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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COWM TTEE ON REACTOR SAFEGUARDS ( ACRS)
SUBCOMM TTEE ON THERMAL- HYDRAULI C PHENOVENA
+ + + + +
VEDNESDAY
JULY 17, 2002
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The Subcommittee nmet at the Nuclear
Regul atory Conmi ssion, Two Wite Flint North, Room
T2B3, 11545 Rockville Pike, at 8:30 a.m, G aham B.
Wal li s, Chairman, presiding.

Subcomm ttee Menbers:

GRAHAM B. WALLI S, Chairnman
THOVAS S. KRESS, Menber

VICTOR H RANSOM Menber

ACRS St af f:

SANJOY BANERJEE, Consul t ant
FREDERI CK MOODY, Consul t ant
VIRG L E. SCHROCK, Consultant

PAUL A. BCEHNERT
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Al so Present:

STEVE BAH REJM RES

NCRM LAUBEN, RES

JACK ROSENTHAL, RES
JOSEPH STAUDENMEI ER, RES
AKI RA TOKUHI RO, RES
RALPH CARUSO, NRR

V. J. DHYR UCLA
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A-GE-NDA

Wl come, Graham Wallis, Subcommttee Chair . . . 4
Review of the NRC Ofice of Nuclear Regulatory
Research Draft Regul at ory Gui de DG 1120, Transi ent and
Nucl ear Acci dent Anal ysi s Met hods, Joseph
Staudenneier, RES . . . . . . . . . . . . . . . . 6
Review the RES Thernmal -Hydraulic Research Program
Deal i ng with Subcool ed Fl ow Boiling Phenonena

Steve Bajorek . . . . . . . . . . . . . . 195

v. J. Dhir . . . . . . . . . . . . . . . 225
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P-ROGEEDI-NGS
(8:30 a.m)
CHAl RVAN WALLIS: Pl ease cone to order.
This is a neeting of the ACRS Subconmi ttee on Ther mal -
Hydraul i ¢ Phenonmena. |'m GrahamWallis, chairmn of
the subcomittee. The other ACRS nenbers in
attendance are Tom Kress and Victor Ransom  ACRS
consultants in attendance are Sanjoy Banerjee and
Virgil Schrock. W expect Dr. Fred Moody any nonent.
For today's neeting the subcomrittee wll
continue its review of the NRC Ofice of Nuclear
Regul at ory Research, draft Regul atory CGui de DG 1120,
Transi ent and Nucl ear Acci dent Anal ysis Met hods. And
associ ated NRC standard review plan Section 15.0. 2.
That's the first of our tasks.
The second one is to review the RES
t hermal - hydraulic research program dealing wth
subcool ed fl ow boi | i ng phenomenon. The subconmittee
wi |l gather information, analyze rel evant i ssues and
facts, and fornul at e proposed positi ons and acti ons as
appropriate for deliberation by the full commttee.
M. Paul Boehnert is the cognizant ACRS
staff engineer for this neeting. | amvery happy to
notice that Dr. Fred Mody has managed to nake it

t hrough the badgi ng procedure and is up here.
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Wl cone, Fred.

DR MOODY: Good norning.

CHAl RVAN  WALLI S: The rules for
participation in today's neeting have been announced
as part of the notices of this meeting previously

published in the Federal Register on July 2 and July

15, 2002.
Atranscript of this neetingis being kept
and the transcript will be made avail abl e as stated in

the Federal Register notice. It is requested that

speakers first identify thenselves and speak with
sufficient clarity and volunme so that they can be
readily heard. W have received no witten conments
nor request for tinme to nake oral statenent from
menbers of the public.

Now, this regulatory guide was being
worked on when | joined the ACRS four years ago.
W' ve had a couple of neetings on it. Again, they
were a long tine in the past.

It's beconme evident that the gestation
time for regul atory gui de i s sonewhat | onger by not an
insignificant factor than the gestation tinme of an
el ephant. W are hoping that this regulatory guide
will be bornin the near future. That's what | hope

we will find out today. |'mvery happy to wel cone Joe
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St audenneier to be the mdw fe.

