replotted it agai nst
equilibriumquality, and | got the idea froma paper
by a Professor Takanaka. | don't remenber which
university he's at in Japan, but he did very simlar
tests using freon, and he was able to do a very, very
ni ce parametric study, because with freon, becausethe
tenperatures aren't so high, you can change mass fl ux
like this but hold your heat flux and your inlet
subcool i ng constant. Whereas here, for every test, as
you change mass flux, those paraneters have changed.
So there's a lot of -- even though I"'mplotting this
all onthe same thing, they'rereally only at the sane
pressure and mass fl ux. The points for any two
different tests can be at different wall heat fl uxes,

different wall tenperatures or different -- well, |I'm
goingtoplot it versus this, so that takes subcooling
out .

Now, what | want you to focus on at the

nonent is the negative quality part of this. W're

going to tal k about the positive quality part |ater.
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Maybe not today, I'Il mentionit briefly at any rate.
And what you see is all of these things conme together,
remar kably so. And my conclusion after | thought
about this along tinme is what's really happening is
it's the ability of this subcooled liquid core to
absorb the wal | heat transfer, you know, the heat from
the wall. It's a sensible heat nakeup in the liquid
core that's driving your heat transfer coefficient.

And I "Il tal k about that alittle bit nore
in the next slide, but ny conclusions fromthat were
that the interfacial heat transfer, and now we're
tal king about from the interface to the subcool ed
liquid, needs to be a nodel accurately, and the result
of this was we'll nodify the test matrix for the RBHT
to use subcooling at the quench front as one of our
paranmeters. And this just shows the matrix and so
-- these are all at six inches a second, and we j ust
did a parameter in this case on pressure, 20, 40, 60,
with m nus 12 percent quality. Thisis at the 53-inch
rubble. You can get that just fromthe heat bal ance.
And this is when we're into the region of the fine
Delta P cells.

Then at the sane flooding rate we did a
characterization on subcooling. This is what the

i nl et subcooling woul d be, but the point was we went
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to six percent and basically zero quality because |
wanted to | ook for the regi me change and the quench
front. And in one case where the quality was positive
so the void fraction was about 56 percent. Then we
woul d change the flooding rate to three inches per
second. W couldn't get the mnus 12 because the
wat er just couldn't be cold enough at the inlet, but
we could do the mnus six, the zero and then the 56
percent. On the matrix, we put sone ten-inch per
second tests, but we were actually not able to run
those tests. The facility had problenms with those.
That's something we'l|l | ook at again. | wanted to do
that just to extend the mamss flux beyond where we
t hough it would be so that it woul d extrapol ate nore
in the correct direction.

Now, this is wherel' mgoingto tal k about
what t he underlyi ng phenonmena actually are. So here's
my little cartoon. W have a wall, we have a vapor
film which is, you know, it's on the order of
millimeters, it's not very thick, and a liquid core,
vapor flow and |iquid, subcooled liquid. The heat
transfer process is fromthe wall to the vapor. Some
of this will go to superheat the vapor. The majority
of it isgoingtogototheliquidinterface, andthis

is the assunption in Bronml ey, for exanple.
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At theliquidinterface, it can do one of
two things: It either generate vapor or it can be
conducted into a subcooled liquid. This flowsplit,
you know, how nmuch heat generates vapor versus how
much goes into raising the tenperature of the |iquid,
in effect, is going to determ ne howthick this film
is. So if you have a very high interfacial heat
transfer rate here, you're sinply going to nove this
liquid over and get this filmthinner and thinner and
thinner until you're able to conduct enough heat
t hrough this vapor filmto balance that. That's why
the liquid tenperature is so inmportant in trying to
predict the heat transfer. That's why all those
points line up with equilibriumquality, because at
t hat point i nnegative quality, equilibriumqualityis
not hing nore than a liquid subcoolant. But put this
in a -- there also is radiation to the liquid, and
that can be ten, 20 percent type nunber. So that's
somet hing you want to nodel as well.

So what do you need? Wall-to-vapor heat
transfer, you need sonet hi ng here; vapor-to-interface,
liquid-to-interface, and |' msayi ng this may be one of
t he nore i nportant ones; wall-to-liquidradiation. If
you're going to predict the interfacial drag, you

know, once this part has given you a vapor generation
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rate, which in effect will then give you a vapor
velocity and a liquid velocity just fromyour mass and
energy, then the interfacial drag here is what gives
youtherelative velocity andineffect will determ ne
what your void fraction is.

W also need a criteria for the regine
transition. At which point does this break up and
beconme sonething a little bit nore simlar to a
fluidized bed with lots of liquid fragments goi ng up
and down? Now, traditionally, the assunpti on has been
vapor filmis a lam nar and you just have conduction
across it. And so the heat transfer coefficient is
not hi ng nore than the vapor connectivity divided by
the filmthickness. And that works as long as the
filmis very, very thin, but when you start getting up
tovoid fractions of 15, 20, certainly by the tinme you
get to 70 percent it doesn't work any nore.

Alot of papersintheliterature started
to say, well, it's probably turbul ence, but nore and
nore recently what they gotois that it's sonething
to dowith the surface, and part of it is the surface
becomes wavy. You can have | ow axi symetric waves or
the big helical kind. You can also have this whole
core noving. So it has sonething to do with the

wavi ness of the core is going to enhance this heat
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transfer coefficient above the K over delta. It's
going to be larger than that. But alsoit's goingto
affect theinterfacial drag coefficient. And you need
to get all those nodels working together in order to
be abl e to predict both the heat transfer and t he voi d
fraction right. And that's going to be a chall enge,
but that's what we're trying to do

And the question is how are we going to
use RBHT data for this? And this, unfortunately,
isn't the best exanple, but | cantell you what we're
going to do. In atypical test, what we're going to
have available is the wall tenperature in the heat
flux, the liquid mass flux. You can infer that from
a mass and ener gy bal ance. And the void fraction over
about an eight centinmeter interval. It's a
possibility we'll get toliquidtenperature because we
have these liquid probes -- well, excuse me, fluid
pr obes hangi ng down fromeach gri d spacer, and we al so
have those little rakes that neasure the center
t emper at ures of t hree sub-channels. Now, whenthey're
inthis liquid core howwel|l they' re going to work
don't knowyet because t hey haven't processed t he data
and | ooked at it.

But should we be able to get an axi al

profile of that |iquid subcooling and be able to see
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t he rate at which t hat subcool i ng di m ni shes as you go
up the bundle in this film boiling region, then at
least we'd be able to get an order of nmagnitude
estimate of what the interfacial heat transfer
coefficient is. And to be honest, that's pretty good.
You know, if you look at interfacial heat transfer
coefficients, they tend to go over about five orders
of magni tude, and so if you can get within an order of
magni tude, we'll be alot better off than where we are
t oday.

So | ooking at the RBHT, it will give us
the data we need to validate the perfornmance of these
combi ned nodel s. You put all these nodel s together,
do a simulation, then you can conpare the wall heat
transfer coefficient and the void fraction, didwe get
both of those right? But it's probably not going to

give us the detailed -- you know, for this regine, the

det ai | ed dat a we woul d need for nodel devel opnent. It
can help us in what 1'Il call a nodel selection
process. |If | go to nore fundanental tests, such as

t he one by Fung, and, actually, | would |like to do one
using freon because you can do nmuch cleaner
paranetrics or sone kind of refrigerant, and you can
al so do a simulation from hi gher pressure, which is

one of the holes in our database -- is this type of
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regime at high pressure? But it can get us sone
information to help us sel ect nodel s.

And that brings us to the reginme that
Prof essor Hochreiter tal ked a | ot about, and that was
what | call disperse flowfilmboiling. And nowit's
al nost quarter after 12, so howl ong do you want nme to
go? Do you have any --

MEMBER KRESS: | think ny preferenceisto
continue on and finishit before we goto |lunch. What
does the rest of the Conmttee thing?

