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P-ROGEEDI-NGS
(8:20 a.m)

MR. CARUSO. Good norning. We wi Il resune
this neeting of the Thermal Hydraulic Subcommi ttee of
the ACRS, and we will hear sonme nore about the trace
code. Looking forward to it. Steve Bajorek is here
fromRES, and he's going to get us started.

MR. BAJOREK: GCkay, good norning. M nane
is Steve Bajorek fromthe O fice of Research. What we
would like to do today is start noving into
assessnments. First we're going totalk alittle bit
about the assessnments and sonme of the work that we've
done in 2003 in order to conplete the code
consol i dati on.

Then 1'd like to start tal ki ng about what
we feel is a heck of alot nore fun and interesting,
which is going to be the assessnent and t he work t hat
we ar e doi ng now and hope to extend i nto t he remai nder
of 2003, 2004 and beyond, which will really start to
put us in a position to be able to quantify the code,
get uncertainties that we can use |later to propagate
in full scale analyses, and use these results to
i mprove and devel op new nodel s, which are going to
make the code nore accurate.

Just by way of introduction, getting the
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code consolidated I think turned out to be nore of a
daunting task that what had been anticipated five or
si X years ago, whenever that started. |In order to
preserve all of the assessnments that had been done
previ ously by RELAP, TRAC-B and TRAC-P, we really run
into quite a | arge nunber of assessnents.

| don't have an accurate count on them
but there is a very broad range that has to cover a
| arge range of conditions not only for the currently
operating plants but assessnents that had been done in
support of the advance pl ants, |ike AP600, AP1000, and
t he ESBWR

Most of our work over the | ast two years
has not been directed at trying to find out what are
the major problens in the nodels, why is the code
behavi ng as it does, but rather trying to denonstrate
that TRACE has the basic equivalency to TRAC- P and
TRAC-B, or in the case of mainly the snmall break

anal yses, that TRACE has the equi val ency to t he RELAP

code.
MR. WALLIS: Can | ask you about that?
MR BAJOREK: Sure.
MR. WALLIS: TRAC- P and RELAP don't al ways
agree. |In fact, they probably never agree exactly.

So, does TRACE have to decide whether it's enul ating
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TRAC or RELAP and then nake a conpari son?

MR. BAJOREK: There are only a few cases
where you wind up with a RELAP, and TRAC, and then a
TRACE conparison where you're really deciding. I
think the overall majority of these cases, you're
conmparing either TRACE to one of these or TRACE to
RELAP.

MR, WALLI S: That's what | nean. So,
TRACE has to deci de whether it's going to be ermul ati ng
RELAP. Does it behave differently when it enul ates
RELAP t han when it enul ates TRAC?

MR. BAJOREK: No, not really. It'sreally
a different test of the nodels.

MR. WALLIS: Ckay, so it's itself, and
then you say it either has to be equivalent to RELAP
or to TRAC, but conpati bl e?

MR. BAJOREK: They need to be conpati bl e.
W need to be able to --

MR, WALLIS: But TRAC-Pisn't necessarily
conmpati bl e with RELAP al ways.

MR, BAJOREK: No, no, no.

MR WALLIS: But if TRACis equivalent to
one or the other, it's okay?

MR, BAJOREK: Maybe | don't understand

your question.
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9
MR. WALLIS: GCkay. TRACE is A and TRAC-B

is P, and we'll have to see. It equals Bor it equals
C, but it can't equal both of them

MR. BAJOREK: Only in the cases where B
and C are equal .

MR. WALLIS: Yes, but they don't.

MR, BAJOREK: No, no.

MR. WALLI S: So, what are you really
doi ng?

MR,  STAUDENMEI ER: Excuse ne, can |
interject a bit? |It's not saying whether they're
equal or not. It's looking at calculation results
conpared to assessnent data and decidi ng whether it
does as well or better than the other code in
conmparing to that data.

MR. WALLIS: | thought it was supposed to
be exactly the sane.

MR, STAUDENMEI ER: It's not strictly
emul ati ng RELAP.

MR, WALLIS: Soit's a conproni se between
t he two?

MR.  STAUDENVEI ER: It's not a -- it's
| ooking at results that the code gives in deciding
whet her they're as good or better or worse than the

ot her codes.
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MR. WALLIS: Soit's an i ndependent code.

| thought originally it was goingtoincorporate these
codes and then you could sort of make it behave |ike
RELAP if you wanted it to.

MR. STAUDENMEIER: It canrun -- well, it
doesn't run all RELAP nodels yet, but it will run
RELAP nodels, but it's using the TRAC nodels and
correl ati ons package in it.

MR WALLIS: Okay, so it's never really
equi val ent to RELAP?

MR. STAUDENMEI ER: No, we haven't put in
t he RELAP correl ati ons package to make it --

MR. WALLIS: So what you nean here is that
the TRACE results |look like the RELAP results. You
don't nean that TRACEitself is equivalent to RELAPin
all it's parts?

MR. STAUDENMVEI ER: Yes, in nobst --

MR  BAJOREK: It should have the
functionality.

MR, WALLIS: Oh, it has the functionality,
but it's not the same thing.

MR. BAJOREK: But you will not get the
same results because we're using nodel packages from
TRAC- P and TRAC- B.

MR. WALLI S: So it's a separate code
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essentially?

MR, BAJOREK: Yes.

MR WALLIS: Ckay.

MR.  RANSOM Vell, there are sone
differences in actually the mpping, and |'m
wondering, if | generate a brand new nodel in TRACE,
what does it follow? You know, which one of these
three options would it foll ow?

MR. BAJOREK: Right now, it's primarily
TRAC- P.

MR. RANSOM So you woul d use the TRAC-P

t opol ogy --
MR. BAJOREK: The npdel s and correl ati ons

MR. RANSOM -- in generating that nodel .

MR. BAJOREK: -- would be used to try to
nodel sinulations and processes that had been
traditionally done with RELAP. | think the way |'d
like to think about it is TRAC-P had traditionally
been used for large break scenarios in PWR s, |arge
and small breaks in BWR s where you need the jet
punps. I n BWR you need conmponents. Those have been
i ncorporated into TRACE.

TRAC has the capability of nodeling snall

break processes. It doesn't doit in the sane way as
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RELAP has done. | think the code that has nost
conmonl y been used for PAR smal | break anal yses. Qur
goal is to showthat we can nodel and approximate the
transi ents wi t h TRACE about as wel |l as TRAC-P coul d do
t he | arge break, TRAC-B coul d do t he BWR uni que cases,
and RELAP could do the small break cases. At that
point, we'll have the functionality in TRACE and wi | |
be able to begin to inprove the nodels so we get
better accuracy.

MR. WALLIS: RELAP has the added mass in
it, and TRAC does not. So, if you had a transient
where added mass was inportant, it wouldn't be
equi val ent to RELAP anynore, would it?

MR. BAJOREK: | suppose not, no.

MR.  VWALLIS: | think | understand.
Eventual | y you conpare with data, and if TRACE does a
better job on the data than either RELAP or TRAC-P or
TRAC-B, then it's really good.

MR. BAJOREK: And that's where we want to
get. That's what we want to nove towards. W want to
try to get the basic functionality there and then
focus our efforts on inproving the nodels and getting
the right nodels into TRACE so that eventually the
code of choice is going to be a TRACE as opposed to

any one of these three.
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MR. MAHAFFY: This is John Mahaffy. Let

me interject something here from a historica
perspective. The word equival ent has never been used
inthis project, okay? He just used it, but you know,
he's a newconer.

Again, Joe Staudenneier got it right in
ternms of the assessnent. The goal in ternms of data
has been we are going to do as well or better, and
that's why we're looking for nmetrics, you know, as
RELAP or TRAC-P or TRAC-B on any given assessnent
where it's appropriate.

In terms of the kind of questions Vic was
asking, in nodeling, we are capturing all nodeling
capabilities. Wen you think in terms of Iike
conponent nodeling and whatnot, that all of these
predecessors had, and to broad the statenent, if you
nodel sonething in TRACE native node right now, it's
not sinply TRAC- P input.

The only exception | can think of that at
the nonment, and this is going to be corrected within
the next couple of nonths, is the gravity thing we
went through yesterday. |If | put together a native
node ASCI| input deck in TRACE, it's going to |ean
towards the TRAC-P si de ri ght nowrather than RELAPS.

| f you wanted the RELAP5 bends, which | would want,
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and |'mgoing tofixit, you would input a RELAP5 deck
into the SNAP, and you'd get it. It's just how the
i nput decks get interpreted.

MR WALLI S: So, I'll ask another
question. This nmeans then that eventually, a RELAP
capability will di sappear unl ess RELAP i s mai nt ai ned.
It is not as if TRACE can enul ate RELAP. TRACE is
itself.

MR. MAHAFFY: TRACE is itself, but there
isaconmtnment that if you have an i nput nodel that's
been creat ed based on your under st andi ng of RELAPS or
built by somebody who's a RELAP5 expert, it will do
what it's supposed to do in TRACE.

MR. WALLIS: But it won't give exactly the
same answer as RELAP5 woul d.

MR. MAHAFFY: No, and it won't get exactly
t he same answer as TRAG-P or TRAC-B. It is its own
beast, and it will be nore its own beast as things go
on froma physical constitiate nodel standpoint, and
this is what you're going to hear nore about today.

MR.  FORD: ['"'m sorry. For a relative
newconer inthis, I was, fromyour presentation, | was
getting the inpression that you just had this
architecture where you dunped in, you plugged in,

TRAC-B or P or RELAP. You just plugged it into this
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gi zno and you get the sanme results as TRAC-B, and you
just a consolidator. That's not true. You in fact
nodi fied the physics of the code?

MR. MAHAFFY: Not much so far, but that's
a process whose rate of change i s increasing rapidly,
and Joe Kelly will speak to that.

MR. FORD: Ckay, but you have changed t he
physics of the course, of the nodel ?

MR, KELLY: In general, the physical
correlations are the sane as in TRAC-P, PFl1 Md 2,
okay, with the exception of specialized boiling water
reactor conponents like the jet nodel, where we
basically took the entire nodel straight from T TRAC B
and inported it in.

The i dea i s t hat vol unes and j uncti ons and
so on are nore or less the sane, but treated alittle
bit differently. More or | ess the sane in the various
versi ons of TRAC and RELAP5. W only want to have one
constitiative package in this code. W don't want to
have users going okay, this pipe is going to be a
RELAP5 nodel. This is going to be -- you know, who
knows what your answer would be. It would be a
ni ght mar e.

W want to have one set of constitiative

nodel s, and be the very best constitiative nodels we
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can possibly find within the code. W know t he ones
currently in the code are not very good. |1'mgoingto
really show some bad problens in ny next few
presentations.

The idea of the assessnent here, it's to
show t he equi val ency, in Steve's terns, but it's nore
than that, is to find out where it is an equival ent.
| mean, we know that sonme of the physical nodels in
TRAC are going to be deficient, and where they don't
performas well as the nodel s i n RELAP, t he assessnent
wi Il highlight. Then we know, okay, that's where we
have to go and spend our resources to nmake the code
better.

MR. FORD: Thank you.

MR KELLY: You're wel cone.

MR. BAJOREK: Ckay, sowhat 1'dliketo do
this norning is to showsone of the summary of sone of
t he work that we have done for the code consolidation
and t hen show sone of the results where we're starting
to nove ahead and assess individual packages w thin
the code, individual packages of nodels and
correl ati on, show sone of those results and give you
an idea of the type of assessnents that we have
pl anned for 2003, 2004, and a little bit beyond. |

don't think it's worth at this point trying to scope
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t hi ngs out much beyond 2004 or 2005, but | wanted to
| et you see what some of the near termwork i s we have
pl anned.

This shows a list of experinments that
we've conpleted in 2003 where the mission of the
anal ysts for each of these cases was to take an
exi sting input on TRAC-P, B, or in sone cases RELAP
didn't show up on this one -- TRAC-P or TRAC B,
devel op a TRACE nodel for that sane facility, nodify
the input so that it runs with TRACE, conpare it to
its base or constituent code, and to do a conpari son
to experinental data.

The only exceptionto that are a coupl e of
cases, a couple of plant cal cul ati ons where we'd |ike
totry to do a code to code conparison, and we don't
have experi nental data for that particul ar transient.

What I1'dliketodois to gothrough, show
some sanple results for a | arge break assessnent, a
coupl e of small break type assessnents, to show what
the analyst was |ooking for, how they were
characterizing the transient, and nove on to sone of
t he nodel involved in those.

MR. WALLIS: So what's the highlight?

MR. BAJOREK: Those are the ones |' mgoi ng

to show later on in the presentation
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MR. WALLIS: Ckay, okay, so you have done

all the other ones as well?

MR. BAJOREK: All of these are conplete,
but we coul d take any one of these and probably spend
a good hour, hour and a-half on them

MR. WALLIS: This |ooks like the list we
saw sone time ago. Is it?

MR. BAJOREK: You probably sawthis about
a year ago as assessnents in 2002 that we were
pl anni ng for 2003.

MR. WALLIS: It was what you were pl anni ng
to do then?

MR, BAJOREK: Yes.

MR WALLIS: Ckay.

MR. BANERJEE: Did you do sonme RELAP ones
as well, RELAP input origin?

MR. BAJOREK: There are, but they haven't
shown up on this. The two problens that have hel d us
back a little bit on the code consolidation, one has
been the ability of SNAP to take RELAP decks and
convert those over into TRACE. So, our ability to be
able to nodel and sinulate sonme of the nore conpl ex
smal | break tests, things |like ROSA and BETHSY and
sem scal e, has been i npeded because we' ve been wai ti ng

for SNAP to mature enough so we don't have to have an
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anal yst go spend nine nonths just to regenerate an
i nput deck. So, we purposely held off on those.

W' ve also held off on a nunber of the
forced and integral forced reflood test sinulations
because we've been waiting for the interim refl ood
nodel to be conpl eted before we go on. W know what' s
in TRAC-P right now is insufficient. So, nost of
these cases don't rely on either developing or
converting a RELAP i nput deck or on t he refl ood nodel .

The one thing | do want to point out is
wher e we have done conpari sons of TRACE, or previously
known as TRAC-Mto TRAC-P or B and RELAP, was | ast
year when we | ooked at Frigg and a nunber of the | evel
swel|l experinments. | think we tal ked about these a
year or maybe two years ago, and we showed you a
series of calculations, a series of simulations, this
being on the level swell tests in the Oak R dge
bundl e, where we concl uded fromt hat TRAC-M or TRACE,
was doing about as good a job as RELAP or TRAC-B
relative to each other and the data.

We identified sone problens in the TRACE
interfacial drag package, that | think as Joe
nmenti oned yesterday, | think we can resolve by going
to the BETHSY on interfacial drag nodel. That woul d

reduce the void -- this is showing void fraction
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versus el evation for this particular test. That woul d
reduce this and give us better agreenent between the
l evel swell that you would calculate from the two
phase | evel and the collapse |evel. The col |l apse
level is too low in the TRACE nodel .

MR WALLI S So why did TRAGC-M get a
di fferent answer than TRAC B? You put in sone
different constitutive equations?

MR BAJOREK: There's a different
constitutive package in each one of these.

MR. WALLIS: So you're not really show ng
equi val ents here. | don't quote know what you're
showi ng. Are you just showing that TRAC-M at that
time was sort of worse than RELAP.

MR BAJOREK: Yes, it is.

MR VALLIS: Al right.

MR, BAJOREK: | nean, it's a different
constitutive package.

MR. WALLIS: It seens to have got off TRAC
at about a certain position, you know. It's gone
maybe to the left and then it doesn't conme back.

MR. BAJOREK: But our conclusion at this
point is if you're going to try to correct any of
these to match the data which is the open triangles in

here, we're going to concentrate our efforts on TRACE,
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TRAC-Min this case. W're not going to go back and
try to correct RELAP, which for this test was actual ly
looking like it's doing a wrse job in the
experi mental dat a.

MR. WALLIS: It depends what you | ook at,
yes.

MR. BAJOREK: Intento 15 of these tests,
yes, you'll find RELAP does a better job on sone of
them TRACE does a better job on sonme of them TRAC
B wins out on sone of these. CQur conclusionis, for
| ack of a better term they're approxi mately equal,
okay? It can nodel this test. W get about the sane
resul ts.

If we had defined netrics in terns of
| evel swell, we woul d get about t he sane nunber, even
t hough we haven't cal cul ated that, but nowis the tine
to put this torest. W'Il nove ahead. We'Il put in
the BETHSY on interfacial drag nodel, and then the
next time we do these sinulations, we're only goingto
be | ooking at TRACE versus this data, and using a
nmetric to try to show how nuch better we can end up.

MR. WALLI'S: One of the probl ens, maybe at
the beginning, so the initiation of flashing or
what ever i s going on here.

MR. BANERIJEE: Is that due to subcool ed

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

22

boiling, or what's the problem down below axi al
| ocati on?

MR. BAJOREK: This test had very little
subcooling at the beginning. It think this is close
to a saturated test.

MR. BANERJEE: But why is alnost all the
predi ctions are not showi ng any void until about .8
neters, where as in actuality --

MR, WALLIS: No, in actuality --

MR. BANERJEE: -- there's a significant
void by that tine.

MR WALLI S: I don't think so because
there's no data until you get to one.

MR.  BAJOREK: Yes. Boi ling begins
somewhere in here. W may have had a DP cell down in
here where you' ve got a zero.

MR. BANERJEE: There's a sharp change in
voi d there.

MR BAJOREK: Vell, if it's subcool ed
boi ling, you get a fewbubbles there, and thenit wll
-- there's some subcooling at the bottom

MR. RANSOM Is this a vertical systenf

MR. BAJOREK: Yes. It's a rod bundle.
This is full hot rod bundle, |I think sonething|like 60

or 70 rods.
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MR. WALLIS: So maybe it starts on one rod
before the others. Look, we don't really need to go
into this particular one, | think.

MR. KELLY: Actually, it's real sinple.
Actual ly, some of it is just sinply the experinmental
boundary conditions. You have very, very low flow
rates here. You're tal king, you know, a centineter a
second type of velocities. So, the uncertainty in
t hat determ nes where you reach the saturation line
and beconme two-phase. | nean, | can nove about quite
a bit just to the uncertainties and --

MR WALLI S: Because of the uncertainties,
they m ght well cover everything here.

MR. BANERJEE: Yes, so all the codes have
the sane input nodels, so they start boiling at the
same place. (Oobviously for this case, the reported
experinmental val ues were not quite right, but a very,
very small difference in the inlet flowrate, noves
where the saturation line is, and that's what you're
seei ng here. Once you get away fromthe i nci pi ence of
boiling, then the flow quality is about right and
you're not too far off.

MR WALLIS: What's the difference between
t he TRAC- B nodel and the TRACE i nterfacial drag nodel ?

MR, KELLY: Ckay. Joe Kelly again?
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MR. BAJOREK: Go ahead.

MR. KELLY: TRAC-Btakes adrip flex nodel
and converts it into an interfacial drag nodel. TRAC
P, what it uses is a bubbly slug thing where it's size
of bubbl es and sizes of slugs and ranps between the
two and then al so puts a profile slug factor on that.
So, it tries to be nore fundanmental, but actuallyit's
a worse nodel. So, that's why TRAC-B for these ki nds
of tests will work a lot better.

MR. BANERJEE: The TRACE nodel here has
the TRAC-P nodel in there?

MR BAJOREK: Yes. That's correct. It
does now. It won't always.

MR WALLIS: It's going to all have Kelly
nodel s eventual | y.

MR. RANSOM One question. You nentioned
t he SNAP not able to convert the RELAPS decks. That
didn't conme out yesterday, | didn't think. What are
t he problens there?

MR. BAJOREK: At the tine we had started
this work several nonths ago, it could not.

MR. RANSOM Now it can?

MR.  BAJOREK: Now it can. Now it's
getting to the point where it can take either all or

nost of the RELAP decks and convert those over to
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TRACE. M ssing on this are things |i ke ROSA, BETHSY,

sem scal e, sone of the nore conventional small break
appl i cati on where you woul d see RELAP doi ng a credi bl e
job right now, and we know we need to get TRACE to do
a good job, but it's been waiting for our ability to
econom cal |y convert those input decks, is why we've
had to hold off on those.

MR. RANSOM That's what | was asking.
The status is now you can do that?

MR BAJOREK: Now we can to that, yes.

MR STAUDENVEI ER: Thi s S Joe
St audennei er. It was on one of ny later slides
yesterday that | had to zip through, so | probably
didn't get a chance to say it, but we're at the point
where we're working on typical PWR base nodel,
actual Iy 1200, which is a typical PWR base nodel. W
have it converting and running all the way through if
you change sone tenperature inputs in the feedwater
and the steam generator.

W have a condensation problem that we
haven't determinedif it's an input mappi ng probl emor
an internal code problem yet, but if you nake the
wat er tenperature hot enough, it will run all the way
t hr ough. It seenms to be converting geonetry and

control systens and heat structures and nodel s si npl er
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than that, it can convert and run w t hout any probl em

MR. BAJOREK: This is an exanple of sone
of the things that we were |ooking for when these
simul ati ons were performed. In each case, when they
ran a particul ar simulation, first of all, the anal yst
was asked to put everything into an AV script format
that | think Chris tal ked about yesterday, is an
aut omati on tool so that we're going to be able to go
back, change the code version in the future, rapidly
re-run these, and regenerate a nunber of the figures
of merit.

Now, we don't have time to go through all
t he package of sone 50 to 75 different figures that
make various conparisons to the data.

MR WALLIS: Well, the first figure here
coul d probably be predicted by one or t w node nodel s,
and it's just a systemwith a hole init. So, you
expect that to work out pretty well.

MR BAJOREK: Bl owdown.

MR. WALLIS: Bl owdown, it's bl owdown of a
systemwith a hole init.

MR. BAJOREK: If your break flowis right.

MR. WALLIS: So, all the codes ought to do
pretty well if you' ve got the break flow right.

MR. BAJOREK: They ought to, if they're
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break nodel s.

MR WALLIS: Right.

MR BAJOREK: Yes. In this case, we
conpared TRACE to TRAC-P. This shows a cl adding
tenmperature versus tine. The bl owdown peak here,
experinmental data showed a rewet. O course, the
guesti on was whet her that was the exterior anount of
t hernocouples or the rod itself. In conparison to
TRACE, which is shown in the green, and TRAC-P in the
red, we | ooked at those and concl uded t hat TRACE was
doi ng about the same job as TRAC- P

Now, there are differences in the input
nodel s that had been put together. There were sone
smal | differences there. There have been changes in
t he constituent package for TRACE t hat woul d rmake it
different froman earlier version of TRAC- B, but our
conclusion in taking a look at this sinulation is we
were getting about the right results with TRACE and
was tinme to nove on and focus our attention fromt hat
poi nt on on getting TRACE to better match the data.

MR. WALLIS: Is there a physical reason
why the big difference between both the codes and
dat a?

MR. BANERJEE: It may not be real

MR WALLI S: That's what ny question
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really was. An explanation as to why the data i s not
what it is?

MR,  BAJOREK: Yes. In LOFT, the
t her nocoupl es were not inside the rods as they are in
many el ectrically heated facilities. They're nmounted
outside of the rod itself. The tip, okay, down at a
particular elevation, could potentially have been
struck with a droplet and could have cooled
prematurely conparedto the heated rod surroundingit.

So, what we mght be seeing is the
t her nrocoupl e havi ng rewet and not abl e to rapi dly heat
up again because it has been quenched and could
continually be struck by droplets inthe flow, whereas
the rod surroundi ng or nearby may not have quenched
and have been at a higher tenperature. | think that's
been an arguabl e point on LOFT since the tests have
run.

MR. RANSOM It has been, but | thought it
was pretty nuch agreed there was a topdown refl ood,
early rewet that occurred.

MR. BAJOREK: Ckay.

MR,  RANSOM | don't renenber how the
codes predicted that or how well.

MR. BANERJEE: Well, unfortunately in the

beginning, they triedto fudgeit tofit the data, but
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then it was found the data was i ncorrect, so they had
to go back and un-fudge it.

MR, RANSOM That's with the external
t her nrocoupl e you nean?

MR. BANERJEE: Right.

MR, RANSOM  Yes.

MR. FORD: |Is there any way that the nodel
could --

VR. BAJOREK: Model the external
t her nocoupl e?

MR FORD: Exactly.

MR,  KELLY: You have to nodel the
t hernocouple if you did that.

MR. FORD: |If the npodel is good, extensive
enough, then it should be able to tell you what to
have been the conditions to gi ve you t hat observati on.

MR. RANSOM | don't think anybody knows
what the effect of the thernocouple was on the film
you know, and whether it would rewet or not.

MR. BANERJEE: There is a significant
di fference between TRAC-B and TRACE t hen that you're
getting a much earlier rewet with the green Iine than
with the red.

MR. RANSOM The final quench you nean?

MR, BANERJEE: Yes, and it's quenching
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froma higher tenperature. Wat's causing that?

MR. BAJOREK: This quench here versus
t hat ?

MR. BANERJEE: Yes.

MR. BAJOREK: It may be in the m ninum
zone boiling nodels, but | really don't know.

MR. VWALLIS: Maybe Joe Kelly is going to
explain it alittle later.

MR BANERJEE: The nodels are the sane,
aren't they?

MR. BAJOREK: They're very close, but
they're not identical.

MR  RANSOM Is that the correlation
that's causing that?

MR, WALLIS: Well, Landry wants to talk.

MR. BAJOREK: | think they are different
in TRACE and TRAC- B.

MR, WALLI S: Ckay, would you yield the
fl oor to Ral ph?

MR. BAJOREK: It looks |like TRACE is too
high. W could al ways ask one of the experinenters
from Rot h what happened.

MR. LANDRY: This is Ral ph Landry fromNRR
staff. At that point, | was in RES and was managi ng

the LOFT project. The rewet that occurred in the
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| arge break | oca experinents, L22 through L26 i n LOFT,
was partially attributed to a filmthin effect of the
t her nrocoupl es that were surface nounted for those
experinments. That thin effect was estimated to be
about 20 degrees Kelvin. A later study said nmaybe it
was a little bit nore, but we were at that point
taking the effect to be about 20K

The ener gy bal ances t hat wer e performed on
the fuel s did denonstrate that yes, indeed, there was
an early quench. The quench was real and did extract
the energy fromthe fuel.

What we wer e seei ng was a naj or difference
bet ween t he design of an el ectrically heated fuel rod
versus a nucl ear rod which had a true gap between t he
fuel pellet and the cladding which did not exist in
the electrical rods. The electrical rods tried to
simul ate the gap but did not have a true gap and were
thermal Iy I'i nking the cladding with the fuel much nore
tightly than is true for a nuclear rod.

The | at er experinents t hat were done under
the OECD project, the large break | oca experinents
under LOFT, used an enbedded t hernocouple in the wall
of the cl addi ng. Those experinents woul d be nuch nore
accurate for conparison, but those did show an early

rewet also, but not to the magnitude of the
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experiments t hat had t he surface nmount ed
t her nrocoupl es.

It woul d be much better to use those CECD
NEA pr oj ect | arge break | ocas for conpari son pur poses.
The thernocouples were enbedded in the wall by
machining a small groove in the outer surface of the
cl addi ng. The thernocouples were |aser welded into
pl ace and t hen ground snoot h.

The early experinents were forced, and |
think Vic remenbers those days quite well, to get the
codes to match up with the data. VW were seeing
RELAP5 in those days giving very different results.

We saw a dramati c conparison with a code
wor k that was done at Los Al anpbs National Laboratory
using TRAC that mraculously overlaid the quench
perfectly. Unfortunately, they were using a heat
transfer correl ati on package t hat was gi ving t he ri ght
guench but for totally wong thermal hydraulic
reasons. That was what Vic was referring to as having
been backed out at a later date, because they were
getting the right result for the wong reason, and
that sinply didn't work.

MR, KRESS: Steve?

MR, BAJOREK: Yes.

MR. KRESS: Let ne ask you a hypot heti cal
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qguestion about this kind of curve, not specifically
t hat curve, but presum ng you had great faith in the
data and a small uncertainty in the data, and your
code had a prediction somewhat |ike this, which was
significantly off, and if | wanted to use data to
express some |evel of uncertainty in ny code, how
would | do that with this kind of transient curve
where sonetines it's right on the data and soneti nes
it's off and sonetinmes it's under and soneti mes over?
How do | use that to determ ne an uncertainty?

MR, BAJOREK: kay, | think what you need
to do, and |'ve got a slide comng up that | think
addr esses that.

MR. KRESS:. Ckay.

MR, BAJOREK: But | think what you need to

do is you need to | ook at the physical processes that

are going on in each one of these periods. DNB,
bl omdown cooling, Tmn or |ack thereof. Let's say
this is the rod. Tm n out here. Heat transfer,

coefficient --

MR. KRESS: So you could tie the
uncertainty to different tine franmes maybe when
di f ferent phenonena were occurring?

MR. BAJOREK: From different processes

whi ch are domi nating why this curve | ooks the way it
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does, okay, and | think when you go back and you want
totry to get a bias and uncertainty, you need to get
bi ases and uncertainties in those processes that you
can go back and use to say sonet hi ng about the nodel s
in the code.

Okay, | need alet's say an uncertainty in
not reflood PCT here but in the heat transfer
coefficient for the steam cooling dispersed dropl et
heat transfer that's going on. An uncertainty in Tmn
of a quench tenperature that appears to be different
in these two so that | can go into the code and say
even though I know |I've got a nodel package that has
flaws and it doesn't capture all of the right physics,
there's a way that | mght tenporarily be able to
adjust it, fudge it towards the right val ue, sonething
that will make it right in the data, and then
propagate that in a PARor a BWR at full scale to see
what its effect is for transients that may go a coupl e
of hundred seconds as opposed to what's goi ng on here.

One thing that we are keenly aware of is
that we do not want to just focus our attention on
bl owdown peaks, PCT's or let's say a reflood PCT, as
the sole paraneter of merit to these. So, | think
from these, | would |ook at the processes, the

bl owdown cooling, the reflood heat transfer m ninmum
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filmboiling tenperature, to go other paraneters on
this that mght tell me hownuch mass is in the vesse
as a way of getting something that will tell me about
the interfacial drag that goes onin the coreitself.

MR. KRESS: So if | had the appropriate
uncertainties associated with nmy various paraneters
and nodels in the code built into it and the code was
calculated in the uncertainty as it went al ong, when
those nodels cone into play, you mght distribute
hi gher uncertainty during that period, and it would
automatically kick it out, and you'd get a transient
uncertainty that is distributed.

MR. BAJOREK: That's right because we
still have the problemthat the scal e on this and nany
ot her of these experiments is not the sane as it isin
the full scal e prototype.

MR KRESS: So, the wuncertainty, it
woul dn't be one sigma for uncertainty. There woul d be
a lot of them dependi ng on what you're dealing wth.

MR BAJOREK: It's a distribution.

MR KRESS: It's a distribution.

MR. BAJOREK: W may have sone nodel s t hat
do a very good job at the small bias, and because of
t he experinmental database, the uncertainty m ght be

small. We're going do better than the scatter in the
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experinmental data, but there may be other situations
where the nodel is ad hoc, or it may have a very | arge
bias, but the experinental data has such a large
uncertainty that you may need to incorporate that in
your full scale prototype predictions.

MR. BANERJEE: | have really a different
guestion. Wy is there a difference between the red
and the green lines? | nean, they' re supposed to be
based on the sane, at |east at the tinme when you ran
that sinmulation, based on the sanme physical nodels,
right? That seens nore puzzling to ne. Is there
sonething different in the nunerics, or what's giving
that difference? You are starting with the sane --

MR. BAJOREK: To get the constituent
package in TRACE, it's not necessarily identical to
all of the nodels that were there in TRAC-P. There
was a sel ection process that preserved nost of these
but not all of those.

MR. BANERJEE: VWhich ones were not,
because you' re showi ng sone difference, right?

MR. STAUDENMEI ER: Let neinterject. It's
Joe Staudenneier. | nean, nost of the constitutive
packages are identical. There may have been sone
smal |l bug fixes between the two that didn't nake it

fromone to the other, but | think npst of those were

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

37

carried over

One of the big differences is collocating
heat structures in TRACE. It used to be heat
structure nodes were on fluid boundaries. Now a heat
structure note is in the mddle of a fluid cell, so
there was a di fference in the conducti on nodel and the
fuel rods that could be attributed to that |evel of
difference, | think. | nean, there could be other
t hings. There could be fixes -- | mean, we put fixes
inthe break fl ownodel and vari ous other bug fixes in
TRACE that didn't make it back into TRAC-P that coul d
be attributed to that |evel of difference.

MR. MAHAFFY: John Mahaffy. Let nme add to
t hat . You shouldn't underestinmate the bug fixes,
particularly inasituation where you' ve got quenchi ng
behavior. M experience withthisis that, | nean, if
you really wanted to understand this, you'd want to
t ake each of these decks and introduce sone snall
perturbations here or there and understand how the
system responded to small perturbations.

Some of the perturbations that we've
i ntroduced with bug fixes aren't all that small. So,
| nean, it's one of the reasons why | was telling you
earlier, you know, these are not identical physical

nodel s. You can read the manual s and they | ook |ike
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i denti cal physical nodels, but what's inthere? There
are differences.

In a case like this, this kind of
difference inresults shoul d not be surprisingto you.

MR. WALLIS: Is there a user effect? Mny
code experts tal k about user effects, or do you have
some choice in one of your codes, if that makes a
difference to the answer? |s there any user effect
wi th TRAC-P or TRACE?

MR. BANERJEE: They're the same decks,
right?

MR. BAJOREK: They should be the sane
decks, al though i n sone of these sinulations, they did
have to make sonme changes to the nodalization to get
one to look nore like the other. That was nore the
case when we had sone of the RELAP nodels.

MR. WALLI'S: So there coul d be user effect
t here?

MR, BAJOREK: Yes.

MR BANERJ EE: But what are you
dermonstrating with the slide, that sane, simlar?

MR BAJOREK: Simlar.

MR. BANERJEE: Simlar enough?

MR. BAJOREK: These are sinmlar, yes.

MR

BANERJ EE: And how do you sort of
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quantify the simlar enough here? One is rewetting
ten seconds earlier than the other, which is
significant, and the peak is higher, and it's
rewetting froma higher tenperature. So, what is the
simlarity here?

VR. BAJ OREK: It's essentially a
subj ecti ve opi ni on on | ooki ng at the vari ous codes by
TRAC-P and TRACE in this case. W have not applied a
nmetric to this, but it's a way of doing the
assessnments and telling the devel opment team whet her
there is a code error or a bug that is preventing
TRACE from running this, or it is deviating
substantially due to sonme nodel that may not have been
converted correctly.

MR STAUDENMEI ER: One thing about that
guench, too, is the quench in LOFT is totally
different than a PWR reactor quench because the short
core in LOFT, that quench happens when the
accumul ators enpty out and t he gas pushes t he surge of
water in the core. In a regular PWR, it would
decrease the tenperature for alittle bit, but thenit
woul d recover, but with the short core in LOFT, it
j ust quenches the whole core all at once. So, that's
not typical of a PWR

Essentially, that quench tine is based on
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when the accumnul at or enpties out.

MR, BAJOREK: | don't agree with that,
Joe.

MR, WALLIS: Well, rmaybe we shoul d nove
on. W've got a |lot nore conparisons to | ook at.

MR. BANERJEE: Well, what this shows at
the end of the day is that you're sort of
qualitatively simlar, but it actually puts sone
enphasi s on these smal |l changes having a fairly | arge
effect.

MR. BAJOREK: | think as John poi nted out,
don't underestimate t he bug fi xes. Wen we were doi ng
devel opnent with COBRA track for Westinghouse, we'd
periodically find errors in some of the correl ati ons,
and those woul d have substantial effects on both the
assessnments. In sone cases, they woul d have a | arge
effect on the PWR cal cul ati ons.

In some cases they wouldn't, or it would
be vice versa. It really depended on the bug fix
itself, and I don't think you can really generalize
t hat ot her than t hat you shoul d expect sone difference
bet ween a code version with and wi thout the bug fix.

Anot her case where we were able to start
to see whether TRACE can handle a snmall break

transient was in the case of LOFT L3-7, which is a
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one-inch cold leg break. In this case, there were
TRAC- P decks avail abl e, so we didn't have t o depend on
SNAP. Several nonths ago, converted this into the
TRACE format, sinulated --

MR. WALLIS: Excuse ne. TRACE actually
shows that the pressure increases over part of the
transient as a whole, and the pressure increases?

MR BAJOREK: Yes, right over there.

MR. WALLIS: It looksalittle suspicious,
t hat whol e wi ggling around there | ooks -- that cliff
where it goes down and then cones back |ooks very
strange, sinply a depressurization through a hole.

MR. BAJOREK: It shouldn't hang on this
until you clear a vent path for the break.

MR. WALLI'S: The pressure shouldn't rise,
should it?

MR. BAJOREK: No, unl ess there's a probl em
wi t h your steamgenerator heat transfer. |f your heat
transfer in your steamgenerator is insufficient, the
systemwi ||, and the code will repressurize in order
to give you the delta T to get the heat out.

MR. WALLIS: See, is that the pressure of
a secondary or something which is there at that | evel
or just the steam generator pressure?

MR. BAJOREK: Steam generator secondary
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pressure i s probably down here.

MR VWALLI'S: Down there.

MR BAJOREK: Wuld | would look for in
order totry to correct thisis to take a |ook at the
St eam generator return.

MR. WALLI S: So it hangs around, the
secondary pressure, you' d think, for awhile, right?

MR. KRESS: That little dip around 2000
| ooks strange.

MR WALLIS: That's right.

MR. KRESS: There's sonething wong with
it. | would say there's sonething wong with that
t here.

MR. RANSOM In this comparison, this is
a TRAC- P deck converted to TRACE, and that's t he TRACE
result. The RELAP5 is just basically a RELAPS
cal culation. So, the nodels are two different nodels.

MR BAJOREK: Two different nodels.

MR. BANERJEE: So when you ran this and
you saw that dip, does sonmebody go in and try to
understand anything which | ooks sort of weird and
figure it out?

MR. BAJOREK: At this point, no. W were
under the gun to try to get the consolidation noving

ahead just to do the basic conparisons, and we nmade a
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consci ous decision at that point to try to get the
conmparisons totry to showthat there were i n general
about t he sanme accuracy as the data. Then in the next
phase, start to conpare what woul d be the red curve
back to the black to really understand why there are
del t as bet ween t he predi cted and t he nmeasur ed and what
i s causing sonme of these individual --

MR. WALLIS: There's a funny sort of hunp,
t 00. | nean, after 2000, between 2000 and 225 or
sonet hi ng, sonethi ng odd happens.

MR, BAJOREK: Yes.

MR. RANSOM It would be interesting to
see the break flow predicted by the two. | inmagine
there is some --

MR. WALLIS: Maybe it changes the break

nodel .

MR. RANSOM -- clues there, right.

MR. BANERJEE: |'msure that thereis a --
if you look at all the tests, you will see sone

phenonmena which are occurring which may be arising
fromthe code. Howis that process of exam ning t hese
sort of results and feedi ng back that know edge into
fixing things that are going to occur? |Is there a
systemati zed way to exam ne these?

MR BAJOREK: We have an error correction
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reporting system that when we do find problenms with
t he code, these gointothe reporting system and then
as we can get to those various problens, we'll isolate
and look at a problem like this if that has been
reported as a problem

Ri ght now, because of where we're at in
t he code devel opnment, thi ngs have stopped t he code, or
make the code run excessively slow, are getting nore
of the attention, okay, rather thantrying to find out
what are the individual nuances in sone of these.

MR. WALLI'S: But your attenpt was to show
that TRACE is equivalent to RELAP? | nean, it |ooks
as if TRACE is doing sonmething new, which is
i nexplicable over part of the transient which RELAP
did not do. Therefore, it's not really equivalent.
It's introduced sonme newt hing, and we don't know what
it is.

MR. BANERJEE: 1t's noted anyway and kept
insone file, because we're not going to sit and | ook
at all these, and there are t housands of these curves,
ri ght? \Wenever this is generated and sonet hi ng | ooks
out of sync or an anal yst doesn't understand why it
is, it should be put into a file of sone sort saying
isthis weird behavior inthis figure which | haven't

figured it out, but we want to go back and take a | ook
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at it at some point and try to understand.

MR.  CARUSC Isn't this why vyou're
devel oping this ACAP system figure of nmerit, to be
able to automate these sort of assessments and
determ ne if sonething like this occurs, whether it's
significant?

MR. STAUDENMEI ER:  That's correct, and
bet if | ran this run again with the code fixes that
| put inrecently, it would give better results than
t hat .

MR WALLI'S: How much are you betting?

MR. STAUDENMEI ER: At the next break, |
was going to go up and start up the run and try to get
results before the afternoon.

MR WALLIS: Go ahead.

MR. STAUDENMEIER:  So, 1'll showthemto
you and whet her they're worse or better at the end of
the day if you want.

MR WALLIS: 1'd like that.

MR. KRESS:. Tell us what fixes you made,
and then we'll put a bet down. | was kidding.

MR BAJOREK: Joe, when was t he rel ease of

MR. RANSOM Who is the guy who wi ||l nake

t he changes to say inprove the situation?
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MR. STAUDENMEI ER: | nean, the bug fixes

| made had nothing to do with this run, but every run
|'ve made with these bug fixes in, it's aninterfacial
drag nodel . It's inproved everything|'veran so far,
and a better way to inprove this.

MR WALLI S: So would you do that? |
think that would be a wonderful test. You do that
today, and we'll see the results.

MR. STAUDENMEI ER.  Ckay.

MR. BANERJEE: But in the end, there has
to be sone sort of traceability where this is noted as
bei ng a problem Then when there's a fix, the problem
goes away. You know, | think without that, we're just
doing very qualitative stuff here.

MR, BAJOREK: It's also, and | want totry
to get to this because |I'mgoing to go through sone
UPTF cal cul ations. It's also a bit dangerous to focus
your intention on a single transient or a single run.
You start focusing on how good this one m ght | ook or
what the error or problem m ght be on that specific
transient.

We feel that is of nost value right nowis
to get things set up so that we can do lots of
cal cul ati ons, | ook at these en nasse, in general, and

see is this happening in all of our transients? |Is
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this something that's just happening in LOFT, or do we
see this in all of our small break transients to give
us a neans of saying oh, you have a serious problem
either in the break flow nodel, the steam generator
heat transfer, and then focus your attention on that.

MR. WALLIS: | think we have to nove on.
We're going to see a lot of these, and we're going to
have the sanme questions again. This is slide nunber
three I think here.

MR. FORD: The trouble is, it's
fascinating stuff.

MR WALLI S: Vell, we can stay until
m dni ght | suppose, too.

MR. BAJOREK: Ckay, let nme go through the
next few of these because | think we're going to w nd
up with the sanme types of comrents on why is the red
curve different fromthe blue and it's opposite from
the data. What |'mgoing to point out is that we have
run a wide variety of transients.

In some cases, we |ooked at these and
subj ectively concluded that TRACE is doing about as
good a job as its predecessor code. The | ast one was
a separate effects for in surge, out surge. W've
| ooked at the radi ati on nodel for BWR conponents. In

this case, TRA --
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MR. WALLI'S: The data are right on top of

the --

MR. BAJOREK: It's doing a pretty good
j ob.

MR, WALLI S: Well, that's good. Now,
that's a nice thing to see.

MR. BAJOREK: | thought you were going to
catch this.

MR, WALLI S: How did you not nanage to
catch that since you fudged everything el se?

MR. BANERJEE: \Wat happened to TRAC-B
t here?

MR. BAJOREK: It was attributed to a
difference in the natural convection heat transfer
coefficient. In TRACE, it was a bit lower, quite a
bit [ ower than usual.

MR WALLI S: That's predicted from a
correl ation, nat ur al convecti on correl ation?
Predicted froma correl ati on?

MR. BAJOREK: Probably, yes.

MR. BANERJEE: How di d TRACE get one-fifth
t he heat transfer coefficient?

MR. BAJOREK: That | don't know.

MR. WALLIS: Now, that is interesting.

MR. BAJOREK: Ckay. There are differences
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in some of the nodels. There are other cases where
TRACE i s substantially different fromthe data or what
its predecessor code. These have been turned in,
okay, to the nodel devel opnent team

Thi s one, the suspicionwas that there was
a problem in the 3-B level tracking nodel. In
addi tion, there were al so probl ens t hat were i ndi cat ed
inthe transition boiling. They also nmay be rel ated
to the latest bug fix that was found in the annul ar
m st, where sone of the nodes, part of the core was
stuck, and it was inordinately |ow heat transfer
coefficient, even though physical conditions says it
should be quite a bit larger.

MR. WALLIS: It was funny, that one. That
was really a big difference.

MR. BAJOREK: Yes, and this is one that we
basically --

MR. WALLIS: Cenerally you'd expect your
nodi fications to TRAC-B to be inprovenents.

MR. STAUDENMEI ER:  Actual ly, that one |
| ooked at alittle bit, and | think that's due to sone
CCFL problens. You're not getting water penetration
into the bundl e.

MR WALLIS: TRAC-B does.