Joe, you have a formdable array of
consultants and conmttee nenbers this norning.

MR. KRESS: We're ganging up on you.

DR. STAUDENMEI ER: | think you out nunber
the rest of us here.

Today |I'm just going to go over the
Regul atory Guide. The SRP is property of NRR and t hey
didn't want that presented today al t hough t he changes
made to it were less than what was made to the
Regul atory Gui de.

CHAI RMVAN WALLIS: They are not going to
present it ever?

DR STAUDENVEI ER: They've nmade the
decisionthat it will beissued w thout anynore public
conments so it will cone to you before final issue.
| believe the processis it has to go back through the
ACRS before it's issued as final. Even though they
didn't want it issued for public conment, they wanted
towait until the Regul at ory Gui de was ready for final
i ssue before they issued the SRC

CHAl RVAN WALLI S: So it's going to be
twins then that will be born

DR STAUDENMEI ER Yes.

CHAI RMAN WALLI' S: Thank you.
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7
DR. STAUDENMEIER:. Onthetitle slide, the

draft gui de used to be 1096 but when it goes out for
public comment againit gets a newnunber. That's why
it's now 1120.

CHAl RVAN WALLI'S: This will be its final
nunber ?

DR, STAUDENVMEI ER: Hopefully it's the
final draft nunber. Hopefully thisis thefinal draft
that will go out for public comment and after this
round of public comrents it will be issued.

CHAI RVAN WALLIS: It will be 1.1207

DR. STAUDENMEI ER: | don't know what the
official -- | don't think it's been assigned an
of ficial Reg. Guide nunber yet.

In this presentation | just want to
present the background in common of the Reg. Cuide.
| know there are sone new faces here that haven't been
t hrough t he presentations for this Reg. Gui de before.
Feel free to ask any questions for clarification.

The point of this talk is to go over nore
of the changes that have been made to the Reg. Guide
as aresult of public conments. Feel free to ask any
i nformati on about the background.

CHAI RVAN WALLI'S: | think you m ght give

some of the background infornmation.
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8
DR. STAUDENMEI ER: Ckay. | have alittle

overview of it here.

CHAIl RMVAN WALLIS: Three or four people
haven't seen it before.

DR. STAUDENMEI ER: Ckay. Mainly this Reg.
Guide is to be used for anal yzi ng events that are put
i n standard saf ety anal yses for operating pl ants whi ch
nost of the events are in Chapter 15, the so-called
Chapter 15 events, but there are sonme other events
that are in different parts of the standard revi ew
pl an that al so would be covered by this Reg. Qui de.

CHAI RVAN WALLI'S: Can you give us a few
exanmpl es of what is in Chapter 157

DR. STAUDENMEI ER.  Sure. Chapter 15 is
just about any type of transient that would be
anal yzed for a plant like loss of feed water, punp
trips, turbine trips, things of that nature. Events
that wouldn't be in Chapter 15. There's a | ow
tenperature over-pressure transients |ike station
bl ackout which is something that may be anal yzed with
codes. That isn't really a classical Chapter 15
acci dent .

ATWE. LOCA is sonmething that would be
covered by this, although there is a specific Reg.

Gui de for best estimate LOCA. The devel opnment process
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of a code for LOCA would al so cone under this Reg.
CGui de.

MR KRESS: Just about all of them

DR, STAUDENVEI ER: Yeah. Reactivity
transients.

CHAl RMVAN  WALLI S: These are the
antici pated operational occurrences? They are in
t here, too?

DR STAUDENMEI ER Right. Any anti ci pated
operational occurrences in there.

MR. BANERJEE: So everything whichis the
design basis |like severe accidents are off site and
everything else is on site?

DR STAUDENMEI ER: Yeah. Severe accidents
aren't analyzed for safety anal ysis.

CHAl RVAN WALLI S: It seens sort of
illogical. The only thing you really worry about is
t he severe accidents. They don't analyze it.

MR. KRESS: That's because the DBAs take
care of everything el se.

DR. STAUDENMEI ER: By definition there's
no risk in design basis accidents.