MEMBER FORD: Yes. | agree.

MEMBER KRESS: Ckay. Wy don't we just
conti nue on?

MR. KELLY: OCkay. Sone of this | won't go
t hrough i n quite as nuch as excruciating detail, just
so we get there, because we're only on Slide Nunber
46. But I'mgoing to try to at |east give you the
essence.

Di spersed flow filmboiling is obviously
i mportant because peak cl ad t enperature occurs there.
Now, there is sonme background. This is where | say we
could talk about Forslund-Rohsenow and its very
checkered history. Sonmetines you'll see |large
overpredictions of the heat transfer. This is

especi al ly during the bl owdown phase. When t he drop-
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wal | contact was put into TRAC- PF1, For sl und-Rohsenow
cane about fromsone |iquid nitrogen experinments, and
so what they did -- so they were doing filmboiling
using liquid nitrogen as the coolant, and they made
some guesses as to what the dropl et dianeter woul d be
and cal cul at ed t he evol uti on down t he tube of what the
vapor superheating would be, the rate at which the
dropl et s woul d evapor at e and t hen f or ce conduct ed heat
transfer fromthe wall to that superheated steam So
you' ve already got a |l ot of assunptions built in the
nodel , what the drop dianeter is, et cetera.

Then wher ever t he nodel did not agree with
data, they assuned it was due to drop-wall contact,
and they took a nodel devel oped by Bailey for the
evaporation of |liquid drop on a horizonal surface and
said, "Ckay. This gives us an idea of what the heat
transfer would be, but we know it has sone
approximations in it because we don't have gravity
hol di ng our drops against the wall here. W al so know
that we don't know what fraction of the surface is
covered by drops.” So they came up with an estimte
of what the fraction of the surface m ght be based
upon the drop volunme fraction and then put a
coefficient -- actually, they put two coefficients in

front of them and |unped them into one. And the
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original correlation on that was, | believe, 0.2 and
in a book by Professor Siu, he said for water it
shoul d be two.

| don't knowwhere that cane from but the
val ue of two is what was put in TRAC-PFl, and if you
| ook at the void fractions that woul d have occurred in
t hose type tests, they're very -- the drop fractions
are very, very small. But if you go through Iike a
bl omdown rewet and put a |lot of water through the
core, all of a sudden you're a conpletely different
regime and especially with that two this gave a huge
heat flux and you coul d quench a | ot of the core. And
so it was non-conservative when you | ook at LOFT and
sone of the other tests. So this was one of the big
deal s that cane out of the CSAU study was to scale
back that coefficient and to actually put a bias of a
fairly substantial penalty was put on because of this.
So that's kind of the background there.

Now, when you | ook at di spersed flowfilm
boiling data, and |'ve been doing that a lot lately,
we have experinments simlar to Fung, but that one was
geared towards inverted annular but there are ones
geared towards disperse flow where they neasure the
super heat ed vapor tenperature with the same kind of

test. If you -- this appears not to be rel evant, and
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if all of the heat transfer is nowfromthe wall to
this superheated vapor, you know, plus a snal
radi at ed component whi ch you can estimate, well, they
don't line up with any kind of force convective heat
transfer correlation you and I have seen. [|'mgoing
to show the results of that in a second.

They can be quite a bit larger, and the
reason they're larger is that the presence of this
first phase sonmehow enhances the heat transfer, and it
can do it any nunber of ways. One of the theories is
that it's through turbul ent enhancenent, the weights
behi nd these drops actually enhance the free string
turbul ence |evel, enhance the heat transfer
coefficient. O course, |I'mnervous talking anything
about turbulence in front of you.

But t he other thing, the other way to | ook
about it isthat if the drops arereally small, think
of them as this distributed heat sinks in this
channel, and you can actually calculate that for
| am nar flow, and you get pretty |arge enhancenents
just by having changed the tenperature profile over
t he channel .

So this is a reality, and this is
somet hi ng codes don't nodel. The only code |I know of

that has a nodel for this in it is COBRA-TRAC, and
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t hat was one we put in based upon sonething that had
been done for BART back in 1984, and it was a
t ur bul ence enhancenent nodel or a very crude approach
to turbul ence enhancenent.

The ot her thing you see, and you see it in
RBHT, FLECHT SEASET or FEBA, is that there's a very
| ar ge heat transfer enhancenent due to t he presence of
the grid spacers. And in RBHT we've seen as nmuch as
a 200 degree C drop as you go past the grid spacer in
the rod tenperature. And part of that is because
t hese are m xi ng vane grids sothey're very effective.
They' re either capturing or breaking up rocks.

Here's ny cartoon for dispersed fl ow, and
what |I'm going to talk about now is how it's
traditional in nodel. Three nodes of heat transfer:
conduction, radiation and drop-wall contact. Sothis
isvery simlar towhat | showed for i nverted annul ar.
Convection fromthe wall to the superheated vapor.
Sone of that is sensible heat to the vapor. Sone of
it is then retransmtted from the hotbed to the
surface of the drop through interfacial heat transfer
where it causes evaporation of the drops.

And this is the primary heat transfer
node. The drops are a pretty effective heat -- a

fairly effective heat sink. There's alsoradiationto
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the drops and radiation to the vapor, but for |ow
pressure vapor, thisis really negligible. This one,
on the ot her hand, it can be -- typically, it's around
five percent, but if you have a co-si gned power shape
inthe bundl e, up near the top of the bundl e the vapor
can start to get hotter evenin the rods, and then the
radi ati on can becone a | arger and | arger conponent of
t he heat fl ux.
The third one is drop-wall contact.
Qoviously, if you' ve ever | ooked and you have seen t he
novi es, droplets don't just travel nice right down the
m ddl e of the channel, everything is noving around
flat, hitting against -- now, they can't contact but
a drop can cone over, spread out and underneath it you
can get an enhanced regi on of heat transfer. And this
i s where the |l ogi c behindIlike Forsl und- Rohsenow cane.
But since that tine, Forslund-Rohsenow nust have been
inthe early '60s. | don't renenber the year but it's
pretty old. Since that tinme there have been a | ot of
separate effects tests, you know, dropping little
drops froma syringe down on a hot plate kind of test
where they then neasure how nmuch either the plate
cools off or how nmuch of the drop evaporates.
And what it turns out is as long as your wall

tenperature is greater than sonme nythical tenperature
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which 1'Il call Tm n, you know, hot enough that the
drop can't wet the surface, only a small fraction of
a percent of this drop is going to evaporate. And
this heat transfer rate thenis actually smaller than
the uncertainty inthis one. So |l don't see the point
of putting a very large detailed nodel in for this
when this is smaller than the uncertainty in this one.
So I'"'mgoing to leave it out, at |east for now.

MEMBER KRESS: CGood choi ce.

MR. KELLY: Now we're going to tal k about
t wo- phase enhancenent.

DR. BANERJEE: Before you leave it, |
didn't realize you were -- | guess it really depends
on the population of drops and for nost of these
probl ens there are very fewdrops around. So in that
case, the convection is likely to be nost inportant.
But if you had a hi gher popul ati on of drops, the drop
wal I contact and enhancenent there may be si gnificant.
So | suppose it depends on the void fraction, really.
So how are you defining the boundaries of this in
terms of the void fraction?

MR, KELLY: When we get to the inverted
slug --

DR. BANERJEE: Ri ght.

MR KELLY: -- let's talk about that then.
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DR BANERJEE: Ckay.

MR. KELLY: Because | agree. | mean,
obviously, in --

DR. BANERJEE: If you' ve got a bed of
drops, this is going to be quite high, if it's drops
and not big chunks of 1iquid.