MR. STAUDENMEI ER:  That's right.
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MR. WALLI'S: And you have t he sane CCFL - -

MR.  STAUDENMEI ER: No, we don't. The
nodel s are different. The interfacial drag nodels,
and | have to | ook at see about the CCFL.

MR. BANERJEE: Wll, there's a big
di ff erence bet ween TRACE and TRAC- B at t hat st age, and
TRAC-B | presune, was just the flux nodel, right? |
mean, that's what works in a vertical broad bundle.

MR. MAHAFFY: John Mahaffy here. Let ne
put this into context and hopefully let it run al ong
a little nore snoothly. When you | ook at these
results, what you want to be thinking about are two
things. This is a baseline, and nore inportantly, it
di sappeared in the noise a little bit.

He's setting this up as an autonated
process so that all the work that he went through to
get these results, the next time around, he punches a
button, and they all come out again. Joe Kelly is
systematically going through all these physical
nodel s. You cone back here a year fromnow, and he'll
tell you a conpletely different story, | hope.

MR. BANERJEE: Can you revisit exactly
t hese ones?

MR. MAHAFFY: You can ask for what ever you

want there, but again, this is your baseline. | f
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anybody is going to give you i nprovenment in physical
nodel s i n one of these codes, Joe's the guy. You want
to | ook for what the changes are over tinme because
t hey are going to happen.

MR. WALLIS: | think we understand that.
| think we understand that any code is going to have
troubl e because t he physics are not very well nodel ed
somewher e, any code.

MR MAHAFFY: These are a little worse
t han nost.

MR. WALLI'S: The point isthat eventually,
when we want to wite or you want towite aletter to
| presume to the Comm ssion, the public's going to
see, showing that with all this investnment of tinme and
noney, you have a code which is better than the one
before. O herw se, why did we doit? So, eventually,
we want to reach that point. That woul d be a point we
would like to reach not too far in the future.

MR. BAJOREK: And that's what hopefully
we're setting ourselves up for because we're at the
poi nt now t hat when we | ook at all of the sinulations
en masse, we feel that the code consolidation part of
the effort is over. For the nost part, we see TRACE
doi ng a conparable jobtoits predecessor code. There

are clearly sone exceptions, and even in the cases
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where it looks like it's doing a conparable job, we
see problens. That's what we want to start to focus
our attention one.

Every single one of these cases that had
been run have been put into the AV script format. So
as we do get bug fixes, we're going to be able to go
back and repeat all of these. Six nonths or a year
fromnow as we i nprove the reflood nodel, we inprove
condensati on, approve interfacial drag, we hope to be
able to repeat nost or all of these sinmulations to
find some parameters and netrics in order to track how
much better it's getting. So, this is really, |
t hi nk, as Dr. Mahaffy pointed out, this is a baseline.
This is a bit of a starting point.

MR. BANERJEE: So in your protocol, this
isthe control? This is nore or | ess what everything
el se is going to get conpared to?

MR, BAJOREK: Yes.

MR. BANERJEE: Ckay, so periodically then
in your protocol, you repeat these and you will have
some mneasures, hopefully not too statistical wth
t hose things, but eyes pretty good, and then you cone
eventually to some point where all of these things
will inprove. Then you will come to us and say wow,

now we've got a code, right?
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MR BAJOREK: We're hoping you say that.

MR. BANERJEE: Ckay.

MR. RANSOM  Well, one thing about the
assessnment effort, you know, in the past you' ve had
people 1like Brookhaven who were an independent
assessnent . You know, they were not the code
devel oper and so there was a bit of an antagonistic
rel ati onshi p whi ch was beneficial, actually. You got
a little nore objective view because you can pick
cases and prove about any point you want because of
t hese differences and plus or m nus.

So, inaway, the assessnent process needs
to have sone i ndependent objective way, | guess, of
giving it an across the border assessnent. | guess |
haven't seen that yet in your plans. You know, the
devel opers are al ways goi ng to choose cases that tend
to prove the point they want to prove, and it's just

MR BAJOREK: No, | think I'mgoing to
show you where that hasn't been the case, and what we
intend to do with the assessnment matrix and the
treatnent is going to change. Let ne show you that.

MR. WALLIS: Approximately equivalent is
a pretty vague term though.

MR. BAJOREK: Yes, it is. In the next
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phase, we need to begin to establish these figures of
nerit, these paraneters, and | think what engineers
want, give ne a numnber. Gve nme sonme type of a
paraneter where | can get sone type of a nunerica
nmeasure on how nmuch better your code is getting with
tinme.

MR. BANERJEE: Well, it neans to ne that
t he uncertai nty bands between the two -- wel |, say the
prediction and the experinments, have at |east sone
overlap. There really sonethingis wong, right, but
if the experinent, your band is there --

MR. KRESS: Yes, | think in general, we
ought to think in ternms of uncertainty bands as your
figure of merit somehow.

MR. BAJOREK: Ckay. Just to wrap up the
code consolidation, we feel t hat the code
consol idation part is conplete at this point. W' ve
identified problems and issues. There's been sone
situation wi th robustness that have nade t he code run
slow, not giving us the results we want.

W' ve seen problenms i nthe |l evel tracking.
There's been several bugs in there that have been
fi xed al ong the way. The refl ood nodel, we know needs
to be inproved, which is why we're going to the

interimrefl ood nodel .
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At this point, we'll start to focus on
better quantification of the nodels and i nprovi ng the
nodel s within the code.

MR. WALLIS: Does that nean that TRACE i s
not ready for use for regul atory purposes?

MR KRESS: Not ready for prine tine.

MR BAJOREK: | guess that --

MR. KRESS: So exanmple, for AP1000 and
ESBWR?

MR. BAJOREK: | think it can do those
cases provided you have done the assessnment that's
very inportant to those cases. | would not trust
TRACE until we do the assessnent agai nst APEX AP1000,
per haps sone of the APEX AP600 tests, okay? These are
smal | break processes, and we've seen that there's
problens in the L3-7 sinulation, and we're stil
novi ng ahead wit h sone of the other small break cases.
So, | don't think we can trust it at this point.

In its behalf, | would add that we've
t aken t he RELAP nodel , converted that to TRACE. W' ve
rerun the sinmulation, and have gotten results that
| ook nuch |i ke the RELAP cal cul ation. RELAP as well,
we would have to do sone additional assessnents in
order to | ook at | evel swell and entrai nnent and sone

of those things that we really don't trust in any of
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t he codes at this point.

Some of the shortcom ngs of assessnents
t hat have been done in the past, one, it really hasn't
been efficient use of the avail able input decks. In
some of the cases, ECC bypass for exanple, you go to
the trouble of setting up a nodel of a Creari or a
UPTF. spend nonths getting one of these decks
t oget her, and you m ght simulate one test.

Well, there's beenlots of very goodtests
run in these facilities, and we haven't always
expl oited this addi ti onal experinental datato | ook at
how does subcool i ng, how does pressure, how do ot her
flow conditions affect your transient.

I n general, and | think you saw that, you
know, quite a bit over those | ast conparisons for the
code consolidation. |n general, why a code | ooks good
or bad or excellent or whatever type of subjective
term you put on that, is really in the eye of the
behol der. The i dea of assigning or devel opi ng a bi as
and uncertainty to a particular transient or to a
nodel package has usually not been done. W want to
try to start getting into that.

So, as we take --

MR. WALLI'S: Do you know what the vendors

do when they do this 59 runs using statistical stuff?
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They put in uncertainty and all the parameters. They
know howto put it in, sothat is the way that things
are going in the use of vendor codes. It ought to be
the way to go with your code.

MR. BAJOREK: Wll, that's pretty nuch
where we are headed. | think that we have a bit of a
t ougher job to do because we need to get this code to
| ook at a rmuch broader situation

When we did the code for TRAC devel opnent
for Westinghouse, we only had to | ook at PWR s, and we
focused on three and four loop PWAR's. By thetine it
took us to freeze the code where we thought it was
doi ng a good job, to getting sonethingwith all of the
bugs out so that we and the staff were satisfied with
the assessnments, that took another three or four
years. Now, that's a very small subset of plants.
W' re trying to do this four a three, four [ oop PWR s
and BWR s and any other variations.

MR. WALLIS: Your nodel inprovenment you
talk about here is all in the constitiative of
equations. It'snot inthe T's and nonent umequati ons
and all that stuff, is it? Wy don't you put sone
effort into that?

We know the representation of nmulti-

junction nodes is very poor so far, but we don't have
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any neasures of its uncertainty. It would seem
i mpossible to put it inthen. You ve got sone nodel.
Put some coefficients in it or something and try to
eval uate their range agai nst sone data.

Say yes, we've got a nodel for a T, which
is pretty crude, and does the nonentumgo this way or
that way. Well, it's got to have sone range. W've
got a coefficient which we can conpare with data, and
t hen we can use that in our uncertainty anal ysis, not
just that the constitiate | evel of correlations, but
nore back of the fundamental bits that go into the
bal ances in the code.

MR. BAJOREK: | think that's a good i dea.
How would | use that in a full scale application
t hough, where | have lots of T s?

MR, WALLIS: Well, if you have a nonentum
equation, which you know, you can put in sone
distribution coefficients or something for the
averagi ng and say that, you know, you know there are
certain situations where it flows around the bend and
the liquids are all thrown to one side and so on,
where the averaging is not going to be very good
across the section. Maybe you're off by a factor of
t wo.

Ckay, well, is the data that shows what
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the coefficient should be to get a better nomentum
bal ance? Can you put that in your uncertainty
studi es? You know, think about that.

MR BAJOREK: Ckay.

MR. WALLIS: You know, it's not just that
the correlation level, but you need to |ook at the
uncertainty.

MR. RANSOM | think along those lines
what you' d like to get to is once you have put those
paraneters in, thenyou'll dolike 59 cal cul ati ons and
t ake the tenperature traces and what t he bound of that
is, and you've got 95/95 certainty in terns of you
have bounded.

MR WALLI S: Then you can answer the
critics then. You can say that we've made this
nmonment um nodel and these are the uncertaintiesinit.
We actual ly put those uncertainties in the code, and
we show that for this application, it matters or
doesn't matter.

MR. BAJOREK: (Okay. Sonething to think
about .

Over the course of 2003, we're startingto
get into the point where we're going to start
assessing the code in order to try to get sonme of

t hese biases, uncertainties, paraneters, to help to
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guide us in future nodel devel opnent. | would claim
at this point we've done work in UPTF | ooking at ECC
bypass.

A year ago, we had done sone work for
taking a look at the break flow nodel, trying to
characterize its accuracy, | ooking at ECC bypass. Joe
Kelly is going to spend the rest of the norning
tal king about work on the reflood nodel. W start
| ooki ng at those processes which are highly ranked in
nost parts.

VWhat we're doing is we're trying to go
after those first because we think those are the ones
that may have the | argest uncertainty in BW and BWR
application. W've done sonme work on those. W' ve
al so been naki ng use of sone of the RBHT in order to
address | evel swell and heat up at | ow pressures, as
may be inportant for AB1000 application.

We're just getting to the point where
we're getting TRACE to start doing sonme of what |
woul d consider a traditional small break assessnents
that would normally have been | eft to RELAP.

An exanple on how we're changing the
assessnent in the approach. Let ne use ECC bypass as
an exanpl e. If | go back to the devel opnental

assessment manual, you'll find one case in there to
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| ook at ECC bypass, which is inportant because it
really sets the stage for reflood and the PCT's and
the PWR that determ ne as you get closer to the 2200
l[imt. This is really your major period for energy
renmoval fromthe core.

Ri ght nowin t he devel opnent al assessnent,
you'll find a single case in there. UPTF test 6, run
133. We're not going to depend on that single case,
and 1'll show you why you don't want to. We're
expanding that to | ook at the other cases in test 6,
whichis arelatively sinple thing to do once you have
these scripts set up, and it's just a matter of
changi ng t he i nput deck and gat heri ng t he experi nment al
data from which to do the conpari son

MR. WALLI'S: We have had sonme concern with
the way that NRR |l ets the vendors sonetines do one
assessnent rather than a whol e | ot of assessnents. |If
they really wanted to show that their code is good,
t hey should do a whol e patch of assessnents.

MR BAJOREK: Traditionally what the
vendors have done is this set right here, and partly
because of that concern, these tests | ook at uniform
i njection around t he downconmer. That's fine for al ot
of cases, but it's not for all plants because there

are sonme cases, then you l ook at their single failure,
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they have the asymetric injection around the
downconer.

That can behave significantly different
than this type of an injection pattern. That's seen
here. AP600. AP1000 has direct vessel injection,
okay. You need to look at a case like this, test 21
where the conditions mght be quite a bit different.

But, you look at the assessnent for the
code, they're relying primarily on test 6. So, what
we' ve done is we've taken the nodel for UPTF. W' ve
tried to use a nodalization that eventually will be
preserved, in this case a PWR, preserving the axi al
noding and the radial noding. In this case, we've
pi cked one where we have ei ght sectors, so each of the
hot | egs and cold | egs can be i solated into a separate
regi on.

Just by way of reference, UPTF was run by
i njecting steaminto the central regi on where the coi
woul d -- the steam would go down through the | ower
pl enum up the downconer, and out through a broken
| oop, sweeping liquid that m ght be injected through
any of the three cold | egs.

Ckay, our approach nowis to, let's say
now, we've mssed part of it. This is UPTF test 133.

This was the previous devel opmental assessnent. It
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shows the core steamflow. Subcooling, when it gets
up to its maxi mum pressure, is about 36 degrees

Think of this as a test where the water is comng in
essentially saturated, nost of it.

Figures of merit that we've defined for
this, okay, the ones of nobst inportance, upper plenum
pressure, |lower plenumwater level. W want to see
when, and what's the net delivery to the | ower pl enum

| s the water going to the | ower pl enumout
the break, or isit collecting in the cold |eg, which
i s possibly inaone dinmensional pipe whichrepresents
those. So, we define figures of nerit. W |look at a
| ot of other things, but these are the ones which we
feel are the nost inportant. W made conpari sons then
to the upper plenum pressure, to the data.

The data are the X's. The upper plenum
pressure is the blue curve in this case. It does a
reasonable job for this run. This tells us sonething
about the break, where the water is collecting, and
the other one, which is of npbst inportance, is the
| ower plenumwater |evel.

MR. WALLI'S: Which curve is which here in
all of these?

MR. BAJOREK: Yes. One code, now, okay?

We're only | ooking at TRACE. This top one shows --
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MR. WALLIS: More than just one data and

one curve?

MR.  BAJOREK: In this one, there are
pressures at two | ocations.

MR. WALLIS: There's a TRAC and a TRACE,

isn't there? It's hard for nme to tell.

MR BAJOREK: They're both TRACE.

MR. WALLIS: Both TRACE.

MR BAJOREK: They're both TRACE.

MR WALLI S: Just TRAC-M TRAC-Mis a
trace then?

MR. BAJOREK: TRAC-Mis TRACE.

MR WALLIS: Okay.

MR. BAJOREK: Upper plenum pressure, the
blue curvewiththecircles. E, experinental data are
the X s.

MR WALLIS: So what's the red curve?

MR. BAJOREK: The red curve is the
pressure in the downconer.

MR. WALLIS: Oh, it's not the sane pl ace?

MR. BAJOREK: So you want to conpare the
bl ue curve to the X's, not the red one.

MR WALLIS: kay.

MR. BAJOREK: Ckay. This just shows the

boundary conditions, the core steam flow is this.
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This was the loop flows with this. That's just sinply
the boundary condition, so there's no conparison
there. There's no conparison here either, but thisis
the total break flow.

This is the steam flow going out the
break, so the difference is the liquid that is |eft
out the break. This blue one, this is the net
delivery when that flowrate to the | ower plenum

MR WALLIS: This is all just data?

MR BAJOREK: This is comng out of the
code. There's no data here. There's no data here,
but this gives us an indication of what the code --
but the nost inportance interns of conparisons tothe
data, the pressure gives us an indication of the
condensation rates.

The nost inportant one, the net delivery
to the | ower plenum the data, or the X's, cones out
and tops out with the --

MR WALLIS: That's the cunul ati ve anount
of water delivered?

MR. BAJOREK: Yes. The code here in the

bl ack, those are the nost inportant. W take that

transient. W also evaluate it to get the |ower
pl enumfilling rate, basically this blue curve, okay?
W get this -- we also have information from the
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experinment totell us what that rate was, andit's the
slope of the level there, and the condensation
efficiency.

Now, life would be just great if we just
stayed with UPTF tests, run 133. It's a great job.
There's not sense | ooki ng at any ot her cases. Thisis
the result that you would get --

MR. WALLI S: Sonet hing's been tuned here.

MR. BAJOREK: Well, either tuned or you're
very lucky, but because we are now able to run a | ot
nore cases, we go through the same thing for others,
the sane figures of nmerit, the sanme conparisons,
breaking themdown. This is the cal cul ated delivery
to the | ower plenum versus the nmeasured delivery to
the | ower plenum okay?

MR. WALLIS: Therate of flowat some tine
or other?

MR. BAJOREK: Yes, it's the net, the
average rate over an eval uation period. There's only
a certain period of tine where it would dunped, that
you woul d want to nake that same tinme in there.

MR RANSOM So it wasn't related to the
previ ous graph. Isn't that the one where you're
showi ng the delivery as a function of tine?

MR. BAJOREK: Yes.
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MR. RANSOM | n your previous slide, which

did not agree all that well, and yet the --

MR BAJOREK: Well, wait a second.

MR. RANSOM You' re saying the integrated
val ue as wel | ?

MR. BAJOREK: What you' re | ooki ng t hr ough
-- well, basically you' re getting this blue curve by
| ooki ng at the sl ope of the black one. This is what's
collecting, the rate at which it's comng in is by
this squiggle. There's not data on here.

MR. RANSOM Right. The bottomone what,
is the integrated val ue?

MR. BAJOREK: The bottomis the coll apsed
water level in the |lower plenum |It's sitting there
at zero for awhile. Al of a sudden, water starts to
dunp. It fills up and reached a --

MR. RANSOM And t he squares, though, are
the data, right?

MR BAJOREK: The X' s are the data.

VR. RANSOM And you're show ng
substanti al di sagreenent, but yet on the ot her slide,
you' re showi ng exact.

MR, WALLIS: | don't see how you can get
exact 1000 because the blue curve doesn't give exact

1000. The blue curve average is | ess than 1000. The
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third figure down, the bright blue curve, who's going
to say that's exactly 1000? This is 1000 here, right?
It's doesn't looktonme as if it's exactly 1000. That
bl ue curve, the third one down.

MR. BAJOREK: It |looks like it should be
alittle bit under a thousand. 1'mgoing between the
two vertical |ines.

MR WALLI S: Average between the two
vertical lines, less than a thousand.

MR. BAJOREK: It should be less than a
t housand.

MR. RANSOM Maybe |I' mm ssi ng sonet hi ng.
Is this just the neasured rate at the end of the
graph?

MR.  BAJOREK: It's throughout the
eval uati on peri od.

MR, RANSOM Throughout the entire
eval uati on period?

MR. BAJOREK: No, we focused on the tines
when the NPR associates went through and did
eval uati ons and EPTF tests, and they defined sone of
t he eval uation periods that was used in a | ot of the
2D3D.

MR. RANSOM So what is the period that

this corresponds to?
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MR. BAJOREK: Between t hese, approxi mately
these two, these two lines. It doesn't make any --
you don't really care about what goes on very early in
ti me because your steamflowis ranping up, okay, and
you're starting to inject over in this period.
Not hing is getting to the | ower plenum Then there's
a period over which you're starting to fill the | ower
pl enum and then after whichit's just basically full.

kay, so we' re focusing on that, when does
it start. Once it starts, does the code throw nore
liquid to the lower plenum than what the data was
showi ng, or substantially |ess?

"1l go back and check t he nunbers because
that does look a little bit higher than what | woul d
get out of this blue curve. It nay be the way it's
pl otted here, the way the squares shifted up, but when
we go through this evaluation that has been used in
the past for UPTF, it would tell us that test 133
comes out pretty good.

Now, we're not going to just stay with 133
because we realize there are a lot of other
situations. Steamflowcould be different. Pressure
could be different. | njection patterns could be
different. So, we've gone t hrough now, and we' ve done

a series of tests.
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Test 6, t he traditional vendor
cal cul ati ons here, okay, and do that evaluation for
all of them |In general, not too bad. W get nore
probl ens, however, when we start to take a | ook at
test 7, asynmetric high patterns.

Now the code is having a bit nore
difficult tinme, and we started to look at this,
wondering why are we starting to have differences?
These aren't too bad, but there's a few cases, these
inparticular, where the data was show ng delivery to
t he | ower plenum and the code wasn't doi ng anythi ng
near as well.

MR.  WALLI S: Was the code a one
di mensi onal code? It doesn't nodel asymetry?

MR BAJOREK: Well, there's cross flow
wi thin the downcomer. It'slikea2-Drepresentation.

MR, WALLIS: It's a 2-Drepresentation of
t he downconer, so you would catch some asymetry?

MR, BAJOREK: Yes.

MR WALLI S: If water were all pouring
down one side and the steam going up the other?

MR, BAJOREK: Yes.

MR. FORD: Steve, if you just go back to
t he previ ous one.

MR. BAJOREK: Sur e.
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VR. FORD: There's obviously a

distribution of the ratio of the observed to
cal cul ated val ues fromthat database. If you did the
cal cul ati ons for one of the TRAC nodel s, woul d you get
t he sane di stribution, or would it be of fset fromone?
The distribution of the ratio cal cul ated to observe,
would it be offset from one?

MR. BAJOREK: | woul d suspect that TRAC
woul d do sonething simlar, okay, but the origina
devel opnental basis didn't | ook at any other cases.
To ny know edge, | don't think anyone has used any of
the codes to take a look at test 7. At |east |
haven't seen it.

MR. FORD: Because that woul d be a usef ul
metric for determ ning whether your TRACE nodel has
i mproved over the others. That is, what is the nean
val ue of the observed to cal cul ated value, and the
variance in that distribution. If you' ve squashed up
the variance and noved it to one, then you're doing
great.

MR. BAJOREK: Yes, if we get everything on
that Iine, we're good. Now, what we're getting to now
is comng up wwth that metric. W can take these and
get sone type of an average bias and uncertainty for

this distribution. O course, we can identify which
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cases are doi ng worse, and we want to focus why. W
want to correct that, but fromthis distribution for
t he baseline nodel now, we can assign a netric to
this, as bias in water delivery and an uncertainty
about that.

| wi sh we had that for TRAC-P or for sone
of the other codes, but no one has run those, and
since this is what we're going to use for future
devel opnent, | don't think it's worth instituting
anot her project tolook at a code that we aren't goi ng
to be using anynore.

MR.  FORD: Qoviously 1've never done
correlations for thermal hydraulics problens. | have
done it for others. The interesting thingis to | ook
at the uncertainty of your nmeasured values. Intwo of
your previous cases, you showed that the neasured
values is a huge uncertainty, which actually swanps
out any of the uncertainty in your nodels.

MR BAJOREK: Yes.

MR. FORD: | don't know whet her that woul d
be pl anned.

MR. BAJOREK: | haven't done it to this,
but in the past, | renenber we had done that for
refl ood heat transfer. At sone point, yourealize you

can't make the code any better than the scatter inthe
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dat a.

MR. FORD: Dead right.

MR. BAJOREK: So at sone point, when the
bounds of this, if | put arab bands on either side of
this, and they start to approach the experinmenta
data, my job is done until | get better experinental
data where | can run a better test.

So, we started to focus on these two in
particul ar. W weren't getting anywhere near the
delivery, and we were realizing, well, these were at
slightly different pressures. W were seeing nore
subcooling going on in these. WlIl, that's pretty
i mportant now for sonething like test 21 where |I'm
injecting directly to the downconmer. W were seeing
sone additional variation, okay. A couple of tests
were delivering a lot nore and a coupl e nore where we
aren't getting anyt hing.

MR. FORD: That one way over in the left-
hand side there, that one, is that experinental
uncertainty, or you noved that all the way over?

MR. BAJOREK: No, this one probably shoul d
be replaced with a question mark at this point,
because as we | ooked --

MR. FORD: Because of the nodel or the

dat a?
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MR. BAJOREK: | think it's sonething in

the nodel. This is one where | think we really want
to go back and |l ook at the input. This one is just
behavi ng so strangely i n conpari son so sonet hi ng el se.

MR. FORD: Down there, too.

MR BAJOREK: Well, this one --

MR. WALLIS: Down there, yes.

MR. BAJOREK: Inthis one, this points out
a code deficiency. Once we went through these and we
got to test 5, which is the sane as test 6, uniform
i njection but very high subcooling. Nowit confirmed
t he deficiency that we were suspecti ng when we | ooked
at the condensation efficiency of these. | wish | had
t hat prepared because when we went through all of
t hese, rather than getting a condensation efficiency
on the order of .8, which is typical for a lot of
those, we were getting condensation efficiencies on
the order of .95 to one.

We were underpredicting the pressures in
many of these, and grossly missing it over here. W
delve intothis further to findthat the root cause of
this is the way that TRACE i s behavi ng and generati ng
the interfacial area at the junction between the
i njection point and the downconer. |It's imediately

taking all of the liquid in these cases when it's
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subcool ed, breaking it into a fairly fine mst of
droplets, artificially enhancing the condensati on.
VWhat this is tending to do is it's trying to
increasing the vapor flowto the region, and that's
sweepi ng everything out.

So, we look at this for saturated
condi tions, and we woul d conclude at this point the
ACC bypass nodel, probably doing a reasonable job.
W' |l cast that in ternms of a netric, in ternms of
condensation efficiency and |ower plenum delivery.
That will be a baseline nunber so that as we nake
changes, revisionstointerfacial area, drag, whatnot,
as it affects the downcomer, will be able to track
what it does.

MR. WALLI S: This is a very difficult
problem | remenber Creari had a whole | ot of probes
i n the downconer, and they neasured the fl ow pattern,
and it junps all over the place.

MR, BAJOREK: Yes. Even at UTPF, you see
a chuggi ng. There is a chugging, and there's a
preferential delivery on the opposite side of the
downconer, but you should be getting, and the code
shoul d be predicting nore bypass consistent with the
subcool i ng.

So, we've noted this as a deficiency.
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Future efforts are now going to be correcting this.
| think the inportant thing to point out of this is
because the code has been consolidated and we've
devel oped sone of these tools that allow us to do
addi tional cases, we're now in a better situation
where we can run enough cases to get a bias and
uncertainty, and we can run enough cases over a wi der
range of conditions where we can identify problens
that you would not have seen in the prior
devel opnent al assessnent.

|"m not going to go into this too nuch
How am | doing on time?

MR. WALLIS: | wonder if when you do al
of this, you' re doingto learnthat some of the vendor
codes maybe need to be conpared with nore data, and
t he NRC has accepted conparisons with one test.

MR. FORD: | nust admt, |'mastounded the
way that the GE's and t he Westinghouses inthis little
apex, to get away wth just one test. It's
unbel i evabl e.

MR BAJOREK: For AP600, we did also do
AP-21, the direct vessel injection. |'mnot aware of
anyone doing the test 7.

MR. WALLIS: This is good, though. | t

nmeans that you're bei ng thorough enough to chal |l enge
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sone of the conparisons that we've made before, and
you' re | earning.

MR. BAJOREK: Yes, and we've picked out
cases inthe matrix. W haven't picked out the cases
which are fairly kind. The test 7is adifficult one
because of the asymetry. Nodalization and a nunber
of nodels cone into play. So, we are picking cases
which are truly going to challenge the code and the
nodel i ng.

Li kewi se, refl ood separate effects cases.
This is in 2003 and 2004. Now that we have the
interimreflood nodel, we want to really start to do
a |l ot nore assessnment here.

MR. WALLIS: Is this what Joe Kelly is
going to tell us about?

MR. BAJOREK: Joe is going to tal k about
t he nodel s. He's going to show you sone results,
current and with the interimrefl ood nodel from31504,
whi ch i s a one-inch per second -- one inch per second
will be greater?

MR, KELLY: Yes.

MR. BAJOREK: One inch per second case.
31701, Wiich is 6.1 inch per second case. Both these
are run at 40 psi. They've been used traditionally

for TRACM and a Ilot of codes developnental
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assessnent. TRAC-M has al so used this one.

Wll, inasimlar fashion, we don't want
to rely on tests at just two reflood rates and one
pressure because we know there is a large pressure
ef fect, especially when we need to anal yze PWR s where
t he contai nnent pressure m ght be 20 psi

So, we're expanding the matrix to i nclude
these. We'll keep these. These will hang around, but
we' |l ook at reflood rates, which are | ower than one
inch a second, and gi ve us peak cl addi ng t enper at ures
greater than 2200 degrees and so is a few
t her nocoupl es over 2200. Different pressures,
vari abl e refl ood rates, and we won't just focus on one
particular facility.

MR. WALLIS: Are you going to | ook at al
of the evidence and again a selected set?

MR.  BAJOREK: Selected -- |I'm sorry,
sel ected set of evidence as to?

MR. WALLIS: Well, previously you | ooked
at three FLECHT- SEASET' s. Now you're | ooking at
whatever it is here, a 14 or sonething. How many
tests were there? |If there were 100, why not all of
then? | don't know, are you |ooking at all of the
tests?

MR. BAJOREK: Well, you wouldn't want to
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do all of them

MR VWALLIS: Wy not?

MR. BAJOREK: Because nore than two rods
burned out in the FLECHT- SEASET.

MR. WALLIS: Ckay, if there was somnething
wong with the test, you can disregard it, but again,
t hat's okay, but are you essentially | ooking at all of
the valid tests?

MR. BAJOREK: | think we have nost of the
valid tests.

MR WALLIS: Ckay.

MR. BAJOREK: We certainly have the ones
that will give us a way to exam ne reflood rate,
pressure, inlet subcooling, and as we take those
simlar situations to other facilities, we'll see the
ef fect of hour shape, okay, whi ch changes the overall
hydraulics in the bundl e, pitchto diameter ratio here
in the FLECHT 98 rod bundle. W wll be using the
RBHT. We're getting that data now. W have a nodel
set up.

We haven't selected which tests or how
many, but we woul d expect to put sonmewhere between a
hal f a dozen --

MR. WALLIS: RBHT is what's going on at

Penn States, is that it?
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MR. BAJOREK: Yes, that's the Penn State

bundle. We'Il be getting a nunmber of those -- we're
getting that data right now into the format that we
can use, but rather than relying on one, two, or three
tests, hopefully within ayear, year and a-half, we've
got to collect data for all of these.

We're | ooking at the upwards of 25 to 30
different reflood tests fromwhich we'll do simlar
eval uations to get bias and uncertainties in transfer
coefficients, droplet size, steam tenperatures,
what ever paraneters we can gl ean out of the data.

MR. WALLI'S: Now, for regul atory pur poses,
is this because reflood is the process which
determ ned the peak clad tenperature, which is a
regul atory neasure, and there's a likelihood that
PWR s m ght ask for say power upgrades or sonet hing,
whi ch woul d chal | enge thi s peak cl ad t enperature, and
t herefore, the Agency needs nore certainty about what
t hat peak clad tenperature is going to be? Aml just
ranbling, or am| tal king sense here?

MR, BAJOREK: Well, | think you're nmaking
sense because as plants are changing today, we're
seeing two things comi ng up over the horizon. One are
power upgrades, trying to get as nmuch refl ood out of

the core.
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MR. WALLIS: Reflood is the key process.

MR, BAJOREK: Right now in nbpst PWR s
it's your reflood and peak cl addi ng tenperature that
is the lumening factor.

MR, WALLIS: Soit's aregulatory need on
whi ch you're hanging all this work?

MR. BAJOREK: Yes. It may increase if we
start to go to risk infornmed regulation. One
possibility isw th perfornmance based fuel, that limt
for peak cladding tenperature may increase to 2300.
It may change to sonmething else. A tenperature in
some type of an oxidation criteria.

| won't go in, but they're looking at a
nunber of different possibilities here, but it my
translate into the core bei ng upgraded, operating so
that in a hypothetical accident, it's there at a
hi gher tenperature for a longer period of tine.
Uncertainties in your heat transfer coefficients now
are going to be magnifi ed.

W saw sone of that in upgradings that we
di d awhi | e back when best estimte was first applied.
The transients becane sufficiently | ong, and boiling
in the downconer started to becone a concern.
Transi ents becane | onger, okay?

W' d expect to see ot her types of changes
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to the transient, perhaps making them |onger so
uncertainties propagated over a longer period of time
have nore of an i npact on peak cl addi ng t enperature or
cl ad oxidation or whatever regulatory Iimt that is
eventual |y set as the fuel becones perfornmance based
and perhaps as the break size is al so redefined.

So, in terms of assessnent that we --

MR,  WALLI S: What you're saying is
conpati ble with what someone from NRR woul d say, in
terms of the need?

MR. BAJOREK: |'ve been warned about
speaki ng for NRR

MR, WALLIS: | nean, it would be good if
both sides -- | nean, you nust be tal king to them and
presumabl y what you' re sayi ng takes i nt o account i nput
fromthose guys. Yes?

MR, ROSENTHAL: Rosent hal Research, NRR
and RES are jointly participating in the efforts to
risk inform5046. There's a working group of NRR and
RES peopl e. NRR is putting forward docunents that
show a rul emeking -- | don't want to get out a head of
what' s inthe concurrence -- rul emaking rel ated stuff.

MR WALLIS: Al right.

MR. ROSENTHAL: | think that we're charged

with the technical basis so that in providing
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information to NRR So, for exanple, in the RES
branch operating plant, the inplication of what woul d
happen if you changed the break size to let's say
ei ght inches, changed the -- allow a power outbreak
based on an ei ght-inch break inthe current regul atory
criteria, what woul d t hen happen to beyond ei ght-inch
breaks, and woul d that be okay, and what m ght we be
seeing. That kind of work i s in our operating plant.

So, | think we're reasonably well
integrated, but the code running to support this
rul emaking effort will be done in our branch.

MR, BAJOREK: Yes.

MR. WALLIS: Thank you. We're going to
seethis. Inour other activities, we're going to see
results of this work?

MR, BAJOREK: Yes.

MR, WALLIS: Thank you.

MR BAJOREK: | think in ternms of the
focus of this work in conmparison to what NRR i s doi ng
right now, | think the focus right now is on the
advance plants. There's so nuch work and so nuch need
to eval uate what's going on there, that sone of this
isn't quite int he forefront.

MR, WALLIS: Is that really so? | nmean,

it seens to ne that power upgrades for PWR s are
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really going to happen, or maybe really going to
happen. Advance plants may or may not really happen.
So, I'd be nore concerned about it proving a power
upgrade for PAR s that are there now, if there was too
much uncertai nty about peak cl ad t enper at ur e and about
what m ght happen years fromnow when a nore advanced
reactor is built.

MR. BAJOREK: | think conpleting this is
going to hel p give us a tool by which we m ght be able
to do audit calculations. | don't think we're there
yet, but with the interimreflood nodel, assessnent
that we're planning here in the near termbasis that
|"d nentioned on the previous overhead, we' ve also
initiated work to | ook at CCTF and SCTF.

| n sone cases, these arerunin a separate
effects type of node. In other cases, we have gravity
reflood in the case of CCTF and at |east one of the
SCTF. That's not on here.

As we started to do in the UPTF exanpl e,
we want to try to characterize the accuracy of the
code in terms of a bias and uncertainty on those
paranmeters which are of npst interest, not peak
cl addi ng tenperature or necessarily quench tine, but
things |i ke the heat transfer coefficients, the carry-

over fraction that we get in these reflood tests. The
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void fraction or mass distribution that we see in the
bundl es. Steamtenperatures, other paraneters that we
can relate to nodels which are actively used in the
code for that.

Now t hat we have SNAP up to speed, we're
al so starting on the small break integral tests. W
have peopl e worki ng on ROSA, nodeling SB-CL-05, and
woul d anticipate including a nunber of additional
cases where | think this is |ike an equival ent of
about a four-inch cold leg break, and we would be
| ooking at various break sizes and eventually
expanding this to | ook at other paraneters that were
found to have large effects in the ROSA facility.

BETHSY, it's unfortunate thereisn't nore
experimental datareadily avail abletothat because it
was a well instrunented facility. It's | believe the
only or one of two which has a full integral facility
| ayout, keeping all of the |oops, all three of the
| oops rather than lunping them conpared to other
tests, or nodeling | SP-27, which was a small break in
whi ch t hey had shut of f t he high head injection system
in order to get a peak cladding tenperature.

W're starting sonme of the seniscale
tests. We're al so using the APEX data that we're just

getting for the AP1000 type tests. W' re setting up
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a nmodel, and we'll be running at least first the
doubl e ended DVI |ine cases. W' ve also got a couple
of cold leg small breaks that we're putting in that.

We have run, and we set up the AV scripts
to do THETIS as well as the Oak Ri dge case, which
showed on the overhead earlier so that as we start to
make changes to the interfacial drag nodel in the
core, we're going to be able to rerun those, and we
anticipate wusing THETIS and sonme of the RBHT
interfacial drag tests to hel p us answer the question
t hat we' ve been getting out of AP1000, is TRACE and
RELAP. We're using RELAP for this assessnment as wel |,
over predicting the amount of |evel swell if we were
to get uncovery in a hypothetical accident in AP1000.

MR. RANSOM Maybe | m ssed sonet hi ng, but
how is the RBHT test series going to provide
interfacial drag?

MR. BAJOREK: This was a series -- we had
t hree passes in which those tests were being run. 1In
2001 and 2002, they ran a series of traditional
transient reflood tests. Heated the bundle up,
refl ooded fromt he bottons and vari ous fl oodi ng rat es,
different pressures. So, we have a set of data that
| ooks -- it's conparable to FLECHT and sone of that,

t hose types of facilities.
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Earlier this year, in order to get sone
better information on rod bundle interfacial drag, we
ran a series of tests in which the bundle was
essentially flooded. It was run at different powers,
di fferent pressures, at relatively | owpowers, sothat
the exit void fraction was on the order of .4 or .5.
Joe, do you renenber?

MR KELLY: Maybe a little higher.

MR BAJOREK: Maybe a little bit higher.

MR. KELLY: But they're basically |evel
swel | tests.

MR, BAJOREK: Yes.

MR. RANSOM But the interfacial drag is
obtained by just inference, | guess? You try to
sinulate it?

MR, BAJOREK: Yes.

MR. RANSOM See what interfacial drag?

MR WALLI S: Try to predict the void
fraction, presunably.

MR. BAJOREK: \What ?

MR. WALLIS: You try to predict the void
fraction?

MR. BAJOREK: Right, yes. What's nice on
this conpared to many of the other tests, is we' ve got

a very detailed pattern of DP cells. Three inches in
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the central part of the bundle, and the test matrix
was adjusted to try to get a variation in void
fraction to maxi m ze during where those DP cells had
their maxi mum sensitivity and smallest span and
getting sonme uni que data that's going to hel p us | ook
at interfacial drag. This is going to help Joe cone
up with a better reflood nodel in the future.

They' re al so very useful because t he | ower
pressure. The OCak Ri dge data and nost of the THETIS
data was run at high pressures. So, there's been a
bit of a crying need for low pressure interfacia
drag, and we're very interested in sinulating sonme of
t hese tests. So, we sort of nove this up.

We're al so doing this, these sinulations

with RELAP so that at some future neeting when we're

asked well, even though RELAP has a |ow collapse
level, isit really flossed upto the top of the core,
we're going to have a better -- we're going to be

better able to answer that.

MR,  BANERJEE: So RELAP has just an
interfacial drag without any sort of drip flux nodel
at all init?

MR. BAJOREK: No, | think it has a drift
flux nodel init.

MR,  RANSOM That's my under st andi ng.
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It's drift flux based.

MR BANERJEE: There's a sinpl e anal yti cal
solution to this level swell, using a drift flux
nodel .

MR. WALLIS: Steve, | think we'realittle
bit behind in time. | suggest this is an inportant
slide. You talk about this one. Then you junp to the
concl usi ons.

MR BAJOREK: Let ne do that.

MR. WALLIS: Because we're just going to
| ook at curves ot herw se.

MR. BAJOREK: Right, but what | wanted to
spend just a few m nutes tal king about is where we're
going inthe long run with all of this. W're set up
Now. W' ve automated a lot of this. W have a
basel i ne code.

As | nentioned in the exanples for UPTF
and with the reflood, we're going to get nowto the
poi nt where for various nodel packages and vari ous
nodel s i n the code, what woul d determ ne a bias and an
uncertainty. Now, we haven't exactly deci ded what
paraneters those were going to be.

| nmentioned a few of those, but as we're
going through future assessnents and node

devel opnent, we'll define what those paraneters are.
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W' |l do the assessnents, be it for reflood or I|evel
swel |, condensation, break nodel, come up with a bi as,
and use those to cone up with a nmultiplier, a term
somet hi ng that can be varied within the code so that
we can sanple these in full scale sinulations of the
PWR or BWR and the results of that in terns of what
we'll call the regul atory paraneters of interest, PCT
or ECR

We'I'| be able to go frombiases in certain
nodel s to how they are varied within the code to a

statistical distribution at full scale, okay, to

determ ne --

MR. WALLI'S: Like sone of the vendors are
doi ng?

MR. BAJOREK: Simlar to Westinghouse t ook
a response surface technique. Framat one has done

sonmething very simlar to this. The details of how
you conbi ne t hese and what cases you run, whether it's
59 or 114 and how you are -- that's sonething that we
are goi ng to address.

It is in the future because our concern
right nowis getting the code accurate, quantified,
and then in the position so perhaps a year or two from
now, then we can start tal king about well, does this

really correct this bias to get this right, and then
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when you propagate its effect at full scal e, what does
it do out here. Then you have | think a nmuch stronger
basis then for saying well, this particular node

doesn't really affect your situation, or it has a
| arge effect, depending on what your transient.

MR. FORD: Steve, |'mconvi nced you' ve got
TRACE now i n a working node, and you've got all this
data that's been created. Wiy is it going to take you
two years to go through this sort of evaluation
process?

MR. BAJOREK: Well, | would think it would
t ake about a year to go through and develop all of
t hese and perhaps another year to really --

MR FORD: Is it not just a question of
pl ugging i n the i nputs of your nodel and conparing the
output with your data, or am| oversinplifying?

MR, KELLY: It's a little bit nore
conmplicated, |ike when he tal ks about | ooki ng at heat
transfer coefficients, you have to windowit over the
transient to figure out when you're in that regi ne and
do t he conpari son. Ot herwi se, it becones neani ngl ess.

Just as an exanple, when the vendors do
this kind of thing as part of their, say, |arge break
best estimates, they're tal king about 20 to 30 staff

years to do this work. O course, we don't have
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anything like those kind of resources.

MR. BAJOREK: |'mjust going back to the
days when we devel oped the best estinmate nethodol ogy
at Westinghouse, to go froma code t hat we t hought was
frozen and pretty good to a tinme when we got sonme
begrudging smles fromthe staff, and in an SER, it
took on the order of about six or seven years.

| think | nmentionedthat what we're trying
to do with TRACE is bigger than that because we have
nore plants that we have to do it. | guess it could
sort of happen in two years if we got to the point
where we're (inaudible).

| guess we go on. As we get these biases,
we'll know what nodels are being inpacted. That's
going to guide us in our nodel devel opnment and as we
go along, if we need to know what's the effect of
di sburse flow fil mboiling heat transfer coefficient
on a particul ar application, we shoul d be able to get
that. We'Ill be able to get individual conponents.

To wap it up into a nice, statistica
net hodol ogy that we're convinced is the right thing
for the staff and i s i ndependent fromwhat the vendors
have produced, that's going to take a little bit.

MR WALLI S: If the rationale is very

straightforward. You take the data, you nake sone
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conparisons with sonmething. You calculate bias and
sigma. That can be automated. You don't have to have
soneone | ooking at all these curves and all that. So,
that real ly ought to proceed pretty qui ckly, one woul d
t hi nk. Soneone's got to manage it and check that
t hi ngs are happeni ng, but once you know what you're
going to do, you show the procedure for doing it, it
shouldn't require all that tine.

MR. FORD: | thought the whole idea of
t his TRACE devel opnent was it was relatively sinple.
Everything was in one box, if you like, and maybe |'m
oversinplifying what | thought it was.

MR, BAJOREK: Well, we woul d | ove to speed
it up, but I think it's a matter of resources. I
think in terms of the devel opnent team speaking for
everybody, this is the fun part here. It's gettingto
this and findi ng out well, why doesn't this particul ar
nodel work correctly and fixing it. That's the fun
engi neeri ng.

| think we'd |love to spend nore tine on
that, but we do have repeating priorities.

MR WALLI S: Wll, the fun is in the
answer, not in the process. The real fun or the real
achi evenent or the real bang for everythingis getting

t he answer, not just in doing the work.
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MR BAJOREK: You won't believethis until

you're convinced of this. | think in terms of
conmpeting our priorities, we've got AP1000, ESPWR, ACR

MR. WALLIS: W knowthese are com ng, so
we're very inpatient waiting for this stuff.

MR. BANERJEE: This will be the first code
that really can be used with AP1000, will be taking
into account the |ow pressure, reflood | evel swell,
all this sort of stuff. There's no other code that
really does that at the nonent, does it?

TRAC- P doesn't do that, and RELAP doesn't
quite get the right --

MR. BAJOREK: Nobody's going through this
for any smal | break applications, beit AP1000 or even
a conventional plant. This idea or this statistical
distribution has only been done for |arge break
applications at this point.