CHAI RVAN WALLI'S:  You weren't here | ast
week but there was sone di scussion about whether we

really needed a focus on design basis or whether we
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should focus on things that really matter 1|ike
acci dent s whi ch coul d actual | y har msonmebody. Anyway,
that's beyond today's conversati on.

DR. STAUDENMEI ER: | guess one thing that
cones out of design basis accidents is the only reason
t he pl ants are so robust in severe acci dent situations
i s because they were designed for LOCA.

CHAI RVAN WALLI S: That's t he whol e -- yes,
if you chose your design basis accidents w sely.

DR. STAUDENMEI ER:  Ckay. |1'mgoing to go
over as part of this tal k the background and need for
the Reg. Guide, the contents of the original Reg.
Qui de, the response and public comments that we've
gotten in response to public coments, newcontent and
status and summary of where we go from here.

CHAl RVAN WALLI S: When you say public
comment, do you mean anything other than industri al
conment ?

DR. STAUDENMEI ER:  There was one person
t hat wasn't part of an industrial organization but he
had recently retired froman i ndustrial organi zati on.
There were no comments fromthe public at |arge, |
guess.

CHAl RVAN WALLI'S:  That's too bad because

we put out the draft Reg. Guide and it's supposed to
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protect the public. Yet, the only public who wll
respond to it are the people who want us to cut back
on what they are being asked to do, not the other
si de. Maybe you could stinulate attention on the
ot her side and get nore of a bal ance.

DR. STAUDENMEI ER:  Yeah. | guess nost of
the people that would be interested in thermal-

hydraul i c codes don't foll ow Federal Regi ster notices

or cone to NRC neetings. Else they thought it was
good and they didn't need to coment on it.

CHAl RVAN WALLI'S:  Very exciting, yes.

DR. STAUDENMEI ER:  Ckay. The background
in need. This all arose out of findings or
all egations at Mine Yankee about their safety
anal ysi s and fi ndi ngs nade by sone i nvesti gati on t eans
that went up to look at this. As a result of that,
one of the conclusions was that the NRC needed to
provi de gui dance on code devel opnent for acci dents and
transi ent anal ysi s.

And al so gui dance on revi ew ng net hods f or
accidents and transient anal ysis because the revi ew
net hods weren't docunmented in one place. It was nore
tribal know edge that went al ong. Peopl e picked it up
fromthe reviewers before thembut it wasn't clearly

document ed.
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CHAl RMAN WALLI'S:  Wien was that?

DR. STAUDENMEI ER Onh, '96. It was a |l ong
time ago. | can renmenber right after this happened
sitting inaneetingwth Dr. Ransom | think he was
a consultant for the State of Maine on this talking
about safety analysis at Mine Yankee.

Okay. What we hope to conme out of the
Reg. Guideis to ensure sufficiency and consi stency in
t he | evel of docunentation and validation. That was
to try to correct the fact that if you |ooked at
di fferent codes that had been devel oped and revi ewed
for essentially the sanme type of accident, there was
a wi de range of | evel and quality of docunentation and
a wi de range of safety analysis reports witten by the
staff.

There just wasn't consistent quality or
consi stent standards set in the code devel opnent
process or the code review process. As part of this
have a documented process in place that could be
followed by the industry that would give a standard
set of content that they would be submitting for a
certain type of analysis.

MR. BANERJEE: Were there sone specific
areas in this safety assessnment teamreport that was

cause for concern?
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DR. STAUDENMEI ER: | guess it depends on

what you mean by concern.

MR. BANERJEE: Their statenent is very
broad so it's hard to get any meat out of it. \hat
were the types of problens?

DR, STAUDENMEI ER: For instance, the
saf ety anal ysi s at Mai ne Yankee. | knowthe transient
anal ysis there's anmainsteanlinebreakinparticular.
| think there was no real code assessnment done to show
t hat code was good for cal culating what it was doi ng
during the safety anal ysis.