MR, KELLY: | don't agree -- | nean |
agree with what you' re saying but only up to a point,
and I'Il argue why |later.

DR. BANERJEE: Ckay.

MR. KELLY: But | do agree, though, |ike
say, for exanple, if you're in a place where you're
rolling out al um numand you have sheets of al um num
com ng out of a mll and you have hi gh vel ocity water
sprays directed on the surface, you can get pretty
hi gh heat transfer coefficients due to this, because
t hey found t hat was a nore econoni cal way to quench it
than ducking in a pool. So that's actually done in
i ndustry. But you | ook at the jets and you have very
| arge masses -- mass fluxes -- mass flow rates of
wat er bei ng driven under the surface at hi gh vel ocity.
And the degree to which this droplet spreads, how
close it gets to the wall and how rmuch heat it can
renove fromthe wall is dependent, if you will, like

on a droplet Weber nunber that's normal to the wall.
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So our droplets, which zi gzag around, they
may approach the wall, but they're never slammed
against it at several neters per second. O if they
are, it's only down near a quench front. It's
certainly not several neters away.

DR. BANERJEE: And there are actually very
few of them around, surprising enough.

MR KELLY: In the dispersed region, |
once cal cul ated what the drop volume fraction for a
rai nstormat one i nch per secondis -- | mean one inch
per hour rain, which, you know, you can get very, very
wet if you walk outside. It's like |less than ten to
the mnus five is the volune fraction of drops. So
you're right, there's very little, but you can sure
get wet if you get init.

Two- phase enhancenent, this is of the
vapor conductive heat transfer. And what you'll see
is at that the presence of a di spersed phase enhances
t hat conponent of the heat transfer over and above
what you would normally calculate. I mean in
retrospect it's obvious. You' re obviously changing
the tenperature profile and the velocity profil es and
maybe the free stream turbul ence |evel. So, of
course, it had to be in effect, but it's actually a

pretty |l arge effect at the | ower Reynol ds nunber s t hat
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we see in reflood cal cul ations.

And what you al so seeincurrent nodelsis
every now and then you'l|l see a cal cul ati on where for
at least this onerefloodtest they will nail the peak
temperature for the hot rod. It will be just dead on.

But when you do that and you don't have this effect

in, what you'll find is the convective heat transfer
coefficient is actually too small, and what they've
conpensated for is by the vapor tenperature will be

cool er so that the product is the sane. And when you
do that, sure, you can get that one tenperature right,
but then you can't predict the tenperature histories
at both the center line and in the upper elevations.
You can't have it both ways. You can tune it to one
| ocation but not for all.

DR. BANERJEE: | think thisis essentially
what these S-RELAP people, or whatever, did is they
got the PCT right, or whatever, but at conpletely the
wrong tine. It has nothing to do with the real

experinment. But they said it at |east bounds the PCT

because they're just redistributing the -- they're
using the superheat of the vapor. That was the
argument we went through. So if PCT is the only

criteria, which 1l don't think it should be, then, you

know, they say it doesn't really matter. That was
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sort of --

MR. KELLY: kay. | can show, and |'m
goi ng to showin the next slides, that the enhancenent
does exist. The question is what's the nechani smfor
it, and you can read any nunber of papers on either.
I f you |l ook at gas particle turbul ence, what you'l
find is quite often they talk nore about turbul ence
nodul ation rather than enhancenent, and that's
especially true of particles in, say, the 100-
mllineter range -- excuse nme, 100 mi cron range. Wen
you start gettinguptoamllinmeter or nore, then you
m ght have enough weight turbulence to actually
enhance it, and that's where our droplets are. So
maybe this occurs, but for |lamnar flow you can show
this occurs. But it's nore likely a conbination of
t he two and maybe even sonet hi ng we haven't t hought of
yet . But these are the two theories that are out
there. But the bottomline is the vapor conductive
heat transfer coefficient is not just a function of
t he vapor Reynol ds nunber and the fluid properties
like we normal ly would cal culate it.

MEMBER  KRESS: Are you al ready
interpreting flow about the droplet enhancenents?

MR. KELLY: No. You can be but nore than

likely you're in the transition regi me and down near
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where you woul d expect a transition towards |am nar.

This is the Lehigh three by three rod
bundle, so it's a little rod bundle, it's only a
l[ittle bit nore than a nmeter tall, and they tried to
build a hot patch on the bottom of each rod so they
could emul ate these two tests. Again, the drawback
here is they're all at one bar in a fairly limted
range of conditions. They couldn't go very nuch or
they couldn't keep the rods from quenchi ng.

But t hey do measure t he vapor tenperature.
They conme in with a doubl y-aspirated steam probe and
neasure the tenperature out near the center of this
little bundle. So at that location, it's a steady
state test,so you know the mass flux. You can do a
mass energy bal ance using that measured tenperature
and get the actual quality here. So you know the
vapor mass flux and t he vapor tenperature and t he wal |
temperature and the heat fl ux.

So using all that, you can calculate a
Nusselt nunber, divide it by your Prandtl to the one-
third, and here is the data. This is against vapor
Reynol ds nunber. This is the Dittus-Boelter
correl ati on which you wouldn't really expect to apply
for arod bundle so much. This is a FLECHT SEASET 161

rod. This is fromtheir steamcooling test. So in
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the transition region, thisis 1,000, this is 10, 000.
Most of this data is between about 500 and 6, 000 or
so. So this kind of gives a | ower bound and what it
kind of looks like is if you continued this out to
hi gher Reynol ds nunbers, nmaybe it woul d merge to just
t he force convective conponent. And, certainly, down
near lamnar this is 100 percent higher.

Sane kind of test but now this is in a
tube, al so done at Lehigh. Wder pressure range, mass
flux and heat flux range. In this case, it's a
Nusselt nunber that I'mplotting, not divided by the
Prandtl, against the vapor Reynolds nunber. The
orange triangles are the dispersed flow data. The
little blue asterisks are the single-phase Nusselt
nunber cal cul ated using a nore correl ati on, one due to
Gnielinski, it's a Russian author. And that's why
there's some scatter here. These include the
variation of the fluid properties, the variable
property effect. And since each of these data points
are at different local conditions, thisis a function
of the fluid properties as well as the Reynolds
nunber .

But what you see is the dispersed flow
data at hi gher Reynol ds nunbers, about 20, 000 or so,

it's about 20 percent enhanced. But, again, as you
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nove down i nto the transition regi on, down towards the
| am nar, you conme up with 100 percent or so.

DR BANERJEE: There's nore scatter down
there, so there's sone other effects.

MR, KELLY: Well, these are at different
liquid volune fractions, if nothing else. 1t's not
just a function of this, it's a function of sone ot her
t hi ngs.

DR BANERJEE: O her vari abl es.

MR. KELLY: The point of this is that and
also that it can be sizable and it's sonething we
shoul d | ook at.

This is actually poorly organized in the
sense that | don't directly go fromwhat | just tal ked
about to how we're going to do the RBHT. Instead |
was goi ng to tal k about drop dianeter. So what | wll
try todois skip forward alittle and go to -- these
are the nodel s that we're going to end up needi ng, and
"Il talk about each of these in turn until you get
tired of hearing ny voice. But what |'mgoing to talk
about now is just the wall-to-vapor convective heat
transfer.

So this is how we're going to nodel it:
Force ~convection heat transfer coefficient by

sonething I|ike Gnielinski, wal | m nus  vapor
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tenperature, it's going to be one plus this two-phase
enhancenent factor, and then we're going to add the
radi ated heat flux to it.