MR. BANERJEE: But you're doing it also
for small break.

MR. BAJOREK: We need to get the snall
break processes into this as well.

MR. BANERJEE: And the ADS and all this
sort of stuff? If it's going to be applicable to

AP1000, it nust have that, right?
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MR. BAJOREK: Yes.

MR. BANERJEE: Does this preclude that ADS
phase, ADS-4?

VMR, BAJOREK: | think that's in there.
|'m just thinking in terns of priorities, getting
nodels that affect all plants versus nodels and
uncertainty for one particular wunit that isn't
operating yet. You'reright. | nmean, uncertainty is
inthe ADS performance and CMI. Al |l those woul d have
to be incorporated into that, and | think in a
statistical nethodol ogy, okay, you would have to
incorporate all of these plus any of those unique
f eat ures.

You know, the performance of the ADS or
ot her conponents woul d have to be, those uncertainties
woul d have to be incorporated in this, as woul d ot her
uncertainties associated with the plant. Has your
power shape changed? What's the water tenperature at
any particular tinme? Wat's the burn-up?

MR. BANERJEE: The priority is existing
plants with the focus on upgrades? What?

MR, BAJOREK: Yes. | would say that
that's --

MR. BANERJEE: | nean, |'mjust tryingto

find a rationale for how you're going to organize
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this.

MR. ROSENTHAL: Steve, if | could, I think
the Ofice's priority is to risk inform 5046.

MR VWALLIS: What's that?

MR. ROSENTHAL: O the ECCS. That will
i nclude LOCA, break size redefinition, and all the
ram fications thereof, and that conmes direct from
m ssion interests and gui dance.

In order to do that, | think that we
recogni zed that maybe in prior decades, thermal-
hydraulics, this kind of work was | arge break LOCA-
centric, and we're trying to get nore balance in
considering small break stuff as opposed to |arge
break. So, that would be the priority, what kind of
work do you need to do to risk inform5046.

Then power outbreaks, although let ne
rem nd you that power outbreaks have nostly been --
t he bi g power outbreaks are boiling water reactors,
and the little stuff isthe PARs, while PAR s tend to
be LOCA |imted, and large boilers are not LOCA
l[imted. Then the new plants, in part, were using
(inaudible), and that's a reality.

MR, BANERIJEE: But this will work for
boi ling water reactors, too.

MR,  BAJOREK: Yes. Ckay, just to
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sunmarized and to conclude, we feel at this point
consol idating is behind us, and nowis the tine where
we're going to start focusing on nodel devel opnent,
accuracy i nprovenent, quantification of howwell the
code is doing so that at a future tinme, we can start
using this as a part of a statistical methodol ogy for
conventional plants and ot her type, and newer pl ants.

As we've been going through these
assessments, again | just want to mention again that
we're setting these up so that they're automated so
t hat much of the real grunt work in doing these work,
generating these figures, it's going to be nore
automated. We're still going to have to go back and
| ook at these very carefully, but we think we're in a
position now where we can | ook at a broader nunber of
assessnments, and the benefit of that is going to be
able to nake code inprovenments faster and hopefully
come up with nodels which are nore accurate.

MR. WALLIS: Thank you very nuch. Are
there other questions from the nenbers of the
subconmi ttee?

MR. RANSOM Coul d you rem nd ne what ECR
stands for

MR BAJOREK: Equi val ent cl addi ng react ed.

VR RANSOMV Reacti on?
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MR. BAJOREK: Reacted, clad oxidation.

MR. BANERJEE: Do you have a list or a
table of the tests that you are going to be using as
the basis for these assessnments?

MR. BAJOREK: This is the one that | can
get copies of this.

MR BANERJEE: Is it in here?

MR. BAJOREK: No, it's not in there, but

MR. BANERJEE: That woul d be hel pful.

MR. BAJOREK: | can get you a copy. This
isnmoreor less the tests that we've either run or are
running or plan to. It's just a working copy that |

MR. BANERJEE: That woul d be good, if you
coul d supply that.

MR. WALLIS: Are there any nore questions
or requests?

|'"d like to thank you, Steve, for being
very informative and for having a good interaction
with the subconmttee.

MR, WALLIS: Thank you.

MR, WALLIS: As always, we could al ways
spend nore tine.

MR. BAJOREK: Well, one thing, too, what
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we woul d | i ke to get out of this subcommttee is where
woul d you Iike to focus attention in future nmeetings.
| mean, there's an awful | ot of stuff in any of these
sinmulations. Joe is going to start with the refl ood
nodel. We'll gointo that, but inthe future, if you
want to see us go into a condensation nodel, nore into
t he bypass problem or you know, take a particular
transient and tear it apart, we can do that.

MR. WALLIS: We are planning, | think, a
series of three nmeetings, isn't it? Isn't this the
first one?

MR. RANSOM At | east three.

MR, WALLIS: At |east three neetings, and
we can set up the agenda for the next neeting. I
think it's going to involve going nore deeply into
certain aspects of TRACE. | hope we don't have to get
some rehashing with some of the faults knew about in
t he other codes, which is still there.

Anyway, we are going to set up severa
nmeet i ngs.

MR WALLIS: kay.

MR.  BANERJEE: Just one thing, Steve
ROTH was pointing out that the OECD data on LOFT is
nore reliable. So, perhaps you should | ook at that as

well as --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

100
MR. BAJOREK: We've got a few of the OECD

MR. BANERJEE: You have access to that, of
course, don't you?

MR BAJOREK: Yes, we have sone of that.

MR. BANERJEE: Ckay.

MR. BAJOREK: That was -- was it LB-1?
That's in there. L2-5, L2-6 are in there. Those are
good because they' re hi gher tenperature. | think LB-1
m ght have been the highest tenperature one. That's
in the test matri x.

Al ot of drivingthe code consolidationis
what was already out there and what they had used
al ready for TRAC-P or TRAG-B. So, we kind of had to
stay with that, but nowthat we have t he basel i ne, now
that sort of frees us to start | ooking at tests which
are nore interesting.

MR. BANERIJEE: But also could be nore
accurate.

MR. BAJOREK: Well, that's true. | nean,
rather than focusing on let's just senmiscale, for
exanple, they will nake nore use out of ROSA, which
was a test that was run later on, has other
i nstrunmentation, has tests which are, you know, uni que

and give you information that you didn't get from
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t hose prior assessnents.

MR. BANERJEE: Al so, the series of | don't
know how many LOFT runs were done, but one where, you
know, the punp effects, the punp rundown was very
i mportant in LOFT, which is why you got this rewet.

MR, BAJOREK: Yes.

MR. BANERJEE: That was artificially cut
of f, so that you don't get this early drop. You m ght

consi der those, too.

MR. BAJOREK: | think we do have --
there's a punps on or off. | think it mght be L2-5
and 6. | can't renenber the nunbers, but those arein
the matrix. | don't knowif those were OECD tests or

not .

MR. BANERJEE: That's why | want to | ook
at the matrix and take a | ook and see where it is.

MR BAJOREK: Let ne take a | ook.

MR. BANERJEE: (kay.

MR. WALLIS: COkay. | thinkthisis avery
good tine to take a break. W're running a little
behind. 1'mnot sureif Joe Kelly is going to be able
to go any faster, so we may be here a little after
5: 00.

Anyway, we'l | take a break now, from10: 30

to 10: 45.
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(Wher eupon, t he f oregoi ng
matter went off the record at
10: 32 a. m and went back on the
record at 10:48 a.m)

MR. WALLI'S: Let's cone back i nto sessi on.
W' || be hearing fromJoe Kelly.

MR. KELLY: "1l be tal king about the
interimrefl ood nodel devel opnent for TRACE code. My
coll eague in this is Widong Wang.

I'm going to divide the presentation
basically into three parts with a brief introduction.
' mgoing to address two questions. First, why do we
need a new reflood nodel? That's what TRAC was
supposed to always be able to do to begin wth.
Second, why is it called an interi mnodel ?

To give an exanple of some prelimnary
results, what this is is the interim nodel is
developed. |It's running. |'mgoing to show sonme of
these results and conpare themto results with the
RELAP code. For two cases, alowplating red case and
a highplatingred case. It's |ike one inch a second,
si x inches a second.

Then what I'mgoing to do is show you an
exanple of how | developed the nodel for one

particular heat transfer reginme, and that's the
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inverted annular film boiling. |"'m not going to
describe all the input nodels because we'd be in a
two-day neeting, just with that alone. Its refl ood
touches many different reginmes and many different
nodel s within each regine.

MR, WALLIS: | wondered if you' drehearsed

your presentation of 43 slides and checked that it's
only going to take 50 percent of the tinme. That's the
rul es, you know?

MR. KELLY: Right, so please feel freeto
cut ne off if need be.

This is an exanpl e of an assessnment case
| did with TRAC-P actually several years ago, clad
tenmperature versus tinme. There are three data curves,
and a predicted TRAC tenperature, which is obviously
nowhere cl ose. The reasonit's nowhere closeis there
were very large oscillations in the cal cul ations.
Basi cal | y vapor expl osions, they were throwi ng all of
the liquid out of the rod bundl e and FLECT- SEASET t he
upper plenumacts as a steamseparator. So, once the
LI FT was thrown up to the upper plenum it's gone.

An exanpl e of those oscillations, thisis
vapor tenperature versus time. The blue curves are

neasured basic tenperatures, and you see the TRAC

results, which is totally out here.
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MR, WALLI S: Wl l, these tenperatures

represent sonmething way beyond what's perm ssible,
t 0o0.

MR KELLY: Ri ght. That cal cul ati on,
there i s no way you can use that nodel. That's why we
needed sonething new. Now the question is why am|
follow ng this new nodel and interim nodel

The reason is we needed sonething that
woul d be reasonably accurate, but we needed it
qui ckly, and that's that we can go ahead and do the
| ar ge break LOCA assessnent cases that Steve showed i n
t he previ ous presentation, and hopefully be able to do
sone realistic auditing calculations to get to the
housi ng.

Because we needed it quickly, we coul dn't
wait for the inplenmentation of the droplet field which
John Mahaffy is working on now, and |ikew se from
anal ysis of the data fromthe NRC experinent at Penn
St at e.

Consequently, we do plan to take the Penn
State data, take the work that John's doing in the
droplet field, and come up with a true best estimate
refl ood nodel, and that work i s planned for the 05-06
time frame.

We' Il be taking advantage of the dropl et
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field and the RBHT data. We'l| be inplenmenting a grid

spacer nodel. You saw sone of the test data. You saw
how i nportant the grid spacers were, but also, and
this is one of the deficiencies, and one of the things
that nmakes it very hard to do, we'll need to put in

some kind of subgrid resolution schenme and fluid

sol uti on.

What |'mnot going to tal k about here is
the way we nodel the heat structure, and what |'m
tal king about is we call it a fine mesh rezoning
nodel . It's been presented here before, but it's

basically an adaptive grid schene, andit's appliedto
the fuel rods in order to resolve the axial profiles
at tenperature and heat fl ux.

So, typically our hydrocells are in the
order of a foot. W get down to heat transfer cells
that are less than a mllineter because the entire
transition blowing region is only about two
centineters long, and that's where all the big heat
spl ash is.

MR WALLI S: You've seen the results,
t hough, fromthe RBHT?

MR, KELLY: Yes.

MR WALLI S: And in developing this

interim nodel, you can't ignore them You' re not
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going to develop an interim nodel which is
i nconmpati blew th what's observed t here because that's
maki ng troubl e down the road.

MR, KELLY: That's true, but we don't yet
have the RBHT data and el ectronic data.

MR. WALLIS: Yes, but you have seen the
kind of results they're getting.

MR KELLY: Right.

MR. WALLIS: You cannot ignore themwhen
you're doing this interimnodel

MR. KELLY: That's true, and | haven't.
| won't tal k about that today, but there is one --
actually tailored sone of the tests there to | ook at
sonething that | thought was an uncertainty, but |
wasn't abl e to have a reduced version of that data and
use it in helping you do the nodel, which is
unfortunate, but that's a timng thing.

MR. WALLI'S: That's what's troubl ed us al |
along, is to do the experinent. The experinment has
got to feed in as soon as possible in the nodels, not
to wait for four or five years.

MR KELLY: Well, | started this work nore
than a year ago, so it is a timng thing.

Ckay, we have a nodel that works now, and

|"m going to do sonme prelimnary assessnment on it.
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It's the second part of the presentation

FLECHT- SEASET forced fl ooding rate tests.
FLECHT- SEASET is 161 rod bundle. It's full height,
top cosign power profile, and we | ooked at two tests.
They are both 40 psi and the fl ooding rate i s one inch
a second and si x i nches a second. Both of these cases
are pretty high with subcool, not just in the
traditional type subcoolings, which are nore I|ike
wat er you get out of an accunul ator rather than the
wat er you get out of a |ower plenumin Tsat.

Now, what is the --

MR. WALLI'S: Do you ever get that kind of
subcooling in the real world?

VR. KELLY: Only if the initial
accunul at or di schar ge. If you look at all of the
FLECHT- SEASET cases which were run back in the 70's
and 80's, nost of them have these high inlet
subcoolings, and that's what nost of the code
assessnent has been agai nst.

Now, | picked t hese cases because t hey' ve
been used before. Wat we are going to do, as many of
t he subcooling cases as there are in FLECHT- SEASET,
and one of the deficiencies we addressed in the RBHT
programwas we ran a nunber of cases with the | ow end

on the subcooling, basically always paired. W got
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some dramatically different behavior

MR. BANERJEE: What about the effect of
the ower plenumitself? | nean, these tests didn't
have anything, right?

MR. KELLY: Not at all. This is separate
effects that hel p ne wi t h devel opnent for one specific
nodel, reflood nodel in the core.

MR, BANERJEE: Ri ght, now what did the
SCFT and | don't renenber --

MR. KELLY: CCTF was cylindrical core test
facility.

MR. BANERJEE: Right.

MR KELLY: SCTF is slab core test
facility.

MR. BANERJEE: Right.

MR. KELLY: They both are refl ood, so they
don't do the bl owdown in the ECCS bypass phase.

MR. BANERJEE: Right.

MR. KELLY: They both have approxi mately
2000 heater rods, so instead of sonething yeah big,
you're tal king about a pretty sizeable vessel here.
So, you now have the possibility of two to three
di mensi onal effects goingoninside. Cylindrical core
is exactly what it says. Cylindrical, the slab core,

you take the same ei ght rod bundl es, and you put them
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in a plane.

The ideaisit's supposed to be a 2Dslice
fromthe centerline of the reactor core through the
downconer.

MR. BANERJEE: They have t he downconer and
t he pl enun?

MR KELLY: That's correct.

MR KRESS: These are, both were full
l ength, weren't they?

MR. KELLY: Yes, they're both full height.

MR. KRESS: They're both full height.

MR. BANERJEE: Now, those tests, were
there effects which would be different, |ike due to
the gravity effects that were oscillations?

MR. KELLY: They're coreinlet oscillates.

MR. BANERJEE: Yes, oscillates.

MR,  KELLY: And that can conpletely
di srupt your nodel if it's sensitiveto that. That's
why we absolutely have to assess the nodel against
t hose tests.

MR. BANERJEE: So you're developing a
nodel using, the logic is usethis to devel op a nodel,
but we knowthat there's going to be oscillations that
bend that because that's what real life is.

MR KELLY: Right.
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MR. BANERJEE: And that these nodel s nust

be robust then to oscillations.

MR KELLY: And we'll find out.

MR. BANERJEE: Yes, because that affects
carry-over and all sorts of things.

MR. KELLY: Oh, yes. So, I'mgoing to do
t hese cal culations twice, or with both TRAC and or
TRACE and you' | | have five. |In TRACE, the input nodel
has a 1D vessel, because it's only a 161 rod nodel.
Twel ve axi al nodes in the heated | ength. | pickedthe
| ength of those cells to match the DP cells so that |
coul d do conpari sons between t he anmount of water in a
TRACE cell and what was neasured in a DP cell. That
gi ves you one put, or 30 centineters.

Two heat structures. One heat structure
nodel the actual electric heater rods, one for the
bundl e housing. The one thing | did that you shoul d
al ways ask i s what is your graphics edit interval. W
do these plots with the squiggly lines. Howoften are
you pulling points from the code calculation in
pl otting?

So, I"'mmatching that with the test data.
This is a two Kilohertz synbol .

MR, WALLIS: O herw se you don't know what

things that --
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MR. KELLY: You don't know.

MR WALLIS: Right.

MR. KRESS: Now, the grids, and A grids,
are they follow ng the m ddl e of these 12 axi al nodes?

MR. KELLY: Intheinterimnodel, thereis
no specific grid spacer nodel other than the pressure
| oss coefficient.

MR. KRESS:. Ckay.

MR KELLY: | don't do drop shatterings.

MR. WALLI'S: But we know that that can be
i mportant.

MR,  KELLY: And |'ve devel oped those
nodel s before. | devel oped ones that are in COBRA TF
or COBRA TRAC, but that was back in 1984 because the
code has a droplet field, is one of the reasons that
we're inplenenting the droplet field with TRACE

MR. KRESS:. Yes, okay.

MR. KELLY: RELAP5, the input nodel, is
identical to the TRACE nodel, so that we could do an
apples to apples conparison. They don't have a
vessel, so we're using a pi pe. The reason we used t he
vessel in TRACE is that's what the refl ood nodel is
i mpl enented, and the first doesn't yet work for the 1-
D conponent, so the pipes are heated --

MR. KRESS: Now, when you say pipe, does
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that nean the heat is comng fromthe walls of the
pi pe?

MR, KELLY: No, it nmeans that a pipe is
just an axi al stack of volunes and attributes it says
on the pipes. | used pipe nodels, and you can attach
heat structures to it in any way.

MR KRESS: [|n any way you want to.

MR. KELLY: So ineffect, there'sarodin
the m ddle, you know, and a porosity factor, if you
will, and then another heat slab to nodel one nore
housi ng, both connecting to the sane vol une.

MR. WALLIS: Why isn't the vessel the sane
as the pipe? A 1-D vessel |looks to ne |ike a pipe.

MR, KELLY: It is, but a 1-D-- in TRACE,
there are paral |l el codes for the 3-D conponent and 1-D
conponents, and so the sol uti on and m ni nrumequati ons
for the 3-D vessels done one place, 1-D stuff
somewhere el se. So what | did is | used the 3-D
vessel nodel. | just only discretizedit inthe axial
di rection. So, there are no radial rings and no
aspect of the sectors.

W' re taking it a 3-Dconmponent and nmaki ng
it a 1-D.

MR, VWALLIS: So why is it different from

a pipe?
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MR, KELLY: It isn't, but --

MR, WALLIS: Well, you made a bi g deal of
it being different.

MR, RANSOM Do the both use the sane
constitiative package?

MR, KELLY: Well, remenber | was preparing
TRACE and RELAPS.

MR. RANSOM No, |I'm tal king about in
TRACE.

MR KELLY: No.

MR. RANSOM TRACE you have a vessel and
you have a pipe, probably.

MR, KELLY: Right. Inthe current version
of TRACE, there are differences between sone of the
nodel s usi ng the vessel and sone 1-D conponents. You
know, you shouldn't have different constitiative
packages unl ess there's a good reason for it. There
are specific conponents where you shoul d have nodel s
devel oped for that conmponent.

But what we're going to eventually do is
consolidate it intoone constitiate package that woul d
be applied both to vessels, or 1-D conponents, but
within that constitiative package, there wll be
branches out for different types of conponents where

you expect the phenonena to be different.
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| mean, obviously, you're talking about
interfacial drag. Interfacial drag in a rod nodel is
not the sane as interfacial drag in the downconer
which is not the sane as interfacial drag in the
preferred nodel

MR. WALLI S: The one di nensi onal bal ances
are all the sane for the pipe and t he one di nensi ona
vessel. It's just that the constitiative equations
are different somehow?

MR. KELLY: Mbst of the equations woul d be
the sane. Sone of themare different. The thing here
is this has all the overhead of being able to
calcul ate radial and azinmuthal mninmm equations
stuff. It's not being used, but it's there. So, |'m
goi ng to show you conme conput ati onal statistics on run
time stuff, and that's going to be inpacted because
this is a vessel

This is quench front versus tine, quench
front el evation versus tinme for the case 31504. |'m
only showi ng the TRACE result because there is not a
plotting variable in RELAP5 for the quench front
posi tion.

Qovi ously, the bl ue di anonds are t he dat a.
The black curve is the bottom of the quench front

com ng up. The orange curve is the top quench front,
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which is not noving. |It's just sitting at the top,
whi ch i s about what happened in the test. W do need
some i nprovenents here.

A good prediction up throughthe core m d-
pl ane, then they underpredict the quenching rate in
the top half of the report. You can see that in our
slide. Now, thisis clad tenperature. This is tine.
It's a 78 inch el evati on, which was actual |y t he peak
tenperature el evation.

The blue curves are all of the
t hernmocouples in the center of the bundle that |
pl otted and were reasonably valid. The black curveis
TRACE. The orange curve is RELAP5. Both codes turn
over and m ss the peak tenperature. RELAP does a
little bit better job here. Both quench late with
TRACE doing a little bit better.

Moving up to 90 inches, you see exactly
the same kind of behavior. The flow codes
under predi ct peak tenperature. The fl ow codes quench
| ate, where TRACE does slightly better.

This is vapor tenperature at 78 inches
versus tinme. Moving on, there are two different steam
flows at that elevation, and those would be only
instruments at that elevation.

When the steamtenperature drops down to
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Tsat, that doesn't nean the steamis really in Tsat.
What it neans i s enough droplets hit these probes that
t he probes quench, and that's why, you know, it's both
codes continue to show super heated vapor until that
el evati on quenches.

MR. WALLIS: This is the sane run that was
so bad before?

MR, KELLY: Yes.

MR. WALLIS: And you have fixed the code
up in sone way you haven't told us?

MR. KELLY: Right, and I"mgoing to give
you an exanpl e of one of those regines.

MR. WALLIS: You're going to tell us how
you fixed it, or is it a secret?

MR. KELLY: Yes. I'mgoing to go all the
way t hrough inverted annular, and then I'|l| come back
and tal k about ot her reginmes. Likel said, that would
be a two-day neeting if | were to go through all of
t he nodel s.

MR, WALLI S: No, it's okay, but you've
just given us the bottomline nowand nowyou're goi ng
to tell us how you got there?

MR, KELLY: Exactly. 1'Ill give you a good
gl i npse of the process we went through.

So, this is TRACE and this is RELAP5.
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TRACE i s too high. RELAPS5 is too |low Even though we

bot h underpredi cted the quad tenperature, and that's
because the heat transfer nodels.

There's a lot nore noise in a RELAP
calculation, and that's because that's one of the
things | went after in the TRACE devel opnent, was to
m ni m ze unphysical oscillations, oscillations that
shoul dn't be there.

This is void fraction versus tine at the
four to five-foot el evation. So, what |'ml ooking at
is the ambunt of water between one DP cell which is
over a one-foot span. That blue line is the data.
What you really see, upin hereis in dispersed flow
The DP cell is not going to give you anyt hi ng except,
you know, frictional pressure drop. You're not going
to see the anount of water.

| f you | ook i nthe TRACE cal cul ation, the
void fraction hereis pretty consistently about .995.
There's very little water from a volune fraction
standpoi nt, but there's alot of water froma quality
st andpoi nt. The quality mght well be 30 to 50
per cent.

So, there's a |lot of entrained droplets,
but you don't have nmuch in volune fraction. You can't

do any conparisons here.
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VWhat's happening in this part where the
void fraction in the data dies, it's just sinmply the
guench front is going through that DP exam This is
one of the tests where you al nost have a dissident
continuity at the quench front. You have a two phase
m xture, you know, bubbly slug plant flow bel ow the
guench front, and you have dispersed droplet flow
above it.

So, what's happening is the quench front
comes t hrough and you basically go fromsonet hi ng near
one down to about 40 percent.

Bot h codes have sim | ar behaviors. They
drop as the quench front goes through. So, what
you're seeing in here is not so much how accurate the
interfacial drag package is, just where was t he quench
front relative to that DP cell? That's unfortunate,
but it's one of the things that makes coming up with
figures of nerit difficult.

A coupl e nore things to notice, the TRACE
curve is remarkably snooth. |f you' ve ever | ooked at
cal cul ated void fractions in any of these codes, the
RELAPS is a little bit noisier with sonme junps, but
both codes cone to about the sane answer.

Thi s i s about when t he el evati on quenched,

is in here, and what you're seeing is the effect of
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decay heat on the void fraction comng out. You
notice they both overpredict. The reason they
overpredict isthisisthe first cell at which you get
a two- phase m xture, and actual ly about half of that
DP span i s subcool ed water at this point intime. In
the other half is two-phased m xture.

Well, reality can do that, and you get a
void fraction of about 12 percent. The code thinks
it's all two-phase mxture and in effect uses your
J sub Gto do a void fraction, and you're getting a
voi d fraction of around 25. So, that's why that | ooks
that way. |If | use smaller nodes, the answer woul d
change.

MR, WALLI S: So you should run snaller
nodes and show it does.

MR. KELLY: Yes, and you'll see that one
of nmy things had a slide on work that needs to be
done, and one of those is doing conversion studies,
both on voi ding size and nodi ng si ze.

Moving on up, you'll notice the codes
quench later, so we can see that fall on to be
di spersed two phase |ater. Again, interestingly
enough, even though the codes have drifting
interfacial drag packages, it becones al nbst exactly

t he sanme answer. In this case, we matched the data
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very well.

Now, in doing this interimreflood node
devel opment, ny phil osophy was to only change the
post - CHF refl ood nodel s. Wat | wanted to do was t ake
everything frombefore pre-CHF, you know, nornal two-
phased flow stuff, use the extant nodels in TRAC
That's what | tried to do. It turned out | couldn't
do that.

There were some oscillations in the
interface flow package which destroys this
calculation. | had to go in and replace the bubbly
slug nodel, the bubbly slug interfacial drag, and
that's when | chose the Bestion nodel based upon sone
wor k, sone assessnent work that had been done earlier.
It works very well, andit's arelatively sinpledrift
flux correlation whereas the one in UF-5 is the EPRI
nodel , which is very conplicated, which seemto give
about the sanme answer, at |east for these conditions.

MR. BANERJEE: Does the nodel in RELAPS
work as well as the Bestion nodel, or is there some
pr obl enf?

MR, KELLY: It'dsayit's-- well, fromny
experience when | was working withit in'96 or so for
the AP600, |I'd say it has some probl ens because there

isalot of swwtchinginit, and sothat it will tend
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to be noisier, but if you forced the condition to say
be for an wupflow, it wll give the answers of
equi val ent accuracy.

MR. BANERJEE: But the Bestion nodel
doesn't have this problenf

MR KELLY: |It's a very sinple one-line
correl ation. The EPRI package goes on for a coupl e of
pages.

MR. BANERJEE: Right, right, okay.

MR,  RANSOM Well, isn't this when you
danp the drift flux nodel, it's conplicated by wal
friction enters into it and you really have to worry
about the partitioning or the difference, you know,
how wal | friction and interface drag both interact.
| assume you' ve done the sane thing here.

MR. KELLY: And there is a huge thing in
RELAPS5 to try to take you to nmake, if you will, the
wal|l drag, the void fraction neutral, and | think
that's wong. You shouldn't do that, but what you
should do is develop your interfacial drag package
with the wall drag nodel that you're going to use so
it's a consistent behavior. It turns out --

MR, RANSOM Is that what you've done
her e?

MR, KELLY: No.
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MR. RANSOM What have you done for that?

MR. KELLY: Well, | selected a nodel. |

didn't devel op one. Now, what's actually in nmny

condensation talk, we'll tal k about wall drag and its
partitioning some, because it's wong. It shouldn't
be done. In these cases, all of the wall drag should

go in the liquid. The liquid is what's in contact
with the wall.

It turns out for these conditions, it's a
no never m nd because your velocities are so | owt hat
the wall friction is basically negligible, and your
void fraction prediction is governed al nost entirely
bet ween t he buoyancy bal ance and interfacial drag.

Now, where that woul d not necessarily be
the case is maybe a boiling water reactor operating
condi ti on where you have very large flow rates, and
t hen your wal | drag becones appreci able. W' re going
to have to check that through assessnment. |It's hard
to remenber everything we' ve done, but we did do
assessnments with the Frigg test which are at boiling
wat er reactor conditions, and the Bestion correl ation
did perform acceptably.

But you're right, we're going to have to
check howthe wall drag is done, and if the tine cones

t hat we deci de we need to devel op an interfacial drag
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nodel, then we're going to do it with a consistent
wal | drag nodel so that they are together and work
t oget her.

MR. RANSOM In the TRACE results, there
is a wall drag nodel

MR, KELLY: Yes.

MR. RANSOM And sonehow you're al so then
backing out an interfacial drag froma drift flux
nodel , Bestion nodel, right?

MR, KELLY: Yes.

MR. BANERJEE: Have you witten this up
somewhere, a page or two?

MR,  KELLY: Not the interfacial drag
stuff.

MR. BANERJEE: How do you get from the
Bestion nodel to the interfacial drag?

MR KELLY: No, | haven't, but I wll.

MR. BANERJEE: Yes, that woul d be useful
to have so we understand t he assunpti ons you' ve nmade.
Precisely as Dick says, you nust have assuned
sonet hi ng about the wall drag at that point.

MR.  KELLY: Actually, what | did was
foll owwhat they did with the CATHARE codes where t he
Besti on nodel was devel oped.

MR. BANERJEE: R ght.
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MR. KELLY: And they basically ignoredthe
wal | drag.

MR. BANERJEE: (kay.

MR. KELLY: And said, you know --

MR. BANERJEE: So that's an assunpti on.

MR, KELLY: Yes.

MR. BANERJEE: And then --

MR.  KELLY: It works great for these

condi ti ons.

MR. BANERJEE: Right.

MR. KELLY: And I think it still works
okay for BWR conditions, but | haven't checked it, but
I will.

MR. BANERJEE: But you will wite up
sonething so we know how you went through this
procedur e?

MR. KELLY: Yes, and that will be part of
the revisions to the theory end. The way the theory
manual is going to be done, like if | look at the
physi cal nodel stuff in that now, it would be a huge
job torewite it all just so | can nove the TRAC E s
and meke it clearer. | don't see the point in that
because | think nost of the nodels over the next few
years will probably be replaced.

What we're going to try to do is replace
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themas a result of a rational selection process, and
as we replace themall, then we will be rewiting that
section of the manual with a new nodel to try to do a
better job of it.

MR,  BANERIJEE: Does CATHARE have an
explicit expression for the interfacial drag based on
this drip flux correlation?

MR,  KELLY: They now have a nore
conmplicated drop flux nodel, but yes.

MR. BANERJEE: They had an explicit saying
whatever the interfacial, this is the formal fit?

MR. KELLY: Basically you say okay, this
is, for a certain void fraction, this is what the
buoyancy force should be, and then that's recorded
one- hal f FA narobes D rel evant squared. Then you go
in and plug in the drip flux nodel for the void
fraction, and you conme up with what the interfacial
drag coefficient ought to be.

MR. STAUDENMEI ER: | was going to say,
actual ly in the devel opnent of the TRAC- BWR nodel s and
correl ations, thereis aderivation of howyou go from
drift flux to interfacial drag in steady state
conditions. | mean, essentially you're declaringits
equi val ency in steady state conditions, and shows t he

transformati on on howto take adrift flux correl ati on
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and turn it into an interfacial drag correl ation.
There's a NUREG on that, and we can get you a copy of
the NUREGif you're interested in a derivation of how
to do that.

KELLY: That's right, thanks.

RANSOM |s that fromTRAC- B you sai d?
STAUDENMEI ER: Yes.

RANSOM 1'd like to have a copy.

2 3 3 3 3

BANERJEE: Wel |, originally the paper,
| renmenber a paper on this witten by Rohatki way
back, before it sort of entered into fact, but |'ve
forgotten all of the details. | want to look at it
agai n.

MR. KELLY: Mboving onto the high flooding
rate case, which is 31701, and we're tal king about
si x-inch per second reflood rate. This is case that
woul d be dominated by the input annular regine,
whereas the previous case was dom nated by
(i naudi bl e).

A quench run versus tine for TRACE. The
bottom quench run does quite well, a little slowin
here, but still within the spread of the data. The
t op quench run doesn't nove for anwhile. Intotal, the
very top of the rod cool ed enough for liquid filmto

be deposited. Then we have the top one com ng down.
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MR. KRESS: |Is that a counter flowlimt?

MR. KELLY: No, it has to do with the way
t he nodel transitions, and it's sonething that needs
to be worked on in order to dothis job correctly, and
especially in order to do it for when we start on
RELAP.

MR KRESS: What does TRACE do when the
top front and bottom front neet? It |ooked like a
little strange dip in there.

MR, KELLY: There is.

MR. KRESS: Yes, | didn't understandthat.

MR. KELLY: Ckay. The quench front nodel,
if youwll, is an adaptive grid techni que. So, what
you' ve done is you take the heater rod, you | ook at
both axial profile wherever the tenperature profile
exceeds certaincriteria, and it renmeshes. So you get
t hese very small nodes where the quench fronts are.

MR KRESS: | see.

MR. KELLY: So there's no actual quench
front nodel. What these nunbers are, this is a
plotting variable, and what it does is it starts at
the bottomof the rod and says okay, I'mcold, so |l'm
bel ow t he quench front. It goes up until it sees a
transition fromone node that has nuclear boiling to

the next node that has transition and says ah, the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

128

guench front is between those two. That's what |'m
pl otting.

The other one, it searches fromthe top
down. \When t he whol e bundl e i s quenched, there is no
guench front. So, the search kind of fails, and I'm
going to have to nmeke sure that's a little nore
robust .

MR,  WALLI S: It seens to be really
di shursed on the top. You' ve got three to the |eft
and two to the right.

MR,  KELLY: Yes, you've got 161 rod
bundl e, and it becones sonmewhat chaotic. You know, at
the sane elevation, sone quench, sonme don't.
Sonetimes you can say ah, and the data you see here,
| threw out the rods near the housing. W're only
| ooking at the rods nore in the center part of the
bundl e. But even then, you can soneti mes go and | ook,
okay, this thernocouple is on a rod facing a guide
t ube.

MR. WALLI'S: That nakes sense. This is a
CCFL limt, isn't it? It's steamcom ng out the top
or sonet hi ng?

MR. KELLY: Actually, not really, because
we have water coming up fromthe bottom here.

MR. BANERJEE: Thernocouple limtations.
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MR, KELLY: And sonetines it, you know,

you wet the rod and you forma liquid film It just
ki nd of hangs. It may go up or down, but it doesn't,
you know, it's -- you'll never nodel this exactly
because sonme rods quench, some don't, and it's just
hard to say. You can | ook at the data and say ah, |
know why that one quenched. |It's near a guide tube,
but then you | ook at one that's nowhere near a guide
tube, and it's surrounded by hot rods that didn't
guench.

MR,  RANSOM Do the ones that quenched
early, do they heat back up again at all? Do you have
any way to tell that?

MR. KELLY: Some might. Not in this test
because this is a six-inch per second reflood case,
and it's got just so nuch water going up through the
bundl e that once you quench one of these, it's
guenched.

MR SIEBER It stays.

MR, KELLY: 1In a lowflooding rate case,
you could have that, and we talked about what
Prof essor Banerjee said. In a real case, we have an
oscillating inlet flow Then you could definitely
have a quench |ine receding and precedi ng.

MR. RANSOM Al so in the changes you have
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made, you started out saying you were only going to
change the post-CHF reginme, but you ve now said you
al so changed the interface drag.

MR KELLY: Right.

MR,  RANSOM Have you changed the heat

transfer correlations that are used in the different

regi mes?

MR,  KELLY: Post - CHF, everything was
changed.

MR. RANSOM  Ckay.

MR. KELLY: val | heat transfer,
i nterfacial heat transfer, i nterfacial dr ag,
everything. It's an entire package inits owmn little
nmodul e.

MR. RANSOM  For post-CHF?

MR. KELLY: For post-CHF. That's all the
regimes. Everything was changed. Now, in pre-CHF,
first off, you have CHF. | changed that as well. |
went to using the AECL, and | decided to go ahead and

do a consi stent package because -- we're tal ki ng about

wal | heat transfer now. | couldn't make thi ngs match
up between pre and post, so for the wall heat
transfer, | went ahead and did a consistent package.

So, | changed to nucl ear boiling, and I changed forced

convection both to singl e phase vapor and si ngl e phase
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(i naudi bl e). \When that case, we actually inplenent
correlations specifically for rod bundl es i nstead of
just using an old standby.

| n pre- CHF phase, for the fluid solution,
and what |'m tal king about is interfacial drag and
heat transfer, | inplemented an interfacial drag
coefficient for a bubbly slug regine for rod bundl es,
and | had to do that because the nodel it was in,
TRACE, the |ow pressure was causing such I[large
oscillations that | couldn't have the -- | couldn't
calculate the I ow fl ooding rate cases.

| made a small change to the super heater
liquidinterfacial heat transfer, and the one at TRACE
you can't really dignify with the name of a nodel.
It's something like 10 to the 7th for ranp to 10 to
the 8th over one degree, you know, sonething like
t hat .

MR. RANSOM It has a subcool ed boiling
nodel , though, | assune.

MR KELLY: It's super heated, but --

MR RANSOM Right.

MR, KELLY: And | put in anore typically
based nodel because that was gi vi ng ne sone very | arge
oscillations as well. You get alittle bit of super

heat, and the | i quid went down, but that's pretty nuch
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it. | tried to | eave those nodel s al one.

MR. RANSOM So, it's pretty much a
revi sed heat transfer package, | guess then, right?

MR, KELLY: Yes.

MR. RANSOM Are the ot her assessors usi ng
t he same package yet?

MR KELLY: They will be soon.

MR. RANSOM Not yet, okay.

MR, KELLY: W're just now nmaking it
avail able to them

This i s cl addi ng tenperat ure versus ti ne.
Agai n, the blue curves are the data. The black curve
is TRACE, and the orange curve is RELAP5. In this
case, they both do an excellent job of predicting the
behavi or, and t hey bot h quench about the sane ti nme but
just alittle bit late.

This is void fraction versus tine, and
again, the blue curve is data. Now, in this case,
sonme of the blue curve actually indicates real two-
phase conditions that would be inverted annually.
What | nmean i s you have a significant anount of water
in the DP cell to give you a void fraction reading
bef ore the quench front gets here.

The quench front gets here right about in

here. So, this has to do with the quench front goi ng
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through the DP cell, and the rest of it is actually
real water in the cell

You see the RELAPS cal cul ati ons. Noi sy,
but the results of efficiency in the TRACE
cal cul ati ons are much snoother except for this big
bl i p.

MR, WALLIS: What's that original dip at
t he begi nning there in TRACE?

MR KELLY: That's when the first node
guenches. What happens, the bottomof these bundl es
isvery cold because they're basically started at Tsat
and you have a cosign power shape. So, the bottom
two, 3Ttothisis sitting there, not nmuch of a Tsat,
just you know, it's basically in transition boiling,

and it's just waiting for alittle bit of water to get

t here.

One of the problens is when you bring
water intothat first cell, howyou di scri m nate where
the water actually is, and that's -- when | talked

about havi ng a subgrid resol uti on schene for thefluid
solution, now there's a nodel end, -- not a nodel
There's a schene for interpolating void fracti ons and
vapor tenperatures conputed by the hydrocells onto
t hose smal |l nesh nodes.

MR. WALLIS: So you nust be taking that
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water as it first cones in and squirting it up to the

MR KELLY: Exactly.

MR WALLIS: Four or five foot |evel?

MR, KELLY: All the way through the
bundle. Once you throw it up, push it up, you have
enough vapor generated that you can just carry it on
the rest of the way. You notice RELAP has the same
ki nd of behavior. It's just a problem and it's one
of the things we need to address.

MR. WALLIS: Is this seeninthe tests at
Penn St ate?

MR. KELLY: Well, tests don't have nodes,
okay?

MR. WALLIS: But they visualized the flow
and so on.

MR. KELLY: There are quite often, when
you first start one of these tests, you do get sone
vi ol ent boiling and t hrowwat er up t hrough t he bundl e,
but that's not -- thisisn't reality. This is because
of the node being in there.

MR. RANSOM The problemis that an entire
node changes its heat transfer reginme, right, and so
nore mass.

MR, KELLY: Vell, actually not heat

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

135

transfer regi me because we have the fine nesh nodes,
but when water conmes into that cell and you do an
interpolation of the void fraction profile, you
artificially say there's water where there shoul dn't
be. So, sone of those fine mesh nodes that are in the
transfer heat boiling reginme get high heat fluxes.
So, the vapor generationrate for that cell goes high.
MR RANSOM Right.

MR. KELLY: Really, the velocity at the

top of this cell, it ends up determning the void
fraction of the cell. So that's what was happeni ng
t here.

MR. WALLIS: So you instantly get enough
steamvelocity to carry liquid all the way through?

MR, KELLY: Well, to nove it up a couple
cells, but nove it up a cell, then there's nore vapor
generation in that cell, and just as you go up, the
vapor vel ocity keeps increasing, and the vapor woul d
carry it out.

MR. WALLIS: It doesn't evaporate at al
t hen?

MR. KELLY: Not as nuch as you'd think.
One thing, it's fairly cold water, and even when it's
a dropl et, they go t hrough t he bundl es so qui ckly, not

as nuch evaporates as you woul d expect.
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The one deficiency, well, other than this
of course, isthis, and this has to do with the quench
time enteringthecell. Thisisinverted annular film
boiling while the void fracture decreases here.

Now t he quench tinme has cracked the cel
boundary into this one-foot section, and the vapor
generation rate went upalittle bit and comes up with
a disproportionately large increase in the void
fracture. This is one of the things that | have
remai ning to work on.

It turns out that, you know, it's a non-
| inear behavior, and if | were to plot the data
generation rate, you know, it would be com ng al ong
actually, and a very small little blip will give you
t hat ki nd of change in void fraction.

MR. RANSOM Could you say a little bit
about what you've done to achi eve snoot hness?

MR. KELLY: One thing I've done, you'l]l
see sone of this when | tal k the nodel devel opnment, is
| try not to have unphysical transitions, and | try to
nmake one regime evol ve naturally.

MR,  RANSOM Does that nmean you spread
t hem out or something, or put a delay factor?

MR, KELLY: No, | try not to use ranps

whenever possible, but it's hard because | don't want
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to get into a two-day discussion.

When you go frominverted annul ar and you
want to break up that inverted annular and go to the
next regi me downstream what npst codes have done in
the past is try to |l ook at sone break-up criteria.

What | did say is okay, you are going to
make me two criteria. You have to be able to break
that [iquid colum up, but then whatever your |iquid
fragnents are, you have to have enough vapor velocity
to carry them out. | f your vapor velocity isn't
enough to carry themout, they would fall down, and
t he col utm woul d reform

It turns out the carry-over criteriais a
nore stringent one, so |l nmade t he break-up, the change
fromone regime to the other at the point where the
liquid could be carried up. What | did for that
regime, quite often what a code will do, they may
t hi nk they know sonet hi ng about disbursed flow, and
t hey may have sonme hal f-way decent ad hoc nodel for
inverted annular, and between the two they'Il do a
ranp based on void traction.

| didn't do that. | came up with a new
reginme in between which is kind of like a sinplified
fluidized bed nodel. So, it'slargeliquidfragnments,

and if you will, sonething like a fluidized bed.
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made it so that the interfacial drag coefficient is
the sanme at the point where it breaks up.

MR. RANSOM So, this is sonething you do
at each junction, | guess then?

MR,  KELLY: But it was, by doing the
physi cal nodels, so that when | devel oped the one for
interfacial direct for inverted annular, | nmade it so
that the interfacial friction naturally transitioned
into the next regime i nstead of havi ng sonet hi ng t hat
is an order of magnitude apart and putting a ranp
between them | made them naturally evol ve.

MR. RANSOM Provi di ng t he physi cal basis
for that link between the two. Interesting to see how
those work inthings |ikelevel swell where, you know,
it's nore depressurization rather than heat transfer
fromthe wal Il s type of thing. | assune the assessnent
process will eventually get in.

MR KELLY: You'll find lots of
deficiencies goingon. That'sright, | haven't gotten
to the interesting part of this.

This is conputer tinme, conputational
statistics, conmparing TRACE and RELAP5 on the two
different tests. Transient tine, you know, it's 700
seconds for the |Iow flooding rate case, 200 for the

high. This is what is the maximumtine step that we
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used for inputs. | made them the sane between the
codes. | used a snaller nunber here, and that's just
because things happen fast through here.

This is the nunber of tine steps the code
t akes, 14,000 for TRACE, 42,000 for RELAP5. This is
because the SETS nunerical nmethod allows you to
violate the tine imt. W 're running this at about
atime limt of three, where there is a tinme limt
condi tions around five.

In a high flooding rate case, it's not
quite so dramatic, but still it's nore than 1-1/2
ti mes the nunber of tinme steps.

Total CPUtine, it turns around the ot her
way. RELAPS5, 174, TRACE, 276. So, it's less than a
factor of two that the TRACE is sl ower.