The LOCA net hods t hat they had were based
on an early version of RELAP-5 and they had sone
nunerical stability problenms and behaved erratically
when applied and weren't even able to run through al
the whole break spectrum |ike they are supposed to
and, as a result of that, Mine Yankee went through
some contortions to try to justify what they did but
it didn't foll owwhat they said they were going to do
when the LOCA net hodol ogy was submitted or what was
witten in the safety analysis report.

They didn't foll owthe procedure that was
required of themfor LOCA analysis. Part of it was
because they are having lots of code problens. | t

just couldn't perform the way that they had
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represented that it woul d.

CHAI RMVANWALLI S: Actual ly, al ot happened
since then because in '98 or something we started
reviewi ng these codes. ACRS got involved and got
di ssatisfied with sone elenents of the codes. Ve
tried to have an -- we did have an influence on the
way in which this Reg. Guide was put together

It was our recent experience with the
codes that we had to review, particularly for best
estimte codes which really are nore demandi ng than
the old type of codes. You have to be clear on what
you nmean by best estimate. Is it a good estimte or
is it not, howgood is it, and so on.

| think it's not just the M ne Yankee
| essons learned. It's the codes of the future and are
they going to have to neet the same standards as the
codes of the past or are we goi ng to specify sonet hing
that is nore stringent or nore appropriate.

DR.  STAUDENMEI ER: Anot her driving, |
guess, event outsi de of the Mai ne Yankee experienceis
the AP600 review for all of this. There was a w de
criticism by the ACRS at the tine about the
docunent ati on, Westinghouse's docunentation of their
saf ety anal ysi s net hods f or AP600 and t hei r assessnent

agai nst experinents at the tine.
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CHAl RMAN WALLI S: W had a very |ong

letter to the Conmission on this issue a couple of
years ago now.

MR. SCHROCK: Well, one of the things that
has i npressed ne in these reviews is how we get to a
certain point where sone problems have been
identified. At the end the approval of a code goes
t hrough but there are things left that presumably by
agreement between staff and the i ndustry are going to
get resolved sone place down the road. The
docunent ati on never seens to follow through on that.
That kind of thing gets |ost.

| can t hink of sone exanpl es i n connection
with AP600, for exanple. This is kind of a genera
point but I think it is an area that you' ve got to
look at a little harder to see how you get the
docunentation into the right shape after a reviewis
finished. What are the principles that are foll owed
in declaring it really a final product.

CHAI RVAN WALLI S: Some of these are
trivial matters. | renmenber AP600, just to take an
exanpl e, but with other codes we got the same thing.
We woul d ask for details of the code and we get sone
handouts and we | ook at themand it turned out that

some of the equations were garbl ed. There was no
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assurance that they were ever fixed up. W were

assured, "Ch, we'll fix that up," but we never saw a
proper equati on.

We have no know edge aye or nay about
whet her the equation was fi xed up or was not fixed up.
Then there is always the question about if the
equati on was garbl ed, what was in the code. That we
never even got a chance to look at. W don't really
want to | ook at codes but sonmebody has to | ook at
them Those are m nor points in a way but they nmay be
synptomati c of sonet hing.

DR. STAUDENMEI ER:  Yeah, | agree. | know
the AP600 thing. | don't knowif it was a specific
case you were tal ki ng about for their | arge break LOCA
cobra track. | renmenber going back through their
final docunentation and auditing sonme of the
i npl emrentations that they said they were going to do.

Qoviously we didn't go through the whol e
list of REIs at the tine because it was enornous. W
did sone auditing of their final inplenentation and
t he docunentati on.

That may not have been the code you were
tal king about but | think we try to sone extent to
make sure the final -- at least when | was in NRR we

tried to sone extent to nmke sure the fina
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docunent ati on was what it was represented that it was
going to be.

MR. LAUBEN: Joe, Norm Lauben. | think
all these things that are said are exactly correct.
It started with Sanjoy's question, what pronpted what
we did. | think Jack and | were on the non-LOCA part
of the teamthat investigated at Main Yankee and Joe
was on the LOCA part of the team that investigated
what went on at Mai ne Yankee.