So the first thing you need is you need
t hat singl e-phase coefficient. The second thing you
need is the enhancenment factor. So this is single-
phase data from the steam cooling test at FLECHT
SEASET fromt he 161 rod bundl e, vapor Reynol ds nunber,
Nusselt over Prandtl nunber to the one-third, and
these -- basically, each Reynolds nunber is pretty
much one test. And then the reason for all the
asterisks i s they use the sub-channel anal ysis code to
back out the vapor tenperature for each sub-channel,
cal cul ated a heat transfer coefficient for that. So
that's where this spread cones in.

The blue lineis Dittus-Boelter. Thisis
t he FLECHT SEASET. So that doesn't | ook too bad, so
we need sonething that's close to that, and that's
just to capture the rod bundl e effect, because rod
bundl es are not tubes. So you showa correl ation that
is a function of the rod bundl e geonetry.

But you al so want to | ook at the convected
enhancenent, and here's where RBHT can cone in. In
addition to the steamcooling test hel pi ng us sel ect

a rod bundle heat transfer correlation --
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VMEMBER KRESS: Now, is your rod bundle

geonetry captured in your Nusselt nunber by the
equi val ent di anmeter that goes in there?

MR KELLY: No.

MEMBER KRESS: No? That doesn't do it.

MR. KELLY: If youlookintheliterature,
there's alot of correlations. They don't necessarily
agree with each other, but there tends to be a 20 to
30 percent enhancenent of the convective heat transfer

just by the fact that it's a rod bundle. O course,

the grids --

DR. BANERJEE: More so with Reynolds
nunbers.

MR,  KELLY: More so, yes. The steam
cooling test will help us select that correlation,

because it's going to be turbulence down to the
transition region. You're going to have to worry
about m xed convection effects as well. But what's
really of interest are the droplet injection tests.
So in steam cooling, there will be 16 tests, two
pressures and ei ght different Reynolds nunmbers. For
the droplet injection, 48. We'll repeat those
pressures and Reynol ds nunbers but then come in with
droplet flowrates at three different ratios of the

liquid flowrate to the vapor flow rate, because if
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you look at |ike, say, gas particle heat transfer
tests, it's the mass loading ratio that's inportant.
So that's what we're going to do.

Unfortunately, this has all slipped
further and further out intime. Wat we'll get, you
know, the data that will be avail able fromthese tests
is youll get the rod heat flux and tenperature, the
liquid and vapor flow rates. These are steady state
tests, you can do mass ener gy bal ances and get a good
estimate or at |east a decent estimate of what your
| ocal fluidconditions are. That's very hardto doin
arefloodtest. W' Il also knowthe superheated vapor
temperature and the droplet dianmeter. It turns out,
the drop di anmeter doesn't change a whole lot. These
drops nove rel atively fast. Their velocity is on the
order of one or two neters a second, so they get
t hrough the bundl e very quickly. So unless they hit
agridand are shattered, they just zip out. They're
very inmportant for controlling the superheat |evel of
t he vapor, but the actual drop dianeter only changes
alittlebit. Only afairly small fraction of it will
evapor at e.

And so when you have this, you can t hen do
a direct eval uati on of what thi s two- phase enhancenent

factor really is or would be. The wall heat flux
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m nus the radi ati on heat flux over your single-phase
heat transfer coefficient and the tenperature
difference you neasure mnus one. And the only
assunption is what this radiated heat transfer
conponent is. And at the nmonent, we'll be using
sonething |i ke a nodel do to Sun-Gonzal es-Tien that's
been around for, say, 30 years nowand pretty nuch, in
one form or another, shows up in al nbst every code.
How good it is, | don't know, but it's very hard to
nmeasure what the radi ated conponent to droplet m st
iS.

MEMBER KRESS: If you miss it, the value
you cone up wth your two-phase enhancement will
conpensat e.

MR, KELLY: Yes. From the data 1|'ve
| ooked at, there is so nuch spread in this, and |'ve
| ooked at like six different theories, andit's very,
very -- or six different type nodels. I[t's very
difficult to conme up with one that mnimzes the
uncertainty in here, and so that's one of the reasons
| want to have these tests, because for --

DR. BANERIJEE: It could certainly be a
function of the volune fraction of the drops, because
what you' ve got is a floww th distributed heat sinks

init. So the tenmperature profile is not turbulent,
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it's below, it's been sunk down by these. And that's
why you're getting the enhanced heat transfer in sonme
way, you're getting a tenperature profile near the
wal | .

MR. KELLY: Exactly, especially near the
| am nar end and when the liquid loading isn't too
hi gh.

DR BANERJEE: Yes.

MR. KELLY: Andif youwite the equations
for this lamnar flow, say you're going to do a
numeri cal sol ution, when you non-di nensionalize the
equations, two groups falls out. One of theml! cal
a heat sink factor, andit's aratio of -- well, it's
basically theliquidvolunme fraction, one m nus al pha,
ti mes t he vapor-to-drop Nusselt nunber, divided by the
Nussel t nunber of a wall-to-vapor. So it's kind of a
rati o of how nuch heat can go to the drops versus how
much heat goes to the vapor.

The ot her one is a superheat factor, and
it's basicallythe vapor-specific heat tinesthe vapor
superheat, divided by the |atent heat. And those
becone -- so those are your non-di nensional nunber
t hi ngs when you're doing this |am nar flow sol ution.
So I've tried to use those as a correlating factor.

It works very well for some data, but when you go to
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very heavily-1aden, you know, where the mass | oadi ng
factors are ten or 100 or 1,000, and you get up to
those in sone of these regines, then it doesn't seem
to correlate at all.

DR. BANERJEE: But then you've got other
factors. You've got probably turbul ent enhancenent
and ot her things happening.

MR. KELLY: And that's what |'mgoing to
try to use there, and there you go to sonmething |like
what a Theophanos and Sul | i van paper --

DR. BANERJEE: That is bubbly flow

MR, KELLY: But they turned it around and
the equation said you could do it for dispersenent.
But you can do sonething |ike that.

DR. BANERJEE: Ri ght.

MR, KELLY: So it's basically a ratio of
a drag coefficient in interfacial area to the wal
friction factor.

DR. BANERJEE: Ri ght.

MEMBER KRESS: For these drops, the
convective Nusselt nunber, it's probably just the --
MR KELLY: The conduction?

VEMBER KRESS: -- the conduction in a
solid sphere. W don't have any -- they're so snall

we don't have any enhancenent over that, right?
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MR, KELLY: Well, we're tal ki ng about not

i nside the drop, we're tal ki ng about between t he vapor
and the drop. And so, quite often, it is close to a
conduction Iimt. |If you |look at the formulas, the
traditional one is Lee and Ryley, but there are nore
nodern versi ons.

MEMBER KRESS: Yes. | was ignoring the
i nside of the drop, | was still tal ki ng about vapor to
t he drop.

MR. KELLY: Yes. They all say the Nusselt
nunber is something like two plus a square root -- a
constant tines the square root of the Reynol ds nunber
times the Prandtl nunmber. And, quite often, the val ue
i s between two and ten.

MEMBER KRESS: (kay. So it's not just
t wo.

MR. KELLY: It's seldomnore than ten, but
it's not just two. It depends onthe flow condition.

DR. BANERJEE: It depends on the size of
t he drop. | mean if it's too big, then you get
internal circul ations.

MEMBER KRESS: Yes. |'massuming for this
size drop that's not a big factor, though.

MR,  KELLY: The drops w il Dbecone

di storted, they won't stay spherical.
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DR. BANERJEE: They'|ll oscillatealittle

bit.

MEMBER KRESS: Well, it could be higher
t hen.

DR. BANERJEE: You can get an anal yti cal
solution to this problemas a boundi ng cal cul ati on by
just taking a heat sink in your equations and
integrating them and that will at |east show you an
upper bound.

MR, KELLY: There is an analytical
solutionout intheliterature. There was one done by
Jens Andersen, and there was an ol der one before that
but I can't remenber the author's nane. But Yao at,
| think, the University of Pittsburgh has done a | ot
of work on this.