MR, WALLI S: That's not really conmon.
That's what really counts. |If you're spending nore
time inthe time step, you haven't gained anything if
you cut the time steps. There's no real gain in
cutting the time steps if you take from the grind
time.

MR, KELLY: |If you didn't cut tine steps,
this would be three tines, worse, okay?

MR WALLI S: Yes. The SETS net hod

presumably is taking longer to grind than the RELAP
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appr oach.
MR, KELLY: It's not so nuch SETS, though.

It's everything else. Also, the difference between

this being a pipe and this being a vessel, is alot of
overhead in the vessel. You're leading into my next
slide.

MR WALLIS: Let's go there, then.

MR. KELLY: Yes, well, thegrindtine, and
this is what -- the amount of tinme it takes to do one
cell and one tine step, okay, and that's where you see
the fact of a little bit greater than four. So,
RELAPS5, the structure is about a fact of four faster
t han a TRACE vessel

| knew conparing a vessel to a pi pe wasn't
quite fair, so | had Wi don do a series of cases to do
pi pe to pipe conparisons. \VWat | did is basically
| evel swell tests. Instead of an artificial, | took
the conditions inthe lowflooding rate case after the
entire bundl e had quenched. So, it's just sinple
boiling two-phase swell. W' ve got a transient to a
steady state two-phase condition.

Again, the sane kind of thing. You do
four cal cul ati ons here now. RELAP5 with the 1-D pi pe,
whi ch took about 6300 tine steps, which is very

simlar to a TRACE pi pe, using the Sem . W used the
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SETS nethod. You're dropping on the tine steps to
4700, and for some reason with the SETS and a 1-D
vessel, it's about 4200. | haven't understood that.

RELAP5 is still the fastest, but you
conpare RELAP5 with 15 seconds to SETS 1-D pipe and
23, that's about 50 percent, and actually, that's not
too bad. It's about what we'd expect. The grind tine
is a factor of two.

MR. STAUDENMEIER: If | can say a little
bit. If you'll renmenber frommny slide yesterday, the
TRACE tinme per time step is about 1.7 tines what the
F77 time for time step was, and once we tracked down
t hat unaccounted for difference and speed that up,
then I think we're back in the sanme tinme range as
RELAPS for 1-D components.

MR. KELLY: So, a summary of this second
part of the presentation, code accuracy. The overal
accuracy of the interimreflood nodel is slightly
better than RELAP5. The TRACE cal cul ated results are
much snmoot her, but we still need sone i nprovenents in
accuracy for the low flooding rate test. | need to
wor k on peak cl ad t enper at ure because | under cut t hose
significantly, and the quenching rate for the upper
part of the bundle.

For the high flooding rate tests, the
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accuracy was okay, except for that void fraction bunp
associated with the quench front entering the cell.

MR. WALLIS: This is conclusionsjust from
two different runs. Now, if you had conpared wth
ot her ones, sonething el se m ght have happened.

MR, KELLY: Right. | at |east knowI've
got to work on these.

Conput ati onal efficiency, TRACE can use
| arger, therefore fewer tine steps, but its grindtine
i s higher than that of RELAP. If you compare the pipe
versus the vessel, it's about a factor of four. So,
we need to put some effort on maki ng TRACE faster.

So, this is what | have left to do. W
have to apply the interim reflood nodel to 1-D
conponents. Right nowit only works with the vessel
nodul e, and that has to do with data transfers. So,
| have to get it to work for the pipe, and after we
get it for the pipe, we can work for BWR channel.

We need to i nprove t he nodel s for top-down
qguench, and | haven't even begun to | ook at bl owdown
rewet yet, and that's sonmething that's inportant for
LOFT.

O course, the accuracy i nprovenent s t hat
| noted on the previous slide.

Assessnent, we need to greatly expand the
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matri x. Looking at two cases al one i s not sufficient,
and actual ly, the two cases | picked are the ones t hat
were done as part of the RELAP5 assessment.

| won't go over this. This is basically
what Steve said earlier, but | do have to devel op
metrics so |l can do quantitative conparisons and j ust
ki nd of say ah, the black curveis alittle bit higher
or closer to the data than the orange curve, and |
need to do conversion studies, both on tine step and
nodi ng si ze.

O course, the ever present docunentati on.

Now, the fun part of the presentation
We're going to tal k about one of the nodels in detail
and how | developedit. So, we're going to tal k about
inverted annular filmboiling. Thisis apicture from
an early FLECHT-SEASET or nmaybe even a FLECHT
docunent. What it shows i s the various regi nes as you
go fromthe bottomof the rods --

MR, WALLI S: Is this what you think
happens, or is there evidence that this is what
happens?

MR. KELLY: There's evidence that thisis
what happens.

MR. WALLIS: There aren't any spaces in

here.
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MR,  KELLY: No, depending upon the

fl ooding rate.

MR WALLI S: If these things hit the
spacers all the time as they go through, all this
stuff does.

MR. KELLY: Right, and if you'rein alow
flooding rate case, that can have a drastic effect on
t he vapor's superheat just downstream of the grid.

The transition boilingregionisindicated
her e. That's where nobst of the vapor generation
occurs, where the quench lineis. What you' re | ooking
at isaregionthat's mybe one, two centineters | ong.
It's very smal |, and that's where nost of the vapor is
bei ng gener at ed.

Just above that is what's |abeled here a
film boiling region, and that's what's generally
turned inverted annular. That's what |I'm going to
speak about today.

Then there's this chaotic regime where
that |iquid colum breaks up into liquid slugs.

MR, WALLIS: But you can't do it annul ar
because the tubes are tubular so that it's a -- it's
not an annul us.

MR. KELLY: Right, but that's, you know - -

MR WALLIS: It's what peopl e have call ed
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MR. KELLY: Yes, ever since Brom ey, you
know, back in 1950 sonet hi ng.

So, that's the term nol ogy we're going to
use, and this right hereis the regine we're going to
| ook at. For the nmonent, we're going to ignore al
t he others.

The first thing you want to do if you're
going to develop a nodel is try to educate yourself a
little. So, you look at data. You also |look at a | ot
of other nodels people have done, but you'd better
| ook at dat a.

The one | picked is a fun, low quality
film boiling experiment. It's a tube with a hot
patch, and the reason for the hot patch is you can
freeze the quench front here so that you're able to
have the entire tube and fil mboiling, so you can have
steady state filmboiling at low fl ow rates w thout
going to tenperatures that, you know, woul d destroy
your experinent.

The reason | picked this, in addition to
the ten-wall t her nocoupl es, it has a gamm
densi t oneter and neasures void fraction at five axi al
elevations. So nowl'll be able to have heat transfer

measurenments as well as void fraction, whereas a | ot
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of the tests, all you get are the heat transfer
nmeasurenents, and you're left to guess at what the
fluid condition was.

The one bad thing about this test is the
at nospheric pressure. | would Ilike to have rod bundl e
tests, but this is very hard to do with a rod bundl e.

MR. WALLI S: Doesn't M. Fung have a
t heory, too?

MR. KELLY: | think the answer is yes, but
| don't renenber, but it wasn't devel oped within-- to
work within a two fluid franework.

MR WALLIS: Ckay.

MR.  KELLY: That's always one of the
probl ems whenever you grab sonmething out of the
literature.

MR. RANSOM  \Wose experiment is this?

MR. KELLY: | think it was done at AECL.
it was funded by the NRC, and the person's nanme was
Fung, F-U-NG This isn't a NUREG

Wel |, when you take this test data, what
does it look like? So what I'mplotting is --

MR, WALLI S: W' ve seen this before |
t hi nk.

MR. KELLY: Yes, you' ve seen sone of this

bef ore.
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MR VALLIS: Al right.

MR, KELLY: This is heat transfer
coefficient versus void fraction. |'mshow ng all of
the test data, not one test. "' m showi ng every

nmeasur enent where there's a measured void fracti on and
t hermocouple for all six different nass fluxes. The
only thing I'm leaving out is data where the
equilibrium quality is greater than zero. So, I'm
only | ooking at subcool ed data, and that's because
that's where you expect to find inverted, what |1l
call inverted annul ar conditions.

MR. WALLI'S: So by void fraction, you nean
sone neasure of the thickness of the film
essentially?

MR, KELLY: In this case, it's a gama
densitoneter, so in effect it's neasuring how nuch
water is there.

MR. WALLIS: Yes, the annular flow It
gi ves you a neasure of the --

MR, KELLY: The film

MR. WALLIS: Heat transfer resistance in
the film presunmably?

MR, KELLY: Exactly. W' re gettingthere.
But what you see is this al nost exponential decrease

to nearly constant value. Very strong void fraction
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dependence, because |l i ke you sai d, the fil mthi ckness.

MR. WALLIS: What is the value of the void
fraction of zero? Single phase liquid, void fraction
of zero? What is the value at the top then on the
axi s?

MR. KELLY: OCh, you nean the cl osest?

MR, WALLI S: No, on the axis. No, it
woul d be right on the axis. You'd have a single phase
liquid. | just want to know how high that is.

MR, KELLY: Oh, if there's no vapor film

MR WALLIS: Is it way off the graph, or

MR KELLY: Yes, it would be --

MR. WALLIS: O does it magnitude off, or
is it just off? So, it's an extrapol ated, too?

MR. KELLY: Yes, it does extrapol ate.

MR WALLIS: You don't have it.

MR KELLY: There's nodatafor filns that

smal | .

MR. WALLIS: But you can predict it from
t heory?

MR, KELLY: Right, and actually that's in
the --

MR VWALLIS: It depends on G?
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MR. KELLY: That's in the nodel, and you

actually will see that comi ng up

MR WALLIS: Ckay.

MR. KELLY: The other thing to notice is
a factor of five in the mass flux here, and you m ght
be able to fine some mass flux dependence here, but
you're not going to find mnuch. It's pretty much
within the scatter of the data, and that's contrary to
a whole I ot of nodels that are out inthe literature.

The other thing | want youto noteis this
i s subcool ed, but the void fractionis greater than 70
percent, and that's very different than what you see
i n normal bubbly two-phased fl ows. You mi ght get void
fractions up around 40 percent in subcool ed boiling,
not 70 percent. | mean, that's nost of the tube is
vapor, and the liquid is subcool ed.

Did | skip one? Yes, this is the slide
' m | ooking for.

Now what |'ve done i s i nclude the data for
which the equilibriumquality was a positive. So,
this is all of the data points now, and instead of
plotting it versus void fraction, | plotted it versus
equi librium quality. Wat you see is in a negative
quality region, which is where | expect to have

inverted annular, | do. | have this very little nass
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flux effect. All of the data points, you know,
they' re scattered, but they have the sane behavior.

Shortly after the quality becones
positive, there's a change in the behavior, and a mass
fl ux dependence sets in.

MR VWALLIS: There's a real trend with
mass flux, too.

MR. KELLY: Right. This would be where
you' re breaki ng down i nto a highly di spersed floww th
a | ot of vapor superheat. You notice as you increase
qual i ty, you shoul d be i ncreasi ng your vapor vel ocity
and you'd expect to increase your convected heat
transfer coefficient.

That doesn't really happenwith the | owest
case because of the superheat, but as you go to the
hi gher mass flux cases, that's exactly what 1is
happeni ng. The vapors relatively close to Tsat so as
you i ncrease the quality, you i ncrease the vapor nass
flux, you increase the conductive heat transfer, and
you see that trend.

So, what this says is if you | ook at the
subcool ed part, what that's primarily afunctionof is
the liquid subcooling because that's all the
equilibriumquality is when it's negati ve.

Ifit'sprimarily afunction of theliquid
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subcool i ng, then what is controllingthe heat transfer
process? |It's the interfacial heat transfer inside
this liquid core. It's fromthe saturated interface
to the subcooled liquid in this inverted core.

MR. WALLIS: It doesn't know what G is
because it's -- the wall is away fromit by vapor.

MR. KELLY: Yes, and the vapor filmhas to
adjust so if the heat transfer through the vapor film
mat ches what the Iiquid core can assune, can take up.
That's exactly where |I'm headed.

MR WALLI S: Because the water isn't
touching the wall, the fact that it's going faster is
not so significant for it.

MR, KELLY: Right, and the --

MR WALLIS: Unless | didn't know what G
was. That's what | neant.

MR. KELLY: Right. Unless that liquid
mass flux affected the interfacial.

MR WALLIS: Yes, sonmehow.

MR,  KELLY: And a |lot of people used
Dittus-Boeter for this. W're going to get to that
| ater.

So, if we're going to do this for a two
fluid nodel, and that's what we're faced with --

MR, WALLIS: Well, nost of the velocity
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grade is presumably in the film The core is going
along wi thout nuch velocity variation across it.

MR KELLY: Right.

MR. WALLIS: You'd expect the velocity
differences in the core to scale the next thing or
what ever.

MR, KELLY: Yes, and in the core, the
typi cal velocity inthe order of centineters a second.
In the film meters per second. There's about a two
order of magnitude difference between the two.

Alittle cartoon with a wall, superheated
vapor film subcooled liquid core. The prinmary heat
transfer node fromthe wall is wall to the vapor film
but of course thence from the vapor film to the
saturated interface where sonme of that energy
gener at es sone vapor which produces this vapor film
but nost of it goes into the subcooled liquid core.

So, what nodels do we need in order to
simulate this in a two-fluid code, right? You need
wat er vapor heat transfer, vapor to the interface,
liquid to interface, interfacial. There's also a
contribution of the water |iquid radiation. You need
interfacial drag between this vapor film and the
liquid core. Then | already alluded to you need sone

criteria for the regine transition.
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The little note down here says |'ve got
this idealized drawing. It doesn't |look like this at
all. Even in two, at very, very highly subcool ed
condi tions, you may get void fractions that are |like
10 percent, in which case you will have a very, very
nice, snmooth, flat film and you can even see this in
sone of the FLECHT- SEASET refl ood tests when you | ook
t hrough the wi ndows,, but nobst of the tinme, once you
get very nuch vapor at all, there are waves on this,
and they tend to be very large, disruptive waves.

Not only do you have the waves, you have
this entire colum noving around. There are sone
neutron radi ographs taken in Engl and by Casti gan and
Wade, | believe, and it's really neat. | mean, you
actually see this thing noving around inside a tube.
Then other visualizations you can see the wave on
this.

So, the actually fundanmental s of this are
i ncredi bly conplicated.

VR. WALLI S: Vel |, heat transfer
coefficient is defined in ternms of the wall
temperature mnus the bul k i quidtenperature, or bul k
tenperature mnus saturation?

MR. KELLY: Sorry, | didn't explain that.

In everything I've shown up to date, when | conpared

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

154

the heat transfer coefficient, that's based upon
saturation tenperature.

MR. WALLIS: So, it's based on the vapor
bei ng the resistance?

MR, KELLY: Well, it's just that Tsat is
what you know.

MR WALLI S: That's the difference,
t hough. The difference is of course the vapor, the TW
m nus Tsat ?

MR,  KELLY: Right, and that's just
traditionally, that's the way they define heat
transfer coefficients for filmboiling, because Tsat
is a nunmber you know. You don't know the vapor
t enper at ur e, and you don't know the liquid
t emper at ure.

MR. WALLIS: Unl ess you have sone way of
calculating it or sonething.

MR KELLY: Right.

MR. WALLIS: If it's subcooled, it makes
a difference. You ought to bring it into account.

MVR. KELLY: Ri ght, but from the
experinmental standpoint, he doesn't know it, so he
uses Tsat.

This i s your same heat transfer stuff that

| showed before, reference to Tsat, and | shoul d have
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said that, versus void fractions. The sane data you
showed before

VWhat |' mdoing nowis saying this is what
the wall heat flux would be, and if you take, you
assune it's alamnar snoboth film andthis is exactly
where you were headed before, the heat transfer
coefficient is nothing nore than the vapor funnel
connectivity divided by the fil mthickness, which |'m
using delta for. That's this black curve.

You'll notice that very small val ues of
the void fraction does a very good job. The theory,
if youwll, of asnooth, am nar film works. As you
go to the higher void fractions, it breaks down
conpl etely and underpredicts significantly.

MR. WALLIS: It looks like alower limt,
t hough, which is a useful thing.

MR. KELLY: And one of the first things
people didintryingto fix up Brom ey type nodel s was
to say this vapor filmcould go turbulent. So, if by

now make this a turbulent force convection with the

characteristic length being the filmthickness, | do
this.

So, to prove it, | cut the difference in
about half, but I'mstill undercutting the data, but

that's assum ng, you know, snooth parallel plates.
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Like | just said, this core is not snboth. Once you
get past about here, you have sonething that's very
chaotic, lots of waves, very agitated structure. So,

that' s not surprisingthat turbul ent woul d undercut it

as wel | .

So, what are we going to do to develop a
nodel ? kay, well, this is a Nusselt nunber
definition I'm going to use. It's no magic. Two
times the filmthickness. [It's just, you know, the

hydraulic dianeter for parallel plates, if you will.

VWhat |'dliketodois correlate this heat
transfer coefficient as a function of vapor Reynol ds
nunber, and what |'m tal king about now is the heat
transfer coefficient fromthe wall through the vapor
to the saturated interface.

| know it's a function of the vapor
Reynol ds nunber, but | had no i dea what the Reynol ds
nunber is.

MR. WALLIS: Because the vapor is going
very much faster than the |iquid?

MR KELLY: Right.

MR, VWALLIS: But you don't know how nuch
-- do you know how nmuch heat transfer -- you' re down
to the split between subcooling and vaporing?

MR. KELLY: Exactly. So there's noway to
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know what your vapor velocity is because you don't
know how much of t he heat was absorbed into the Iiquid
cord.

So what do you do? Here's where | borrow
an i dea come up with by CATHARE, the work at PSI, and
we got this through the canp program as a NUREG | A
Wat we said is we don't know the vapor Reynolds
nunber . Let's instead use the film thickness and
correlate it based on that, and t hrough an anal yti cal
solution, you know, for |amnar, you can show the
rel ati onship between the film thickness and the
Reynol ds number .

MR WALLI S: Just like fudging the
friction factor and annul ar flowas a function of film
t hi ckness.

MR, KELLY: Exactly, exactly. So, I'm
goi ng to use the nondi nmensional filmthickness where
this is a, you know, viscous gravitational |ink scale

which if in the condensation world, that would be

called a Nusselt link scale, and we use that to
correl ate the Fung data. This is it. It's very
si npl e.

The Nusselt nunber is equal to two, is a
smooth lamnar film So this added part is due to the

wave enhancenent.
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MR WALLIS: This .1098 is --

MR. KELLY: It should have been .11. |
saw that last night, and | went oh, you idiot. Wy
did you do that?

MR, WALLI S: That's what you got from
correlating data. You didn't get that from CATHARE?

MR. KELLY: No, | did the curve fit, and
| put the four digits there, and that's wong. I
apol ogi ze. That's w ong.

MR WALLIS: Well, | wasn't criticizing
t hat . | was just saying you got it rather than
CATHARE, but it's okay.

MR, KELLY: No, | did that, but | nmean,
it's silly.

So, thisis the result with you do that.
Nussel t nunber ver sus non-di nensional fil mthi ckness,
and it does a better job that | ever thought it woul d,
to be such a sinple nodel

MR, WALLIS: Well, you coul d have done it
ver sus al pha presumably. You coul d have said two pl us
sonet hing tines al pha.

MR, KELLY: And I'll show you exactly why
| don't --

MR. WALLI S: Because you and the rowdon't

change all that much, do they?
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MR KELLY: They don't.

MR. WALLIS: Delta is a neasure of al pha.

MR,  KELLY: That's true, they don't,
unl ess you go to high pressures.

MR. WALLIS: Right, so that's the test.
You have to go to a different pressure.

MR. KELLY: And at Wnfrith, they did a
series, avery simlar kind of experinment, not as nuch
data, however. So, what |'ve got here again is the
heat transfer coefficient versus void fraction. |'m
sorry you can't read this very well, but at five
different pressures. You notice at five bar, there's
a nunber of data points, and you get about the sane
ki nd of behavior we saw wi th Fung.

A coupl e of points, at 20 bar, 40 bar, and
one at 70 bar. If | just correlated it with respect
to alpha, I wouldn't be able to do this, but having
t he nondi mensi onal filmthickness in here which has
basically the vapor density, the delta row term
that's what gives you this, and it does -- | nean
it's not perfect by any neans. That point is probably
in a different regine.

MR WALLIS: Well, dinmensionless deltais
gravity versus viscosity.

MR, KELLY: Right, and the delta row in
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that is what gives you a | ot of the pressure scaling.

MR. BANERJEE: But if it's turbul ent, why
woul d viscosity enter that? O is that the wall
effect? You know, George Galligher developed a
nmechani stic nodel for this many years ago where he
partitioned the -- he actual |y took t he anbunt of heat
that went into the liquid film dissolution of the
liquid region. Wat was wong with his nodel ?

MR. KELLY: Trying to put it into TRACE.
I f we're tal ki ng about the sanme thing, maybe |I' meven
t hi nki ng of one of your papers, the one where he --

MR. BANERJEE: | never devel oped a nodel .

MR. KELLY: No, this one, it was a nodel
for inverted annular, but you had a two pressure
solution and | ooked at the ways.

MR BANERJEE: It was a two fluid nodel.

MR KELLY: Yes, but it's --

MR BANERJEE: Wth the surface tension
because he wanted to take into account that if you
have different surface tension, say you did liquid
nitrogen boiling or liquidwater, but it just fell out
of the two fluid nodel.

We didn't nake a correlation. W just did

MR KELLY: Right.
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MR. BANERJEE: It was a pure two fluid

nodel, and the instability of the interface was
predi cted sinply based on the two-fluid nodel which
gave you the wave | engths.

MR KELLY: Right.

MR. BANERJEE: But George actually took
this, and he nmade a nechani stic nodel.

MR. KELLY: | |ooked at, you know, nore
t han 100 papers easily trying to find a nodel that |
t hought would fit well, and | conpared a | ot of them
to this data, and none of them cane out as well as
this, because | didn't start out saying |"'mgoing to
develop a nodel. | started out saying |'mgoing to
select a nodel, but this is how | ended up.

MR. BANERJEE: For exanpl e, inthis nodel,
there's no surface tension dependence. Now, clearly,
even wi th wat er, as the pressure changes, you' re going
to get an effect because surface tension has an
i mportant effect on the waves.

MR. KELLY: On the waves, that's right.

MR. BANERJEE: As does the density
di fference.

MR, KELLY: Yes.

MR. BANERJEE: So, | nean, | wonder if

this nodel will work over a wi de range of paraneters
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or not because it's not very mechanistic.

MR. KELLY: No, but | do have one point
here at 70 bar.

MR. BANERJEE: Wiy is Gin there? You'd
think if it was an experinment in space, you' d still
have inverted annul ar.

MR, KELLY: Yes, but this, the vapor film
i s buoyancy driven. You know, the force bal ance
bet ween the vapor filmand the |iquid.

MR WALLIS: Buoyancy driven, okay.

MR. BANERJEE: You know, you get the sane
thing in a horizontal pipe where Gacts 90 degrees to
this.

MR, KELLY: Right, but nowit's the film
fl owi ng up underneath the |iquid pool, and so you do
have the gravity.

MR. WALLIS: Ckay, so nowyou're going to
tell us howto predict delta. Maybe you need to do
t hat .

MR, KELLY: Well, even before we get to
t hat, we now have a nodel for wall heat transfer.

MR. WALLI'S: You don't knowwhat deltais
except from the experinent. You don't have void
fraction.

MR.  KELLY: Ri ght, but before we get
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there, we've tal ked about wall heat transfer through
the wall through the vapor film

MR WALLIS: This is K over delta timnes
delta. The second is a constant, the second termis
a constant. Delta is cancelled, the second term
Delta over delta.

MR. KELLY: That's basically true.

MR. BANERJEE: So it's just a density
correction.

MR. KELLY: Yes. | didn't realize that,
but you're exactly right. See, that's why we need
peer review.

We have this wall correlation, but it's
across the vapor film In the code, that enconpasses
two heat transfer nodels, wall to vapor and vapor to
interface. So how on earth am| going to get that?
| don't know how hot the vapor is. | know it's
somewhere between Tsat and Twall. |'mjust going to
partition it equally.

Say that the vapor is exactly halfway
between the tenperatures, and set the resistance to
heat transfer the sane between the wall to the vapor
and the vapor to the interface. | know it's not
right, but it gives ne the sane -- you know, |'m

sayi ng these two heat fluxes are equal, and then |I'm
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just setting these two coefficients.

MR.  WALLI S: Vell, you could do a
paranetric thing where you couch this into different
ways and so | sensed that the answer was to it.

MR. KELLY: Right, and you know, | would
just be causing nyself nmore trouble, and this is --

MR. BANERJEE: In the two-fluid nodel
doesn't this all sort of get cal culated? You have a
t enperature --

MR KELLY: The vapor tenperature does.

MR. BANERJEE: Yes.

MR. KELLY: But | need these interfacial
heat -- well, this is a wall heat transfer
coefficient, and thisis aninterfacial. That's what
' m saying, what do | use for the interfacial?

MR. BANERJEE: But that woul d depend on |
guess whatever you calculate as the interfacial
roughness, right?

MR. KELLY: Right, and what |'msaying is
| don't have enough know edge to do that. | knowthe
total resistanceto heat transfer across the film and
|'"mjust splitting it into two equal resistances.

MR, WALLI S: How do you know the tota
resi stance?

MR KELLY: That's this nodel. Turn this
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heat transfer coefficient into resistance.

MR WALLIS: Delta, okay. So, it's all
going to be tied together in the end?

MR. KELLY: Yes. Well, what |'ve done is
put together a nodel where if --

MR VWALLIS: An interimnodel?

MR, KELLY: Yes, where if we have the
right film thickness, and therefore the right void
fraction, | get the right heat transfer. The previous
i ncarnation of the ACRS highly criticized TRAC-P F1
Mod2 in doing CSA use study for quite often doing a
pretty good job on the heat transfer, but being out to
l unch on the void fraction. They're saying you can't

have the heat transfer right and the void fraction

W ong.

So here, if we have the right void
fraction, that's an if, we'll get the right heat
transfer.

MR WALLIS: We are an incarnation?

MR, KELLY: GCkay, we reconstituted. Okay,
now | devel oped this nodel based upon tubes because |
had good quality, steady state tube data. It's very
hard to do steady state filmboiling tests in a rod
bundl e, especi ally under these |l owquality conditions.

So, isit applicable? You got to ask that
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guestion. Basically rods and tubes, rod bundles and
tubes are very, very different.

So what | didis sonething !l call afrozen
guench front approach. So, | take a reflood test and
t ake one point in tine and | ook at an axi al snapshot
of the conditions downstreamof the quench front. So,
|'"mgoing to | ook at the axial profile of those wall
heat transfer coefficients, but I want void fractions
as wel | .

W don't have gamma densitoneters on
t hese, unfortunately. Instead we have DP cells. So
what |'mgoing to have to do is infer void fractions
from the DP cells, interpolate them in the axial
direction to the |locations of the thernocouples, in
order to generate a heat transfer coefficient versus
void fraction

|'"m going to use data from two FLECHT-
SEASET tests. | reduce these, a six-inch per second
test, athree-inch per second test, and t hree PERI CLES
tests. This dates fromthe time when | worked as a
menber of the CATHARE teamin France.

We devel op the sanme nodel --

MR. WALLIS: Except it's not point three?

MR, KELLY: Right. It went from.11 to

.3, and that's really not surprising that it's higher
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inrod bundles. It's even higher in rod bundl es than
force convective flow

This is what it looks like. This is a
FLECHT- SEASET run. This is a Pericles run. Wat |'ve
done i s | ooked at snapshots at four different points
intinme when the quench front is just downstreamof a
grid spacer so that | have alnpst two feet before |
hit the next grid spacer and the flowis conpletely
di srupt ed.

So, | have all of the thernocoupl es here,
and what you'll see is that as you get farther away
fromthe quench front and the void fraction goes up,
the film thickens. At some point when this
nondi mensional filmthickness is around 35 to 40, you
go through a regi me change, and you go from sonet hi ng
t hat | ooked |l i ke i nverted annul ar to sonethingthat's,
you know, whether it's a distorted slug --

MR WALLIS: It's a |ower heat transfer
coefficient, though.

MR KELLY: Right.

MR. WALLIS: It's got to be worse than
annul ar .

MR KELLY: Right.

WALLI S: How coul d t hat be?

3

MR, KELLY: Well, because you're breaking
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up to things like dispersed floor filmboiling. You
no | onger have that |iquid snmack up close to the wall.
It's now di spersed.

MR. WALLIS: | think dispersed will make
it better because the droplets would cone closer to
the wall. The furthest it can be away is when it's
concentr at ed.

MR. BANERJEE: It's inverted annul ar thing
actually, this goes | ooping around, you know.

MR KELLY: So that's what's happening

here. This is when you do a reginme transition.

This was a nodel | devel oped for tubes,
and that's -- | hate -- | wouldn't call it a
correlation. It's nore of a co-fit, but you see it

wor ked pretty well for the Pericles test at 30 psi and
t he FLECHT- SEASET at 40.

MR WALLIS: Ckay.

MR. BANERJEE: What's the dark bl ue stuff
in Pericles?

MR KELLY: You nean here?

MR. BANERJEE: Yes.

MR, KELLY: Well, if you could see it,
you'll notice there's these points down in here, too.

MR, WALLIS: It goes around.

MR. KELLY: So this again is the point
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where, you know, there's sone kind of flow regine
change.

MR. BANERJEE: That's at a | ower pressure
or sonet hi ng?

MR. KELLY: Yes, this is at 30 psi and
thisis at 40. So, it's not perfect, believe ne, but
at least | |ooked at dry bundl e data.

MR. WALLIS: It suppresses the turbul ence
somehow or sonet hi ng. Ckay, you'd invent some
concept .

MR. KELLY: So back tomy little cartoon.
We've now taken care of the wall to vapor heat
transfer and the vapor to interface. The next thing,
remenber what | said the controlling process was, was
the interfacial heat transfer from the saturated
liquid interface into the subcooled liquid core.
That's the controlling process, and that's what we're
going to tal k about now.

We had a di scussi on about the definition
of

MR, WALLI S: That's how the subcooling
exerts an influence.

MR. KELLY: Ri ght. Vic and | had a
di scussion at one of these neetings about the

definition of ad hoc and whether or not it's bad.
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This is where you can go towards being an ad hoc
nodel , but 1'mgoing to do ny best to base it on data
MR. RANSOM Ad hoc nmeans speci al pur pose.

MR. KELLY: Exactly. | actually did go
back and | ook that up fromthe dictionary after our
di scussion, and you were right. If my Latin weren't
so rusty, I'd say it neans to this or sonething.

So, we're going to tal k about interfacial
heat transfer between the saturated interface and the
subcooled liquid core. So first what | want to do is
make an observation, and that is that when the liquid
is significantly subcooled, nost of the wall heat
transfer just sinply goes across the vapor film and
then vents into the liquid core. So, it's primarily
i ncreasing the sensible heat of that liquid core.

The t hi ckness of this vapor filmis going
to be self-regulating, if you will. It's going to
adjust itself so that the heat transfer across it
mat ches what is possible for this subcooled liquid
core to absorb.

So, you know, leap of faith here. What
|"msaying is the wall heat flux, which |l've said is
equal to this heat transfer coefficient tines Twal
m nus Tsat, is approximtely equal to the heat fl ux

going into the subcool ed nucl ear core.
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MR, WALLI S: There's no vaporization

occurring at all?

MR KELLY: I'msaying it's snall

MR.  WALLI S: It's small. You could
probably estimate it and showit's small. It would be
useful .

MR. KELLY: Yes, well, you're goingto see
in just a second when it isn't small. That's very

much supposed to be approxi mate.

What |'mgoing to try to do is take this
dat abase and i nfer what this interfacial heat transfer
coefficient mght be.

MR. WALLIS: So are you sayi ng essentially
that the vapor is formed there, but it doesn't really
do very nmuch except that the mamin thing is that
there's a space there?

MR, KELLY: Exactly.

MR. WALLIS: The velocity of the vapor
doesn't matter very nuch?

MR. KELLY: Not too nuch. The wavi ness of
the liquid film does, but the main thing is what
happens in the liquid core.

MR. WALLIS: There's nothinginyour slide
t hat i ndicates what the delta is of the vapor fil mor

anyt hi ng?
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MR KELLY: None what soever.

MR.  VWALLI S: That makes it a little
suspect. It works just as well for downfl ow?

MR. KELLY: Haven't tested that yet, but
that's sonething that needs to be done.

So, what |I'm going to do is get an
estimate of this, and | have to enphasize estinate a
priori. | don't even know t he order of magnitude of
that, and if you go and | ook at the literature, people
do al | kinds of things. You know, fromusing Dittus-
Boeter, saying that well, you know, wth this
turbulent liquid, and we're just going to pretend the
interface is a wall. Well, | know that's not right
because the wall --

MR WALLI S: Well, the turbulence is
created at the wall. It is not touching the wall. |
don't see howit can be turbulent in the sane sense it
would be if it filled a pipe.

MR, KELLY: Well, what they're saying is
t hat before you got to the quench front because, you
know.

MR, WALLI S: Okay, then it retains the
turbul ence it had?

MR. KELLY: Right, and so they'll use the

Dittus-Boeter nodel for this.
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MR. BANERIJEE: O the alternative i s when

you have hi gh vaporization with drag on the interface
gener at es.

MR. KELLY: Right, that's another one, but
you don't see nodels really in the literature doing
that. The other thing people will do is they' Il say
it's a transient --

MR. WALLIS: There must be something to
stop the liquid slowing down and falling back down
again. There nust be something pulling it up there.

MR. KELLY: That's the interfacial drag.

MR WALLI S: That cones from gravity.
That's the delta row part.

MR KELLY: Right.

MR. WALLIS: So at | east you knowthat the
vapor hol ds up, keeps the liquid going.

MR. KELLY: Exactly, but you have to have
enough vapor to do that, and that's when we get --

MR, WALLIS: It's where your delta row G
comes from maybe.

MR, KELLY: Exactly.

MR. WALLIS: It's a neasure of interfaci al
share which is also a neasure of the creation of
t ur bul ence and m xi ng.

MR. BANERJEE: But then if you have down
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fluid which changes.

MR, KELLY: Yes, but |I nmean, | can go in
the literature, and people do transient conduction
solutions. You know, devel opi ng boundary letters and
flag plates, all kinds of things.

Like | said, I don't even know the order
of magnitude of this thing. So, what |I'mgoingtotry
to do is figure it out, you know, in a very
appr oxi mat e way.

So, what |'mgoing to sinply say i s, based
upon this approximtion, it's equal to the wall heat
transfer over Tsat mnus T |iquid.

MR. WALLIS: Well, you're going to take
where it's going to and get sone way of interpolating
bet ween the two, essentially.

MR, KELLY: Well, first 1'mgoing to get
an estimate of what it is.

MR. WALLI'S: Yes, but you're going to get
where it's going to and then you' ve got the other
part, and you can add them t oget her.

MR. KELLY: Right. So, again, | took al
of the subcool data, and | got what ['Il call an
inferred Nusselt nunber for this interfacial heat
transfer.

MR. WALLI S: Well, that's the constant
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we're adding. This is the constant you want, isn't
it? You take the curve whichis comng down like this
and you add a constant to it. It goes up to --

MR KELLY: Yes, but this is a very
di fferent curve.

MR. WALLIS: Different curve than what we
saw bef ore?

MR,  KELLY: Yes, this is conpletely
different. That's why | was befuddl ed for a second.
This, I'mnow taking the wall heat flux and dividing
it by Tsat minus T liquid, where T liquid comes from
an energy balance, or basically nmy equilibrium
quality, comng up from the bottom of the test
section. I'mturning that into a Nusselt nunber. So,
this is interfacial now, is what I'"'mtrying to do.

The reason for this tail has very little
to do with the film thickness because it's turned
around. The highly subcool ed cases out here, thisis
when the void fraction is ten percent, is out here.
This is where the Iliquid has alnost reached
saturation. This is void fraction of 70 percent. So,
in a sense, exactly flipped around.

MR, WALLIS: kay.

MR. KELLY: M approximation that | made

i s reasonabl e out here, and the approximation is that
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alnost all of the wall heat flux nakes its way into
theliquidcorewithverylittle vapor generation. As
the liquid subcooling goes towards zero, that
assunption falls apart.

| nmean, obviously when the liquid
saturated, all of the wall heat transfer i s generating
vapor, and none of it is goingin. So, what |I'mdoing
is dividing ny denominator is going to zero, and
that's the mai n reason you get thi s exponenti al shape.

The point of this is that over a pretty
wi de range where | think ny nodel, that assunptionis
nore or less valid, it alnbpst comes to a constant
val ue where the Nusselt nunber equals 200.

Now, and that's simlar to what Saha and
Zuber got for subcooled nuclear boiling in the
conduction control reginme where they came up with a
Nussel t nunber of 455. Is this absolutely right? No,
but isit awhole |ot better than guessing sonet hi ng?
Yes.

So, this is what I'm going with, and
again, there's no noticeable mass flux effect, and
within the assunptions, it does a pretty reasonable
j ob.

MR WALLIS: Well this nunber 200 means

there's a characteristic |l ength which is nuch shorter
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t han one percent of the actual |ength.

MR. BANERJEE: It suggests its turbulent.

MR WALLIS: Wiere is it coming fromif
it's not com ng fromturbul ence, and why should it be
constant? It shoul d depend on sone mechani smof sone
sort unless it's a surface tension. Anyway, you
shoul d proceed. This is very interesting.

You're getting towards the end, 1 think.

MR KELLY: Right.

MR WALLIS: Because we need to finish.

MR. KELLY: So, I'mgoingto conpareit to
the Wnfrith data so | can |look at the effect of
different pressures and also it's always better, if
you can, to use nore than one experiment.

MR. WALLIS: Okay, so you're goingto pull
all of this together.

MR. KELLY: And that has the same trends
and cones to about the sane val ue.

MR. BANERJEE: But the only points there
are at the | owest pressure, right?

MR. KELLY: Right, that's true. But this
is five bar and Fung was one bar. So, at |east that
helps a little, but you' re exactly right.

Wall to liquidradiation, we can di spense

with that. W have no way of knowi ng what it is, so
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' mjust going to use concentric cylinders.
MR WALLIS: That's probably what it is.

MR KELLY: And that's as close as | can

guess.
MR. WALLI S: Liquid is a pretty good
absor ber.
VR. KELLY: W' ve gotten through
everyt hing except interfacial drag. |'mnot goingto

tal k about the break-up criteria, although I already
di d sone.

How are we going to get the interfacia
drag? Well, we have a problem one of many probl ens.
This is where ad hoc cones from

MR. WALLIS: Adjust to enough to keep the
l'iquid going.

MR, KELLY: Yes.

MR. BANERIJEE: Wiy don't you just use
G aham s?

MR VWALLIS: No, it's inverted.

MR. KELLY: [I'mgoing to tal k about that
i nthe condensation presentation. The fact velocities
are unknown. The liquid is subcooled, so even in
t hese very sinpl e, steady state experinents, | have no
way of know ng what the actual vapor floor rate is.

So, | don't know what ny relative velocity is.
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| know the void fraction, so | can know
what the buoyancy force, what is, and consequently
what the interfacial drag force was, but sincel don't
know the relative, | can't get the interfacial drag
coefficient.

MR. BANERIJEE: Doesn't your two-fluid
nodel give you the velocities at the end?

MR, KELLY: Well, yes, but I'mtrying to
do this from data, okay?

MR WALLIS: It seens to nme that that's
subliquids there, the liquids in the mddle. 1f you
don't have enough dragonit, it's going to slunp down
within the film

MR, KELLY: Exactly.

MR. WALLIS: So that the drag -- you've

got a kind of adjust it in order to keep the liquid

goi ng.

MR, KELLY: Exactly, and so what --

MR. VWALLIS: Make it enough to keep the
i quid going.

MR KELLY: Well, what is that?

MR VWALLIS: It's the weight of the
[iquid.

MR, KELLY: That's the force.

MR. WALLIS: Because it's not changi ng.
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It's not accel erating.

MR. KELLY: Right, and that's what | just
said, is | know the buoyancy force needed, so that
gives ne the -- | need the Fs of | that I'"mgoing to
-- and | don't know -- | know the --

MR WALLIS: It adjustsitself inorder to
keep the thing going.

MR. KELLY: | knowthe force, but I don't
know the REL, so | can't get the coefficient.

MR.  WALLI S: You don't need the
coefficient. You just need the force.

MR, KELLY: In the code, | can't say, you
know - -

MR. BANERJEE: But you can put Tow W per
unit area there.

MR. KELLY: Yes, but if | say Tow Wis
equal to al pha, one m nus al pha --

MR. WALLIS: That's what you need, yes, do
t hat .

MR. KELLY: G delta row, that neans no
matter what anount of liquidit is, 1'"mgoing to have
enough force to hold it there.

MR, WALLIS: That's right. That's right.

MR, KELLY: Well --

MR, WALLIS: It adjusts itself. | mean,
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it doesn't change -- the al pha doesn't change.

MR. KELLY: Physically, you're speaking
truth.

MR. BANERJEE: It sounds |ike drip flux
nodel s.

MR, KELLY: In nunerical space, we're
tal ki ng | oads of problens.

MR WALLIS: Ckay, let's nove.

MR. BANERJEE: 1Isn't that howyou get your
coefficients for the drip flux nodel? | nean, it's
t he sane thing.

MR. KELLY: Yes, but they're appliedto a
Vrel . | don't just stick a force in. | use the
actual Vrel calculate by the code in conputing the
force.

MR. WALLIS: The force is what you need to
fight the buoyancy of the bubbl es.

MR. KELLY: Right, yes. So, | don't have
any way of calculating these fromthe data. So, what
am | going to do? Again, | want to make sone
observati ons.

So, I'mgoing to go out and | ook at sone
si ngl e phase, you know, pressure drop tests and ducts
with either grooves or wavy walls. |'mtalking about

grooves that are orthogonal to the flowso it kind of
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sort of | ooks |ike waves. Thisis the friction factor
follows that for its nove parallel plates for Reynol ds
nunbers. Reynol ds nunber is between 200 and 400. It
| ooks like the snooth |am nar flow.

When you' ve got a hi gher Reynol ds nunbers,
the friction factors approach a constant value, like
a fully rough turbul ent nunber where that's a function
of the anplitude to the wavel ength rati o of, you know,
whet her the ridges or the waves.

Vel |, that helps. | know an expected
behavior, but it doesn't give nme any nunbers yet, and
then I went and | ooked at some horizontal stratified
flow data from Andritsos and Hanratty. Again, they
cane up with the interfacial friction factor being a
function of the wave anplitude.

Ckay, well, | coul d have guessed t hat, but
of course, | don't have nodel s for the wave anpli tude,
and nothing that I know would justify trying to put
sonmething like that in.

They went further, and t hey showed t hat at
| east for their case, theinterfacial friction factor
ended up being proportional to the vapor Reynol ds
nunber. So, what they're sayingis the vapor velocity
has something to dowith form ng these waves, and t hat

takes you to this fully rough turbul ent conditi on.
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So, I'mgoing to propose a nodel, and this
is what | want it to do. | want it to reduce to the
snooth parallel plate for |ow values of the vapor
Reynol ds nunmber, okay? | want it to be linearly
proportional to the vapor Reynolds nunber at high
Reynol ds nunbers. You know, when | expect it to be in
this fully rough turbulent condition where surface
waves are what are inportant.

These next two conditions fall out by ne
| ooki ng at ot her nodels. What | want is for the vapor
Reynol ds nunber to nonotonically increase the film
t hi ckness. There are some nodel s that don't neet that
condition. | want to avoid unrealistically high vapor
Reynol ds nunbers like you would get if you just

assuned it was smooth, parallel plates.

So, this is again, you hate to call it a
nodel. This is what |"musing. |It's a maxi hnum of,
you know, 24 over the Reynolds nunber. That's a

snooth parallel plate, and the sinple function of a
non-di nensional filmthickness.
MR. WALLIS: Where did that function cone

fron? Conparison with data or sonethi ng?

MR, KELLY: [I'mgoing to tell you.
MR WALLI S: The next figure. |  was
trying to figure out. I'mon the next slide.
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MR. KELLY: Yes, well, don't go there yet.

MR WALLIS: Ckay.

MR. KELLY: The .7, the power, cane about
because that's the power that gives nme a linear, the
interfacial friction factor increasing linearly with
Reynol ds nunber, and I' Il expl ai n howt hat cones about
in a second. This coefficient --

MR. WALLIS: Has to dowith the one-third
power and all that stuff?

MR, KELLY: No. It's nuch sinpler than
that. It matched the interfacial drag at the point
where | expect this liquid colum to break up and go
into the next regine. That was ny degree of freedom
that | chose in order to get me a snooth transition.
This is what results when you do that.

MR. WALLIS: Now, these are data points
her e?

MR. KELLY: Yes and no. Each one of these
points is one of Fung's tests.

MR. WALLIS: It is, okay, based on the
data, based on a test.

MR. KELLY: Yes, now it should, on the
next slide, you'll see an inferred in front of this
Reynol ds nunber, because you renenber we don't know

t he vapor Reynolds nunmber. If | did, | could have
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cal cul ated these things, but now | have a nodel for
interfacial drag.

| can go and solve ny two fluid equations
given the void fraction that was neasured in these
tests. So, like you were saying, | knowthe buoyancy
force, so | knowthe interfacial friction force.
have this nodel for interfacial friction

MR. WALLIS: That's the .72 power that's
on there?