As far as we were concerned when we were
| ooki ng at non-LOCA things, the principle issue was
assessnent. We were concerned that the assessnent
base was rather small so the thing we | ooked at and
saw t hat sonet hing |i ke CSAU had devel oped a process
by whi ch you coul d do assessnents. That was a strong
part of assessnent.

Then | think, Graham your comments on
some of the other codes indicated that there really
wasn't a strong basis for the devel opnent part. Do
you have the right things in the code to start wth.
That pronmpted us to put in the hierarchical
nmet hodol ogy from SASM that Novak had devel oped.
Novak's hand isinthis alot with both the assess and
process and t he CSAU.

| think that the fact that we could,
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therefore, relate the devel opment and t he assessnent
through a logical process was sonething that we
finally came up with in | arge measure because of the
conments we received froma |ot of people.

CHAI RVAN WALLI S: You nment i oned
assessnment. | think that is the key part. | renenber
one of the reviews we nmade when the applicant had
conpared the code with two, | think, LOFT tests. W
said, "Wy i s two enough? Wy choose t hose particul ar
ones? Shoul dn't one probe nore to see if the code is
doing its job and be satisfied with conparison with
two LOFT tests that | ook sort of okay.

MR. LAUBEN. This is exactly what -- when
Jack and | were up at Maine Yankee we saw that -- we
were | ooking at non-LOCA transients. |t appeared to
us that the assessnent base for steanline break, as
Joe pointed out, was seriously lacking. It was for a
BNW pl ant and Mai ne Yankee is not a BNW pl ant.

You can hardly draw any relationship
bet ween t he behavi or of a BNWst eamnl i ne break and CE.
That was a focus that we had. W thought there was no
process here. There's no standards for sayingthisis
an adequate assessnent base. That's a good bit of
what our conments were.

CHAl RVAN WALLI' S: It woul d per haps hel p --
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it's a bit late in the day -- if we had nade a
separate docunment in which we said, "These are the
things we need to fix up. This is the problemwe are
addressing."” Then you coul d see whet her your docunent
actual |y addresses t he probl ens. Sol ves, resol ves, or
what ever the problens that you identified.

MR. LAUBEN:. Right. But the thing you
really need to do when you do a Reg. Cuide, though, is
make sure that it's not just addressing some narrow
problems that you may have focused on in sone
i nvestigation, but rather does it cover the entire
subj ect you are trying to address in the Reg. Cuide.
That's really why this turns out to be a bit broader
t han what sone of t he probl ens were that we di scovered
at Mai ne Yankee that we felt we were addressing.

MR. BANERJEE: \What were they using for
the steam ine break? Was it RELAP?

MR, LAUBEN: No, RETRAN.

MR. BANERJEE: A large steanline break?

MR. LAUBEN: Well, yeah. The spectrum of
steam i ne breaks, right. You know, because a code has
a nane that doesn't necessarily mean it's bad for
doing it. It's just that their assessnent base we
felt was pretty inadequate. Al so depending on what

t he problens were, Len Ward was the other nenber of
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our teamand he | ooked very careful ly at the equati ons
appropriate for what they were really trying to
addr ess.

MR. SCHROCK: This nention of RETRAN is
sonething that |'ve been wonderi ng about. You've got
RETRAN nmenti oned t hroughout the draft guide. RETRAN
is in kind of linbo, isn't it? Is it ever going to
get out of it?

DR. STAUDENMEI ER. What do you nean by
ki nd of |inbo?

CHAl RVAN  WALLI S: Wll, there's an
ori ginal RETRAN which was approved. There was a
RETRAN and then there was a new RETRAN that we had
some problens wth.

MR SCHROCK: Right.

CHAl RVAN WALLIS: | think thereis anold
RETRAN whi ch i s approved.

MR. SCHROCK: The old one is better than
t he new one?

DR. STAUDENMEI ER: No, | don't think it's
better.

MR. SCHROCK: The ol d one just never got
t he sanme | evel of reviewas the newone | think is the
truth.

MR. RANSOM Well, taking a |l ook at this
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| think, G aham you were tal king about assessnent.
| think that to me in reviewing this Reg. CGuide it
tries to address a lot of the docunentation and the
hi story of the code which is very good and nust be
done and has in the past always led to a |ot of
probl ens.