DR. BANERJEE: Yes, maybe.

MR. KELLY: And | did a nunerical solution
for lamnar flowon this, and that's where | cane up
with the heat sink factor and the superheat factor.
And those results, actually for certain conditions,
gi ve you the kind of nunbers that you see in the data.

MEMBER KRESS: Well, if this two-phase
enhancenent factor turns out to be arelatively strong
function of the liquid vapor mass |oading ratios,

whi ch you expect it to be, | worry about only having
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t hree val ues for those.

MR KELLY: Well, | would like to have
nore, but if we can only operate the facility for half
a year, and they're actually sayingit's goingto take
themtwo years to do this series of tests --

MEMBER KRESS: Yes. You take what you can
get, | guess.

MR, KELLY: Yes.

DR. BANERJEE: Also, if it turns out to be
really inmportant, you can probably go back and do
t hat .

MEMBER KRESS: Probably go back and do
t hat, yes.

DR. BANERJEE: If it is.

MR, KELLY: So Steve and | are both very
interested in this programand trying to follow it
al ong and al so to encourage it and direct it to what
we think is inportant.

MEMBER KRESS: You're going to choose
these three |iquid vapor nmass | oading ratios to span
what you expect in the real case, | guess, so that you
can extrapol ate in between them

MR. KELLY: At least up to the point for
t he di spersed fl ow regine.

MEMBER KRESS:. Yes, okay.
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MR. KELLY: Now, one of the reginmes we're
going to tal k about later, if we get there, is what |
call inverted slug, and that's why |I'm thinking of
nore as like a fluidized bed where the volune
fractions are on the order of 50 to 90 percent, and
you have these Iiquid drops and fragnents goi ng every
which way, and the heat transfer can be pretty
significantly enhanced. And the | oading ratios there
get up to about 1,000. And if we were to spray that
kind of liquid mass flux in these little droplet
injectors, there's no way we wouldn't quench the
bundle. We wouldn't be able to do the steady state
di spersed flow test. So we'll push it as far as we
can, but we'll at |east nake sure we end up with a
good nodel for disperse flow And this is how we
would use that data that we would get from the
facility to generate the nodel we need. Ckay.

Now we're going to back up, because I
ski pped sone slides, and go back to t he background and
tal k about drop di aneter, becauseit's primaryroleis
its effect on vapor superheat, and that's really
crucial because that's going to be your sink
tenperature. But it also affects the grid space-to-
drop breakup. This two-phase conductive enhancenent

factor is going to be a function of a drop di aneter.
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And also water drop radiation heat transfer is a
function of the drop vol une fraction and di aneter. So
it affects all of these.

We don't even know what mechani sns fornms
these drops. |If you look inthe literature, there's
a lot of speculations. You know, is it aerodynamc
breakup of these liquid slugs? Vel l, maybe and
probably at | east some of the -- maybe the majority of
the drops cone fromthat. You'll see papers where
they waive entrainment from that inverted annul ar
core. Now, if you' re going to devel op waves on it,
you can strip drops off of it. O if yougoto a low
fl ooding rate, what you have is actually an annul ar
film down bel ow the quench front. You can devel op
waves in that filmand entrain drops actually before
you get to the quench front. But this wouldn't too
often happen just because of the heat flux levels
bel ow t he quench front.

MEMBER KRESS: Aren't you produci ng vapor
at the quench front? And when the vapor breaks to a
liquid interface, doesn't it carry liquid with it?

DR BANERJEE: That's a splattering.

MEMBER KRESS: |s that what you nean by
spl attering?

MR. KELLY: Yes.
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MEMBER KRESS: Ch, okay.

MR. KELLY: It depends on your liquidflow
rate and your |iquid subcooling. |If you're at high
flow rates and high subcooling, yes, you generate
vapor at the quench front, but you imediately
condense a lot of it. So you get your onset of film
boiling there, but the eventual -- and that's how you
have the liquid inverted annul ar core downstream of
the quench front is because you' ve condensed the
majority of that vapor.

You can al so generate droplets by wal |l -t o-
drop interactions. As we tal ked about, if you slama
drop up against this hot wall, it's going to flatten

out, you're going to be generating under the drop,

instability is -- as you start to push the drop away,
you'll have instabilities on that vapor surface, and
the drops will tend to break up with sone critical

wavel ength that will be the size of the drop. And I
don't remenber what the fornulais, but that's there.

You al so have drops colliding with other
drops, with the grids, of course, and sputtering is
what happens if, say, for exanple, you have an act ual
annul ar flow, we're tal king about |ow flooding rate
cases, so below the quench front it's two-phase and

you actually have an annular flow regine near the
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qguench front that thenthis filmtrips over the quench
front itself where you go frombasically a cool wall
tored hot and blows the liquid filmoff, and t he nane
for that is sputtering.

But if you |l ook at the current database,
there is sone data for drop dianeters in reflood from
both experiments in tubes and rod bundl es. But ,
typically, thelocal conditions are not reported. All
you get are the droplet dianeters. And so what
happens, and | guess now!l can't use "ad hoc" anynore,
' mgoing to have to go check that definition. What
you'll see in a lot of codes is they'|ll take a
critical value for the Wber nunmber based upon the
| ocal conditions, not where the drop was actually
created, and they' Il tune that critical Wber nunber
sothey' Il match the PCT for a particul ar experinment.
And you' I | end up seeing things |i ke Weber nunbers of
one or two years.

MEMBER KRESS: That seens backwards to ne.

MR. KELLY: But part of it'salimtation
that if you don't have some kind of interfacial
transport mechanismfor the droplets, you have to do
it based upon | ocal conditions, because the reality
isn't steady state. Normal ly, you know, you can

anal ytically you can say, "Well, | knowwhere it was,"
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but that doesn't happen in the codes. And this is not
an idea, this is what gets done, and that's what we
want to inprove on

This gives you an exanple of what's out

t here now. You know, | searched, | | ooked for dropl et
data, and there's not a whole lot. 1've got two set
-- ah, ny legend went away here. That happens

soneti mes when you cut and paste things in.

MEMBER KRESS: W have it on ours.

MR. KELLY: So the black triangles are
from FLECHT SEASET, and these were done optically,
hi gh- speed novi e, | ooking through a wi ndow, then you
project it on graph paper and your graduate student
draws circles around the drops and gets out. So in
this case, each one of these triangles represents an
i ndi vidual reflood test. You notice nost of themare
at 40 psi, one is at 20.

Typically, the nunber of drops neasured
range between about 50 and 300. So these popul ations
that -- each of these represents a popul ation, and
what this is is the Sauter nmean dianmeter in
millimeters, but they'refairly small popul ati ons, so
you woul dn't really trust the shape of it and even t he
value. It give you a pretty good idea. But, again,

we don't know what the fl ow conditions were. W know
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the pressure, but we don't know what the vapor
vel ocity and we don't real ly know where t he drops cane
from

MEMBER KRESS: But those size droplets
are, for exanple, too large to get Kelvin Hel mholtz
stripping off -- you don't get droplets that big, do
you?

MR. KELLY: No, and you don't get droplets
this big with a Weber nunber of 12.

MEMBER KRESS: W th a Weber nunber of 12
you get a really small --

MR, KELLY: Well, no, actually, let ne
back up. You don't get -- these drops are too snall
for the Kelvin Helmholtz thing if you use the dropl et
termnal velocity. That's why you need to go to a
Weber nunber of |ike one or two to get these.

DR, MOODY: Larry Hochreiter showed
dropl et data. Did he meke predictions of those
dropl et dianeters that he nmeasured?

MR KELLY: No.