MR KELLY: The .72 power on the non-
di mensi onal film thickness nakes this be Reynol ds
nunber to the one, okay? So, what | did is | back-
solved from the nmomentum equations for a given film
t hi ckness, what the vapor velocity woul d be using ny
nodel . So, | solved for these Reynol ds nunbers and
t hen pl otted what theinterfacial frictionfactor was.

MR. WALLIS: That's right. That's why
it's such a straight curve, | guess.

MR. KELLY: This is the 24 over RE, which
is exactly what you expect. This is where that max
kicks in, and it becones a function of the film
t hi ckness. The derivative of thiswith respect tothe
Reynol ds nunber gives you a slope of one. | nmean
it"'s linearly in proportion. That's what |'mtrying

to say.
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The same kind of plat, except here | was
nore truthful, or at least nore careful, and said
inferred Reynolds nunber. So, |'m back-cal cul ating
t hat Reynol ds nunber based upon my nodel and plotting
it versus non-dinensional filmthickness.

MR. VWALLIS: And all this is what went
into the code that gave the results that you showed at
t he very begi nni ng?

MR, KELLY: Yes, this is all that went
into that one regine, and that's just one of nany
regimes in reflood.

MR WALLIS: This is why it took so |ong
to grind one point?

MR, KELLY: Yes, and it's also why it's,
you know, sonet hing that hasn't yet truly been sol ved,
even though we've been working in the reactor safety
area since the ECCS hearings, '73.

MR WALLIS: Al this is based on your
fantasy about what's happeni ng?

MR. KELLY: Right, but in a two-fluid
framewor k.

MR, WALLIS: It's sounds nice, nice story.

MR. KELLY: So, that's what we have, and
you know, basically what |"msayingis we're going to

do sone future nodel devel opnent.

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

187
MR. WALLIS: Sincethisis so perfect, we

shoul d stop the Penn State tests because they m ght
di sprove it.

MR, KELLY: Well, they deal with sone of
t he ot her regi nes, which are even nore uncertain than
this, and the reginme that cones in between.

MR. WALLIS: Now, this is the one where
t he quench front is. This is the nost inportant part
to get right, isn't it?

MR. KELLY: It's hard to say.

MR. WALLIS: Isn't that why you were doi ng

MR, KELLY: Yes, because it does help
drive the velocity of the quench front, and that gi ves
you your vapor source, but if you mess up the
di spersed flowfilmboiling by alot, then your PCT is
directly affected by that one.

MR. WALLIS: Has this been witten up in
a formthat can be peer reviewed?

MR. KELLY: Not quite. Actually, | didn't
put this nodel in the code. Widong did for nme. What
| did, | wote up a fairly brief description of all
t he nodel s and handed t hat of f to Wei dong, and Wi dong
i mpl enented it for ne.

MR VWALLIS: Yes, but it's going to be
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witten up as a NUREG or sonet hi ng?

MR, KELLY: Yes.

MR. BANERJEE: Well, before that, a draft
shoul d conme to us, | think.

MR. VWALLIS: | don't know. W don't have
to do a peer review for everything.

MR. KELLY: | agree, that's exactly what
| want to do.

MR. BANERJEE: This is the sort of thing
t hat you coul d publish, so the best peer reviewis to
send it to Journal of Heat Transfer and see what they
say.

MR KELLY: And I will. [It's just, you
know, this is one regi ne out of nmany, and as you can
see, |'mal ready wor ki ng on t ube condensati on, and you
know, so we're balancing tinme here.

But this work is just about at the end,
and one of the main things | have left to do is the
docunentation, and that's where | will try to publish
somet hing fromthis.

MR. BANERJEE: There is a lot of stuff
begi nning to come out of direct numerical sinulation
with the fornmable interfaces. Clearly, of course,
t hese are com ng out of JFM There are a coupl e of

papers in JFM and so on.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

189

There's a group in the AETH 5 as wel|.
We're | ooking at condensation with George. So, nany
of the issues, assunptions you are maki ng here will be
directly available from DNS. Their actual direct
solution of the stuff is not approximtions anyway.
So, it would be useful to see whether any of this
actually falls up because you can't neasure these
things easily. Certainly you can calculate themin
codes.

MR. KELLY: Wen | | ook at how chaotic the
structure is --

MR. BANERJEE: Vell, they're fully
t ur bul ent .

MR, KELLY: Yes.

MR.  BANERJEE: | mean, just for the
regi mes where you have interfacial waves, not when
they' re breaking up. Even that can be done now by
DNS, but certainly the regine with interfacial waves
are being cal cul ated and bei ng published after peer
review i n DFM

MR, KELLY: Yes.

MR. BANERJEE: So we shoul d | ook at that.

MR, KELLY: Ckay.

MR, WALLI S: Is there any further data

that you can use to check your nodel ?

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

190
MR KELLY: Well --

MR. WALLIS: Besides what nmay cone out of
Penn State? Maybe the Penn State results are the
answer .

MR. KELLY: One of the things, when we,
you know, decided to do the Penn State test, one of
the things | insisted upon was trying to nmeasure the
voi d fraction nore accurately, and sowe didthis with
delta P cells every three i nches over about three to
four feet in the mddle of the bundle, so that we can
have a little bit better idea of the axial profile of
the void fraction.

So, that ought to at |east give us heat
transfer coefficient versus void fraction in this
regi me whereas nowl' mhaving to i nterpol ate over one
f oot delta P cells, which is insufficient.
Unfortunately, we didn't have enough noney to put a
ganma densitoneter on that test because that would
have been better, and woul d have hel ped support it.

MR, WALLI S: | was thinking about that
because the DP cell neasures pressure drop, and
there's a friction. There's a wall of friction term
inthere. That interface friction is enough to hold
up the liquid, whichis the hydrostatic termyou want

to get. Presumably, the wall friction is the sane
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order of magnitude. So, you may have troubl e taking
void fraction directly from DP cel |

MR. KELLY: Yes, they're not too bad when
you're in a highly subcooled, |ow void fraction
reginme, and you're in a place where there's no grid
spacer.

MR. WALLI'S: But now since you have a way
of calculating pressure drop with your nodel.

MR. KELLY: You can conpare that.

MR. WALLI'S: You can put that with the DP
cell.

MR KELLY: Right.

MR, WALLIS: That will make the day fee
even better.

MR. KELLY: Yes. So, RBHT will help, but
one of the big -- | nean, the nodel, there are two
nodel s in here that are nost uncertain. That's the
interfacial drag, which we just went through, which |
t hi nk has the right behavior, but I wouldn't swear to
t he magni tude, and the interfacial heat transfer for
the saturated interface to the liquid core. That's
the one | really pulled out of the air, renmenber?

That one | would |ove to have sone data
for. | amagoing, when we get the RBHT data i n house,

|"mgoing to look for it, and what | nmean is | can
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make the same kind of assunptions, but | don't know
what the liquidtenperature is because |l can't do, you
know, the easy integration of the test section.

We have fluid thernocoupl es hangi ng down
fromthe grid spacers. |If those fluid thernocouples
can neasure liquid subcooling while it's in film
boiling, then | can at |east check this estimte of
t he magnitude of the interfacial heat transfer, but
this is an area where | would like to do a smaller
separate effects test, and we just have to see where
the agency priorities are and whether this is
sonet hing we can spend nore nobney on or not.

MR WALLIS: Ckay.

MR. KELLY: And believeit or not, because
| started 15 mnutes late, we got | ucky.

MR. WALLIS: | was just going to say, you
have done extraordinarily well in terms of ny
experience with you. You've taken exactly the tine
al l otted.

MR, KELLY: | can always tal k nore.

MR. WALLIS: In spite of having a lot to
say. That's very good.

MR, KELLY: Thank you.

MR. WALLIS: And you're going to do the

same thing this afternoon. You're going to be on
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time, right?
MR, KELLY: Yes.
MR WALLIS: Good. So it's nowtinme to
t ake a break unl ess ny col | eagues have a great desire
to say sonet hi ng.
We'l| take a break until 1:30. Thank you.
(Wnher eupon, t he f or egoi ng
matter went off the record at
12: 31 p. m and went back on the

record at 1:32 p.m)
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A-F-T-EER-NO O N SESSI-ON
(1:32 p.m)
MR WALLIS: We'll come back in session,
and we'll hear the next presentation by Joe Kelly.
Looking forward to it, as always.
MR. KELLY: And I'll be speaki ng about the
t ube condensati on nodel in TRACE, and ny coworker on
this is Birol Aktas of |SL.
|'"mgoing to split it into, again, three
parts. The first part is going to be fairly brief.
There's going to be one slide showi ng you what the
di agramof the ESBWR is. There's a reason for this,
is the need for tube condensation is to nodel the
i ntube condensation for the isolation condenser and
t he passi ve cont ai nment cool i ng systens of the ESBWR
|"mgoingtotrytobriefly explainwhat's
in TRACE now, and these are the |egacy nodels from
TRAC/ PF1- Mod2. Then before you do any node
devel opnent, you al ways have to answer your questi on,
do you need to. So, the first thing I'mgoing to do
iswhat I'Il call an investigatory assessnent where |
try to determne if the current nodels are good
enough.
O course, if they were, you woul dn't see

this other topic, and that's where I'm going to
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descri be t he nodel devel opment effort. Thisis a work
inprogress. | just started this not |ong ago, and so
you're only going to see a partial description of the
foll ow ng nodel s.

This to sonme extent is theinverse of what
| was tal king about in the |ast presentation.

MR, WALLI S: | was just going to say,
you're such an expert in nodeling wall friction,
i nterfacial shear, wal | fluid heat transfer
interfacial heat transfer. Wth those four nodels,
you could fit al nost anything.

MR. KELLY: Right. You could also not fit
just about anything, too. So, you're famliar with
t he ESBWR desi gn. Just to show you, ICS, again
they're basically vertical tubes, heat exchangers,
sitting in a pool of water. W' re going to be talking
about the condensation in the inside of the tubes.
The 1 CS tends to be nore at higher pressure and pure
steam driven from the reactor pressure vessel,
delivering the condensate back to t he pressure vessel.

The PCCS system the same design heat
exchanger except for a non-condensable gas vent. It
takes its intake fromthe dry wall in the containment.
So here, you're primarily tal king about condensati on

wi t h non-condensabl es.
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Air normally, but in case of a severe
acci dent, you would have a hydrogen steam m x. So,
driven by the pressure di fference between the dry wel |
and the wet well, you have the noncondensabl e steam
gas m xture driven through the condenser.

The condensate feeds back to the
suppr essi on pool -- excuse nme, the condensate cones to
this little holdingtank back to the vessel. It's the
old design where it was drained to the GDCS pool
That was an SBWR desi gn.

This line is a vent path for non-
condensables. It kind of burps the noncondensabl es
out periodically.

MR WALLIS: So presumably there's very
little pressure drop between the containnent and the
suppr essi on pool ?

MR. KELLY: Right. So nowwe're going to
tal k about the current nodels in the TRACE code. So,
when you go to the condensation regi ne, the effective
wal |l heat flux is the super position at two heat
fluxes, one fromthe wall to the vapor and one from
the wall to the liquid. This is just the way it's
currently done, andif you' re in condensation, it ends
up using the sync tenperature being Tsat instead of

t he vapor tenperature for what |I'Il call the wall to
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vapor conponent.

MR. WALLI'S: Wy do the two conponents if
only one conponent is on the wall?

MR KELLY: Good question, and in the
nodel devel opnent, there will only be one. This is
what's in the code now.

MR. WALLI'S: So one of these Hs is zero,

presumabl y?

MR KELLY: No.

MR WALLIS: No?

MR KELLY: No.

MR. BANERJ EE: Except for drop

condensati on.
MR, KELLY: Right, which this isn't.
MR, WALLIS: | don't get that.
MR KELLY: This isn't at all. It adds

the two. Here's the wall to vapor and here's the wal |

to liquid. It uses this waiting factor which is a
function of quality, and ['lIl explain this in a
second.

You can pretty nmuch forget about t he vapor
convective term This is very, very small. The vapor
condensation term this tends to be a | arge nunber.

MR. WALLI'S: Thi s doesn't nake sense to ne

at all.
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MR. KELLY: |I'mnot going to defend this.

This is what's there now.

MR WALLIS: What? Way is this in there?

MR. KRESS: That's just the way the guy
decided to do it because he didn't know how el se to do
it.

MR. WALLIS: Didn't know how else to do
it, okay.

MR. KELLY: This HIliquid convective, that
will end up being, if youwll, a two-phase convected
heat transfer coefficient, and so this, if it were
right, this is all you woul d need, but what they use
for that nodel --

MR  WALLI S: It's like the Chen
correlation for boiling. So, adding a boiling effect
to a convective effect. Here you're adding a
condensation effect to a convective effect.

MR. KELLY: Kind of but not really because
this is ranmping between them

MR, WALLI S: That's not really what's
happeni ng.

MR, KELLY: But it's funny --

MR. WALLIS: Thisistheinterface andthe
convection is at the wall.

MR. KELLY: | agree. | agree conpletely.
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MR. WALLIS: Ckay.

MR. KELLY: But it's funny you should
mention the Chen correl ation.

MR. WALLIS: Chen is a subscript here.

MR KELLY: Yes, because that's what's
going to be used for this convective heat transfer.

MR. WALLIS: He just borrows anyt hing from
anywhere and uses it.

MR. KELLY: And in this waiting factor,
the quality here, that Chen, the .71, that's according
to the database, that's the highest quality that
you' re supposed to use that nodel at. That's why --

MR WALLIS: The boiling nodel or the --

MR.  KELLY: No, the forced convective
part, what | guess they' Il call the macro term

MR WALLIS: For boiling?

MR.  KELLY: wll, it's for forced
convection evaporati on.

MR WALLIS: It's evaporation. |It's not
condensed.

MR KELLY: Right.

MR. WALLI S: So they've got the sane
condensing as for boiling, the X Chen?

MR, KELLY: Well, this they used, they say

we won't use the correlation at a quality higher than
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this because that would exceed its database, and
that's where this ranp cones from So, if the quality
is one, give it pure condensation to the vapor, and
"1l show you the nodels for that.

If the quality is between one and . 71, you
ranp between these two, where this is a two-phase
conductive term Below .71, this is all you get.
Then it's even funny, because if you look at the
definition of quality, it uses a quality that they
take a static m xture enthal py and convert that to a
quality. It's nowa flowin quality.

That's actually not a bad i dea because a
flowquality in these transient to fluid codes can go
between zero and one, tine step to time step,
especially in low flow conditions.

MR, VWALLI S: They're extraordinarily
different.

MR, KELLY: Yes.

MR. WALLIS: Going nmuch faster than the
liquid, and the influx quality, which is a bad use of
the term is nothing like the sane as the flowin
quality.

MR, KELLY: Exactly, and here it's being
used as a weighting factor between these two.

MR, WALLI'S: Why won't t hese guys showt he
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Vi ew?

MR, KELLY: Now, that | don't know. I
wasn't at the NRC when this work was done.

But nowlet's tal k about the wall to vapor
condensation heat transfer «coefficient, the HV
subscript conv that | have. This made up of two
correlations with a weighting factor. The first, and
|"mjust using the term nology that's straight from
t he theory manual, i s the good ol d Nusselt formula for
| am nate fil mcondensati on.

You know, it's an anal ytical solution for
condensation on a plate where the L, the denom nat or
here, is the length of the entire plate. So, this is
for lami nate fil mcondensati on.

They did realize that that was not
applicable to turbulent filnms, and they found an
enpirical formula which | had trouble tracki ng down.
| now know it's by Gigull, and it's from several,
| i ke maybe the fourth edition.

MR. WALLIS: Reliable, right.

MR, KELLY: O Creef's book. So, it's the
same ki nd of fornul a except, you know, the L and delta
Ts in the nunmerator instead of the denoni nator.
Again, this is the characteristic |link scale. | t

should be the entire --
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MR. WALLI S; Is this the condensati on

drive only by gravity?

MR. KELLY: That's correct. No effective
interfacial shear.

MR. BANERJEE: On a vertical plate.

MR. KELLY: On avertical plate, and we're
going to make it even nore interesting. This is
supposed to be the I ength of the entire heat transfer
surface. W use a node |ength.

MR VWALLIS: Ch, cone on.

MR, KELLY: No, that's true. It's exactly
what's done in TRACE, and until --

VR. WALLI S: Everything gets re-
establ i shed every node?

MR, KELLY: Yes.

MR. WALLI'S: This is what's done i n TRACE?

MR, KELLY: Yes.

MR. BANERJEE: It's from the surface
renewal nodel

MR. KELLY: That's not bad, and until 1996
or sonething, and we started doing AP600 and SPWR,
this was what was in RELAP, too.

MR. KRESS: It changes every time we
change their node si ze.

MR. KELLY: Yes.
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MR. WALLIS: That's okay. You can tune it

t hen.

MR KELLY: | nean, they try to do sone
physics in a sense, so they wanted to wap between a
lamnar to a turbulent correlation as the heat
transfer surface. You don't ever get nodes. To be
fully turbulent, this has --

MR. WALLIS: Maybe the H was so big, it
really didn't matter too nmuch what it was? H was so
big wi thout condensers, it really didn't matter what
it was.

MR, KELLY: That's probably true, and you
know, it wasn't the m ssion of the TRACE code when it
was a | arge break LOCA code only to | ook at this kind
of stuff.

MR VWALLIS: Just like ATT.

MR. KELLY: It doesn't conpletely excuse
bad physi cal nodels, but you're right. 1n RELAP now,
t hey have replaced this, but it's a user input. You
tell it the length of the surface.

MR. WALLIS: But it's not condensation
t hat you care about in a break, in atypical PAWNR You
don't get condensation. |It's flashing and boiling.

VR. BANERJEE: Vel |, you get a

condensati on on the --
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MR. KELLY: On the ejected ECC.

MR. BANERJEE: The ECC.

MR. WALLI S: But that's so big, it
probably doesn't matter too nuch

MR KELLY: This is wall condensation
You're right. For a large break loca, this isn't --

MR. WALLI'S: This is the danger of having
a bad nodel which doesn't nmke any difference for
certain purposes which you accept, and then you
inherit it and use it for areactor which depends upon
condensation to work.

MR. KELLY: That's right. Now the other
termwas the wall convective stuff, and that's where
we tal ked about Chen, which is really this Dittus-
Boeter in this flow factor. The flow factor is a
function of the Martinelli parameter. Wat it really
is is nothing nore than the ratio of the hydraulic
di ameter of the filmthickness.

kay, so physically this is not a bad
nodel, and it does sonehow put interfacial shear in,
but only in a round-about way. It takes a maxi mum of
naturally two natural convection correlations, which
have a G ashof number, which once again end up using
t he node sizes of characteristic |ength.

Now we' re going to tal k about interfacial
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heat transfer.

MR. WALLI S: But you can't do that.
What's the length in the Nusselt nunber?

MR, KELLY: Well, if | remenber, for the
nat ural convection nodels, they end up using the node
size as well. So, for the turbulent when it cancels
and for the lam nar one that alnost cancels, but I
nmean - -

MR. WALLIS: You have the sane di nmension
in the Nusselt nunbers and the G ahof nunbers.

MR. KELLY: Right, and that's what they
do.

MR WALLIS: They don't. They have the
hydraulic diameter of the Nusselt nunber, and they
have a length for the G ashof nunber

MR. KELLY: Ah, you'reright. |'msorry.
See, | get these codes m xed up. W just had the L's,
so they cancel .

MR WALLI'S:  Yes.

MR. KELLY: And | copied this out of the
t heory manual, so unless | copied it wong, that's
conmpl etely wong.

MR VWALLIS: | seens to be.

MR, KELLY: Yes.

MR, WALLI S: Ckay, so you're going to
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replace it with sonething good, right?

MR. KELLY: Vell, we're going to try.
Now, |'mnot going to explain the entire interfacial
heat transfer package, for the sanme reason, that we'd
be here, you know, forever, but | am going to show
what the code has currently for the non-condensabl e
gas effect.

It uses an enpirical nodel by Skover and
Rodivilin, and it's devel oped for a cross-flow of an
air-steam m xture on a liquid jet, okay? This has
nothing to do with wall condensation what soever.

Here's the fornula. VWhat it does, it
decrenents the normal liquidinterface heat transfer
coefficient, and there's lots of |limts on these
t hi ngs because obviously if you have a liquid mass
flux in the denom nator, that can go to zero.

So, this does introduce a non-condensi bl e
gas effect by putting it on the interfacial heat
transfer coefficient between the liquid and the
interface, but that only affects the condensation if
t he condensation is drive by heat transfer fromthe
liquid tothe wall. |If condensation is driven by the
H the conterm what I'Il call the wall of the vapor
condensation in this nodel --

MR. WALLIS: Thereisn't any. Thereisn't
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any direct condensati on.

MR KELLY: Well, there shouldn't be, but
there is in the TRACE nodel .

MR. WALLIS: | see, okay.

MR KELLY: Then in that case, --

MR WALLIS: There's nothing real wth
this. This is so bizarre.

MR. KELLY: See, if | set the bar |ow
enough, | can nmake it over it.

MR WALLIS: This bar is buried.

MR. BANERJEE: Maybe we shoul d | ook at the
whol e heat transfer packet.

MR, KELLY: Yes.

MR WALLIS: Ckay.

MR. BANERJEE: I n TRACE

MR, KELLY: Vell, we're going to get
there. You know, eventually, and that's why | don't
want to spend ny tine rewiting the entire
constitiative nodel s inthetheory manual, when | have
t he expectation the bulk of themwIll. W're just
going to try to change themin an ordered way.

| think this nodel is overly conplicated
and unphysi cal . | found, when |I'm |ooking at the
assessnment results, | found it was difficult to even

be able to tell which nodel was being used.
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MR WALLI S; You sound like the ACRS

review ng sonme of the nodels we've seen

MR. KELLY: Well, | should be. | should
be here. M responsibility has changed i n the group,
and nmy responsibility is for the physical nodels, and
|"d better be skeptical or they're going to be bad.

The anal ytical nodels, you know, applied
i nappropriately by using the link scale of the node
size. There's no effective interfacial shear in the
condensati on heat transfer. That's plain wong. The
non- condensi bl e gas effect, it's a nodel that woul d be
qguestionable to condensation at best, and it's only
applied to the wall to liquid part where | had the
wat er vapor part, does not affect it at all.

MR, WALLIS: What about thewall toliquid
part? There's nogas intheliquid. | nmean, the wall
to liquid has nothing to do with the vapor.

MR. KELLY: We'll have to tal k about this
some other time, about how they --

MR. BANERJEE: The vapor to |iquid.

MR KELLY: It's a mass transfer nodel.

MR, VWALLIS: It's being killed about ten
times over now, so maybe we should nobve on to
sonmething that's alive.

MR KELLY: This is the assessment matri x
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| used, okay. | wanted to look at lamnar film
condensation. | took the pure steamtests that were
done at UCV by Kunz. That was the |last series of
tests.

For turbulent film | just | ooked at one
test fromthe NASA series. There's a lot of themto
do, and for non-condensabl e gas tests and tests done
at MT by Siddique. What | have are the pressure --
you'll notice | did a nice little paranetric on
pressure fromone to five bar.

The gas Reynol ds nunbers at theinlet, the
Fi | mReynol ds nunber is at the outlet. So, this just
shows you what the conditions are.

MR. WALLIS: Dorse or sonething had a | ot
of data on condensation in tubes.

MR, KELLY: Well, | only put one here
because that's all | need to show how bad the nodel
iS.

This is the noncondensable gas mass
fraction, and |'mgoing to be using alot of that data
in selecting a revised nodel .

This is for lamnar film condensation.
The calculated heat transfer coefficient versus
nmeasured. Again, this would be perfect agreenent. A

few points are not bad. A few of the all pressure
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ones | ook reasonabl e.

Most of themare greatly underpredicted,
and the trend worsens as the pressure gets higher. |
was actually surprised any of these were anywhere
cl ose.

Now we're going to | ook at one of these
tests, the one in three bar, | have heat flux versus
position and heat transfer coefficient versus
position. This is the data. You know, it's a nice,
al nost |inear decrease in heat flux as you go down t he
t ube.

TRACE underpredicts it but also has a
rat her strange behavior. This is alnbst pure vapor
condensation so it's using like the Nusselt fornula.
This is whereit's switching between two. This is the
ranp down.

MR. WALLIS: You start off fromthe sane
poi nt when it's all vapor.

MR. KELLY: Pretty nmuch, yes. And there,
nmust accept the characteristics of the scal e being the
node size. That wouldn't be so bad.

This is the ranp down to two-phase
conduction, and thisis the pure two-phase conducti on.

MR. BANERJEE: Well, it's conservati ve.

MR, KELLY: It won't be when we get to
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non- condensabl e gases.

The sanme test. What |'mplotting now, by
phase vel ocity versus axi al position. The blue curve
is the vapor velocity, and it does decrease as you
condense the vapor. (CGuess what? Here's the liquid
film This is at five nmeters a second.

MR. WALLIS: [It's going faster? This is
a TRACE prediction?

MR, KELLY: Yes.

MR VWALLIS: Gavity is pulling it.

MR, KELLY: Gavityispullingit, andthe
wall is not. This results fromthe partitioning of
the wall friction factor. Now, what people try to do
-- well, actually in TRACE it's not as sophisticated
as what they try to do in RELAP. Basically al nbst no
wal | drag here because the liquid just falls. It's
wong, and thisis theresult of it. Thisis the film
t hi ckness, and | think that's supposed to be m crons
versus -- let ne think.

MR VALLIS: It's mllineters.

MR KELLY: No, this is mllineters,
that's right.

MR. WALLIS: Is there any neasure of the
filmthickness?

MR, KELLY: No.
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MR. BANERJEE: |Is the Nusselts sol ution?

MR. KELLY: Not in any of these, exactly.
| plotted the Nusselt solution, which for this test
shoul d slightly overpredict because thi s doesn't have
interfacial shear. So, lamnate film with no
interfacial shear.

MR WALLI S: How about the interfacial
shear due to nmass transfer? By enough condensation
rate --

MR. KELLY: On, you're veryright. So, it
woul d be thinner than this, but it's up here. It's
not down where TRACE is calculating it.

MR. BANERJEE: Yes, but they overesti mated
the velocity.

MR. KELLY: Exactly, because there's no
wal | drag. So now we're going to tal k about --

MR. WALLIS: Isn't this being contact with
vapor or sonethi ng?

MR. KELLY: Yes. The way TRACE does it,
it calculates a friction factor and applies that
friction factor to each phase using the phasic
nmonmentum flux. So, for the liquid, instead of one-
hal f row V squared, it's one-half one m nus al pha row
V squared. |It's that one m nus al pha that kills the

wal | drag because with these thin filnms, the void
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fraction is, you know, .999, you know.

This is turbulent fil mcondensation. It's
one of the tests of Goodykoontz. Heat transfer
coefficient versus axial position. You get a decrease
as the vapor condenses and you have | ess interfaci al
shear, and the filmthickens.

You don't see that in TRACE. TRACE gives
an al nost constant value, and that's a factor of
seven.

MR. WALLI'S: You shouldn't call it TRACE.
You should call it TRAC or sonet hing.

MR, KELLY: Well, | was trying not to do
that, but yes. But if you took the code today and ran
this test, that's what you'd get.

Vell, blowing this up sol canlook at the
TRACE result, you have the heat transfer coefficient
that has this little funny dip init. Plot the node
length. Were this heat transfer coefficient went
down, it's because the node size went up

MR. WALLIS: Wy is the node size varying

so much?

MR. KELLY: Because | sel ect, rather than
a uni form node size, | picked a node size to match
t hernocoupl e locations. So, | could do, you know,

easy conparisons to the data.
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MR. WALLIS: Soif you choose equal nodes,
you can have a reasonable curve then?

MR. BANERJEE: No, you would be flat.

MR. KELLY: Yes. | wouldn't have seen
this.

MR WALLIS: Right.

MR. KELLY: Okay, nowlet's go to the non-
condensabl e gas effect. Calcul ated heat flux versus
measured heat flux, and the full test -- now let's
| ook at just one, this run 24. So this woul d be near
the two, the first neasurenment station.

MR VWALLIS: \Which data set is this?

MR KELLY: [It's MT.

MR WALLIS: MT.

MR,  KELLY: Actually, the wuse of
Goodykoontz is probably better data, and I wll be
using that primarily in the assessnent, but |1'll have
some of these tests as well.

MR, WALLIS: |Is this Berkel ey, you mean,
ucB?

MR. KELLY: Yes, because t hey went t hrough
four different graduate students, |learning as they
went along and naking the experinent better every
time, whereas this was the first graduate student

doing this at MT.
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So, if we look at this one test, it's
her e. The second point here, third, fourth, all
overpredicting the condensation rate, and then you
under predi ct .

MR VWALLIS: By a lot.

MR. KELLY: But you underpredict because
you' ve condensed all the steam okay? That's the one
thing that's kind of nice about, you know,
condensati on wi th non-condensabl es. Once you get rid
of the steam you can't do nore than that.

This isn't very good. | was surprised it
was as close as it is, given the nodels that we saw,
that don't make nuch sense, but it is non-
conservative, and it's not very good. Those errors
are unaccept abl e.

This just shows, you know, an axial
profile of the heat transfer coefficient. Here's the
data during a nice | i near decrease, and here's a TRACE
calculation. In this particular case, this node was
t he vapor condensation fornula, a Nusselt. This was
natural convectiontoliquid, and this was a two-phase
forced convection. So, not very good.

| pretty nmuch said everything onthis. |
don't think I need to repeat it.

MR. VALLI S: l"m not quite -- | would
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think that the effects of vapor shield were nuch
bi gger at the beginnings, and this wouldn't be very
good at the very begi nning of the pipe.

MR. KELLY: In this case, you know,
there's not any real filmto drag that.

MR. WALLIS: | think if you were using a
real two-fluid nodel, you wouldn't use nmissile at the
begi nning because the interfacial shear is bigger
t hen.

MR KELLY: That's right.

MR WALLIS: Thanks.

MR. KELLY: So, | judged the nodels to be
deficient, and we need to develop or at |east
impl enent a new nodel, and that nmay nean just
sel ecting current nodels when you can.

The reason is again to do an M
condensation that's applicable to the ICS and PCCS
systens, the approach. It should work within a two-
fluid framework. That's very inportant. When youtry
to shoehorn something in, you can really come up with
things that don't make a | ot of sense.

My opinion is the nodel should take
advant age of the quantities that TRACE cal cul ates. |f
you' re going to use Nusselt, which makes sense i f you

have a lamnar film Well, the code cal cul ates the
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film thickness. So, if you can calculate the film
t hi ckness correctly, a Nusselt heat transfer
coefficient isthis. Theliquidconductivity over the
filmthickness. You don't need to evaluate this, you
know, group of physical properties with, you know, the
conductivity cube and a reg scale in it, which you
don't know, because the code is integrating the
conservation equations down the Ilength of the
condenser tube.

Wy throwt hat sol ution away? Use it, but
use it in a sensible way.

The nodel is goingtofirst beinplenented
as a specialized package, which will be available to
pi pes that are l|labeled or have an attribute car
condenser tubes. One of the reasons for doingthisis
| can put this set of constitiative nodels is w thout
changing all of the TRACEresults in every cal cul ation
that's ever done. That gets nme out of trouble with
chris.

But, as I'mdoing this, what | want to do
is look for the nodels that could be generically
appl i cabl e, and when t hose nodel s have been proved to
do so, they'lIl be mgrated over to the nornal
constitiative package.

MR. RANSOM John, alittle bit of defense
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of the nodels that they did put in there. A lot of
t hat was envi sioned to be drop-w se condensati on on
hori zontal tubes and, you know, things of that type.

MR, KELLY: Not this stuff, though.

VR. RANSOM No, wel |, not the
application, but the nodel --

MR KELLY: The nodel is the film
condensation. There are nodels for drop-wise. This
ain't them

MR,  RANSOM Well, you know, the only
application in the past is primarily the condenser
itself. You know, balance it with the conponents.
" mwondering if that isn't where a | ot of that came
from

MR KELLY: | don't know.

MR.  RANSOM There's no wite-up or
hi story of this inthe TRAC manual s or t heory manual s?

MR. KELLY: They try to explain what the
nodel s are, but they don't say why. They do talk
about following filnms, and they don't say a word about
condenser tubes. O course, if it were a condenser
tube, your length would be the dianmeter of the tube.

MR, RANSOM  Sure.

MR. KELLY: Certainly not the node | ength.

Back to my little cartoon. Just |ike we
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had before, except now | have the |iquid against the
wall and the wvapor out here. In the norma
presentation and when we open the heat transfer
t ext book and you | ook at a condensation heat fl ux,
it's a condensation coefficient tinmes T wall m nus
Tsat. That's with the definition of the heat fl ux
bei ng negative when it conmes into the wall.

Two fluid nodel, it'salittledifferent.
Now the wall heat flux is the wall to liquid heat
transfer coefficient tines T liquid mnus T wall.
mean, it actually cones from the interface to the
liquid, liquidtothewall. If thisis the wall heat
flux, the wvapor generation or in this case
condensation rate, is the sumof the two interfacial
heat transfers divided by the latent heat, and I'I| do
a nmea cul pa for doing HFG when it's really the, you
know, the delta H stars that John talked about
yest er day.

MR. BANERJEE: VWhich we still don't
under st and conpl etely.

MR KELLY: Right.

MR WALLIS: Well, this is |ike what we
tal ked about yesterday. You've got the different
t enper at ur es you need f or your ener gy bal ance t han you

need for your heat transfer, and you can get sone
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wei rd things.

MR KELLY: Right.

MR. BANERJEE: But as you've witten it,
it's correct here.

MR. KELLY: Right, and | wote it this way
just so we wouldn't go off in a long discussion that
| thought would be secondary to what I'mtrying to
say. W can address that another tine. These are
just the interfacial heat fl uxes.

So, you have the possibility here, if you
have a cold wall, saturated interface, you pull heat
fromthe interface to the liquid to the wall, and
condense vapor here, the vapor on the other hand can
be either subcooled or superheated. If it's
subcool ed, then the vapor wll condense on the
interface by itself from this interfacial heat
transfer.

| f the vapor is superheated, it would be
trying to evaporate sonme of the liquid, and it woul d
be the sumof these two that determ nes whether it's
a condensati on process or an evaporation process.

MR BANERJEE: But that's correct, what
you just said.

MR.  KELLY: Yes, and that's the

nmechani stic part of the two-fluid that gives you the
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possibility to nodel sonmething, but it's only correct
if you have hal fway reasonabl e nodels for these.

MR WALLIS: Well, these heat transfer
coefficients are affected by the simultaneous mass
transfer.

MR, KELLY: Yes.

MR VWALLIS: It's not in here at all.

MR. BANERJEE: Yes, well, that woul d show
up in whatever correlation they wite for the heat
transfer. W'IlIl have to wait and see that.

MR KELLY: Yes, this one.

MR. BANERJEE: Yes.

MR. KELLY: And |ikew se when you get to
t he ef fecti ve non-condensabl es and you turn this into
a mass transfer process here. Then the suction of the
effect of the condensation of theliquid filmaffects
the mass transfer rate.

MR, WALLIS: W know that if you have a
cold enough film you can get condensation at nach
one.

MR, KELLY: Unfortunately, |I'mnot doing
condensation with liquid nmetals, because |I'm al ways
getting the question about the acconmmodation
coefficient.

MR WALLIS: Right.
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VMR. KELLY: W don't have that in the

code.

MR. WALLIS: You don't, no.

MR. KELLY: No. One other further thing
| want to say is that this interface tenperature, the
assunption in the two-fluid code, at least all the
two-fluid codes |"macquainted with, is that this is
saturation at the bul k vapor partial pressure, which
is fine if there are no non-condensabl es.

MR WALLIS: That's right.

MR. KELLY: You know, it's just the total
pressure. |If there are non-condensabl es, you know
there's a distribution of non-condensabl es as you go
towards the interface, and the interface is actually
at al ower tenperature because the partial pressureis
| ower there.

| had to think, did | say that right? But
that's not the way the nunerics in the code works.
The code i s al ways going to assunme that this interface
that drives these interfacial heat transfers, is at
the saturation at the bul k partial pressure.

MR, WALLI S: Are you always going to
assune that?

MR. KELLY: Unl ess we nake drastic surgery

to the code.
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MR WALLI S; We did assune that, but

you'l | have to investigate whet her you can cobbl e up
things to represent it this way.

MR. KELLY: And that's what you do.
That's why, for the nonent, let's pretend we don't
have this, okay? W' ve only got wall condensati on.
Al'l we have to worry about is this one.

Now, if you have non-condensabl es, that
wei ght is going to be decreased by the mass transfer
t hat goes on here. That's going to be the limting
rate process.

So, what you end up doing is com ng up
with what the rate limting to the mass transfer is
and giving it a nodifier that you stick here. You
increase the heat transfer resistance between this
interface and the |iquid.

MR. WALLIS: So rather than dropping TI,
you change the H?

MR,  KELLY: Ri ght, because that works
within the current nunerical framework. You could
switch the code to spread solves for this, but that's
rather major surgery to the code.

MR. BANERJEE: Even nore difficult than
t hat because you'd have to actually calculate the

| ocal concentrati on.
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MR. KELLY: Yes.

MR. BANERJEE: That's really difficult.

MR, WALLIS: Well, you' d probably use sone
kind of filmtheory or sonething.

MR,  RANSOM You're getting counter-
current diffusion there as well.

MR WALLIS: The noncondensi bles to the
bul k and the vapor has to diffuse through.

MR KELLY: Right, There's a series of
papers onthe interface tenperature nodel by Ghi assi an
at CGeorge Tech, if you're interested, but that would
be fairly major surgery to the code. | can't do that
within this tinefrane.

So, if we're going to devel op a nodel for
fil mcondensati on, what do we -- we need to apply both
pure st eamand non- condensabl e steamgas m xtures for
both foll owi ng and sheared filnms. So, these are the
nodel s t hat are needed, and they're t he sane ones t hat
we t al ked about before except nowwe have t he addition
of a non-condensabl e gas effect.

So, let's tal k about arelatively easy one
first, that's filmthickness. Wat you need i n order
to be able to calculate the filmthickness is if it's
afalling film all you need is wall friction. W're

assumi ng the code can do gravity right.
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MR. WALLI'S: There's no pressure gradi ent
in the masses?

MR, KELLY: Well, you end up, you know
the pressure gradient, if it's afalling film we're
tal ki ng about a wall and heat volunme. So, it's just
wal | drag.

MR WALLIS: For interfacial shear here?

MR. KELLY: Yes, hereit's just wall drag.
If it's a sheared film then you have the pressure
gradient, and also there is the bal ance between the
wal | and interface and buoyancy terns.

MR. BANERJEE: This is just a Nusselt
sol uti on.

MR, KELLY: Right. I"'mjust doing this
because I'mgoing to use it in a second. So this is
actually froma two-fluid nonentum equation, and |'m
just reducing it down, using thethinfilmassunption,
and getting the solution that you're very famliar in
getting the Nusselt result.

MR WALLIS: Well, we know t hat when the
filmisthin, theinterfacial shear dom nates gravity.
So, you're going to have to stop this somewhere down
the pipe. It's certainly not valid with the top.

MR. KELLY: Right, but at the nonent, al

|"m tal king about is a falling film 1'"mgoing to
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nmake the leap to sheared filmfirst, but I want to
sol ve an easy problemfirst, get that solution, and
start adding a conplexity.

kay, the reason | showed that is because
of this. | put together a filmthickness database,
okay? So it's got a non-dinensional filmthickness
where a non-di nensi onal buys the Nusselt |ink scale
whi ch was on a previous slide, versus film Reynol ds
nunber, and a corrected data from a variety of
sources. Then you have this pretty characteristic
behavior. It's turbulent out here and | am nar down
her e.

MR RANSOM Is the length scale in the

Reynol ds nunber the |l ength of the tube?

MR, BANERJEE: No, it nust be the
t hi ckness.

MR. RANSOM  The di aneter.

MR, KELLY: Actually, it's --

MR. BANERJEE: It has to be the thickness.

MR, KELLY: Yes, it's four tines ganm

over new. Where gamma is the condensate for film
floor rate divided by the wei ghted perineter.

MR VWALLIS: Wwell, yes.

MR, KELLY: Ckay, and if you use that --

MR WALLIS: This is classical stuff.
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MR,  KELLY: Yes, if you wuse that

definition, then the fil mReynol ds nunber becones t he
same as the liquid Reynolds number, which is the
liquid mass flux times the hydraulic diameter over
vi scosity.

MR WALLIS: Hewitt and Wallis, whoever
they were, '63, show exactly the sane curve wth
exactly the sanme theory.

MR KELLY: And now what | do is take
those wall drip, film thickness neasurenents, and
usi ng what | tal ked, the previous derivation, convert
it toawall friction factor versus Reynol ds nunber,
okay?

MR WALLI'S: You can do that, too.

MR. KELLY: That's easy enough. It's just
strai ght al gebra.

MR VWALLIS: Who is that line there?

MR KELLY: Onh, the ones --

MR. BANERJEE: These are all wavy.

MR. KELLY: That's some data by Chen from

his thesis, and | haven't tracked down why those
points are so far off, but I'Il note it.
So, this is the nodel I'm going to

propose. Wienit's a snooth lamnar film 24 over the

Reynol ds nunber, okay, it's easy enough. Flat plate
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stuff. I know that this is going to slightly
overpredict the fil mthickness becauseit doesn't take
account of ripples.

| know that the ripples affect the heat
transfer because they effectively thinthe film So,
when | go to the heat transfer nodel, I'mgoing to do
sonething to cover ripples.

For  turbul ent, a sinple, explicit
approxi mati on to Col ebrook-Wite. This termdoesn't
really matter very much, but I'musing this because
| " mhoping to eventual ly replace the wall drag node
and track with it. You know, generically. What we
have here now is not as good as this. This is a
better approximation that what's in the code
presently, and use a power conbination.

MR, WALLIS: Well, howbigis interfacial
shear in the real device here conpared with these?
Are you going to show us that, because this whole
thing is all very well if you just have a pretty
qui escent vapor.

MR. KELLY: But we're starting somewhere.
We're going to add where there's a conplexity as we
go, okay?

The answer is if you |l ook at the UCF Kunz,

the pure steam condensation ones, the interfacial
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shear from the standpoint of actually shear, is
relatively small

MR. WALLI'S: What | mean is an ESBW what
sort of steamvelocities do you get, and there's the
interfacial shear report, because that's your
appl i cati on.

MR, KELLY: It's for the passive
contai nnent cooling system which is wth non-
condensabl es where the condensation rates are not so
hi gh. There the interfacial dragis relatively small.
okay? It's not negligible, but it'srelatively small,
and a lot of it would be the mass transfer part.

MR WALLIS: | think it's sonething |ike
Goodykoontz. Goodykoontz have very high velocities.
| think his interfacial drag may have been dom nant.

MR. KELLY: Definitely, and that's where
intheisolation condenser system whichis pure steam
and hi gher pressure, higher flows, that's where you
m ght nove nore towards that reginme, but nowl' mal so
trying to put sonmething in that won't -- where you
won't fall off the end of the earth, if you go just a
little bit outside of the bounds.

So, this is the wall friction factor
versus fil mReynolds nunber. The | am nar nodel, the

turbulent, and the power wall conbination, and it
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| ooks pretty good. But so far, |'ve done all of this
on a spread sheet and pen and paper. Wat about the
code?

So Bill inplemented it for me and tested
it for me, and so this is a non-condensable film
t hi ckness versus fil mReynol ds nunber agai n. The bl ue
curve is the TRACE we have today, and you see it
greatly underpredicts the filmthickness, and that's
because of the wall drag partitioning.

Sonehow it goes through some kind of
| am nar turbulent transition and wanders around, and
heaven knows where it is. The black line is when
Birol inplemented the correlations | had on the
previous slide, and there are actually a couple of
glitches that we have to look at. He told ne just a
little while before ny presentation that oh, he found
a mstake, and the results get better, but | didn't
have tinme to change the slide.

MR, WALLIS: Inthelam nar region, you' re
not going to present a kink |ike that.

MR. KELLY: No, there's aninpl enentati on,
sonmet hi ng wong, and we'l | figure that out. These are
pretty much hot off the press. This is what I'm
wor ki ng on, you know, as we speak.

Now we're going to talk about sheared
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filmns. What | want to do is sonehow select an
interfacial friction nodel applicable to co-current
downflow. | had one database that | coul d easily get
to cover that, and that was by Andreussi and Zanelli.

Now, what's nice about their test, they
nmeasured the fil mthickness. They neasured the axi al
pressure gradient, so they were able to back out the
interfacial shear. They al so neasured t he entrai nnment
fraction. So, | knowwhich tests have entrai nnent and
whi ch don't.

Then t hey reduced the data to gi ve val ues
of theinterfacial friction coefficient. So, | didn't
even have to do that. | could just take their data
and plot it, and that's what | did, and | conpared it
to these various nodels.

| startedwith Wallis and Wight, but it's
a good place to start because it's sinple. [It's not
si mpl e m nded. It's sinple. Sinple is a virtue,
believe ne, but it's also the nodel that's currently
in TRACE for the annual m st flow regine.