One of the biggest ones, | think, is that
the NRC through their developnent often tines
negl ect ed fundi ng of the docunentation right fromday
one which should happen. That led to poor quality
docunentation in many of these code devel opnments.
Catching up later is always nore difficult than, |
think, doing it right at the tine.

A lot of those things are helped by this
Red. Guide, but the word that | have the biggest
problemw th is assessnent. | think assessnment, and
everybody talks as if we know what that neans, has
addressed qualitative aspects of agreenent with, say,
physi cal phenonena but still falls far short of, say,
guantitative assessnent in the sense that you can
actually say how well this does fit a certain
situation, plus what are the uncertainti es associ ated
w th that.

As near as | can tell by readi ng the CSAU

docunments, | can't see that it sheds a whole | ot of
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light on that subject. | think that in the end they
cone of f as bi ased to account for, say, phenonena t hat
are not nodel ed or nodel ed incorrectly in codes.

Pl us, you  know, some uncertainty
associated with the things that we do are in the code
and should fit and know to conbi ne those together to
useinalicensing sensetoneis still an open issue.
| don't know but | hope nmaybe t hese neeti ngs can hel p
clarify sonme of that, for me at least. | see that as
still a major problem

MR. LAUBEN: Vic, | think you're right.
| think CSAU -- there's two focuses on CSAU as | see
it. One was to outlie a process, and the second was
to show that you could apply the process in terns of
uncertainty. It did not go into a great deal of
detail on howyou do assessnent because it was assuned
t hat t he assessnment base was al ready conpl et e when t he
CSAU was done. W ran into the sane probl ens that you
are tal king about in AP600.

Peopl e, | think, struggle wi th standards
for assessnent all the tine. | don't knowif we can
put into words always what we all can conpetently
agree is theright things to say about assessnment. W
triedtodoalittle bit of that in the Reg. Gui de and

do a lot nore by reference.
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| think you end up having to do a good bit
by reference. Wat we tried to reference was sonme of
our struggles we had with AP600. |'mnot sure that's
the best and it probably takes people a |lot smarter

than me to figure out how to do it in the best way

possi bl e.

CHAl RVAN WALLIS:  Wwell, | think --

MR. RANSOM I"'m not trying to be
critical. I'"mjust saying that | think this is still

an open i ssue and I know peopl e have struggled with it
since 1973 wi th what do we nean by assessnment and what
are the measures for assessment.

CSAU di d go a | ong ways towards a process
-- putting in place a process for assuring that you
have addressed the significant phenonmena in an
accident and that the code generally is capabl e, say,
of nodeling those.

The | ast | oop or step in that, though, in

whi ch you cone up with how do you use the code in the

best estimate plus wuncertainty in a |licensing
framework, | think, is still gray and sonehow needs to
be further closed, | believe.

One exanpl e is inthe CSAU exanpl es. They
wi || have biases that are plus and mnus and in the

end you allow the lack of one to conpensate for
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another. | just can't understand how that's a good
phi | osophy.

CHAI RVAN WALLI'S: | should point out to
t he new nenbers of this group that NormLauben was t he
original drafter of this guide, | believe, and he was
t he one who presented it to us sone tinme ago. One of
the things we said is, "W don't |like the way you're

doi ng assessnent,” because it was done i n an even nore
qualitative way at that tine.

What | think the committee would |ike to
see eventually is sone nore rigorous ways of saying
now you' ve got these data points. What information do
they tell you about the code in a qualitative way,
whi ch not sort of just |ooking at sone graphs which
present sonething that | ooks reasonably okay, but is
nore in a sort of Baysian form \What does this new
information tell you about what you t hought you knew
bef ore?

Thi s gui de which still | ooks much |likethe
| ast one that Norm put together, | don't know quite
what' s happened. Mybe he'll tell us what happened
since then. Still doesn't face that question of
whet her the nore formal rigorous ways of doing

assessnment and eval uati ng uncertainti es.

| would wel come sonetinme down the road
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both t he academ ¢ community devel opi ng t hese net hods
or the research community whoever can doit. Maybe we
need a suppl enment to that gui de of sonethi ng down the
road whi ch says now we know howto eval uate and assess
nore rigorously and these are the nethods which we
will accept.