DR.  MOODY: He just measured them and
there they are for --

MR. KELLY: Yes. And I'mgoing to talk
about that in just a m nute, about howwe' re going to

use that data. 1'Il finish with this. These orange
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di anonds are fromthe ACHI LLES t est which were done in
Geat Britain, and in this case they did two refl ood
tests. This is the only -- they have nore data, but
this is the only that | had access to. So there are
two different tests, and what you're looking at is
each di anond i s a val ue neasured for one sub-channel .
And | don't renenber how these were measured.

And t hen we have sone tube test data, sone

tests done at the University of Berkeley, | think it
was an I nconel tube, | don't renmenber. And in tests
done in Britain by -- | think it was Britain -- by
Ardron and Hall, and these are quenching of a quartz

tube with a little wire wapped around it. And so
here -- in both cases, they were using optical
techni ques. Each one of these represents a point in
a reflood test, and these are sonmetinmes as many as
1,000 drops in each one of these. Again, this is
Saut er mean dianmeter. And so these were taken at a
coupl e axial elevations in the tube, so at different
di stances fromthe quench front. Whereas these were
all at the exit of the tube. So we have a very |l arge
di fference between the two, and one of the questions
is why, how can you neasure droplets that are --

DR. BANERJEE: It's hard to get a nine

mllinmeter drop.
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MEMBER KRESS: Yes.

MR. KELLY: Well, we tal ked about Kel vin
Hel mhol t z. Let's throw Rayl eigh-Taylor into this.
These are about as large as a drop can be and renain
st abl e.

DR. BANERIJEE: They nust be these big
chunks. | think Keith Ardron must have been calling
t hose drops, he was English. Anything which has sort
of a circular shape is okay.

MR, KELLY: Well, but --

DR. BANERJEE: They're big chunks of
[iquid, | think.

VMR, KELLY: But, you know, that's what
t hey were neasuring.

DR BANERJEE: Yes.

MR KELLY: That's what was there. And
this is actually Sauter mean, so they sawthings even
bi gger, but you can't get nuch bigger than this. You
just can't. You know, a Rayleigh-Taylor limt is
about four times over -- which is about ten
mllimeters at these conditions, so you' re not going
to get nuch bigger than that.

So at any rate, if you were to ask ne
what's a droplet correlation --

DR. BANERJEE: One to two millineters.
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VMEMBER KRESS: Yes. That' s what | was

t hi nki ng.

MR,  KELLY: Vell, except what we're
measuring in RBHT, at |east the couple of tests |
| ooked at, are about half a mllinmeter. And that's
one of the things we're going to have to ook at is
what's the difference here.

DR. BANERJEE: But maybe there's a spacer
effect.

MR. KELLY: These have spacers too. Egg
crate, not mxing vane, but definitely there's a
spacer effect. But part of it may be the flow
condi ti ons being different, you know, vapor vel ocities
bei ng higher in these tests. Part of it may be the
nmeasur enment technique. Here we're actually using an
automated software to neasure the drops. And the
| aser canera, the digital canmera here has a very high
resol uti on, better than what was avail abl e back i nthe
1970s. So if you look in the test report for these,
they say that they -- | don't renenber the nunber, but
there's a certain dianeter drop that they can't see.
Anyt hi ng bel ow that, they can't see. Wereas here we
can see sonme of those very small drops, and, of
course, if what you' re doing is Sauter nmean, you know,

rati o of the volune to the area for the population, if
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you're not counting small drops, it's very easy for
you to overestimate the droplet size.

DR MOODY: | guess in every case the
droplets are formed from a bigger body of Iiquid,
whet her they're ripped off, stripped off, coaxed of f.

MR. KELLY: Sonehow. And probably several
di ff erent mechani sns bui | d a popul ati on, and we si nply
don't know.

DR. MOODY: Isn't that amazing, here we
are 100 years later and we still don't know.

MR. KELLY: You know, there's thousands of
papers out there on inverted annul ar or di spersed fl ow
filmboiling, and when you have to sit down and put
their nodel for a code, you're scratching your head
sonmetimes, and it's surprising. There's a lot of
i nconsi stency between the papers that are there.

Ckay. | tal ked about this. GCkay. This
was how are we going to get the interfacial heat
transfer between the vapor and the drop. And the
point is youcan't really. | mean we're not nmeasuring
the rate at which dropl ets are evaporating, but we can
get an indication of it by l|ooking at the axial
profile of the vapor tenperature. So we can use the
nodel s that we get -- excuse ne, we can use the data

that we're going to get, the superheated vapor
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tenperatures, the drop dianmeter and the vapor-
entrained liquid flow rates.

MEMBER KRESS: Does the change in Sauter
nmean di aneter give you any information on that?

MR KELLY: It's --

DR BANERJEE: Too small.

MEMBER KRESS: Too small?

MR. KELLY: The uncertainty in what you're
nmeasuring i s nmuch | arger.

DR. BANERJEE: But the superheated vapor
tenperature is a function of the heat transfer from
the wall and a whole lot of stuff going into that.

MR. KELLY: Right. But it can give you --
you can at least use it to help you select which
nodel s, and then once you have a set of nodels in and
are doing a comparison, you can then validate their
i ntegral effect.

MEMBER KRESS: | woul d be tenpted there to
use exi sting correl ations for single drops and swar ns.
| think some of those exist, don't they?

MR, KELLY: Yes.

MEMBER KRESS: | think 1'd be tenpted to
say, "All right, we'll just put those in for that."

MR, KELLY: Yes. \Whenever you think you

know sonmet hing, use it. That's what |I'mdoing. And
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so, for exanple, for the vapor-to-drop interfacial
heat transfer, there are experi nents where t hey either
put alittle sphere and coat it withaliquidfilmand
put it in a wnd tunnel and --

MEMBER KRESS: Yes. They' ve done a |l ot of
t hat .

MR,  KELLY: -- conme up wth those
correlations, sothat's what I'Il use. The only catch
is the nmulti-particle effect.

MEMBER KRESS: Now, it may be that your
loading is so small that these act like single
particles, but I don't know that.

MR, KELLY: Well, not quite. W' re not at
the dense solution where you have to worry about
clusters like in fuel ignitors. So we're not having
to worry about penetrating clouds of drops. But on
t he ot her hand, we have enough drops around that the
rate's going to be alittle bit nore than the single
particle. And that's where you m ght ook |ike and
what |'ve been doing is |looking at the correlations
for fluidized beds for the vapor-to-particle heat
transfer in a fluidized bed.

DR. BANERJEE: Are you tal ki ng of the heat
transfer coefficient on the vapor side or on the

[iquid side?
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MR, KELLY: Vapor si de.

MEMBER KRESS: Yes. | think --

MR KELLY: Bet ween the vapor and the
particle.

MEMBER KRESS:. Yes. | think you would
generally neglect the liquid side for this size
particle.

MR. KELLY: The drops are in saturation
and it's high enough because the drops are snall.

DR. BANERJEE: But, usually, the liquid
si de heat transfer can vary, of course, by a factor of
two or three.

MR. KELLY: Yes. Hereit's so nuch | arger
than the vapor side that it's really a no "never

mnd," and i f you just do a conduction on the drop and
have a fairly constant number, you're close enough,
because it doesn't limt the rate process.

DR. BANERJEE: Well, the flow around the
drop is turbulent, correct, by then?

MR, KELLY: But it'sfairly -- if you |l ook
at the Nusselt nunber, you get a Nusselt nunber of
about ten or |ess on the vapor side.

DR. BANERJEE: You see, if you had a very

hi gh conduction heat transfer inside the Iliquid

conpared to the convective heat transfer outside, you
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won't get any vapori zati on.

MR. KELLY: But these drops are saturat ed.

DR. BANERJEE: They are saturated.

MR. KELLY: By this point, you know, the
liquidis broken up and everythi ng, and nowyou' ve got
little small drops. They're basically saturated.