MR, WALLI S: | know there's a notion
nodel s i n these codes, very crude things devel oped in
the 60's, and haven't evol ved since.

MR KELLY: Well, and the Bromey

correlation is the 50's.
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MR. WALLIS: Yes. It's always puzzled ne
why they haven't evolved to sonething better.

MR, KELLY: Well, we'retrying. Wat |'1]|
call nodified Walli s because a | ot of people will say
oh, you shoul d take the friction factor in front of it
and actually use it as a function of the Reynolds
nunber. A nodel by Henstock and Hanratty, Professor
Hanratty fromthe University of Illinois. Bharathan,
whi ch i s devel oped for countercurrent swell. 1 didn't
expect it to be very good, but you know, | may end up
using this for countercurrent flow sone day, so |
wanted to check it here.

Prof essor Hanratty again, with a graduate
student naned Asali, two nodels, one with entrai nnent
and one without. The npst recent one is by Jayanti
and Hewitt. Again two nodels, one for ripple waves
and one for disturbance waves.

What do they look like? Well, this is

Wallis, and it's amazingly good, actually. This is

not bad.
MR. WALLIS: For the ultra-sinple nodel
MR. KELLY: This is interfacial friction
predi cted versus neasured, and you' |l notice the blue

MR, VWALLI S: But you have to get the
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entrainnent right. That's right.

MR. KELLY: The blue, actually there's no
fancy things here with entrainnent. It just uses the
filmthickness, and it works quite well.

For the data wi thout entrainment, which
actually is closer to ny condensing, it overpredicts.

MR VWALLIS: But it's a smooth film

MR, KELLY: Yes.

MR WALLIS: It has to be a rough thing.

MR. KELLY: This is the best conpari son.
It's the nodel by Asali and Hanratty with entrai nnent.
They gave two correlations, as far with entrai nment,
did a better fit tothe data. It's not too surprising
it does well because this data is in its database.
So, it should fit this.

There's even another trick whichl'll tell
you in a mnute, but this | ooks pretty good, and this
is the nodel |I'm going to use.

MR. BANERJEE: \What happens if you take
their own data out?

MR. KELLY: | don't know because, you
know, it's hard to get this kind of data. There's not
that nmuch, and if you correlate all of it, you know.

This was the Jayanti and Hewtt,

di sturbance wave nodel. Very small scatter, which |
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i ked, and again, this is a sinplistic nodel in the
sense that it's aturbulent wall friction coefficient
with a roughness paraneter in it, and the roughness
factor they used it five times the film thickness.
So, | like howsinple it is, but it does underpredi ct
significantly.

Then | tabulated the results from all
eight different nodels, and these are very relative
error. It's on average val ue, the maxi mum and the
RMS, and you can see this nodel --

MR WALLI S: This is in what units?
Rel ative error?

MR KELLY: Yes, so it's delta F over F.

MR WALLIS: Ckay.

MR, KELLY: So this is actually quite
good, and that's what |I'mgoing to go with, but again,
this doesn't |ook very conplicated, fairly sinple.
It's the ratio of interfacial to a smooth tube
friction factor. The function of a gas Reynol ds
nunber and a non-dinmensional film thickness. I
apol ogi ze. |I'"musing Mhere for the filmthickness,
whi ch you get fromthe chem cal industry where delta
cones fromthe heat transfer people.

This is the way it's nondi mensi onal i zed.

MR. BANERJEE: By the wall interface?
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MR. KELLY: Now, interfacial, that's the

trick that helps nake it so good.

MR. WALLIS: Because it speaks for itself.

MR. KELLY: Yes, you have the answer on
both sides of it. | actually used the nmeasured val ues
of this when | evaluated the correlation. So, no
wonder it fit the data, you know, or it should have.

Wl |, that gives nme a probl embecause now
this is inplicit. So what | did is substitute for
this --

MR. VWALLIS: Now, wait a minute. FI over
F is squared, so it's correlating against itself.

MR KELLY: Right.

MR WALLIS: X equals X

MR, KELLY: Exactly.

MR. WALLIS: Well, Hanratty ought to know
better than that.

MR. BANERJEE: He probably knew.

MR. KELLY: It certainly hel ps when you
have the answer on the right-hand side.

MR, WALLIS: On, yes, that's right.

MR. BANERJEE: So what happens when you
solve it for --

MR. KELLY: Well, that's what you're going

to see. That's the next two slides. So, that's
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exactly what | did. | substituted for this, turnedit
into a quadratic equation for the square root of FlI
and solve it, and | bet |'ve gotten the quadratic
formula, right? Were this is the definition of the
two coefficients.

MR, VALLIS: Well, why is it quadratic?
Isn't that square root --

MR. BANERJEE: Square root of F5 --

MR. WALLIS: It isthe square root, you're

right.
MR, KELLY: Yes.
MR WALLIS: That'sright, it's quadratic.
MR. KRESS: |It's assunming Ais equal to
one.

MR. KELLY: And so then | did the data
conparisonwththe explicit formul ati on where | don't

MR. WALLIS: That's no better than that
Wallis correlation, is it, for the blue one.

MR, KELLY: Actually, the RMS error is
still better than any of the other correlations.

MR, WALLIS: kay, all right.

MR KELLY: Because | did check that.

MR. WALLIS: To the untrained eye, they

| ook equi val ent.
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MR, KELLY: Well, that's why we have to

have quantitative figures.

Ckay, again, sofar | didall that on the
spread sheet. Now let's stick it into TRACE and see
what happens. So, this is the calculated film
t hi ckness and this is the one in mcrons, versus the
nmeasured fil mthickness.

This is what you get with TRACE today,
grossly underestimating the filmthickness. For two
reasons, for overpredicting interfacial drag or
underpredicting wall friction because of the
partitioning.

Wth the nodelsthat |1'vegivenBill, this
what he got. It works very good for these points. W
under predi ct the fil mthickness here, and what he tol d
me was that those points go up when he makes a
correction.

MR. BANERJEE: What correction.

MR KELLY: | don't know. He did the
i mpl enentation with TRACE, and he called ne just
before ny presentation and said | nade an error. It
gets better.

MR. WALLIS: Let's go back to the sheared
films here. You didn't give us an equation. Are

t hese sheared filns with condensation and gravity or
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just pure sheared?

MR. KELLY: This is withgravity, but air

wat er .

MR, WALLI S: Air water and a vertical
pi pe?

MR KELLY: Right.

MR WALLI'S: No condensation?

MR, KELLY: Co-current downfl ow.

MR. BANERJEE: What happens if there's an
angl e?

MR. KELLY: And there is an entrance and
exit of those tubes.

MR. BANERJEE: Well, just because, you
know, this isn't a very scientific thing. The waves
are caught inmplicitly. So, |I nmean, the wave structure
conmpl etely changes with angle. So, since it's not
nmechani stic, you expect it to change with angle.

MR. KELLY: Well, and that's why you
shoul d have enpirical nodels for all those kind of
t hi ngs, and we don't. Like when we were tal king about
the effect of the virtual mass term and | nean, |
know that TRAC will not do two-phase flow through a
nozzle correctly because we don't have that term

MR. BANERJEE: Right.

MR. KELLY: But on the other hand, do any
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of you believe that interfacial drag correlations
devel oped for vertical pipes work as you accel erate a
t wo- phase flow through a nozzle? O course they
don't, and that will swanp anything having to do with
t he added nmmss. Now, whether the added mass term
gives you nunerical stability and a nore reasonable
answer, that's another question.

As far as accuracy goes, what happens to
the structure of the two-phase interface as you go
through that nozzle is a lot nore dramatic than
anything else. You'reright, we don't have nodel s for
interfacial drag as you go around corners.

MR. BANERJEE: Right.

MR KELLY: I'mjust trying to get them
right ina strai ght pi pe because they're not right for
that yet, which is a little bit hunbling. | mean,
this is 2003, and this isn't really difficult stuff.
| just make it look difficult sonetines.

So back to ny cartoon, the things that
were grayed out were the wall friction interfacia
shear. W' ve sel ected nodel s for those, and nowwe' re
going to talk about wall heat transfer, and we're
goingtotal k really about condensati on heat transfer.
So, what it's going to involve is both the wall to

liquid and then the liquid to interface part.
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So, we're going to talk about the total
heat transfer and howit gets split between those two.

MR. BANERJEE: You know, the friction
factor has to be a function of the fluid nunber in
some way.

MR. KELLY: Ch, certainlyif it'sincline,
yes.

MR. BANERJEE: Yes, so | nean, if you | ook
at the way these things, it's never just a function of
t he Reynol ds nunber, inthis case. It's worrying that
they don't cone out that way. ["1'l have to think
about it.

MR, KELLY: Ckay. W're going to talk
about filmcondensation now. |'mgoing to start out
tal ki ng about fallingfilns. W're goingto start out
sinmpl e and add conpl exity.

| assenbl ed a dat abase and the flawin the
database is that it only includes condensation heat
transfer coefficients that are averaged over the
entire surface because that's howthe experinents are
done. You can't, you know, control your power that
you're pulling out of a specific area.

So, alnost all of the data | could find
for condensationis this way. The data are presented

interns of non-di nensi onal Nusselt nunbers, whichis
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very sinple. It's the heat transfer coefficient
aver aged over the surface tinmes the Nusselt |ink scale
over the connectivity. And this just shows you, if
you do the Nusselt solutionin these terns, the | ocal
value is 1.1 over the Reynol ds nunber to the one-third
power. The surface average value is 1.47 over that.

The dat a are goi ng to show an enhancenent
to this through a course of the ripples. So, thisis
sone of the water data. This is sone of the freon
They're slightly different panel nunbers. The non-
di mensi onal Nusselt nunmber averaged over the surface
versus the Reynol ds nunber, and as expected, it's 15
to 20 percent |ow.

You have a | ami nar regi on and a turbul ent
region, but the datain the turbul ent region again are
aver aged over the whol e plate, so they cool ed part of
the plate and maybe nobst of the plate, being in a
am nar flow, and that's part of the reason for this
broad m ni num here.

MR. WALLIS: So the data are both there
because the shear has an effect? Is that what it is?

MR. KELLY: Oh, no, these are falling
films.

MR. WALLIS: There are no shear at all?

MR. KELLY: No shear at all. It's

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

243

wavi ness.
MR BANERJEE: Well, it's turbul enced.
MR WALLIS: WAvi ness.
MR, KELLY: Well, if it's very, very | ow,
it's the little ripples. They decrease the film

t hi ckness, and they may induce, you know, velocity
nor mal .

MR. BANERJEE:  Submi xi ng.

MR KELLY: Subm xi ng, right. Here's
Nusselt, one of the other well known ones is by
Kut at el adze, so it shows some enhancenent over
Nusselt, and there's anot her one by Nozhat, and we'l|
just show these on that data.

MR. WALLIS: How does it show enhancenent
over Nusselt?

MR KELLY: Well, if you divide this by
Nussel t, what you'll end up getting is an enhancenent
factor that's a function of the Reynol ds nunber, and
inthis case, it's --

MR, WALLI S: Can you get your Reynol ds
nunber small enough?

MR. KELLY: Yes, it's a Reynol ds nunber to
t he . 07.

Here we are. This is Nusselt, Katatel adze
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MR. WALLIS: This is alnost beginning to

| ook I'ike materials data here.

MR. KELLY: Yes, you can draw -- | mean,
that's the long scale, too, you know. So, for now

MR SIEBER There's a pattern to it.

MR. KELLY: This is the one I'mgoing to
pi ck, the one by Nozhat.

MR VWALLIS: And why is that?

MR, KELLY: Well, Kutateladzeis alittle
hi gh, Nusselt is low. This one's in between. Wen
you average it with sonething in regard to turbul ence

MR. WALLIS: | don't like the way that the
data scatters so nuch, though

MR, KELLY: Well, if | canraise it to a
| evel of inportance high enough -- no, actually, |
al ready have the UCB data, and that's prototypic tube
size and stuff. So, | don't need to do a separate
effects test for wall film condensati on.

This is what you find out there.

MR WALLIS: | would want to know if the
UCB data are near Nozhat or whether they're near one
of the other extrenmes of these data.

MR, KELLY: We won't get that far inthis
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presentation, but you'll see it.

MR WALLIS: 1'll see it one day?

MR, KELLY: Yes.

MR. BANERJEE: But they have shear, right?

MR. KELLY: Yes. The shear is not very
| arge, and actually nost of it cones out through the
mass transfer effect. |1've started reduci ng sone of
that data now. | just haven't finished it.

MR. BANERJEE: Because you have non-
condensabl es.

MR, KELLY: Well, they did 42 lines with
pure steam which is nice.

MR. WALLIS: The interfacial shear due to
mass transfer, just the nonentumtransfer then?

MR. KELLY: That's nuch larger than the
actual -- normally call interfacial shear.

MR. BANERJEE: And what you call gamma and
to UG roughl y?

MR, KELLY: Right. That's exactly what's
in the code, and that probably overpredicts it a
little. The interface velocity should be |ess than
that, but how rmuch less is hard to say. W run into
the same thing we did with the H prines.

MR, WALLIS: It filns the boundary there

anyway, and that's the way it increases the facial
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shear .

MR, KELLY: Yes.

MR. RANSOM When you say UCB data, you're
referring to Schrock's data, | guess, what he did for
GE?

MR. KELLY: The fourth series of tests,
t he ones done by Kunz.

MR WALLIS: | think the effect is about
half, is the mass transfer and the friction and the
m xi ng and the turbul ence. It's about half, fromjust
adding it sinply.

MR. KELLY: Yes. You see papers that say

MR, WALLIS: Whatever, yes.

MR. KELLY: The code uses all of it. |If
you take the nonmentum out of the vapor phase, you'd
better put it sonewhere.

MR. BANERJEE: There is a set of data
which is not extreme, which is horizontal. Do you
know, George Bankoff did a |lot of experinments on
hori zont al .

MR,  KELLY: And |I'm going to |ook at
t hose, too.

MR. BANERJEE: Ri ght.

MR. KELLY: Especially for theinterfacial

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

247

part.

MR. BANERJEE: You'll findthat the nodels
that work there are purely turbulent centered. They
have to be because it's all shear driven with the nass
transfer.

MR. KELLY: Right, and when we get to the
interfacial part, that's one of the ones I'mgoing to
ook at. | haven't yet, but |'mgoing to.

MR WALLIS: | think Bankoff is a very
extensive piece of work, isn't it?

MR. BANERJEE: Yes, very.

MR KELLY: And | have the NUREGS.

MR WALLIS: It'sinthe NUREG Isn't it
a fairly fat NUREG?

MR KELLY: Several NUREGS.

MR, WALLIS: Oh, several NUREGS, right.

MR KELLY: Okay, | selected a |amnar
fil mnode, but it was for the condensation rate. So,
just |li ke we tal ked about before, this is nowthe heat
transfer coefficient across the film \What | really
need i s the heat transfer coefficient between the wal |
and the film an interfacial one between the fil mand
between the liquid and the interface.

Well, howaml going to do that? You can

do a straightforward energy bal ance, saying that the
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condensation heat flux has to equal the wall to
liquid, whichinturn has to equal to the interfacia
one. We're tal king about just straight shot through
t hose resi stances.

MR. WALLIS: There's no subcooling of the
liquid filmor anything |ike that that cones into the
ener gy bal ance?

MR KELLY: It does, but --

MR WALLIS: There's a correction.

MR SIEBER Not there.

MR. KELLY: Yes. Now what |'msaying is
| know this one. How am| going to split it between
these two? |If you do this, and I guess | shouldn't
have called it an energy bal ance just because what
you're saying. Then you can do a resistance kind of
thing, and this is what you conme up wth.

MR. BANERJEE: \WWat is that now?

MR. KELLY: |I'mbasically taking the two
resistances. |I'msolving for HO --
VR. WALLI S: You're solving the

tenmperatures fromthose two equations?

MR. KELLY: Exactly, and solving for HO
interms of the wall to liquid and the condensation
heat transfer coefficient.

MR. VWALLI S: You nean one over H?
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MR. KELLY: Yes, one over Hm nus one over

H.

MR WALLI'S:  Yes.

MR. KELLY: And now | happen to -- this
one, wall to liquid, | don't have any |oca

condensation data, but | do have a |ot of the |ocal
heating data. Okay, nowwe're tal ki ng about just wal |
toliquid. So, the only difference is the direction
of the directional flow of the heat, and that's kind
of a second order effect.

MR, WALLI S: What you' ve done here is
real |y eval uating resistances in series.

MR. KELLY: Right, exactly. So, what |I'm
going to say is | have this heating data. Let's use
it to help me pick a nodel that is wall toliquid. In
alamnar one, if yougotothe loca nodel, it's 1.88.

MR. BANERJEE: | guess the way it's com ng
out is because of the way you define HC. [It's Tsat
m nus TW

MR, KELLY: Exactly.

MR. BANERJEE: The TG m nus TW you'd get
a different thing.

MR, KELLY: Yes.

MR. BANERJEE: (kay.

MR. KELLY: Now, this is if you | ook at
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filmheating data. |It's a lot of Wlke's data and
some by Ueda and Tanaka. | want to look at the
| am nar part, and it fits that beautifully, okay? O
course, it was developed fromthat data, but it was
basically an analytical solution. So, | could do
that, and what |I'mtal king about is taking this and
t aki ng t he nose-out nodel for that and coming up with
this.

One problem  The problemis those two
nodel s intersect, and |I'm subtracting them in the
denom nator. My denoni nator goes to zero, which woul d
imply ny interfacial heat transfer coefficient goesto
infinity, and I don't want to go there, okay? So,
back up and try again.

If | had a snmooth laminar film this is
sonething | can solve. | can take the parabolic
velocity profile, the linear tenperature profile, and
this is what | get for the bulk liquid tenperatures.
Five-eighths tinme Tsat, 3/8 tinmes the wall. It's
closer to the interface tenperature because that's
where nost of the liquid is because the liquid is
nmovi ng sl ower next to the wall.

If you then convert that into these
Nusselt nunbers, you get the wall to liquid being 8/5

times, the condensationintheinterfacial, 89/3times
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t he condensati on

Okay, that's a fair enough way to split it
out, and that's exactly what |'m going to do. So,
again, it's adding up the resistance of things.

MR. BANERJEE: But this is just a |lam nar
force.

MR KELLY: Right, but that's all |I'm
tal king about right now, is a lamnar falling film

MR. VWALLIS: Does this get rid of your
infinity?

MR. KELLY: Yes. I'mgoing to split them
this way rather than what | did on the other plot.

MR. WALLIS: So you always end up with
somet hing which is finite?

MR KELLY: Exactly. W did the easy
problem W did lamnar falling filns, okay?

MR, WALLIS: Yes, but when you do this
thing, does it still give as good a correl ation as you
showed in the previous slide?

MR. KELLY: Yes. The correlation was for
what we use in Nozhat, which is for the condensation
rate, or the heat transfer across the film How I
apportion it, that total heat resistance to heat
transfer, between wall to liquid and liquid to

i nterface? The only thing that effects is the
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condensat e tenperature. It just noves where that
temperature is between T wall and Tsat, and | picked
it to be where it would be for the | am nar sol ution,
you know, and being ignorant of where it should
actually be. That's what | chose as bei ng reasonabl e.

MR WALLI S: Well, no condensables,
because t hey af fect one of these coefficients and not
t he ot her, presumably.

MR KELLY: Right. | talked about non-
condensabl es briefly on nmy |ast slide.

MR  WALLI S: You haven't done that,
t hough.

MR, KELLY: We're not goingtoget intoit
t oday. Ckay, that will be next time because renenber,
this is work I'mdoing now, as we speak. So, you're
seeing where I am not what |'ve done.

MR WALLI S: This is a homework
assignnent, and it's due next week.

MR KELLY: Well, that's what ny boss
keeps telling ne.

kay, we did a lamnar falling film
That's the easy problem Let's make it alittle bit
nore difficult and go to turbulent falling film

The first problem is the database. I

sinmply don't have turbulent falling fil mdata except
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ones that have been net, averaged over an entire
sur f ace.

MR. WALLIS: That's why |I've seen curves
i ke the one on your slide 48, many, many, many tines
inthe literature.

MR, KELLY: Slide 487

MR. WALLIS: It's a standard thing, the
Nussel t nunber versus Reynol ds nunber.

MR, KELLY: Yes.

MR. WALLIS: Condensati on.

MR KELLY: Yes, there's no --

MR VWALLIS: It's in all the textbooks.

MR. KELLY: |'mnot making a big advance
to the science here. Wiat |'mdoingis tryingto take
sonething that's known and put it inside a two-fluid
card and get it to work in a rational way, not
devel opi ng nodel s fromscratchreally. |I'mtryingto

sel ect nodels that | can inplenent.

So, | don't have local turbulent falling
filmdata. | only have stuff that's averaged, and
then it is polluted, if you will, by so much of the

pl ate being in |amnar.
So, what I'"'mgoing totry to dois take a
turbulent heating data in order to select a

correlation to work with, because | have that data.
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" mgoing tol ook at interfacial heat transfer nodel s,
and the one due to Bankoff is one of the ones |I'm
going to | ook at.

When you add t hese two toget her, you then
can predict the condensation rate, but | don't have a
dat abase to really conpare it to. So what |'m going
to do is take what 1'Il say is a well established
turbulent falling filmcondensation correlation and
use that as ny di scrimnator, and the one |' mgoing to
pick, or at least | think I'm going to pick is by
Labuntsov. But | just said, I1'mgoing to use a well
est abl i shed nodel, and now |' mjust going to show you
there's no such thing.

Here's a laundry list for condensation
correlations in time, okay, from 1933 to '87. They
are all the non-di nensi onal Nusselt nunber interns of
Reynol ds and Fandal | . Noti ce t hat Reynol ds dependence
goes from.2 --

MR. WALLIS: Don't you have anyt hi ng done
by Gernmans, or just probably thorough?

MR, KELLY: By who?

MR. WALLIS: Don't you have G ober, Erk,
and Grigull, or soneone who's done a really thorough
j ob and investigate everything under the sun, and it

works? That's what it looks like, asif these are all
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just looking at partial data. Actually, there's
sonebody who's done a real ly thorough job and pul | it
all together. It's amazingto me. It's such a sinple

problem has so many authors. Then when you pl ot
them they're so different.

MR. KELLY: Right, and you'reright. Part
of it is because they look at different pieces,
i nstead of conprehensive. Now, if we talk about film
heating, WIlke has a correlation that stands the
entire range, but there are two things here. Oneis
t he Reynol ds nunber dependence varyi ng so nuch, and ny
expectation. Now, these are non-di nensional, so we
can actually multiply it by the film thickness.
You' re going to end up changing this Reynol ds number
dependence.

You're basically going to nmultiply by
about .58 to .6. So, you expect sonething a little
bit greater than . 2.

MR. WALLIS: Yes, but if you | ook at the
next slide, you' ve got these plotted?

MR. KELLY: They're everywhere.

MR WALLIS: Well, there's an error factor
of three between the correl ations?

MR, KELLY: Yes.

MR VWALLI S: It's a very, very sinple
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probl em

MR KELLY: | agree.

MR,  WALLI S: It's not such a sinple
probl em unfortunately.

MR. KELLY: Actually, one of ny favorite

papers is one | read just recently. [It's by Palen,
and it's entitled, "What W Still Don't Know About
Condensation.” | enjoyed it enornously.

MR. WALLIS: But, you know, you've got a
scatter here which is 50 percent or sonething.

MR, KELLY: Yes.

MR, WALLIS: And yet --

MR. KELLY: And go pick up a textbook.
One will tell you to use this. One will tell you to
use this. Another one will tell you to use this.

MR. WALLIS: In a two-phase flow, you'd

expect things to be worse. This is a single phase,

isn"t it?

MR, KELLY: This is relatively sinple,
right.

MR VWALLIS: Wwell, it's a free surface.

MR. KELLY: And that's where sone of this
comes in.

MR WALLIS: Soif thelabis vibratingto

shaking, it nmakes a difference, doesn't it, because
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you get waves.

MR. BANERJEE: Wll, to begin wth,
surface tension has to enter. It's called waves,
right.

MR. KELLY: And that's exactly where we're
going. You don't -- let me nove on to the nunber
dependence, and I'll talk about just what Professor
Banerj ee nmentioned. The nunber dependence, well
Col burn doesn't have it, but he |ooked at a fairly
smal | range of panel nunbers. This is enpirical.
Thisistothe one-third, .4, one-half, .65, okay, and
that's a pretty large variation.

What you expect from cooling data, like
you did that kind of stuff, you expect about .4. So,
filmheating is well correlated by .34. He expects
somet hi ng of that order

If he had mass transfer problens, and
you' re tal ki ng about gas absorptioninto liquidfilm
t he Schm dt nunmber dependence normal |y cones out to be
one-half. Where on earth do these things cone from
t hese . 657

Well, and if you look at the data that
they correlated, you need that in order to fit it. |
just read a paper. It's by Al Husseini, Tuzla, and

Chen, and they put together a nodel actually for
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evaporation of liquidfilns. It's one where you nodel
t he boundary | ayers, and in your integrated crossing
to end up with a very conplicated |ooking heat
transfer correlation. Wall boundary | ayer effect and
core turbulence, and then a free surface effect.

What they said is the reason these panel
nunber dependents are all over the map is because
they're not nodeling the right thing. It isn't a
Prandt| nunber dependant that's separating the data.
Instead, it's a wave effect. Wat you' re doing, you
know, sone of these are conpari ng evaporati on of water
to evaporation of oils, which are very thick and
vi scous. What you really need to do i s use a Kapitsa
nunber .

You know, panel nunmber for the thernal
stuff, a Kapitsa nunmber for the wave effects, and
that's not what's bei ng done.

MR. WALLIS: This is aliquid nethyl data
in there, too?

MR. KELLY: No, not inthis. So, that's
what |'mgoing to | ook at when | go to an interfacial
heat transfer part.

It turns out, if you | ook at heating data
where you don't worry about the fil msurface, you end

up with a Prandt! nunber dependence about .34, which
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i s about what you expect, and you don't have this w de
scatter.

Li ke you said, this shows where the
correlations are, and these are all, you know, --

MR.  WALLI S: Vell, if it depends on
wavi ness, it's going to depend on the length of the
per f or mance.

MR KELLY: That's true as well.

MR  VWALLI S: Because if waves are
devel opi ng.

MR. KELLY: Now, these are all nodel s that
peopl e recommend you use, and they're all over the
map. So, for the moment, intrying to pick one to use
as a benchmark to gui de nmy devel opnent, |I'mgoing to
pick the one that's kind of in the m ddle, the one by
Labunt sov.

| could probably pick Solimn just as
well, and it's kind of in the mddle. 1've got, you
know, Prandt!l nunber one and Prandt| nunber two here.
It's not a wide variation, that that kind of brackets
t he water applications |I'mlooking at. You know, two
i s basically saturated water, one at nosphere, and one
covers saturated water, a whol e range.

So what | said | was going to do is take

t he condensati on correl ati on, use t hat as a benchmar k,
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use heating data to select a wall to liquid heat
transfer correlation, gototheliterature, find sonme
nodel s for interfacial heat transfer, add those two
t oget her, and then conpare themto condensati on dat a.

So, what |I'mdoing nowis trying to pick
a nodel for a convection fromthe wall to the liquid
film and we use heating data to do that. This is an
exanpl e of Bay's data. The W ke correl ati on has four
pi ece-w se pieces, and it's kind of a standard in al
of this. It's pretty accurate, and that's the broken
bl ue |i ne.

Gni el i nski is one of the nore recent, nore
nodern ones. It's nmuch nore accurate than Dittus-
Boeter, and in fact, it's what | use in the refl ood
nodel for --

MR. WALLIS: It's forced convection? |
mean, we're talking here about a falling film

MR KELLY: Right.

MR. BANERJEE: But the wall.

MR. KELLY: Yes, and what |' musing nowis
a characteristic of sonething like full scale as a
film thickness. When you do that, what we talked
about, |i ke when we were tal ki ng about Chen, about the
ratio and the hydraulic dianeter of the film

t hi ckness.
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MR. WALLI S: Labuntsov | ooks just |ike the

cl ose convecti on.

MR. BANERJEE: Yes, except the battles to
t he hal f.

MR,  KELLY: Ri ght, exactly. So,
Gni el inski does a pretty good job. It's not quite as
accurate, but I think the behavior is actually better,
and | actually |ooked at a |l ot nore data than this,
and again, renenber | said | want to when | can pick
nodels that | want to migrate over to the nornal
constitiate nodels. So, Gnielinski fitsright inwith
that. So, as long as | knowthe filmthickness, | can
use that and do just as well as a nodel devel oped for
heat i ng.

MR WALLI S: It seens to nme that the
regul ator has a problem here, that you develop all
this stuff and you choose Labuntsov and Gnielinski,
and sone vendor is going to cone along and say we're
usi ng Col burn and Ni ckel gruber or sonebody, and what
do they do?

MR. KELLY: They'd better. Wen you see
the next few viewgraphs, I'm going to say, and the
assessnment will be. Remenber what | said the other
day? Never believe one of these codes for a new

application, unl ess you sat down, and whet her you want
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to call it a PERT or whatever, that you figured out
what the inportant phenonmena are, when they're
i nportant, and what range of paraneters inport and
over.

MR WALLI S Vhich wll cost in
experinments which are sonething like full scale.
Perhaps we're getting there.

MR. BANERJEE: In this case, there are.

MR, KELLY: Exactly.

MR. WALLIS: The giraffes and pandas and
t he whol e nmenageri e.

MR KELLY: Well, and panthers.

MR. BANERJEE: And panthers.

MR. KELLY: VWhich was done in Piacensa.
It's actually the real, full-scale thing. Now, you
don't have the detail ed neasurenents fromit necessary
for nodel resolvenment, but you can assess your node
agai nst it.

MR, WALLIS: It will beinterestingto see
how all these animals fit on your --

MR, KELLY: We'll get there. Thisis a--

MR. WALLIS: Not today, though

MR, KELLY: Actually, | did that once a
long time ago, but | need to, you know, this is deja

vu here. Wien |I first joined the agency in '93, ny
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very first ACRS presentation was on this stuff.

MR WALLI'S: You've cone full circle.

MR KELLY: So | dusted it all off.

MR WALLIS: Has there been any progress
since then?

MR, KELLY: Just alittle. 1've gotten a
little bit smarter, and a little nore cynical.

MR. WALLIS: You got smarter, but is the
result any better?

MR, KELLY: We'll see. So, at any rate,
this is Nusselt, non-di nensional versus fil mReynol ds
nunber. The orange lineis the Labuntsov correl ation.
That's for condensati on.

The blue lineis Grielinski, whichis just
fromthe wall to the liquid. Wen you then add an
interfacial correlation to it, and the one | added
here is by Al Husseini, Tuzla, and Chen. That's from
Lehi gh University.

That produces the black curve, which
amazi ngly enough cones somewhere close to this, that
actual ly surprised ne. So, whenit's fully turbul ent,
it's pretty close.

Wen you go towards the |am nar
transition, it nets down, actually as it should. So,

' mnot too unhappy with this.
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MR WALLI S: This is just a turbul ent

falling film

MR KELLY: Yes, it's a sinple problem

MR. WALLIS: This is step nunber one.

MR. KELLY: It's a sinmple -- well, step
nunber two. Laminar was the first step.

MR WALLIS: Ckay.

MR, KELLY: Well, actually, step nunber
one was getting the fil mthickness right. So, thisis
just the very first one | |looked at. I'mgoing to
| ook at others and then try to pick one, but this
isn't bad, considering what |'ve done to get there.

Then of course it's going to have to be
assessed. Before we do the assessnent, because the
assessnent that 1'mgoing to look at is all sheared
films. That's the condensation data | have t hat nmakes
some sense, particularly the UCB test done by Kunz,
whi ch at | ower vapor Reynol ds nunbers, and in a NASA
Goodykoont z dat a.

| have some ot hers by Ueda and Bl angetti
and Schl under, where they actually measured the film
t hi ckness and the pressure drop and tried to back out
where the interfacial frictionwas. | can actually do
t hese guys on a spread sheet where these I'mgoing to

have to end up doing on a card.
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kay, so where are we? Wen you | ook at
a sheared film the first observation you nmake i s t hat
the heat transfer is hot. It goes way up, and the
reason, what seens to ne and to others, is that the
main reason it gets a lot higher is the film just
sinply gets thinner. If you thin the film down to
next to nothing, your heat transfer rate goes way up.

So, what |'m proposing to do --

MR. BANERJEE: But you al so enhanced your
turbul ence. You get turbul ence at the interface and
at the wall nodel.

MR, KELLY: Yes.

MR. BANERJEE:  \Wereas previously, you
only guarded the walls.

MR. KELLY: And you were danping it at the
interface. Yes, that's true, but as a first shot,
what we're going to do is use heat transfer nodels
devel oped from the following film data, and then
translated to a sheared filmby using the cal cul at ed
filmthickness.

MR, WALLI S: | think that Collier and
Hewi tt and people way back in '69 or sonething. D d
a lot of experinments with annular flow, and the heat
transfer as well. They found they had approached

something like this, but they had to fudge it by a
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factor of about two to get the mssile nunber right.

MR. KELLY: And that's what we're goingto
find out.

MR VWALLIS: A long study of that.

MR. KELLY: Yes, you know, and typically
the approach is to go off and use the Martinelli
paranmeter into sone kind of multiplier. 1 don't want
to do that because |I'malready calculating the film
t hi ckness. What | remenber is sonething |ike a two-
phase heat transfer coefficient ratiois |ike one over
one mnus alpha to the .8. So, we're going to see
where this takes us, okay?

So, thisis the approach |' mgoing to use.

MR. WALLIS: How many years do you have?

MR. KELLY: |'ve only got a couple nore
nmonths. This is the assessnment |I'm going to do, so
|"ve got to get busy and punp sone stuff to Birol, and
he's got to get it inthe code and test it. Renenber,
" mcomng to the end of the presentation, and thisis
the work I'mdoing now. So, you' re getting what |I'm
pl anni ng on doi ng.

MR. WALLIS: That's not very far with the
real problem

MR. KELLY: That's true. On the other

hand, we've corrected the wall drag nodels and the
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interfacial nodels.

MR. WALLIS: You're going to show us the
next slide.

MR. KELLY: Yes. So, this is an exanple
of the approach. This is the data fromthe Ueda, and
it's the Nusselt nunber, non-dinmensional Nusselt
nunber versus fil mReynol ds nunber. What they didis
they were able to back out or infer the |evel of
interfacial friction. Actually, these are non-
di nensi onal val ues.

So as you go froma value of 10 to 40 to
70 to 120, on up to 300, of course the filnms got
thinner, and the heat transfer rates got higher.

Yet instead of plotting it as a non-
di mensi onal Nusselt nunber, we use a Nusselt nunber
we're a little nore famliar with, which is a heat
transfer coefficient times the filmthickness over the
conductivity. It's unfortunate that | wused an
asterisk for tines here, because it looks like it's
t he non-di nensi onal

So, if you use the standard definition of
t he Nusselt nunber --

MR. BANERJEE: \Wose film thickness is
that? Fromthemor --

MR, KELLY: WMeasur ed.
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MR. BANERJEE: Measured.

MR. WALLIS: So the other Nusselt nunber
was in terms of this dinensionless |ength?

MR. KELLY: Right, because that's how you
find condensation data. The rate scale used is the
Nusselt one, the viscous gravitational one.

MR WALLIS: Right.

MR. KELLY: So here I'musing the actual
neasured fil mthickness.

MR. WALLIS: Because you' ve got a sheared
flow rather than the gravity fl ow

MR, KELLY: Right. Now, what that does is
it collapses the data down rather remarkably, given
this scatter you' ve seen in condensation data. Now
not only do they have condensation data. They have
filmthickness neasurements, which are not the nost
accurate thing in the world either.

Then what | did on this plot was | went
ahead and pl otted Gni elinski, and the Gnielinski plus
the ATC interfacial. So, this is what | would have
expected the condensation heat transfer to be, and
you'll notice this data overpredicts it. For some
reason, that |ine happens to go right smack dab
t hrough the mddle of it, which it shouldn't, because

| was saying there's no interface resistance.
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MR. BANERJEE: Ri ght. The | ower, of

course, all your heat transfer is comng fromthe
shear at the wall, right? It's wthout shear.

MR VWALLIS: |'m puzzl ed here.

MR. BANERJEE: The dotted line is w thout
shear.

MR,  KELLY: No, in both of these, |I'm
using the neasured -- well, I"mjust using the film
Reynol ds number .

MR. BANERJEE: Right.

MR KELLY: Okay.

MR. BANERJEE: But the other one is
wi t hout shear.

MR KELLY: Right.

MR. BANERJEE: | don't knowwhat the bl ack
line is. \Were does that cone fron®

MR. KELLY: Ckay, the black line is the
heat transfer coefficient, or Nusselt nunber, fromthe
wall to the liquid. Thisis wall toliquid plus the
interfacial effect.

MR. BANERJEE: Because you sheared the
i nterface.

MR, KELLY: |'ve renoved the shear by
plotting it this way.

VR, BANERJEE: Yes, but the correl ation
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t hat was devel oped, the one you showed us before, was
for turbulent falling liquid w thout shear.

MR KELLY: That's correct.

MR. BANERJEE: So that's what that -- and
you can plot that against the film Reynol ds nunber.

MR KELLY: Right.

MR. BANERJEE: Okay, and that's what
you' ve done there?

MR KELLY: That's what |'ve done.

MR. BANERJEE: Now, when you put shear, of
course, you bring additional turbulenceinadditionto
tending the film

MR KELLY: Okay.

MR. BANERJEE: So, you've got the real
filmthickness down there, but that has to nove up

MR, KELLY: Well, that's a good point.
Thank you. | appreciate that. | hadn't thought of
that. |In fact, | just put these curves on here | ast
ni ght, whichis why it's not in your handout, but yes,
| think you're right. The caveat to that is there's
sone ot her data by Bl angetti and Schl under where t hey
do this sanme kind of thing. | didn't put the plot up
here, but if these points are about 35 percent higher
t han theirs.

MR. BANERJEE: Coul d be many things.
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MR KELLY: And that's why | got --

MR. BANERJEE: Did they neasure the film
t hi ckness as wel | ?

MR KELLY: | don't renenber.

MR. BANERJEE: Because this is a neasured
t hi ckness.

MR KELLY: Right.

MR. BANERJEE: So you have to check that.

MR. KELLY: Right, but I'"mgoing to keep
your commrent in mnd because one of the next things
|'"m going to do is start conparing this to the UCB
data with pure steamcondensation, and then al so the
NASA Goodykoontz and see where this cones, and al so

try other nodels |ike the Bankoff one and see what |

get .

MR. BANERJEE: Because opposite, you'l]l
find with the Bankoff nodel, it's all driven by
interfacial shear. The wall shear is not very
i mportant.

MR KELLY: No.

MR, WALLIS: What's the nessage with this
ATC thing? You add the ATC and the correl ation gets
wor se?

MR. KELLY: For this set of data, yes. |

probably shoul dn't have even shown it, but you know,
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| put it on --

MR. BANERJEE: \Why don't you go back to
your previous slide where you showed these -- yes,
t hat one.

VR. KELLY: So for this, it
under predi cted, but for the shear driven one, it
under predi cted, and you may be exactly right, that
this nodel, because it doesn't take account of
interfacial shear, overpredicts the resistance to heat
transfer at the interface.

MR WALLIS: Right.

VMR. BANERJEE: Now, what is that other
blue |ine comng fronf That's just a forced
convection heat transfer, is it?

MR. KELLY: Wiich I'musing for the wall
to the liquid. In this line is the resistance from
this plus the resistance to the interface. [f 1
applied these as resistances, you would see them
adding up to this, and that would nake nore sense,
yes.

MR VWALLIS: Parallel.

MR BANERJEE: Well, in series.

MR, KELLY: Series, right. So, this is
just the approach I'm going to try to follow and

we're going to see where it | eads next time, which nay
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be a couple of nonths from now.

The next to the |l ast slide, noncondensabl e
gas effect, which is actually one of the main things
for all of this, and if you go to the final report of
t he UCB project, they go through a | ot of nodels, and
inthe end, they | ook at a fusion | ayer nodel and what
t hey cal |l a nechani stic approach usi ng a nass transfer
conduct ance nodel . They showthat for their own data,
that is nore accurate than the enpirical nodels they
devel op fromtheir data.

So, this is the approach I'mgoingtotry
to follow and inplenment, and then this is the
assessnment cases. Now, |'mgoing to do a nunber of
all of these and see how good it is.

So in sunmary, | |ooked at the origina
TRACE nodels. They do a poor job. They overpredict
condensation w th noncondensables present. They
underpredicted for pure steam So, | started the
devel opnent of a constitiative package to be
applicable for ICS and PCCS condenser tubes.

We' ve made i nprovenents to the wall drag

and interfacial friction. |'"ve started | ooking at
condensation and lam nar falling filnms. |'ve chosen
themall for that. 1'mlooking at turbulent filns

now, and | mgoing to be | ooking at sheared fil ns and
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then wuse a mass transfer approach for the
noncondensabl e gas, and then do a relatively |large
amount of assessnent and then have quantitative
metrics.

These are nice as far as quantitative
nmetrics.

MR, WALLI S: Are you going to | ook at

D raf and Pendar and all that sort of thing, too, and

pant her s?

MR KELLY: In the devel opnent of the
nodel, I'1l use the sinple, separate effects test, and
if you will, the validation nodel. That's when we

start expanding it out to the larger, nore interva
facilities.

MR. WALLIS: You've given us a coupl e of
exanpl es here where the codes were not doing a very
good job. You started to try to figure out how to
i mprove.

MR KELLY: Right.

MR, WALLIS: And you've nade sone steps
forward, but you've got some way to go.

MR KELLY: That's true.

MR. WALLIS: So one has to wonder how nany
ot her parts of these codes are in the same state.

MR. KELLY: Yes.
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MR. WALLIS: Now, is it that the rest of

the codes are in fine shape and these are just sone
odd things that weren't done too well because they
didn't matter at the time, or do we have to | ook at a
| ot of parts of the code as well?

MR KELLY: M intent is to | ook at al
the other parts of the code. | nean, like if we're
t al ki ng about small break | oca, for exanple, whichis
a nontraditional application of TRACE Now,
unfortunately, it doesn't even apparently do |arge
break loca very well. That's why | had to do the
refl ood stuff.

There's alot of things inportant in snall
break | oca that TRAC had never been assessed agai nst.
Loop seal clearing, reflux condensation. You know,
all these things have to be | ooked at, and we're goi ng
to do themone at a tine.

I n nost cases, we'll be doi ng conpari sons
from TRACE versus RELAP5, and i f the nodels i n RELAPS
are significantly better, we'll just port the node
over, but tal king about small break | oca, one of the
things you knowis inportant is the |evel swell. W
al ready know fromour assessnent that the interfacial
drag nodel in TRACE was not adequate, and we've made

t he decision to go ahead and replace it.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

276
MR, WALLI S: So that's another exanple

where you had to | ook at fundanentals and you had to
make a significant change in the interfacial drag
nodel .

MR, KELLY: Yes.

MR VWALLIS: It was a factor of --

VR. KELLY: Oh, i nterfacial drag
coefficient, you know, that can be an order of
magni t ude real easy.

MR WALLIS: O major different fromwhat
was assumed before.

MR RANSOM Did | hear that stratified
fl ow nodel s have not been put into TRACE yet?

MR. KELLY: No, there is a horizontal
stratification criteria. How good it is --

MR. RANSOM |'mthinking of the counter
current flow nodeling.

MR. KELLY: Yes, | haven't |ooked at the
interfacial drag and countercurrent flow in a
hori zontal pipe yet, so who knows. | don't know.

MR. BANERJEE: | think he nmeans even the
terns and the equations which are m ssing.

MR. KELLY: ©Ch, no, no, no. That is here.
Yes, the gravitational head due to a void fraction

profile, that's there, so water does run nore | evel --
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seek its own level in a pipe.

MR. RANSOM  Ckay.

MR. KELLY: Yes, if it didn't have that,
you know, that's there, but | nean, these codes have
hundreds of constitiative nodels in them Some good
and sonme not so good. They're terrible. You have to
address the application, and |'mtal ki ng about TRACE
here, but it's true of RELAPS. It's true of the
vendor codes. It's true of any code, and you have to
assess it for your application, and you have to do a
very good job, and whoever is in charge of that code
better be just as inquisitive as you guys are. You'd
better ask the tough questions.

MR, WALLIS: O course if you' d done this
for 40 or 50 years, and you seemto be redi scovering
things that we did a long time ago. |'mtrying to
figure out why the steps haven't been taken before.
Conceivably it's because the regulatory framework is
that an applicant gets sonme young engi neer out of
col l ege and says put together sonme nodels for our
code. He or she puts together whatever they can to
make sonet hi ng work t hat seens sort of reasonabl e, and
if it gives good enough results for the regulatory --

MR, KELLY: You nove on.

MR. WALLIS: -- argunent that they want to
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make about | arge break | oca or somet hing, they get it
approved by the NRC and they don't want ever to | ook
at it again. So no one has any incentive to do
anyt hi ng about it.