DR. BANERJEE: If that's the case, then
all that heat transfer will just go to vaporization.

MR KELLY: Right.

DR. BANERJEE: And you don't care what
happens.

MR KELLY: Yes. W don't care what
happens on the liquid side. | should have said that
at the outset.

Now we're going to talk about drop
diameter again. Sorry for the aside in interfacial
heat transfer. What | said in the existing database,
as you see sonme drop dianmeters, is there's a large
di sparity but you don't have alocal fluid conditions,
SO you can't go and nmake any judgnents. Well, this
one set of data by Ardron & Hall they do report at
| east the exit conditions. So at the end of their
tube, they give you the steamvelocity. And so if |
assune t hat steamnass fl ux were constant all the way

back to where they made their neasurenents, | don't
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have enough data to nake any ot her assunption, but if
| assune that, | can do this plot, which is a non-
di nrensional drop dianeter, it's a drop dianeter
di vi ded by the cost nunber, so that's the square root
of the surface tension over G delta rho, versus a
nodi fi ed Weber nunber.

It's modified in two ways. It uses the
vapor superficial velocity rather than the relative
velocity, so | don't know the relative velocity, I
only know t he vapor superficial. And, actually, you
see that in a lot of annular m st things for droplet
di aneter. The other way it's nodified is instead of
using the droplet dianeter, it uses the LaPlauce
nunber. So that's what nmeant by nodifi ed Weber nunber
her e.

And because you're plotting it that way,
and | picked this up with sone annul ar m st stuff, you
can draw these dashed |ines that are straight, and
what you'll see in your handout is that it says Wber
nunber equal s 12, Weber nunber equal s four. There are
two sets of data here. Wat 1'd |ike for you to | ook
at first are the dianonds. Those are the drop
di aneters that they nmeasured for | ocations that were
nore than | believe it was 0.7 neters away fromthe

qguench front -- or maybe it was one neter. |It's in
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your handout. So what you're basically seeing for
these Sauter nmean dianeters is sonething that you
woul d get for the Weber nunber criterion based on
vapor superficial velocity of about four. Well, you
woul d tend to believe the nunber of 12, but 12 woul d
gi ve you the maxi numsize drop. |In the Sauter mean
because there's a population, a distribution, it's
typically three to four tines smaller than the
maxi mum whi ch brings you right into this val ue.

Now, if you |look at the open orange
triangles, those were taken at a distance of a tenth
of ameter, only ten centineters, away fromthe quench
front inthese tests. So these drops haven't had nuch
time to accelerate, haven't even had nmuch time to
break up, but they tend to be bounded by that Wber
nunber value of 12 and then nove down towards this
limt. So this is an indication of something you
m ght be able to use as a correlating factor, and
that's one of the things I'lIl be | ooking at --

MEMBER KRESS: Droplet size versus
position along the tube, wthout consideration of
evapor ati on?

MR, KELLY: Well, actually, I didn't nean
that. What | nmeant as a correlating factor was the

vapor superficial velocity or the vapor nmoment umf | ux.
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kay?

MEMBER KRESS: Woul d you use the four or
the 12 or the --

MR, KELLY: Well, for the maxinmum you
woul d use a 12, for the Sauter nean, a value nore |ike
the four. And this is just first order nodel here.

DR. BANERJEE: Anyway, the vapor velocity
is very close to superficial, right? There aren't
t hat many probl ens.

MR. KELLY: Right. And also-- well, yes.
But I1'mignoring the relative velocity here.

MEMBER KRESS:. The relative velocity is
pretty | ow.

MR. KELLY: Yes. There's a difference
bet ween the vapor superficial and the relative, and
what ['Il be saying in this nodel, if | were to use
this, is that where the drops are actually created the
drops are initially standing still. They haven't
accelerated to the termnal velocity up here. So
their velocity is basically zero so that that vapor
superficial is indicative of the relative, the
relative at the top of this, say, fluidized bed before
it becones fully dispersed.

MEMBER KRESS: Evenif it wasn't that way,

you al nost have an enpirical factor
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MR,  KELLY: OCh, it's going to be
enpi ri cal

MEMBER KRESS: Yes. So it wouldn't matter
if that was the right interpretation or not would be
a good way to look at it.

DR. BANERJEE: It's nore or less in line
with what you expect.

MEMBER KRESS: Yes.

MR. KELLY: Yes. And the point of show ng
the 12 and this is to show where sone of those very
| arge drops canme from These are drops close to the
guench front that haven't had the chance to really
accel erate and break up.

MEMBER KRESS: And they' re not going to do
much, | don't think, are they?

MR. KELLY: They're going to stay down.

MEMBER KRESS: Yes. So we don't know
really a whole | ot about them

MR, KELLY: Yes. Eventual ly, they'l]|
break up and then becone inportant.

MEMBER KRESS: Yes.

DR BANERJEE: It's a mess down there.

MR. KELLY: Yes. And one that |'m not
going to nodel the details of for a long, long tine.

MEMBER KRESS: But it | ooks |ike a Weber
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nunber m ght be a good shot at getting --

MR. KELLY: That's what 1'mgoing to try.
And | got this fromthe annular m st literature, and
|"'mjust adapting it for a different situation. And
then "'mgoing to try to actually get other data to
check this, and I'Il explain that when | cone back and
gi ve you the nodels, okay?

This i s what Professor Hochreiter showed
you fromthe RBHT --

MEMBER KRESS: | think we're goingto | ose
one of our nmenmbers here very shortly.

DR. MOCDY: Your audience is shrinking,
it's nothing personal.

MR, KELLY: 1'Il tell you what: Before |
lose all ny audience, let nme go to ny last slide.
It's not in your handout.

MR. BCOEHNERT: Power poi nt poi soni ng.

(Dil bert Cartoon.)

(Laughter.)

MR. KELLY: Since |I'mnoted for standing
up here for hours on end and boring ny audi ence with
hundr eds of viewgraphs, | just couldn't resist. This
iswhat | was trying to desperately get to just before
Professor Wallis left, because | thought he would

enjoy this.
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MR. ROSENTHAL: Let ne be serious for just

a second, and that is we read the consultant's report,
and to sone extent | think we have to agree that the
experimental programand the anal ytic programwasn't
tucked together as tightly as everybody woul d have
i ked, just what was funded when and who was on staff
when and what not. | nean even we recogni ze that we
coul d have done better, but I think that we're playing
catch up but we're getting better. So |I'msure that
you have to -- or wuld be witing additional
consultant's reports, and if in those reports you
i ncluded your views, having read this presentation,
|'d appreciate it.

MEMBER KRESS: | think that may be all you
get out of this neeting is a consultant's report,
unl ess Gahamwants to wite a sumary.

MR, ROSENTHAL.: I'"'m not asking for
anything nore, but what |I'msaying is that the prior
reports were based on the Hochreiter were fair but
negative. So if you have whatever -- if you change
your views or have additional views, we'd appreciate
seei ng what they are.

MEMBER KRESS: Well, the other issue -- |
share your concern about |osing support for the rod

bundl e heat transfer test, and | don't know how to
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convey that concern at the nonent, because | don't
think we intended to have a letter.

VMR, BOEHNERT: Wll, you're witing a
research report. Maybe you want to think about that,
getting some --

MEMBER KRESS: But the research is what
were supposed to focus on advance reactors, but |
think this is probably --

MR. BOEHNERT: | haven't seen it, so |
don't know.

MEMBER KRESS: -- appropriate.

MR. ROSENTHAL: O even in your |esser
reports. If you think that --

MR. BOEHNERT: Well, but the research
report woul d be good because that's going to el evate
this right to the top.

MEMBER KRESS: (Okay. That's a good poi nt.

MR, BOEHNERT: Yes.