MR. KELLY: | won't speak to the vendors
in here but | can speak about nyself and nmy own
experi ence because nost of ny career was spent in a
nati onal |ab, and nost of that as a contractor to the
NRC. \What happens is the devel opnment deadlines tend
to be aggressive because you want results now. You
don't want them a couple of years from now.

Contractors arerel atively expensi ve. NRC
research budgets, these days, are not that |arge, and
so you have to do a very lot with very little staff
power, and if | were a contractor right now and
someone cane to ne and said we want you to put a tube
condensati on nodel to handle noncondensables into
TRACE, chances are they woul d gi ve ne one or two staff
nmont hs of effort, because that's already big bucks.
Two staff nonths is 50, $60,000, okay? If you're
going to give ne two nonths to do this work, and t hat
includes putting it in the code, docunenting it,
changi ng the stuff in the nmanual, how much tinme does
that leave for intellectual curiosity? Not rnuch

You're going to go to the first textbook
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or first journal paper you can find, and you're going
to see a correlation that soneone has referenced and
reconmend it, and you're goingtotry to find sone way
to shoehorn it into that code and get your work done
So you neet your mlestone. | nean, you're going to
do your work as best you can, but you do not have the
luxury to sit there and read a couple hundred
t echni cal papers and educate yourself on one of these
topics. There sinply is no tine, and tine is noney.

MR, WALLI S: Then there's sone nmanager
sayi ng that's good enough, and trying to convince the
agency that that's good enough.

MR. KELLY: Now, |'mspeaking fromthe NRC
perspective. | was an NRC contractor for nost of ny
career.

MR. WALLI'S: You speak fromthat side, but
| think it's very true of industry as well. The
pressure to produce sonething now is probably even
greater.

MR. KELLY: There it's real noney. It's
bottom | i ne.

MR. WALLIS: | | ook at sone of the people
who | know produce sonme of the work, and they really
didn't know very nmuch, and you can see that they put

t oget her things based on what they knew, which is a
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good start, but the thing is they prostelize at the
start. No one goes back and says that was a pretty
poor nodel . It's not really good enough for this
thing. Let's do sonmething about it. It doesn't seem
to be an incentive to do that.

MR KELLY: Well, that's because --

MR. WALLI'S: 1" mtal ki ng about the vendors
nNow.

MR. RANSOM Yes, but hasn't alot of that
been driven by the appendi x Kwhere we're sinply to be
super conservative, and as long as you' re under
whatever the NRC with audit and cone up with, why
that' s good enough

MR, KELLY: But even when you nove into
best estimate space, and | nean people try. Most
peopl e out there are honest and hard wor ki ng and want
to do a good job, but thereis no tinme. R ght now, I
amin a very nice position with the Agency. \%Y
managenent has given ne the job to |look at these
nodel s, and they're giving nme time to spend to go
assenbl e t hese dat abases, go check nodel s out, try to
make some rational decisions instead of just grabbing
the first thing I can find and sticking it in the
code.

" mvery, very appreciative of that, and
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I"mlearning a lot, and that's what nmakes ny job fun
ri ght now

MR. WALLIS: It looks as if there's going
to be a pay-off because you' re getting results which
are significantly different fromwhat was predicted
before, and w Il influence decisions nade about
sonething |i ke the ESBWR probably. So, it's not that
it's just interesting work. | nmean, it has a rea
pay-of f for the Agency.

MR KELLY: Right.

MR. WALLI S: VWhich nmay not have been
appreci ate before. You know, that letting youdothis
woul d have a pay-off for the Agency.

MR RANSOM | think the one thing that
seens still kind of disturbing is, and |I'm not
poi nting at anybody i n particul ar, but you know, after
six years of being at this, you still won't have an
ability to use it in the NRC licensing sense. The
guestion that conmes up to me i s how nuch | onger wl|
it be before you actually achi eve that goal

MR, KELLY: And | would say that depends
upon the application. No, | agree wth you
completely. The first few years of the project were
taken up by things like trying to nodernize the

architecture and trying to bring in TRAC B nodel s,

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

282

things |like the heater conponent, the Chan conponent
with the radiation nodel, the jet punps, et cetera.
That was the first few years of the project.

Then where we really got bogged down was
when we went to be able to do RELAPS i nput decks. As
you very well know, the philosophy behind the
i nterconnectivity of the conponents and the type
conponents are different in the codes. In tryingto
do that --

MR. RANSOM Was that not recogni zed at
t he outset?

MR. KELLY: None of us realized it was
going to be as hard a job as it was. | nean, it's
much, nuch harder than |I'm saying. Wen you try to
map one of these conmponents, even a pipe or a valve,
they don't quite go one to one. Now, put a control
system on top of this, and you're going to map the
control systemas well. That control systemexpects
it to be this junction in this pipe. That doesn't
exi st after you' ve mapped it.

So, you have to map it, redo the contro
system | nean, it gets very conplicat ed.

MR. RANSOM The thing that bothers neis
t he NRC shoul d have realized this because actually,

nost of that framework goes back to the 60's. |t
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started out at General Electric and you know, through
the INELE, and so there's an awful |ot of history
behind that, and probably no real good reason to
change that view of the world.

MR. KELLY: Wen we first started this,
t he i dea of the consolidated code, one of the netrics
was not going to be able to re-use the RELAP i nput
decks.

MR RANSOM Ch, really?

MR. KELLY: Not six years ago. That cane
al ong after one or two years, and we realized that we

wanted to keep the investnent in input nodels. That

rai ses --

MR. CARUSO |'m going to disagree.

MR. STAUDENMEI ER: No, the original intent
wasn't to map everything directly. The origi nal

i ntent was map what you coul d easily, which would be
1D conponent s, pipes, and things | i ke that. Then SNAP
woul d give the user a nessage on things it couldn't
map and tell it you have to do this on your own, and
this is howwe think you should doit. W can't do it
-- 1 can't automate it for you, but thenit was turned
into -- that woul d get you probably 90 percent of the
stuff, 90 to 95 percent, but when it was turned into

100 percent type of thing, that's where the work just
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multiplied by a | ot.

MR. CARUSO The nessage was that the
exi sting decks should not have to be redone. You
shoul d not have to pay a zillion bucks to recreate al
t hose data decks, and if it required a little bit of
t weaki ng, that was all right, but there were, just
bef ore t he deci si on was nade to consol i date t he code,
t here was a bad exanple of going fromone version of
RELAP t o anot her versi on of RELAP t hat nmeant that sone
decks that had just been delivered by a nationa
| aboratory were not able to run in the new version of
t he code, and a substantial anopunt of noney had to be
spent to get those decks run on the next version of
t he code.

MR, KELLY: Yes, | renenber that.

VR. CARUSC. That caused somne
unpl easant ness.

MR. KELLY: And | don't recall it quite
the sane way because | recall nore of a discussion
about, you know, new code versus re-using one of our
codes, and if we're going to re-use one of the codes,
whi ch one. It turned out that TRAC at that tine,
there was a project by the Ofice of Naval Reactors to
noderni ze the architecture of the 1D conponents in

TRAC.
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MR WALLI S: | renmenber that.

MR. KELLY: And that, together w th what
we believe was a nore nodular structure in TRAC
hel ped drive -- and the 3D vessel -- hel ped drive the
deci sion that way. That turns out to have really been
adifficult problemto be able to re-sue RELAPS i nput
decks.

MR. RANSOM | inmagi ne, yes.

MR. KELLY: And with lots of fitful starts
al ong the way. You hear us tal k about things |Iike the
TPR file. That didn't just be perfect in this first
inclination. A whole |ot has been done there. W
have not advanced the state of the art as far as our
comput ati onal capabilities. | mean, zero, okay,
except for bug fixes.

But what we now have --

MR. RANSOM  What's your estinmate? How
long will it take to produce this, put this code into
the licensing arena?

MR, KELLY: Well, if we're tal king about
| arge break LOCA, okay, that may be within the next
year. See how the assessnent goes.

Smal | break LOCA, naybe anot her year after
that. As you saww th Steve's presentation about his

pl ans for the assessnent of the code, this code wll
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end up being better assessed than any of the vendor
codes, but as we start down that path, we're going to
identify deficiencies, and we're going to have to
rectify them

The one thing in our favor nowis the code
really is much, much nore nodern and easier to go in
and make changes than it's ever been in the past.
Conpared to the TRAC code we started with, it's nore
t han an order of magnitude. There are no pointers.
There's no test on bits. Al that archaic stuff is
gone.

It's relatively straightforward, easy to
read Fortran, and you can go in and do your work. W
have the automated testing tools. Mich, nmuch better
qgual ity assurance than we've ever had before, and so
yes, we haven't made t he answers better yet, but we' ve
gotten ourselves in a position where we can

MR. RANSOM Well, | think one difficulty
that may be faced too, and this i s sonewhat newto ne,
too, but licensing is now noving towards its first
conformed regulations, which neans a slightly
different way i n which codes are going to be used. |
think that will still be very inportant, don't you?

You know, good physical nodels will be

important in that framework, too, because that wll
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tend to reduce the ampunt of wuncertainty that's
i nvol ved in any one of these cal cul ati ons.

| think that research is going to have to
you know, bring these codes into that arena, too,
whi ch is a new thing.

MR. KELLY: And Steve just wal ked in the
door, and that certainly is -- he worked as part of
t he best estimte teamat Westinghouse, and has a | ot
of experience in that area, and that's where he's
pushi ng us.

MR WALLI S: |'"m just going to call a
break, not because Steve wal ked in the door. W'l
take a break until 3:30. Thank you very nuch, Joe.

(Wher eupon, t he f or egoi ng
matter went off the record at
3:15 p.m and went back on the
record at 3:34 p.m)

MR KROTIUK: |'mBill Krotiuk, and | work
in research. At Joe's request, Joe Staudenneier's
request, |I'm sort of presenting sonme of the
applications that | have done, specifically using
TRACE, and this pertains to the devel opnent of | oad
i nside the steamgenerator, and fol |l ow ng a rupture of
a main steamline or a feedwater |ine.

The specific guidelines were to use TRACE
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for this analysis, but one of the things that | found
it to do is because of the questions about the
applicability and everything, | wanted to run sone
sensitivity studies with the code and al so to do sone
conmparisons with appropriate tests that would be
representative of the type of phenonena that | would
be seeing inside the steam generator

So, what | ended up doing was that |
wanted to use specific test conparisons to |ook at
test data that would test the code regarding its
ability to follow the acoustic wave transm ssion
t hrough the depressurization process, and also to
assess pool swell effects that coul d occur insidethe
steam generator follow ng the rupture.

The codes that | specifically |ooked at
were Edwards, the very sinple conparison, a LOFT
Sem scal e bl omdown test. Then the nore specific tests
t hat were nore conplicated were t he GE vessel bl owdown
and the Westinghouse MB-2 testing.

MR. WALLIS: All of these tests neasured
pressure wave propagation?

MR. KROTI UK: Ckay, these first two did,
Edwar ds and t he LOFT Sem scal e did. The GE vessel and
the MB-2 were nore attuned to the pool swell

phenonena, and specifically, the MB-2 actually was a
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West i nghouse steamgenerator with two support plates
and the pressure neasurenents requested, and tube
support pl ates.

MR. WALLIS: And will the pressure wave
propagationis very early after the break, presumably.

MR KROTIUK: Right.

MR WALLI S: And the pool swell is
sonet hi ng that happens |ater?

MR KROTI UK:  Later on.

MR  WALLI S: Later on, because it's
different tines altogether?

MR. KROTI UK: Yes, there's different tine
scales on that, and well, I'll showyou that it turns
out one is dom nant over the other.

MR. WALLIS: Ckay. Does he have to start
agai n?

MR, KROTIUK: Ckay. This is just a slide
just sunmmari zing the Edwards pi pe bl owndown probl em
and what | did to try to |l ook at sensitivity, | did
di vide the probleminto different nunber of nodings,
and also did | ook at the two nunerical schemes, the
sets and the nonsets type of situation.

| have, you know, numerous conparisons,
and | just chose two points here. Wth regard to the

pi pe bl owdown, these were two positions near the
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col dest end of the pipe, and this is for pressure and
thisis for basically void fraction. One findingthat
| did in doing this sensitivity study was that the
NOSETS equal s zero, whi ch neans using the SETS opti on
actually provided results that were closer to test
data. Then this was just sone indication of the type
of node size that | needed to follow that acoustic
wave.

MR WALLIS: Now, the acoustic wave is
over in a very short tine.

MR. KROTIUK: That's correct. Yes, this
problemis within the second acoustic wave is over.

MR WALLIS: Isn't it nuch shorter than
that? Four neters |long, and you open the end of it,
and the wave rushes from one end to the other and
bounces of f?

MR KROTIUK: Right.

MR BANERJEE: It's the first wave --

MR. KROTI UK: But don't forget, there are
reflections back and forth, so --

MR,  WALLI S: But isn't the sort of
mllisecond tine range at the begi nning?

MR. KROTI UK: Yes, you get a lot of tine
right here, yes.

MR, WALLIS: Al right.
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MR  KROTI UK But you are getting

reflections.

MR. WALLIS: Areyouinterested for | oads?
Are you interested in --

MR. RANSOM Between that very early phase
range. The long terns of the wei ght propagation. Are
you interested in the | oads on the steam generator?

MR. WALLIS: Are you interested in that
very short part with mllisecond tine scale, or are
you interested in --

MR. KROTIUK: No, I"'minterested nore in
t he one second tine scale.

MR VWALLIS: You are?

MR KROTIUK: Right.

MR. WALLIS: Isn't it the wave that hits
t he steam generator that you're concerned about?

MR. KROTI UK:  No, when you get the pipe
break on say the steamline, which turns out to be the
worst case, you get a depressurization rate of
traveling back and instead depressurization wave
t hat' s goi ng back that gives you the forces onthe two
support pieces.

MR. WALLIS: That's over way in the --

MR,  KROTI UK: Don't' forget, the tine

scale on this is very snall. | nmean, yes, you're
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right, and I do have anot her problem which would --

MR. RANSOM Conpari ng an ei ght nmeter pi pe
with one that, | don't know, is probably 40 or 50
neters | ong.

MR KROTI UK:  Agr eed.

MR. RANSOM \While the time scal e cannot
be conpared directly as far as what's inportant.

MR. KROTIUK: Right, andthisis the first
problem |'mjust trying to get sone sensitivity of
the ability of the code to predict this, andthen|'l]|
go to the next one.

MR WALLIS: My concern was that NOSETS,
whatever it is, that this solution from the code
predi cts what happens after afewmnm|liseconds fairly
well, but it doesn't predict the acoustic wave
propagation, does it? O does it?

MR KROTIUK: It does, and the next case
| show wi Il show you specifically acoustic wave.

MR. WALLIS: kay, thank you.

MR. BANERJEE: Can | ask you a question?

MR KROTI UK:  Yes.

MR. BANERJEE: Inlet's say sonethinglike
t he feedwater |ine break.

MR KROTI UK: Right.

MR. BANERJEE: 1t's subcool ed water |i ke
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the Edwards situation here. In the Edwards
experinment, you don't showit, but |I renenber, since
| know Tony Edwards. There was an incredibly |arge
pressure undershoot. It al nost went down t o somewher e
bet ween around 1.5 on your scal e, before the pressure
came back up. That happened in the first few
m || iseconds.

MR. RANSOM That's at the cl osed end.

MR. BANERJEE: This is at the closed end,
he sai d.

MR KROTIUK: Well, thisis at the closed
end, but that is --

MR. RANSOM Ch, that is the closed end?

MR. KROTI UK: Yes, that is the cl osed end.
There is, and I'm just |ooking at, and as | say, |
didn't make copies of all of the test points. There
i s an undershoot at position 7, which is --

MR. BANERJEE: There was an under shoot at
a nunber of points.

MR. KROTI UK: Yes, thereis an undershoot,
yes.

MR. BANERJEE: Whiere is that undershoot?

MR KROTIUK: It doesn't show up on that
particul ar set of data, but it does show up on sone of

t he ot her ones.
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MR. BANERJEE: Did you predict that

under shoot ?

MR.  KROTI UK: Let nme just |ook very
quickly. 1 don't renenber --

MR WALLIS: It's just the reflection of
a deconpression wave, isn't it?

MR. BANERJEE: No, it's the subcool ed wave
t hat goes through --

MR KROTIUK: No, it does --

MR. BANERJEE: For bubbl es nucl eate, and
it takes a certain time to nucleate the pressure
dr ops.

MR. KROTI UK: Right. Now, the code is not
predi cting that undershoot.

MR. WALLIS: Wat you would get with a
reflected wave in just pure water.

MR. BANERJEE: Ri ght, but a feedwater |ine
break is that, right? | nmean, it's water.

MR. RANSOM | f you didn't get
vaporization, you'd double down, actually. So, it
beconmes very | ow, but vaporization actually keeps it
fromgetting --

MR. BANERJEE: Yes, but the feedwater |ine
is water.

MR. RANSOM Sure, sure.
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MR. BANERJEE: And it will hit that.

There wll be an wundershoot before you start
vapori zati on.

MR. RANSOM  Absol utely.

MR, WALLI S: It's a bit like a water
hammer where the refl ected wave wants to go down to
pressures which are subatnospheric, but it creates
vapor, and it doesn't go down, sub-atnobspheric.

MR, KROTI UK: It's alnost |ike a vapor
formation followed by a collapse, sonething of that
nat ure.

MR. BANERJEE: So, what happens? Do you
feel that the wave that cones from the rarefaction
wave inits reflection for the feedwater line break is
not i nportant?

MR, KROTIUK: It turns out the feedwater
line is not the design case. So, it's not inportant
interns of the analysis that | perforned. The steam
line break turns out to be npbst severe.

But just to el aborate on what you said,
| " ve done ot her work with TRACE, and t hat the probl em
you're alluding to, I have noticed in doing sone of
t he ot her test conpari sons, and that probl emstill has
to be addressed. It has to dowith, as you're saying,

t he fl ashi ng of subcool ed I i qui d as the pressure drops
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and things of that nature.

There are some situations that that --
well, there are problens with the code that it doesn't
exactly handl e that situation.

MR. BANERJEE: Wel |, the reason |' msaying
that is that |' maware of a situation where i n Sweden,
we had to consider the feedwater |ine breakers being
very inmportant, and | ook at the pressure undershoot.
So, I'm surprised you're able to do that w thout
considering it.

MR. WALLI S: Does this pressure under shoot
actually yank the end of the pipe? | nean, it pulls
on it?

MR. KROTI UK:  For the Edwards probl enf

MR VWALLIS: Yes.

MR. KROTIUK: Yes, it will, over a short
time franme, but whether the pipe responds at all is
another thing. It's a dynam c response. | nean, you

know.

MR WALLI S: It's over so quickly that
not hi ng nuch happens?

MR. KROTI UK: That's what |'ve, you know,
wor ki ng over the years with dynam c stress anal ysis
codes, lots of tinmes it doesn't. O course, you have

a dynamc anplification factor that nmany tines you
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apply to static analyses to approach that type of
calculation, and lots of times it's very small. It's
close to one, basically.

MR. RANSOM In fact, it's very difficult
for these kind of codes to predict that because
they're driven by heat transfer to interfacial area,
and when you're in a pure fluid, you have no
interfacial area. So, you have to use sone kind of
seating in order to get the process started.

That's been a i ssue wi t h TRAC because t hey
used to use seating that remained all the tine, and so
you'd see waves propagating at nore nearly the ATM
speed, you know, rather than a pure liquid speed.
This came up in the Savannah R ver water, and | don't
know whether that's been retained in the |[atest
versions of TRAC. It was called like dirty water or
spongy water. That was the word that was used.

MR. BANERJEE: There are two separate
waves that go. One is the subcool ed wave.

MR. RANSOM Right, that's going through
the |iquid.

MR. BANERJEE: And the two-phase wave,
which is the --

MR. RANSOM Acoustic sound of the water,

5,000 feet a second.
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MR. BANERJEE: R ght.

3

RANSOM  Meters per second.

MR. BANERJEE: | nean, that's |ike water
hamer .

MR, RANSOM  Sure.

MR. BANERJEE: So | nean, when you break
this, you get sonething |ike water hammer.

MR. RANSOM COnh, absolutely.

MR KROTI UK: It is. I'm calling it
acousti c phenonenareally, andif you have your water,
it's going to be a water hammer.

MR. RANSOM But the interesting thingis
that if you have spongy water, the wave propagates at
about | ess than 500 neters per second, you know. You
know, 500 conpared to 1000. So, it arrives, and in
fact, if you | ook at those two curves, it |ooks like
it maybe takes twice as long for the wave to arrive as
it does in the data, and | don't know whether that's
true or not. You' d have to blow up that region to
find out.

MR. BANERJEE: So are you telling us that
basically you' re consi deri ng here the steaml i ne break
where the phenonena is not likely to be i nportant but
for the feedwater line break, it's likely to be

inmportant, and that will be tal ked about |ater, or
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what ?

MR. KROTI UK: The steamwater |ine breaks
and feedwater |ine breaks, but when you -- you'll see
when | back cal cul ate t he | oadi ngs on t he t ube support
pl ates, that the | oadi ngs that cone froma steamline
break are substantially higher than anything that
woul d be devel oped by a feedwater line break. So,
it's not of an imrediate concern, even if you have
this deficiency.

MR. BANERJEE: Wy is that? |Is that the
back of the envel ope cal cul ati on, or what?

MR, KROTI UK: That | wll address
specifically.

MR BANERJEE: You will address it?

MR. KROTI UK: Yes, if you just --

MR. BANERJEE: The raptures and so on are
not aggravated by these things? | mean, is the whole
plate that's noving?

MR. KROTIUK: The whole, there's a force
-- yes, there's aforce that builds onthe entire tube
support plate.

MR. BANERJEE: Due to the inbal ance of

MR KROTIUK: Due to the i nbal ance of the

pressure across the plate.
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MR. BANERJEE: And what happens to -- is

there no possibility of raptures of the steam
gener at or tubes?

MR. KROTIUK:  That was the purpose for
doi ng this because ultimately what | didis that after
devel opi ng these forces on the tube support plates,
t he | oadi ngs was transm tted to basi cally peopl e doi ng
stress analysis who would | ook at the stress on the
t ube support plate and transmtted stresses to tubes,
and they woul d make assunpti ons about, you know, was
t here a tube t hat nmaybe was possi bly ruptured or ready
slightly, or whatever, and would that aggravate the
situati on.

So, that's done -- the effects of that is
done on the stress anal ysis portion. M nmain task was
to develop the I oadings for the stress anal ysts.

MR. SIEBER There was a situation where
a couple of licensees rolled the tubes into the tube
support plate that |ocked in there.

MR KROTI UK:  Yes.

MR SIEBER. And that becones a erious
probl em when a steam|ine breaks because as the tube
support plate acts as a nenbrane, it puts trenendous
tensile stress on the tube because it's | ocked there.

Odinarily there's enough cl earance so that the tube
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support plate can go up and down, nore or | ess free of
t he tube except for the chemical crud that's sitting
in there.

MR. KROTI UK: But again, | won't be
addressing that part of this. [|I'mminly concerned
with just the forces devel oped, you know.

MR SIEBER: Did you consider that the
menbrane may have a couple of nodes in it?

MR KROTI UK:  Excuse ne?

MR. SIEBER: The tube support plate? You
know, sone cal culations | have seen shows that --

MR. KROTI UK: No, because |'m not doing
any of the stress analyses. |'mnot doing that for
part of this. This is just addressing the devel opnent
of the thermal hydraulic forces on --

MR S| EBER: This is just to get the
f orces.

MR,  KROTI UK: This is just to get the
forces, correct.

MR. SIEBER. Al right.

MR. BANERJEE: But wi thout the pressure
under shoot .

MR. KROTI UK: Right, without the pressure
under shoot that woul d exi st.

MR. BANERJEE: In reality.
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MR KROTIUK: In the feedwater. | think

this following one is kind of a nice problemthat |
like to use as a real exanmple of nore of what you
would call alnost like a water hamer type of an
effect because this is a test that | had found a
nunber of years ago of the sem scal e bl owdown test,
and it's basically a tank that has a rupture starting
onit. Thisis the initial conditions. Let ne just
show you the figure.

What it is is that we have a rupture at
this location, and unfortunately there were only two
points that the data was taken. One was near the
rupture at this | ocation and one at the end over here.
This was initially filled wth liquid, as | said, and
then ruptured at this | ocation. You could followthe
transm ssi on of the wave back and forth, and you coul d
actually see the initial wave with a reflection, and
S0 on.

|'ve chosen, |'ve done a nunber of
compari sons.

MR WALLI S: So now we're |ooking at
mlliseconds?

MR. KROTI UK: No, we're |ooking at very
short time franes.

MR WALLIS: Right.
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MR KROTIUK: And what | also did is that

a nunber of years ago, |I'd witten characteristics
codes to |l ook at this specifically. It was nodified
to include the two-phase effects. So, | have that

data plotted here, and let's see, that's in blue,
conpared to the predictions from TRACE and then the
solid line is the test data.

MR. WALLIS: Now, is there any two-phase

fl ow going on here, or it's all single phase water?

MR.  KROTI UK: Let ne just renenber
quickly. Wththis, it'stowards the -- 1 think there
was - -

MR WALLIS: It's all single phase water,
isn't it?

MR. KROTIUK: There was primarily single
phase, but | believe there was some vaporization

towards the end of the problem Let me just see if |
can find that. Oh, here we go.

Yes, towards the end of the problem and
this was at what |ocation? Again, | don't have
everything, but towards the end of the problem 1 was
comng up with void fractions, and at this particul ar
| ocation that | see here is naybe between 30 and 40
percent. So, there was sonme two-phase effects towards

the end of the problem
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MR WALLIS: Well, if you're going to get
t hat higher void fraction, then you nust have sone
flow out of the break to nake space for the voids to
formin the vessel

MR. KROTI UK:  Yes. This was shown to, you
know, yes, you woul d get sone flashing as the liquid
is com ng out.

MR. BANERJEE: So if it gets pressure
under shoot here in the single phase regi on, why do you
say you don't see it in the Edwards case?

MR KROTI UK: | didn't see it in the
Edwar ds case, andto tell youthe truth, I didn't | ook
specifically at it, and maybe | shoul d have | ooked
nore closely, but | don't know why at this point.
This did predict this initial undershoot.

MR. RANSOM Those are not necessarily
under shoot at that point.

MR. KROTI UK: el |, it's a
depressuri zati on wave comni ng back

MR. RANSOM You nean under shoot conpared
to the saturation or --

MR. KROTI UK: The under shoot according to
t he depressurizati on.

MR. BANERJEE: Well, one is going through

t he subcooled liquid initially. 1s this subcool ed?
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MR. KROTI UK: Thi s is subcool ed

i qui dati on.

MR. BANERJEE: What happens is that, and
this is well wunderstood now, is it depressurizes
t hi ngs to bel owsaturation, infact, and bubbl es start
to nucl eate, and as they grow, you start to get a two-
phase wave. In order to catch that, of course, we
have to have sonme way to | ook at bubble growth and
nucl eati on as we were sayi ng.

MR. RANSOM Ri ght.

MR. BANERJEE: | nmean, many peopl e have
done work on this.

VMR, RANSOM What you might want to
consider here is he's depressurizing from a small
break into a rather |arge vessel, so the wave is
al ready nmade smaller, tenuated, | guess to a certain
extent as it spreads out and passes down the vessel.
| woul d guess al so you have all of the surface area,
you know, the vessel too, which is creating
nucl eation. The conbination of that, | don't think
you really see much undershoot in this kind of
experi ment .

MR. BANERJEE: It's less than in the
Edwar ds one.

MR. RANSOM The Edwar ds was a whol e pi pe.
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MR. KROTI UK: It was just a straight pipe,

yes.

MR. BANERJEE: Whiere the undershoot was
much larger than this.

MR RANSOM Right.

MR. BANERJEE: But he's also doing the
calculation wth a nethod of characteristics,
presumably initially for single phase flow, right?

MR. KROTIUK: No, | tell you, that code
that | used for that was initially a single phase
code, but | had nodified it nyself and cane up with a
t wo- phase MOC code.

MR. BANERJEE: So how did you do that
wi t hout an undershoot and so on? | nean, did you have
a bubbl e nucl eati on nodel ?

MR. KROTI UK: Yes, | did.

MR. BANERJEE: Okay, so where does the two
phase flow start in this time frame?

MR. KROTI UK:  Probably sonething of the
order around this location here.

MR. BANERJEE: kay, so you're still
sust ai ni ng an undershoot in the single phase |iquid.

MR KROTI UK:  Yes.

MR. BANERJEE: 1|'mjust confused that you

don't seeit inthere wth the experinent, but you see
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it here. You know, we need to rationalize this.

MR. KROTIUK: Yes, | think that that's a
valid concern, and it mght be nmy fault for not just
| ooking closely at it enough either.

MR. BANERIJEE: But also, to get this
under shoot, you need a bubbl e nucleation nodel. It
j ust doesn't happen spontaneously. So, howdo you get
the void form ng? Didyou have a nucl eati on nodel of
sorts, or does TRACE have one?

MR. KROTI UK:  TRACE does approach that,
and to sone degree, but | don't know the details on
that. That's what | was saying, that other problens
that | have show that this nodel does not, you know,
just some work needs to be done on that nodel

MR, STAUDENVEI ER: The TRACE nodel is
undershooting the break flow, and that's how it
computes. It has an undershoot nodel in conputingits
subcool ed break flow. Then the flashing nodel in
TRACE, which is, as Joe Kelly said before, isn't
real |y physically based on anyt hi ng as far as he coul d
tell, is | guess the nucleation nodel for both cells
as they get superheated. But in the break flow
itself, the subcool ed break flow nodel, does nodel
t hat undershoot that you're talking about. | think

it's a Lienhard-Jones or sonething like that.
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MR. BANERJEE: So, that's the nodel which

i s used?

MR KROTI UK:  Yes.

MR. FORD: Could you say sonet hi ng about
the scaling onthis? | notice you say sem scal e here,
and yet it's nothing like the scale of a steam
gener at or.

MR. KROTI UK:  No, | know, but this is the
LOFT -- it's called the LOFT sem scale facility, and

this was a --

MR. RANSOM Okay, well, it's just a tank.
MR KROTIUK: It's just a tank.

MR, FORD: Ckay, well --

MR KROTIUK: [It's not scaled --

MR. FORD: What uncertainties do !l havein

going fromthis test, which you' ve very successfully
predicted, to a nuch |arger problenf ['"'m not a
t hermal hydraulicist, so lead ne through the thought
pr ocess.

MR, KROTI UK:  Well, my thought process on
this was that | wanted to | ook at some applications
that are nore acoustically dom nated and t hen | ook at
some test data that had | onger tinme frames so that |
could see the effects longer out in tine after the

acoustical portion.
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Wien you're talking about pool swell
phenomena with the liquid on the bottomof the steam
generator vaporizing. So, it was done in two stages,
you know, | ooking at two different facts separately.

MR FORD: Ckay.

MR. KROTI UK: Ckay. This was sone testing
using the GE vessel blowdown tests. Initially, this
one had tanks, and this shows the nodalization that
used in TRACE, and this was another tank with the
nodal i zati on. This gives you di mensi ons and pressures
and tenperatures.

What |'ve chosen to do is to just show
-- this was done actually by ISL, this work. | just
chose two points here to show the void fraction at
different el evations within the vessel for one of the
tests, and showing the test data versus the TRACE
predi ctions.

MR. BANERJEE: What TRACE?

MR KROTIUK: At the time | did this, it
was called TRAC-M and so the | abeling is TRAC ri ght
now, but it was just an earlier version of TRACE

MR. SIEBER. Before it was an engi ne.

MR KROTI UK: Before it was an engi ne,
right.

One interestingthing about this one, when
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Birol did the analysis, he did this analysis with a
| evel tracking nodel and wi thout the |evel tracking
nodel . Basically the level tracking nodel did produce
sone better results than without the |level tracking
nodel i ncl uded.

Basically the conparisons, though, were
pretty decent, with or without the |evel tracking
nodel for this particular problem It wasn't a major
concern. Then this is just two points that | choseto
show.

VR. BANERJ EE: You're not really
interested in the long tinme scales here. You're
| ooking at the very rapid --

MR KROTIUK: Well, relatively rapid. |
nmean, you know, --

MR,  KROTI UK: This goes out to 200
seconds, but that's, you know, definitely shorter tine
scal es.

MR. RANSOM  Which test are you show ng
here, the 1004-3?

MR, KROTIUK: [It's the 1004-3, correct.

MR. WALLIS: Thisis different. The break
is in the steamregion.

MR. KROTIUK: The break is in the steam

region, correct. |It's nore |ikely steamline break.
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MR WALLI S:; And the tine scale we're

tal king about here is very different from the
mlliseconds we tal ked about.

MR, KROTI UK: Right. W' re |ooking at
di fferent things.

MR WALLIS: Right.

MR. RANSOM The npst interesting part of
this occurs inthe early time when the | evel actually
swel l's up, and even sone goes out the break, as a
matter of fact. So, there's a void distribution going
up the vessel, which you can't see by just | ooking at
two points. Apparently the bottomis -- this is near
the bottom | guess, at about .25. That's the bubbly
regi nme.

MR, VALLI S: This is like Sanjoy's
chem cal plant where you open a vent and the |evel
swell hit the vent.

MR KROTIUK: Right.

MR. RANSOM And a significant amount of
wat er does go out the break during that, and then the
| ater col |l apses down, and you just get steamfl ow ng
out, which this shows steam flowi ng out beyond 50
seconds.

MR, KROTI UK:  Yes. This test was probably

the nost, the closest application because it is a
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steamgenerator nodel test. Basically there were two
tests that | | ooked at. Again, this was done by | SL,
this particular work. The nodel was, the RELAP5 nodel
already existed, soit was translated to TRACE, and we
| ooked at these two tests. It's a scaled steam
gener at or .

The break is occurring on the top of the
steam generator and basically we are | ooking at the
swel | effects through the steamgenerator. The act ual
geonetries are showna little bit norein detail here.
| just wanted to point out a couple of things, is that
we do have sonme support plates in the steamgenerator
at various locations with pressure sensors along the
central area.

These, anobng ot her conparisons that were
made, | just chose two points across two and three, so
this is a delta P neasurenent across two to three,
with the data in green and the predictions in bl ack.
Then we have six to seven here, which is basically
across the tubes sort of on the top. Again, the
conpari sons between test data and the predictions.

MR,  RANSOM What is happening on the
primary side in this test?

MR. KROTIUK: The prinmary side, since it

was a test, it was sinply a flowrate. | just think
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the flowrate was -- let ne just nake sure if | wote
it down, or | didn't wite it down. The flowrate was
just maintained at the conditions.

MR, RANSOM  Yes.

MR,  KROTI UK: There was a heated flow
comng in here.

MR. FORD: Again, calibrate ne. | heard
early on G aham saying that pressure, changes in
pressure was a relatively easy thing to predict, and
you're seeing here that the system response is
reasonably well done, and yet | |ook at those two
curves, and they'refairly far apart incertain parts.
Am | msreading Gahanmis pronmise to ne that it's an
easy thing to do?

MR, KROTI UK: Wl |, renmenber one thing on
this, isthat we are not -- | didn't plot up absol ute
pressures here. I'"'m plotting up pressure
differentials now, and that's a little bit different

t han sayi ng mat chi ng pressures.

MR.  RANSOM "' m wonderi ng what causes
t hat pressure differential and the change. | nmean, in
the real situation, | guess flow across a tube bank,

and | don't know that nmuch of that is in the codes,
t hough.

MR SIEBER  No.
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VMR. RANSOM You know, in terns of the

obstruction or the drag, and especially to come down
and go back up. [|'mnot sure what --

MR, KROTI UK: Well, there's a certain
amount, and |'I| el aborate onthis alittle bit nore,
but | actually did a hand calculation follow ng an
acoustic wave, starting at the steam generator and
com ng back down. The tinme frame that you' re | ooki ng
at is actually, the time frame for the travel of
acoustic wave length, it does match up.

MR. RANSOM What, going down the
downconer ?

MR. KROTIUK: In other words, |ike say I
woul d have a just for argunment's sake, let's just go
t hrough this one here. Say a break at this | ocation,
you get a depressurization wave that woul d occur at
the break and then travel down the steam generator.

MR. RANSOM How tall is that?

MR. KROTI UK: What were the di nensions on
this? 1 don't renenber that.

MR. RANSOM Twenty neters maybe.

MR, KRESS: Seven neters.

MR, RANSOM  Seven neters.

MR. BANERJEE: Presumably initiates at

time zero, right?
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MR KROTI UK: Well, that tested an

initiate tinmes zero. They sanctioned this --
MR BANERJEE: What is the initiate?
KROTI UK:  Si xty.
BANERJEE: Ri ght, okay.
KROTI UK:  Si xty.
BANERJEE: That's tinmes zero?
KROTI UK: That's the tinme zero, right.

RANSOM  When do you break it?

3 3 3 % 3 3

KROTI UK: That's when the break
occurs.

MR. CARUSO. How do you nodel the acoustic
wave propagation through the steam separator and to
t he dryer?

MR SIEBER  You probably don't.

MR.  KROTI UK: It's the way that you're
using say a controlled volune approach, is that it's
basically resistances, and if you notice on the test,
for instance, on the sem scale test, the danping, in
other words, the damping of the pressure wave is
actual Iy over danped, and the test datais -- and the
predi cti ons when conpared to the test data. So, there
is away that the code is using the shear basically,
the friction within the solution of the conservation

equations that is comng up with drops in pressure.
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MR. BANERIJEE: But the acoustic wave is

traveling at the speed of sound.

MR,  KROTI UK: The speed of sound, or
either steam or if it's two-phased, it would, you
know - -

MR. BANERJEE: Let's tal k about the steam
rate now.

MR. SIEBER Ri ght.

MR. BANERJEE: In the steamline, and as
it"straveling, thefluidis alsoaccelerating, right?

MR KROTI UK:  Yes.

MR. BANERJEE: So U mnus A whichis the
speed of propagation against the flow

MR KROTI UK:  Ckay.

MR. BANERJEE: The fl owreaches the sound
speed, it chokes.

MR. KROTI UK:  And that's when you get the
pressure wave traveling back.

MR. BANERJEE: Travel i ng back.

MR KROTIUK: Right.

MR. BANERJEE: So, how do you cal cul ate
this by hand because in a way, the whole flow is
accel erating, right, sothere' s inertiathat you have
to take into account agai nst that.

MR KROTIUK: Could | answer that i n about
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four slides?

MR. BANERJEE: Onh, okay.

MR.  KROTI UK: In about four slides, |
actual ly have that.

MR. RANSOM One thing that | think is
important hereisif youlike, let's say thisis seven
neters | ong and, you know, even on small speed, woul d
be 100 neters per second.

MR. BANERJEE: 300 Meters per second.

MR.  RANSOM So, anyway, that's only
700t hs of a second, the wave reaches the bottom Mbst
of what you're seeing is a two-phased response, you
know, and probably due to things other than just
acoustic propagati on.

MR. KROTI UK: For this problem yes. For
the other problems, for the semscale, that's
different.

MR. RANSOM Yes, that's different, but
for this one, you know, you' ve got 100 second tine
scal e there.

MR. KROTI UK:  Absol utely.

MR. RANSOM The transient is over, and
nost of the acoustic part is over inthe first second.

MR,  KROTI UK: Ri ght, but again, like I

said, | was | ooking at two different phenonena. | was
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| ooki ng at the acoustic part and | was | ooking at the
pool sl ope part.

MR. RANSOM Right. | think nost of your
changes i n pressure are due flowthat's i nduced within
t he tube bundl e.

MR. FORD: So, |'mbeing a bit thick here.
|"mtrying to understand what this datais telling ne.
On the secondary side of this nodel generator, you've
got a pressure of 1,101 psi absol ute.

MR KROTI UK:  Yes.

MR. FORD: And t hose graphs you' re show ng
there are telling me that the pressure changes by one
psi ?

MR. KROTI UK: Across the tube support
plates, yes. Well, let nme backtrack on that just a
little bit. These are measurenments of absolute static
pressure. So, in actuality, the force on a tube
support plate is not the static pressure difference,
but you have to | ook at the pressures that are due to
the fl ow phenonena through the plate itself.

So, thisis just conmparing, |ookingat the
static delta P, when are you actually cal cul ating the
supports on the tube support pl ates, you have to do --
you have to use the information that is cal cul at ed by

the codewith the velocities, the static pressures and
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all, and calculate the actual force on the tube
support plate.

MR. RANSOM So the void fraction probably
enters into it.

MR. KROTI UK: The void fraction does enter
into it.

MR FORD: The pressure is what you
nmeasure.

MR. KROTIUK: The pressure is what |I'm
neasuring, yes.

MR WALLIS: Regardl ess of the cause.

MR, KROTI UK: Right, but for instance,
"1l show you for this particular --

MR, WALLIS: Not much of a pressure.

MR. FORD: Wiy does it go to zero at the
end?

MR KROTIUK: It's --

MR SIEBER  The anmpunt of water.

MR. VWALLIS: The amount of water? So,
everyt hi ng becones the sane pressure?

MR. SIEBER: Basically your flowis com ng
down | ow enough that you're depleting your nass.

MR. CARUSC Wiat's the maxi mumdelta P
across all of those tube sheets?

MR. KROTI UK: Okay, well that's -- ["lI

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

320

show you. Well, no, there isn't.

MR. BANERJEE: Well, it seens to be .7 or
sonething |ike that.

MR FORD: Point 7 or one.

MR KROTI UK: Hol d on, | et me make sure |
put up the right one. Okay, here. For this one right
here, which is 2-3, so that's the bottom part here.
If I do the calculation to convert the void fraction
vel ocities, densities, everything to an actual force
on the tube support plate, okay, just come up here.
It actually looks like this.

MR.  WALLI S: Pretty small pressure
di fferences.

MR. KROTI UK: Yes, they're pretty --

MR. S| EBER Vell, it's lower in the
generator. |If you were right on the tube sheet, the
vel ocity woul d al ways be zero.

MR KROTI UK:  Correct.

MR. Sl EBER The higher you go in the
st eam generator, the higher the velocities get, and
t he hi gher the DP' s get.

MR. KROTIUK: So, that plate is actually
outlined there, when you back cal culate that.

MR. FORD: So is the conclusion that we

are comng to right now, is that there's not much of
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a pressure across, a bending pressure across that
pl at e?

MR. KROTIUK: That's for this particul ar
plate, right. Now | will try to |ook at an actua
st eam generator design with conditions.

MR. SIEBER. That bottom plate --

MR, WALLI S: Vell, this pressure drop
| ooks as though it's the pressure drop between PO 2
and PO 3, which are pressure taps, which are actual ly
-- what are these units, in centineters and inches?
They're actually two feet apart or something, whichis
one size. |Is this hydrostatic head?

MR, KROTI UK: The hydrostatic head does
enter into it, yes.

MR. WALLIS: That's what it |ooks Iike.
It just |l ooks |like hydrostatic head. It's all that's
happening. So, it's a very mld --

MR, KROTI UK: But this is not hydrostatic
head here. This is the actual force across the plate,
because thisis acalculation, and |"msorry. | could
give you a copy of this. 1 just didn't include it in
the presentation, but this is the actual cal cul ation
of that force on that plate itself.

MR. SIEBER One woul d expect the bottom

t ube support plate for the shock wave to be a higher
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force than the flow

MR WALLIS: This is nothing to do with
shock waves. This is way, way down.

MR. KROTI UK: This is |ong becausethisis
out fromthe 30-second tine frane.

MR. SIEBER The flowis fromthe break.
The shock wave t here probably woul d dom nate, whereas
at the top, it would be reversed.

MR. KROTIUK: No, there's a shock wave
effect on the -- if you wanted to talk about the

pressurization rate.

MR SIEBER |I'mtal king about relative
forces.

MR,  KROTI UK: And actually, 1 Kkind of
di sagree with that. | think you're going to have,

fromwhat |'ve seen, you actually have a bi gger force
on the top than you do on the bottom and you m ght
actual ly get a force reverse on the bottom possibly.

MR. SIEBER: Ckay. | think that's what I
sai d.

MR. KROTI UK: Ch, okay. |Is that what you
wer e sayi ng?

MR FORD: Now, | assume that these
differential pressures across the tubing will depend

on the design of the holes, et cetera?
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MR. KROTIUK: It depends upon the design

of the tube support plates. That's a criteria, yes.
That is a --

MR. FORD: Is it by much? | nean, it's
not much of an argunent to change, but does it change
it much? If you had a quatrefoil type hole.

MR. SIEBER. It nmakes a big difference.

MR,  FORD: A big difference, | would
i magi ne.

MR, KROTI UK: | didn't |ook at other
dr awi ngs.

MR. SIEBER  The drilled support plates
don't have nuch of a flow area. There are sone extra
holes in there where they aren't there.

MR. KROTI UK: Specifically for -- yes.

MR. SIEBER. But the flow area is pretty
smal |l . The quatrefoil, you openit up by you probably
increase the flow area, available flow area by a
factor of ten.

MR WALLI S: There nust be sonme flow
t hr ough these pl ates.

MR. KROTI UK: Yes, there are fl owthrough
the plates, yes. There are actually holes that are
drilled through the plates.

MR. SIEBER Yes, they're there to avoid
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t he normal differential pressure you woul d get during
t he operati on.