MR. KELLY: And frommy perspective, even
in a consultant report, you know, you may even see a
sentence that says, "Thisis apretty interestingtest
series. W think we're going to get sonme val uable
data.” But then there m ght be 20 different ways in
which it could be better, and they nay be very true,

and maybe we can make the program better, but when
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coupl e | evel s of Managenent above sees this, they see
20 and one, and they cone away with, "Well, this -- ny
staff doesn't knowwhat we' re doi ng, our experinenters
don't know what we're doing, let's just Kkill the
program" So if there's a cover letter that goes with
t he consul tant reports, | neanif youreally feel this
is a wrthwhile program just make it very clear in
the front, and then tell us howto do it better. W
don't mnd that, because --

MR. BOEHNERT: Let me give sone input
here, because you have to keep in mnd what are the
intents of the reports the consultants provide the
Subconmittee. It's basically for internal use, andin
fact we kind of grapple with, gee, should we give you
guys these reports? And | tend to say you ought to
see this stuff because | think it's useful, but I
al ways have to get the perm ssion of the Chairnman to
do that. And he generally says, "Sure, go ahead." So
that's why it's -- it's a different audience and
that's why they tend to be maybe not as positive as
you'd like, but it's basically for internal use.

VR, ROSENTHAL: | think that given the
presentations that were made, | think that the reports
that cane in were fair. And we're all sayi ng we need

to do better. Having heard this presentation, if you
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have additional coments x

DR. BANERJEE: Well, you have to knowt hat
t hat when we listen to the RBHT Program this program
which is going on in parallel wasn't presented.

MR ROSENTHAL: Right.

DR. BANERJEE: And maybe the right thing
woul d have been to make it one nore day at that point
and put those two together.

MR. ROSENTHAL: Fair enough.

DR. BANERIJEE: That would have nmde a
di fference.

MR. ROSENTHAL: Alittle bit of a history,
by the way, if we go back |ike six nonths to a year,
we would conme in and have these I|ike summary
presentations, you know, a one-day or two-day
mar at hon. And Professor Wallis said it would be nore
useful if we canme in instead of with these big
overvi ew present ati ons where you got into no detail on
anything is if you can have nore detailed ones on
specific topics. So Steve brought Vijay Dhir,
Hochreiter, et cetera, and | guess we're |osing
sonmething in mybe we're being too fragnentary. So
"' mjust saying some conbination.

DR. BANERJEE: Yes. In fact, if there was

even an hour presentation by Joe or Steve or sonet hing
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to put this in sonme context, yes, that woul d have been
different.

MR. ROSENTHAL: Fair enough. Fair enough.

DR. BANERJEE: The only thing that still
bothers nme, to sone extent, and | think it's a cruci al
i ssue, is this mybe we need to see sonet hi ng of what
Steve and Joe have done in terns of sensitivity of
t hese tenperatures to the sort of nodel i ng assunpti ons
you were saying that you had nade. Because we are
sort of getting conflicting information on this, and
| can see how it's com ng about, because there are
peopl e who want to get S-RELAP or whatever the next
code applicable for their fuel reload analysis or
what ever they're doing, and so they're going to
present a case t hat not hi ng needs i nprovenent i nthese
codes, we can do everything with it, right? 1 nean
even if you --

MR. ROSENTHAL: | think you're still
bl eedi ng from yest erday.

DR. BANERJEE: Yes. |If you take that at
face val ue, then there's no programneeded of any sort
what soever. We know that's not true. But there is
somet hi ng there which is sort of in the m ddle ground
| think that they've been maintaining that a | ot of

t he di spersed flow, heat transfer flow the nuances
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and so on, don't matter. What we've got is good
enough to give us PCT, which | disagree wth
personal |y, because | think the work shoul d be done.
But we need to have sone evi dence presented to us that
we can nmake t he case stronger, because | believe this
is a good programt oo.

MR  ROSENTHAL: W' ve had a lot of
di scussi on, by the way, and you've heard alittle bit
fromJoe, a little bit from Steve about devel opi ng
metric again. The one thing that | think we're all
convinced of is that PCT should not be the only
metric.

MR, ROSENTHAL: Ri ght.

MR. BAJOREK: Wen we did the best
esti mat e met hodol ogy for the Westi nghouse nodel, that
was our original attack was to, hey, if we can get the
PCT correct, everything m ght be all right. And that
was thrown out and rightfully so, because when we did
take a | ook at what the code was doing, we did start
tofindconpensating errors. You're gettingtheright
reason but for the wong -- you're getting the right
answer but for the wong reasons. \Were that cones
back to haunt you is in a full-scale PWR analysis
where if you mi ght be correct for a test, which runs

ei ther at steady state or over a short tinme scale, now
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you t hink you have an answer that's got a good bi as,
smal | uncertainty. But it becones very inportant if
you take that uncertainty and propagate it over tine.
So if you think your answer is good and you do it only
on PCT, you nay be mssing the fact that your heat
transfer coefficient may be off by ten, 20 percent.
And when you propagate that in a code that goes for
sever al hundred seconds, then you could be
m spredi cti ng your PCT by hundreds of degrees.

MR. ROSENTHAL: And along that Iine, we're
trying to -- you know, this idea, you heard the
expression, |arge-break LOCA center, and that is that
if on probability you dismss the double-ended
guillotine break, | don't think that you'll ever
di sm ss breaks that depressurize the plant, you know
like surge line. Then people will inmediately take
the margin that they've gained by that, you'll be up
against newlimts, and then you have to ask is your
code capabl e of these other issues? So for all these

DR. BANERJEE: Well, one of the points I
made in nmy | ast report was that NRC, now | don't know
whi ch appropriate branch of NRCit should be, should
devel op nore than just the PCT criteria for eval uating

a code. Maybe it should have -- thisis upto NRCto
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decide what is the nost inportant factors, but say
time to PCT could be inportant too or there could be
a nunber of other things which | can think of, and I'm
sure you can, which are sort of would give nore
credibility to these calcul ations, which have been
presented by all the vendors and people like that in
licensing their codes. And there should be a short
list of four or five things that they have to get
right, nmore or less, before we sign off on these
t hi ngs. Because PCT is -- you know, they adjust stuff
and they finally get the PCT and they say, "Well
we' ve assessed 59 experinents now' or whatever the
nunber is, "and we're fine."

MR. BAJOREK: |If you'dlike, 1'Il give you
part of a presentati on we nmade Decenber | ast year, and
we covered exactly sone of those concerns where we
said quantification of code performance it's
conservative, you conpare the PCT, and we basically
said that's unacceptable. For reflood heat transfer,
we would | ook at nmore of a list of paraneters which
woul d go fromst eamcool i ng heat transfer coefficient,
di spersed flow heat transfer coefficient, inverted
annul ar heat transfer coefficient. M ni mum film
boiling tenmperature has a very big effect in your

bl owndown cooling, a carryover fraction. W haven't
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said anything on that yet, but if you renenber
wat ching that novie from RBHT, we were still well
above the m nimumfil mboiling point, but we saw |l ots
of water in this, very high carryover fractions. W
need to get that correct and | evel swell to nake sure
that you aren't frothing up your quench front to a
hi gher el evation than it shoul d be.

Sol can give youthis, and that's when it
cones to assessnent and i n our nodel devel opnent we're
not going to use PCT except as a --

DR. BANERJEE: But sonehow it has to get
t hrough to NRR, and t hey have to say, "Okay, these are
five or six variables that we | ook at."

MEMBER KRESS: You've got to change the

rul e.

MR. BOEHNERT: You have to change the
rul e.

MEMBER KRESS: That might be a problem
| guess given the hour and the tine, | want to thank

you guys for a very interesting, productive neeting,
and | think at this point 1'Il declare the neeting
adj our ned.

(Wher eupon, at 1: 20 p. m, the ACRS neeti ng

was concl uded.)
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