MR KROTIUK: That's correct.

MR. S| EBER But the flow through the
hol es where the tubes are is generally either non-
exi stent or very |ow It's not high enough to
typically clean the product.

MR, VWALLIS: It flows through somewhere
el se then. There nust be other holes.

MR. SIEBER. Well, you can go around the
outside. They can go through the drill hol es.

MR, KROTI UK: Through the flow hol es
There are flow holes in the plates.

VR. WALLI S: Isn'"t this pressure

differential sinply the pressure drop throughthe flow

hol es?
MR KROTI UK:  Correct.
MR VWALLIS: That's all it is.
MR. KROTIUK: That's correct. That's it.
MR. SIEBER. That's right.
MR, KROTI UK: But it's not the static
pressure. That's what | was just tryingto -- it's a

pressure drop through the fl ow hol es, which includes
any gravitational effect, any frictional effect, and

the accel erati on effects.
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MR WALLIS: Right, but it seenms such a

smal| value. |Is it a problenf

MR  FORD: That's why |'m asking the
guestion. And you're going to get to the real answer
any mnute.

MR KROTI UK:  Okay.

MR. SIEBER Part of the designis so that
you can acconmpdate this boiler, you know, because
that's what it does during nornal operation, and the
outsi des of themare not closed in.

MR. FORD: | think the original concern
was i f you have a neans to, you m ght break the whol e
tube sheet. It's going to buckle from-- just because
there's always that chance.

MR. S| EBER That's different. The
differential pressure on the tube sheet is 10,000
pounds, and when you renove the secondary pressure,
you have --

MR. FORD: Across the tube itself.

MR. SIEBER. No, the tube sheet. |If you
| ook at the channel head in this sketch here, it's
2000 pounds in the channel head, and once you have a
steamline rupture, the secondary side goes to zero.

MR KROTI UK:  Yes.

MR SIEBER So that will push the tube
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sheet up.

MR,  WALLI S: You're talking about a
di fferent tube sheet, aren't you? Tal king about the
bott om of the whol e thing?

MR S| EBER  Yes.

MR KROTI UK:  Yes.

MR. WALLIS: But he's tal king about the
separ at ors.

MR. SIEBER: No, he said the word tube
sheet .

MR. RANSOM He neans t ube support pl at es.

MR. KROTIUK: What |'mlooking at is the
t ube support plates, but you're right regarding the

t ube sheets.

MR SIEBER  Peter said tube sheets.

MR KROTI UK: Tube sheets is different.

MR. S| EBER: Tube support plates are
different.

MR. FORD: Tube sheet is a nassive thing.

MR. SIEBER. But it bends.

MR, FORD: Yes.

MR. SIEBER: It's not designedto take the
full RCS pressure.
MR, WALLIS: kay, but in the steamline

break, it does, doesn't it?
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MR. SIEBER: It does, and it will distort

but not fail.

MR. BANERJEE: And the tubes wll not
rupture, either.

MR SI EBER That's correct, because
there's, you know, it's a factor of three margin on
t he tube.

MR. BANERJEE: Even if they are slightly
det eri or at ed.

MR. SI EBER. Whien they had the steamline
break at Turkey Point, the tube sheet was bent. |
nmean, it was bowed up, and bowed up enough to break
the weld on the divider.

MR. WALLIS: | don't knowwhat GSI 188 i s,
so | don't know what question is being asked. That's
probably one of ny problens.

MR. KROTIUK: Well, | think, as | said,
t he i nportant aspect that I'mlooking at is sinply the
devel opnent of the ti me dependent | oadi ngs on t he t ube
support plates within the steam generator.

MR, WALLIS: kay.

MR,  KROTI UK: Okay, to take this
conmparison a little bit further, | took an analysis
that was done on a Wstinghouse Mdel 51 steam

gener at ed t hat Westi nghouse had done usi ng TRANFLO and
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RELAP5. |'mbasically going to repeat that anal ysis
wi th TRACE, and | ooki ng at condi ti ons of hot standby,
100 percent power, and then two steamline break sizes
and one feedwater |ine break size.

This represents a full guillotine break
and a full qguillotine, and this is deep flow
restricted break.

| have | ooked at sone generated forces,
not only against the tube support plates, but of
course primary tube where they bend and also of
course, the cylinder around the -- in the steam
generator itself. "1l only present tube support
pl at e val ues.

MR. SIEBER Right.

MR KROTIUK: This is the actual steam
generator, and we have tube support plates. Let's
see, one, two, three, four, five, six, and then seven.

MR. S| EBER There are supposed to be
seven. That's a Mddel 51

MR KROTIUK: That's a Mddel 51

MR. SIEBER. Ckay.

MR, KROTI UK: And this shows the
nodal i zati on of the secondary siteitself, andthisis
showi ng the nodalization on the primary side with the

heat transfer nodes, representing the tubing itself.
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MR SIEBER Right.

MR. RANSOM Jack, are those baffle
plates? Do they extend all the way across the two
banks, or do they cause cross-flow?

MR S| EBER No, they go all the way
across, but not to the wapper. Inthe outside of the
wrapper is the downconmer. So, there is flow space
bet ween the inside of the wapper and the outside of
t he tube support plates. Plus, there's also holes
drilled in there, their slots.

MR. S| EBER: In fact, from what |
understand, they just really fit. Internms of support
pl ates thensel ves, they only fit onlittle |l edges, and
maybe tack wel ded or sonething of that nature.

MR SIEBER Ckay, it's not a strong --

MR. RANSOM They're not baffles. They
cause cross flow

MR. WALLIS: They're to vent flowinduced
oscillations? |Is that what that --

MR SIEBER  Pardon?

MR. WALLIS: Didthey have to prevent flow
i nduced oscillations at the tubes?

MR S| EBER  Yes.

MR,  KROTI UK: kay, let nme show you a

compari son. What Westinghouse had found in their
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analysis is that the full double ended -- I'msorry,
the guillotine steamline break produced the | argest
forces, and this day, the concl usi on was based on al so
t he TRANFLO or the RELAP5 anal ysi s.

What |'mpresenting here is a conparison
of what Westinghouse presented wusing TRANFLO
calculated wusing RELAP5 and then the TRACE
calculations. This is for the guillotine steamline
break, and then on the bottomhere, |I al so presented
it for the limted fl ow steamline break. These are
compar ati ve. This one is a slightly different
scenari o.

MR. WALLIS: Are these |oadings at sone
particular tine in the transient?

MR. KROTI UK: These are t he peak | oadi ngs
on the tube support plates. Now, what you could see
here is that that top plate can get a fairly
significant | oading on it.

MR S| EBER  Yes.

MR.  KROTI UK: And this is, again, the
wor st case, and you' re tal ki ng about 9 psi across that
pl at e.

MR. RANSOM What does Westinghouse
believe? | mean, TRANSFLO is quite a bit |ower.

MR KROTI UK: Yes, | can't trust what

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

331
TRANFLO i s doi ng.

MR. RANSOM That's t he Westi nghouse code?

MR. KROTI UK: That i s a Westi nghouse code.

MR. FORD: Now, when you say you don't
trust it, what was your basis --

MR. KROTI UK: | don't know nmuch about it.
The results are so different from either RELAP5 or
TRACE.

MR. RANSOM  Westinghouse believes.

MR KROTIUK: Well, in the report that |
have from Westi nghouse, they had originally reported
the TRANFLO results, and then subsequently did the
RELAPS anal ysis because it isinplied-- it didn't say
directly, but it was inpliedthat they thensel ves were
questi oni ng what was com ng out of the code, out of
TRANFLO.

Subsequently, they instructed their, you
know, their plants to anyone who was doing an
analysis, and | have a copy of all of the reports.
Al'l of the subsequent reports were done usi ng RELAPS5,
subsequent anal yses.

MR. RANSOM Well, the agreenent between
TRACE and RELAP5 woul d ki nd of indicate that somet hi ng
may be wong with the other one.

MR. BANERJEE: Wll, you don't know,
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because TRACE and RELAP5 are sim | ar.

MR SIEBER  They're actually the sane,
are they not?

MR,  STAUDENMEI ER: The thing about
TRANFLO, this is Joe Staudenneier. | was in NRR when
they first submitted a calculation like this wth
TRANFLO, and it had no code assessnent at all, and
they refused to assess it, so we refused to approve it
for the application.

MR. SIEBER: There you go. |Is that what
gaverisetothe flowrestrictorsinthe outlets, this
cal cul ation, or was that before that?

MR. STAUDENMEI ER: | don't know what gave
rise to the flow restrictors, but it wasn't this
cal culation that gave rise to them | don't think.

MR SIEBER Al right.

MR. FORD: But the reason, quite apart
frompride, we're saying that TRACE and RELAP, whi ch
are the sanme, is the correct answer rather than
TRANFLO, is because of the agreenent you see in this
nodel test, this one here?

MR KROTI UK:  Yes.

MR. FORD: But you haven't seen or done
equi val ent anal yses of this test for TRANFLO, because

you don't have access?
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MR, KROTI UK: Don't have access to the

code, no.

MR, WALLIS: TRACE and RELAP are supposed
to be equi val ent, and sonme of these nunbers are quite
different. 3.2 psi isn't 1.16 psi, and 2 psi isn't
1.15 psi. I'mnot quite sure what to conclude from
this.

MR. STAUDENVEI ER: The one thing that
hasn't been discussed is these are real sensitive.
When the steam generator starts flashing, it has to
deci de where the stagnation point is, and then from
that point, flow will go up and then flow will go
down. So, part of the bundle floww |l be going up.
The other part flow will be going down, and up the
downconer.

MR WALLIS: That's negative pressure.

MR. STAUDENMEI ER:  That's right.

MR KROTIUK: That's right.

MR. STAUDENMEI ER:  In that the answers,
t he peak load i s real sensitive to where that point is
where the flow splits. If you want to do a true
boundary calculation, vyou could block off the
downcomner, make all the flow go up through the tube
sheet, and that would give you a peak | oad.

MR KROTIUK: |'Il address that. | have
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a slide that actually tal ks about that.

MR. SIEBER That's why you get negative
nunbers in these | ower nodes.

MR. KROTIUK: And I'lIl address that in a
little bit nore.

Just to sort of conplete the picture here
internms of the TRACE cal culations, this table sinply
just presents the range of breaks that were | ooked at,
t he steaml i ne breaks and t he feedwat er | i ne breaks at
t he hot standby and in 100 percent power conditi ons.
So, the conclusion that was originally given, that
this was the nbost severe case, was borne out by what
TRACE sai d.

MR. SIEBER: That's a doubl e ended break
t here.

MR,  KROTI UK: Doubl e ended steam |ine
break, right, at hot steamline.

MR, WALLI S: VWhich is what you m ght
expect, that the biggest hol e gives the bi ggest | oad?

MR KROTI UK:  Yes.

MR. SIEBER No, well, you woul d expect
these results fromthat kind of a break, but you woul d
not expect that kind of a break as the primary
initiating event. More likely have a break in a

bolted joint |ike a water safety val ve was bolted on
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or sonething like that, as opposedto the pipeitself.

MR. KROTI UK: For that nost severe break,
and what | previously listed on the tables were these
maxi mum val ues. To show you what the actual
transients | ooked like, and this is the tine frame of
two seconds. You can see the highest | oading was on
t he top tube support plate, and you can see t he slight
negati ve | oading on the | owest tube support plate.

MR. WALLIS: Are these support plates just
rest on sonme sort of a --

MR, KROTI UK: Just a | edge.

MR. WALLI S: They nay bounce on the | edge?

MR. SIEBER. No, there is threaded stay
rods that separate them So, they're, you know, they
don't all fall through the bottom

MR. WALLIS: They mi ght pop the stay rods?

MR SIEBER  Pardon?

MR. WALLIS: If this load is big enough,
you m ght break the stay rods? 1Is that it?

MR KROTIUK: Well, that's --

MR SIEBER | would doubt it. | think
it's designed to be sturdy enough so that that doesn't
happen under steamline break. The nore likely thing
woul d be that the tube support plate would act as a

menbrane and get into sone oscillatory node where it
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pi nches the tube and pulls the tube.

MR. KROTIUK: That's a primary concern,
but again, that's what the stress anal ysts woul d be
| ooking at because they would be |ooking at the
novenent of the plate.

MR SIEBER Right.

MR. KROTIUK: Now, as a further check on
this, what | did, there was a conservative boundi ng
calculation, andthisis nowwe're going to be tal king
about the transm ssion and reflection of acoustic
waves.

To show that this phenonmena really was an
acousti c wave phenonena, what | did is that | used
Moody' s approach for just cal cul ati ng bl ondown froma
basically a tank of liquid, and fromthat approach
you coul d cal cul ate a val ue for the depressurization
wave upstreamof a break, and then doing -- thisis a
t edi ous, hand cal cul ati on where |I'mactually | ooki ng
at relative fl owareas between the pipeintothe steam
generator into flow restrictions in the steam
gener at or and SO on, to follow how the
depressuri zation wave would be transmtted or
reflected on these various objects.

Then coming finally to the tube support

pl ate, knowi ng the val ue of that pressure at the top
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of the tube support plate, and assum ng at an i nstant
of tinme that the pressure underneat h has not changed,
and then coming up with a result in delta P across
t hat tube support plate, and thenfollowingit down to
t he seven-tube support pl ates.

The one caveat of this is that | didn't
foll ow what you were tal ki ng about, the transm ssion
of a wave back down t he annul ar area. Now, | did that
for only one poi nt because that started gettingreally
very tedious to follow by hand.

MR. S| EBER Yes. That's probably a
secondary effect anyway, is it not?

MR, KROTIUK: Well, 1I'lIl show you. For
that one value, 1'Il show you the compari son.

MR SIEBER Al right.

MR. KROTI UK: Now, this is the conparison
of the Moody cal culations, initial conditions, and
then for the guillotine steamline break and for the
restricted area steamline break, and | just put here
the TRACE cal culated results at standby 100 percent
power conditions, and just the various conparisons.
For instance, the maxi mum break flow rates, and the
di scharge pressure, which is really the initial
depressuri zati on pressure.

Then for the linmted break, which has a
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now FL over D factor in it in terns of the Mbody
nmet hodol ogy, and t hen conpari son of the fl owrates and
t he pressures at di scharge.

Now then using this data, | did a hand
calculation for the forces on the tube support pl ates,
and for the two cases that | | ooked at, the guillotine
steam line break and the limted area steam line
break, these were the conpari sons, and you coul d see,
| just again listed for the hot standby and 100
percent power condition, the conparison of the
cal cul ated pressures across the tube support pl ates.

Basically at |east they are sonmewhat in
agreenent. Now, one of the things that | was
concerned about is again this bottom plate and the
fact that | didn't calculate for the depressurization
com ng down the annulus area. So, | did that
calculation to adjust for that, for the annular
feedwater area, and cane up with this reduction in
pressure using the Mody approach. So, it comes out
from3 psi to 1.6 psi across that bottomplate, just

MR SIEBER  This is pushing.

MR,  KROTI UK: No, this is pushing up
because it conmes -- this is a --

MR. SIEBER:. The other one is a vacuum
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so, it's pulling.
MR. KROTI UK: This is actually pushing up
right here. This one is actually pushing down.
MR. SIEBER Right.

MR. WALLIS: This is acoustic wave i n pure

wat er ?

MR KROTIUK: This is --

MR, VALLI S: It goes through in the
tenuators. It goes through the holes and --

MR,  KROTI UK: It's through steam and
wat er .

MR VWALLIS: Steam and water?

MR. KROTI UK: Right, because the top of
the steam generator will have steamin it.

MR, WALLIS: Ckay, so this is basically
propagati on through with the two-phase m xture which
is there when the break occurs?

MR. KROTI UK: Correct, and again, | cane
up with an appropriate sound speed to use for that.

MR WALLIS: kay.

MR. KROTIUK: That application. Just to
indicate again, this is the again, just show ng the
conmpari son for that hot standby condition with the
full break, the conparisons between TRANFLO, RELAP,

TRACE, and the Mbody acoustic cal cul ati ons.
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MR. SIEBER: Now, the Mbody and what ever

ot her one you pick are additive, right?

MR, KROTI UK:  \What do you nean?

MR. S| EBER You would add the two
together? You have one due to flow and one due to
shock.

MR KROTIUK: No, this is the --

MR. SIEBER That's the differential, or
isit --

MR. KROTIUK: This is the differenti al
pressure across tube support plates.

MR. S| EBER It's the absolute value
i ncluding both effects?

MR WALLIS: This is shock. This one's
due to shock.

MR. KROTIUK: This is the absol ute val ue.
This is due to the --

MR WALLIS: This is the shock one.

MR. KROTIUK: This is the one due to the
travel of the acoustic wave.

MR. WALLIS: The shock, right.

MR KROTI UK: Right.

MR. SIEBER Right.

MR. WALLIS: And the flowis the different

probl em al t oget her.
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MR. KROTI UK:  Yes, but you know --

MR. S| EBER: It occurs at a different
time, too.
MR KROTI UK: Yes, but there is a

rel ati onship, you know, because as the wave is

traveling --

MR VWALLIS: This is the flow

MR, KROTI UK: Yes, this is the flow,
right. So, you could calculate a force across the

tube support plate by, you know, two different
nmet hods. One i s | ooking at the pressures at the exact
top and bottom of the tube support plate or by
cal cul ating the pressure drop.

MR. WALLIS: The CV and the delta P and
that sort of stuff.

MR KROTIUK: Right.

MR, SIEBER.  Ckay.

MR, KROTI UK: And this was for that
smal | er break size, the steamline break size again,
conmparing again, calculations with TRACE, RELAP and
TRANFLO.

MR. SIEBER: Now that's about the size of
a safety valve flange, right, that 1.4? The big one,
an agents val ve?

MR KROTI UK: Yes, | don't renenber
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specifically.

MR WALLI S: Now, all these wave
propagati on net hods assune t hat the netal surfaces are
not conpliant? Then you | oad the support plate with
t hese | oads and see what they do. In reality, the
support may be conpliant, and that hel ps to attenuate
t he wei ght.

MR KROTIUK: There will be --

MR VWALLIS: This is in the nodel

MR. KROTIUK: There will be sone effects
of that, and | have read reports about codes that do
the fluids, acoustic and the structure. I n other
words, it does it sinmultaneously.

MR, WALLI S: It doesn't gain you nuch
does it?

MR. KROTI UK: 1t depends upon t he probl em
|"ve seen --

MR VWALLIS: In this case, do you think?

MR KROTIUK: No, in this case, no, but
there are problens that have seen that effect being
i mportant.

So, this is the last viewgraph that |
have, and basically I'mjust trying to, again, show
what | was trying to do, is generate the forces on the

internal forces in the steam generator due to steam
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line break or feedwater |ine break. Use TRACE to do
the cal culations. Seemto predict results that were
consi stent with both the RELAPS cal cul ations and with
t he conservative hand cal cul ati ons.

It does appear that the | argest forces on
t he steamgenerator were due to the acoustic effects,
not to the long termfull swell effects.

MR. FORD: But even so, they're very | ow
for the tube support rates.

MR. KROTI UK: Yes, well, you're talking
about 9 psi. Do you consider that |ow?

MR, WALLI S: It depends how well it's
secur ed.

MR KROTI UK:  Yes.

MR. SIEBER. It depends on how big the
t ube support plate is. N ne pounds over a big area is
alot.

MR. STAUDENVMVEI ER: Actual |y, the ori gi nal
probl em too, was that there were these cracks hi dden
underneath where the tube went through the tube
support plate, andit was a cal cul ation of if the tube
support plate noved far enough to expose the crack,
and then it woul d open up.

MR SIEBER: This sounds |ike the work

t hat was done when t he DPO and st eamgener at ors was - -
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MR, WALLIS: But if the support plate is

going to nove enough to do that, then you've got to
put it into the analysis, because its conpliance is
going to affect everything.

MR KROTIUK: Well, it depends how nuch
you cal cul at e.

MR.  STAUDENVEI ER: It's going to nove
about a quarter inch or sonething |ike that.

MR KROTIUK: Yes. You calculate it's
going to nove. | nean, | happen to know, you know,
the stress analysis has been done, and | happen to
know t hat novenment was not --

MR WALLIS: Not very much?

KROTI UK:  Not very much, no.

VWALLI S:  Ckay.

2 3 3

KROTI UK: I n fact, they sort of cane
up with the conclusion that it wasn't really a
probl em

MR. WALLI'S: So there's nothinginthe new
cal cul ation that would make us think it is a probl em
Was that sufficiently different fromthe old one?

MR.  STAUDENVEI ER: | guess the other
assunption in it is that the tube would stick at its
maxi mum defl ecti on by sone crud buil d-up because the

maxi mumDP isn't right at the steamline break. It's
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actually -- that's not too big there, and they woul d
eval uate this break-up in criteria at the maxi mnumDP,
whi ch as 2500, which was after the steamgenerat or had
totally blown down and they had refilled the system
wat er solid because of sonme other failure, and it
would go up to the primary safety valve |imt,
essentially, and that was the DP they used, and they
used the peak port plate deflection that happened in
the first second or so, and assuned that it | ocked
t here.

MR. FORD: And | assune that sone tests
woul d have been done at Argonne or wherever, to see
whet her the deflection in the plate at the hole,
assum ng that you had a circunferential vector site
crack inthat crevice where that didn't just shear off
t he tube.

MR. STAUDENMEI ER: | don't know anyt hi ng
about that.

MR KROTIUK: That's not in our area.

MR. SIEBER: Not for the DPO. | renenber
the calculation because they had graphics of the
notion of the tube to port plate.

MR. CARUSO | believe that's what we're
going to hear about in February.

MR WALLI S: So this GSI has not been
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resol ved?

MR. KROTI UK: That's correct. Februaryis
pl anned for a person to present.

MR. Sl EBER: It was very interesting.
Thank you.

MR. KROTIUK: But as | said,, the main
purpose of this was to show an actual application.

MR. SIEBER.  Yes, well, | think we had
seen it before from the other end where we were
| ooking at the gross effects as opposed to howit was
calculated. This fills in a lot of the bl anks.

MR, KROTI UK: Ckay, good.

MR WALLI S: Ckay, are we through for
t oday? Thank you very nmuch. This is just for your
i nterest.

| don't think we're witing a letter.
This is part of our investigation of this code. CQur
intent was to have a neeting today, and have anot her
neeting and another neeting, and three or four or
what ever, and really to nake sure that this code is
com ng along, to see if we could add val ue i n any way
to what you' re doing.

If it were appropriate, to say at this
time that things are good or bad, or you need to

change direction or anything. W mght want to think
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of witing on that. | think the intent was so we
woul d not have a full committee and wite a letter
unl ess the subconmttee thought it was really
necessary.

W will mke a report to the full
conm ttee on what we have seen here.

MR. BANERJEE: When is the letter due?

MR. WALLI'S: | think theinmmedi ate concern
we have is we have to wite a research report where we
eval uate the research that's been going on, and this

woul d be input to the research report, which is being

witten now. That's where there would be an
i nfluence.

MR. S| EBER Qur coments are due
tomorrow. |I'mnot sure | have the draft.

MR, WALLIS: Wbuld ny coll eagues |ike to
make comments nowt hat woul d be fed back to the staff,
and it would help ne, too. | have to make the report
to the full comnmttee. Wuld you like to nake sone
comrents now?

MR. RANSOM  Well, |'m encouraged. You

know, | think that the effort certainly is better off

than I thought it would be, | guess. At the sane
time, it'sstill alittle disturbing that we've spent
six years and still, you know, and probably two to
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three years nore before you can really utilize this
thing in a regulatory framework, but that's | think
the state it's in, and at this point, there's really
no goi ng back. | nean, you have to finish the job.

| think there are a fewissues that we can
certainly take up in future neetings and maybe add
val ue, as you say, in terns of some of the energy
partitioning, some of the nonentumtreatnent. | guess
those are the major areas that | see right now.

| think one thing that the NRC ought to
t hi nk about is independent assessnment of the code.
It's unusual to have t he devel opers actual |y doing t he
assessnment, and | guess there is sone independent
assessment being done by the ISL contractor, which
provi des a neasure of i ndependence, but you'd like to
be able to | ook at the warts as well as the successes.

| know that from a devel opment point of
view, just fromm own perspective, you always try to
show your best, and put your best foot forward.

MR, WALLIS: | thought we saw sonme warts
today, didn't we?

MR. RANSOM  Par don?

MR, WALLI S: Didn't we see sone warts
t oday?

MR RANSOM Well, | think we saw a few,
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but it kind of makes you wonder if there really are
nore serious warts sonewhere.

MR SIEBER W were shown a few.

MR. RANSOM That's all | had.

MR. FORD: M concern yesterday was that
| didn't have any cl ear i dea of what the definition of
success was, the quantity to the expectation of
whet her the TRAC or the TRACE was any better than the
exi sting codes. Steve put that concern to bed
| argel y.

My reconmendat i ons on that i ssue, interns
of the quantification of success, it returns to
accuracy, cones fromny nuch aligned col |l eagues who
see materials as scattered all over the earth. I
guess they are.

The first thing is that | hope sufficient
attention is given to the quantity of data agai nst
which the code is being assessed. | still find it
curious that we allowlicensees to get away with just
one set of data.

The ot her question is the quality of the
data, its relevance to the reactor, and the quality of
the systemdefinition. That cones directly out of ny
mat eri al s background because | ' msure it applies here.

| think the metric of accuracy shoul d be
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the mean and the variance of the ratio of the
cal cul ated t o observe paraneter for the PCT or whet her
the reflood tenperature or whatever. You have to
assess if that nean is closer to one and the vari ance
is smaller then those cal cul ated for RELAP or TRAC, P
or B, and | think the acceptability of criterion
shoul d be sonewhat |ike the sigma nethodol ogy, that
t he variance should be small enough where you don't
have any risk for the outlines.

MR. KRESS: Well, | thought | sawa | ot of
progress since the last tinme we reviewed, and | too am
encouraged that they're on the right track. Wen they
get to the point where they've got the architecture
ri ght and the SNAP wor ki ng correctly and the glitches
out of the code and the nodel s corrected to where t hey
t hi nk we have sone good nodels, then | think you need

to start thinking about having a built-in uncertainty

capability.

| think | would give that highpriority to
the code. | don't think that's part of the program
right now. |'mnot sure.

Then t here needs to be sone t hought gi ven
in my mnd to how to use the experinental data to
devel op this uncertainty. Now, | don't think it's as

strai ghtforward as you seemto think it woul d because

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

351

MR. FORD: Probably not.

MR. KRESS: Yes. | think the uncertainty
is the measure of the quality, howgood it is, but you
don't just -- what you've got is a set of separate
effects data. You' ve got a set of some i ntegral data,
and these are transients and different figures of
nmerit, and they go through different tinme franmes, and
how to convert that into an uncertainty is not clear
to me, but | heard some things from Steve on how we
m ght do that with | ooking at different phenonena and
different time franes, and | was encouraged that he's
on the right track with howto devel op sone sort of a
nmeasure of uncertainty.

Wth respect to that uncertai nty and what
it means, is | think we need to give sone real serious
t hought on how we choose node sizes. You know, | have
never been enanored with this choosi ng node si zes for
t he experinents, and making the full scal e node size
| ook Iike that. 1've never been happy with that, and
t hat needs to be gi ven nore t hought on how we do t hat.

| still think 1'Il fall back on the old
canard that you bury the node size until it doesn't
make anynore difference in the answer, but then you

can't have a node size that's tuned to t he experi nent
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if you do that. So, | think sone nore thought needs
to be given al ong those lines.

Wth respect to sone of the nodels, we
still are basically in 1D space, and there are pl aces
where |I'msure nmulti-dinensions are inportant. For
exanple, in the nmomentum uses at T's and expansi ons
and pl aces, and where | think a CFD cal cul ati on has a
conmpliment to the TRACE woul d be useful, but |I'mnot
sure howit's to be done. | think there's a need to
have a CFD code as one of the plug-in nodul es. I
don't know if it's possible or not, but that's
sonet hing that can be thought about.

| don't give much value in having the
di fference between the TRACE and say the TRAC-P and
the TRAC-B, just as long as they're qualitatively
simlar. | think this qualitative assessnent i s good
enough. What | want to see eventually is to have an
accept abl e uncertainty with respect to real data, and
with respect to that. | don't know what the
definition of acceptable uncertainty is.

| guess | also don't put nuch value in
conmparing theruntinme to the previous codes. So | ong
as you get a run tinme that's good enough to use with
t he conputers as we now have, | don't think it has to

be faster or better than the run tine in the al coves.
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It just has to beruntine that's fast enough that you
can efficiently use it without wasting all your tine.

| guess a frivolous comrent is, | don't
think TRACEis a very good nane for this code. | w sh
you would have come up with a different one, but
that's just a personal thing. Sonebody is going to

think it's for |looking at TRACE contam nants or

sonet hi ng.
Anyway, that's my feelings right now
MR, WALLIS: Thank you.
MR, KRESS: " m encour aged. | think
they're on the right track. | like the way they're

going, and | think they're doing good work.

As far as peer review and t he devel opers
maybe not having as good and skeptical, | didn't see
that. | thought Joe Kelly was real skeptical, and had
the right viewpoint, and I'mnot so sure peer review
i s needed except for appearance sakes.

Ckay, that's all | have.

MR. S| EBER.  Ckay. | was taken in the
beginning by Dr. Wallis's remark that said something
i ke we have reg gui des and regul ati ons t hat descri be
what you have to do to these codes to assure their
quality. What popped in ny m nd was Reg CGui de 1. 168,

which really applies to process and protection
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computers and not anal ytical tools.

On t he ot her hand, the descri ption of what
you're doing as far as what | consider to be
i ndependent review follows along the |ines of what
we' ve been doing for years under Appendix B for
cal cul ati ons and codes of records, and | think that's
a good idea. | would encourage re-readi ng Appendi x B
and following it because it to me presents the m ni mum
saf eguards for code integrity and accuracy.

| was also sort of struck by how one
determnes that the code is functional, and it's
typically by conparing test data, but the test data
comes fromprototypes or facilities that are sort of
| ook-ali kes of parts of power plants, and you can
per haps nodel what goes on in the prototype, but you
have two sources of errors that conme in. One of them
is how good did you build the prototype and how wel |
does it mmc the actual plant.

The other one is how well did vyou
anal ytically nodel the prototype with the presunption
that if you do that, that you adequately nodel the
plant. So, | was | ooking for opportunities to pick on
folks for a failure to do that, but | didn't find
that. In fact, Joe Kelly's explanation and zeal for

i mproving the various nodul es withinthe code, | felt,
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was very encouragi ng.

What was di scouraging is that that cane
fromRELAP and TRAC- P or TRAC- B, whi ch has been around
since the 1970's. So, these errors -- | wouldn't cal
themerrors, but they' re nodeling | ooseness has been
i n exi stence and used as codes of record to establish
conmpliance with the regul ati ons for about that | ength
of time, and they still exist that way. [t would
appear that TRACEw || end up being the best code out
there if the staff continues to pursue its efforts in
this area. To ne, | think that's a great thing, and
so | woul d encourage that.

As far as criticizing for anything other
than the anobunt of tinme and resources that are
directed to this, it doesn't seem to be a crash
project. On the other hand, people are working on it
all the tine. | would just like to see it nove a
little bit faster.

So, | think overall, |I'mvery encouraged
by what |'ve heard over the | ast two days, and pl us
al so understand a little bit nore about how the
i ndi vi dual nodel i ng works and what goes into it and
what databases lie behind it. So, to nme, that was
very hel pful

That's it.
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MR. BANERJEE: Well, | look at this from

two different viewpoints. One is that the staff are
doing work within a certain set of constraints, and
t hose constraints were set about six or seven years
ago when this part was enbarked on.

Now, the wi sdom of that choice at that
time is not one that | can debate right now because |
don't think that's worth tal king about. It's done.
Havi ng sai d that, though, what struck neis that | sat
in some of these advanced code revi ew group neetings
back in the 70's when Novak Zuber and Stan Favi k used
to organize them If | look at the field equations
and the structure and things today, and many of the
correl ati ons, before Joe Kelly got his hands on them
not hi ng much has changed, actually.

So, we are now |ooking 30 years or 25
years down the road, and frankly, | feel pretty
di sappointed that the state of the art is the sane
today as it was then. W are nmaking sone advances,
and notably | like the interface. It's nice. | t
all ows people to use the code nore easily | think in
the future. W nodalize nore easily.

| like the fact that nowthe code will be
usable on different conputers, including the Linux

clusters, which no longer will allow people to make
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t he excuse that they can't finally nodalize because
now they will be able to finally nodalize and make
runs in reasonable length of tine.

So, fromthat point of view, the excuse
that we have to only use 100 nodes or 200 or 300 or
what ever the nunber is, no |longer will exist because
you' | | have enornous conputing power readily, and you
can nodalize as finely as needed.

So, | think that that is an advance, and
| Iike the fact that the architecture of the code is
bei ng made in such a way that it will be transparent,
that it wll be running on borrowed nachines on
clusters in the future, and therefore, and also
witten in Fortran 95 now, which will allow sone
degree of nmodularity so things can be changed
relatively easily.

| also like the fact that there is a big
effort being made on the side of inproving the
physi cal nodel s, renmoving | et's say, as Vi c woul d say,
ad hoc character, and Joe Kelly certainly seens to be
treating this wth a skeptical eye, which is
commendabl e and is to be encouraged at all costs, |
think. However long it takes to put these nodels on
a physically sound basis is very inportant.

Now, havi ng said that, though, the rest of
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the world in other fields are noving on to take
advant age of t he enornous i ncreases i n comput i ng power
and sinulation capability in many fields, and this is
really afield where we are still back in the 1D days,
whi ch we were 30 years ago. W are not even thinking
inaclear way as to howto put 3D conponents in into
| ocations where they are absol utely needed.

There's no way you can defend a peculi ar
set of nodes which gives you a right answer which
don't sort of followthe equations in any way when you
sort of refine the nodes down to what G aham wants,
which is mathematical conversions. So, from that
poi nt of view, | nmust say, |'mvery di sappoi nted that
a greater effort isn't being made in that direction.

So, overall, | think it's a comendabl e
effort given the constraints that they have started
with, and given the newrelatively new capability to
paral lelize and to inprove the physical nodels. On
the other hand, from the basic structure of those
constraints, you know, | think we need to start to see
how to break out of them and put this in a sounder
physi cal basis where possible.

MR WALLI S: Well, | have said things
t hroughout the presentations, which you can read from

the transcript, to respond to sone of the points nmade
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by my coll eagues. I think one of the independent
assessnments whichis very useful is for youto publish
this stuff. If Joe publishes his work in the
technical literature, then it gets, as it were,
endorsed by the technical conmunity, and too nmuch of
this stuff i s hiddenin proprietary nethods of vendors
and so on, and is not exposed to this sort of review.

When the ACRS gets to seeit, that's about
the only outside group that ever gets to seeit. So,
if you can publish this stuff, so nuch the better

Inthe matt er of neasures of success, yes,
meani ng variance and wuncertainties, two of ny
col | eagues point that out. You really need to find a
way to use the code and the data to eval uate these
nmeasures of quality and uncertainty, and that's the
way you're going to have todo it in order to use risk
i nf ormed net hods.

This ties up I think with -- | think I
di sagree with Dr. Kress about the need for these codes
torun faster. Unless you can get a lot of runs done
qui ckly, you cannot sort of explore the space of, and
| meant to say in a Monte Carlo sense, that you |ike
to perhaps do for risk informed regul ati on

MR KRESS: Well, | got the inpression

t hey were running fast.
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MR, WALLIS: Ch, I'mnot sure that they

are.
MR KRESS: But | may be wrong.
MR. WALLIS: I'mnot sure that they are.
Yes, sonething has to be done, | think, about these

sort of basic building blocks which are not really
appropriately nodeled by 1D approximtion or
guesswork, which is very often not well explained or
justified in the docunentation. So, | think you need
t o do sonet hi ng about these uncertainties in building
bl ocks Ii ke the equation for funny | ooking parts of
the system which are certainly not |ike straight
pi pes, and all these equations, as | see here, are
strai ght pipe equations. They can't apply, not just
to plan, but even to bend sonme things |ike that.
There are all sorts of places where the basic buil di ng
bl ock, particularly nonentum  equati on, has
uncertainties init.

There's got to be a way to put fudge
factor or sonething in there and assess their effect
on the answer.

| I'i ke Sanjoy's point that thisis useable
on different conputers, particularly the nost nodern
sets of conputers, because we had t hat probl embef ore.

The codes seened to be restricted to running on old

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

361

f ashi oned pl at f or ns.

It's too bad the state of the art hasn't
advanced over 30 years, and |'mvery glad to see Joe
Kelly trying to nake his advance. He needs to stick
withit. | just wonder how nmuch he can do because it
isn't trivial. | mean, a lot of people worked on
building up the state of the art. To inprove it is
going to take sonme doing. So, you have to put your
effort where it canreally pay off, and stick withit.
| just hope that the ACRS can do sonething to keep the
support of managenent consi stent so you can conplete
this work.

So, I"'minpressed by the anpunt of work
you still need to do, and I'mal so frustrated by the
fact that we don't have this code so we can say this
isit, and this is a great success story. Nowlet's
go out and use it.

| think you need to show sone successes in
solving topical problens as well as this long term
effort. If you could showthat TRACE has real ly been
able to do sonething with this problem that is a
concern now or next year or two to the agency,
hopefully in a better way than could be done before.
Then you wi n points and then you can keep your effort

going and justify it better.
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I"m inpressed by what | see as a good
norale of this group, and what seens to be good
support fromthe managenent. There have been ups and
downs | think over the years in that respect.

So, | still hope that the finished product
cones out before | leave this commttee.

MR SIEBER Forget it.

MR. KRESS: I"mreally skeptical about
your fudge factor use to evaluate the 3D effects, or
the uncertainties to the 1D nopdels. | think that
woul d end up being a real msh-nmash of --

MR, WALLIS: Well, it mght be a msh-
mash, but if we did, could say have CFD nodels or
sonet hing better for these things, we could see that
there is an error of maybe 50 percent in evaluating
monentum flux or something. That would give us a
fudge factor we could put in there.

MR. KRESS: Yes, | would just as soon see
t hat you have a good nodel being plugged in.

MR, WALLIS: Well, that nay be too much to
do.

MR. KRESS: It may be. It may be.

MR. WALLIS: WMaybe a bridge between the

CFD, but you cannot really ignore the fact that these
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MR KRESS: Then it wouldn't be such a

fl exion of geonetry and flow rate.

MR. WALLIS: But you ignore it now. You
make sonme assunption and that's it.

MR. KRESS: Yes, | know it would be
better.

MR. WALLIS: There's no reality check at
all at the nonent.

MR. BANERJEE: Well, the fudge factor is
t he nodalization right now

MR. VWALLIS: Well, the other thing to do
is simply to put, as |'ve suggested, put a factor of
two on the nmonentum flux on all nodes and see if it
makes a difference. |If it nakes no difference, then
we don't need to worry about it.

Ckay, now we're going to see you sone
nore, so | think that when we dig into the details,
you nmay get sonme nore val ue added at that |level. At
the nonent, |I'm pleased with what | see.

MR. CARUSO. Could | ask you all to think
about what you want to hear next tine?

MR, WALLIS: W could share it with you.
W'l send you an e-nail.

MR. CARUSO. That's why I'mjust -- there

is attached to the status report that | gave to you
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before this neeting along termplan. It's got three
neeti ngs scheduled. This is the first one, and then
it's got suggested topics for the next neeting and t he
third neeting. 1'd like youto |look at that and tell
me if those are what you want to hear or if you want
to add sonething or nove things around.

G ve nme sone i deas, and Joe was very good
to work with on this, and thank God he put together
quite a good presentation today that gave us both an
overvi ew of the code and specifics about some of the
new things they're doing. If you want to get into the
detail s and spend two days with Joe Kelly standi ng up
there tal king about heat transfer, we can arrange
t hat .

MR. SIEBER: Put himon video and send it
to us.

MR WALLIS: Well, | have noticed that he
tends to produce results when he has a deadli ne.

MR. CARUSO What |'msaying is | ook at
that |ist, okay, and give ne i deas, and we can work it
out. We would | ook, we have a neeting in January to
talk about ESBWR. There is a subcomittee neeting
schedul ed for the 2nd, 3rd, and 4th of February to
tal k about this GSI-188. |'mgoing to ask you to cone

back probably the next week to tal k about AP1000.
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MR. WALLIS: That's a |lot of neetings.

MR. CARUSCG | understand that, but the
AP1000 effort --

MR. BANERJEE: The next week.

MR. SI EBER: | think | mght get an
apartnent here.

MR. CARUSO. The next week, the second
week in February, the 10th and 11th. Put these days
down on your cal endar and |l et nme know what you think
about the 10th and 11th.

MR. BANERIJEE: And when is the second
nmeeting of this, the 2nd and 3rd?

MR. CARUSO There's a neeting the 2nd
3rd, and 4th. I'mnot sure I"'mgoing to ask you to
t hat because that's going to be GSI-188, and that's
going to be nostly -- yes, that's nostly going to be
Peter on that one. | think it's going to be nostly
material s i ssues.

MR. BANERIJEE: But when is the second
neeting of this TRACE? WIIl it be together with the
AP10007?

MR. CARUSO That's what |'m not sure
about . It depends on whether we can do AP1000 in
maybe a day or if AP1000 is not settled at that point

and we have to go two days.
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MR. WALLIS: W don't yet know what the

staff position is.

MR. CARUSO We don't know yet what that
position is, sol can't plan for a second neeting to
tal k about the code.

MR. KRESS: You're tal king about AP1000.
You' re tal ki ng about TRACE applications in AP1000?

MR,  CARUSO No, no, no. The AP1000
i sSsue.

MR. KRESS: You're talking about the
certification issues?

MR, CARUSO  Yes.

VR. KRESS: Ther nal hydraul i c
certification issues?

MR CARUSO Yes, that's correct.

MR WALLIS: | would like to see when we
di scuss this ESBWR and AP1000, that we have actually
TRACE cal cul ati ons we can | ook at to hel p guide us in
deci di ng about the issues.

MR CARUSO. | will mention that to the
staff for the ESBWR neeting, and |'l|l see what they
can provi de.

MR WALLIS: Al right.

MR. RANSOM That's in January?

MR. CARUSO January 14 and 15.

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

367
MR, WALLI S: That's not sonething that

we'd ask these folks to do. W'd ask NRRto do it.

VR. CARUSC NRR  has got t he
responsibility.

MR, WALLI S: So if TRACE is to be
val uable, it has to be used by the customer.

MR, CARUSO  Yes.

MR. WALLI'S: To answer current questions.

MR, CARUSO  Yes.

MR WALLIS: So let's see if we can nmake
t hat happen. |['Il encourage it.

MR, RANSOM Is NRR presenting on the
AP1000 al so?

MR. CARUSO. I n February, yes. They have
to come in with Westinghouse and tell us where they
have finally ended up, because the last tinme we net,
it wasn't clear.

MR. BANERJEE: So those dates are not set
and therefore we cannot set the TRACE neeting dates?

MR. KRESS: January 14 and 15 was sone
application to ESBWR

MR CARUSQO Yes, ESBWR, SCR, that's
right.

MR. KRESS: SCR. So, that's what's you're

tal ki ng about .

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

368
MR. CARUSO That's in January. Then in

February, you have this nmeeting on this GSI-188.
That's a joint neeting wth the mterials
subcommittee. Then | want to hol d anot her neeting the
next week, and |'ve got the 10th and the 11th of
February bl ocked out to tal k about the AP1000.

That nmeeting can be very short if
Westi nghouse and the staff are in alignment. | f
they're not in alignment, | mght not even hold the
neeting because | don't want to hear them that they
don't agree.

MR. WALLIS: So if they don't agree, we
can hear about TRACE then?

MR. CARUSO Maybe we can hear about
TRACE, but if not, then we nay try to hear about TRACE
at that tine. We may wait until March.

MR. WALLIS: | hope it doesn't take too
| ong for you to prepare for neeti ngs because you know,
this is work you are doing. You're right on top of
it. So we say we'd |like to hear these other things in
February. [It's not going to be a great struggle for
you to get ready for it.

MR. KELLY: It depends on |like ny refl ood
presentation. That's work |I've been doing, so say a

coupl e of days. |If you wanted soneone to say expound
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t he equation and that woul d be all newstuff, that can
take a long tine.

MR. WALLI'S: | think just sonebody may get
up and say it's the sane derivation that you find in
all the other codes and has the same --

MR. KELLY: | nean, if | wereto take this
question seriously and really try to explore to get
you a good answer.

MR WALLIS: | think that would -- m ght
require sone research

MR KELLY: Right.

MR. BANERJEE: Well, in one of the topics,
it's detailed discussions of the two fluid nodel for
1D and 3D. So, | assume we'll look into the
equations, the nodel, the requirenents for closure
relationships within the 1D and the 3D context to
revisit this. | don't know what is neant there, but
| assune that's one of the topics.

MR. WALLIS: Okay, sowe will work onthis
cal endar, all right?

|'"'m ready to close the neeting. Ckay,
we'll close the neeting then. Thank you very nuch,
everybody, including our transcriber.

(Wher eupon, the above-referenced neeting

was adjourned at 5:15 p.m)
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