DR. STAUDENMEI ER:  Yeah, | agree.

CHAI RVAN WALLI'S: But this is devel oping
because even the applicant's are doing it with order
statistic or sonething. They are actually applying
net hods whi ch have sone | ogi cal basis.

MR. LAUBEN: Graham it ends up requiring
t hat sonebody do sonething |ike the CSAU application
part again using different methods. That's not a
cheap process.

CHAI RVAN WALLIS: No, it's not.

MR SCHROCK: That's the comment | was
going to nmake is that the major difficulty with the
use of CSAU in the regulatory process is that the
demonstration of it was very expensive. As |
remenber, it was on the order of a $6 m|lion effort.

Ext ensi ve docunent ati on and t hen, | think,
even the code that was being assessed on that basis
was found not to be in existence in a workable formin

a very short period of tine after that.
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Al'l of the followup uses of CSAU that

have been reviewed in ny experience with ACRS have
been very shortened-up versions of CSAU and there are
al ways argunents as to why the shortened versions are
sufficient and give satisfactory results.

The Reg. Guide, | think, if you' re going
to protect yourself against this kind of use of CSAU
net hodol ogy, you're going to have to be very specific
about the requirenents that you're going to inpose
her e.

DR. STAUDENMEI ER: We do have sone
gui dance about what constitutes uncertainty anal ysis,
| guess, but we don't have a specific answer that says
if you do this, this, and this you'll get the right
answer. | guess as you know there's been quite a few
di fferent nmethods for determining uncertainty
t hr oughout the nuclear safety world. | don't think
t here's any consensus t hat one stands up and above al
the rest that everybody is going to be flocking to.

We did wite the Reg. Guide so that things
can be plugged in |ater as appendi ces when we have
better answers for things and nore specific gui dance.
We had planned on that in the future |like specific
gui dance for different accident classes to go on in

uncertainty. If we can get nore done on uncertainty,
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t hat woul d be anot her good place to do that.

As part of the code assessnent for the
consol i dated code and research we are going to be
| ooking at nore quantitative nethods for assessnent
i nstead of the qualitative thing, the code | ooks cl ose
to the experinent and it's pretty good. W' re going
totry and get quantitative neasures of the assessnent
and maybe that will | ead us to sone answers on gi ving
better guidance in the future.

As you said, it's only -- the CSAU net hod
has only been applied -- best estinate wth
uncertainty has been applied in tw cases so far that
have been |icensed, Westinghouse with COBRA TRAC and
GE for transient analysis with TRACG | guess you
could call them abbreviated in sone sense.

| think there is justification for their
abbrevi ati ons where they said, "W | ooked at this and
we don't think this needs to be applied.” They had
reasons for why specific parts didn't need to be
applied backed up by cal cul ations or experinental
assessnent.

Even wit h t heir abbrevi ated nethod I think
both of those were nulti-mllion dollar efforts. The
Framat one nethod, which is fornerly the Seamans

method, | think that is probably also a nulti-mllion
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dollar nethod. | don't know what the status of that
is. That will be the --

CHAI RVAN WALLI'S: They're a | ot cheaper
because they just have to run RELAP a | ot of tinmes and
you can do that much cheaper now than you used to be
able to do it.

DR. STAUDENMEI ER:  That's true. You can
do a lot nore. Once you standardi ze your nethod and
set up automated runs, you <can certainly do
uncertainty analysis a | ot quicker now. Things that
woul d take a day or so with very expensi ve craton back
inthe'80s you can get done rel atively quickly on PCs
NOW.

That's one thing that will maybe bring the
use of best estimate plus uncertainty up to the
forefront because you are no | onger conputati on power
l[imted in applying these things.

CHAI RVAN WALLI S: VWile we're on this
background and need, it thinkit's appropriate we talk
about sone of the other ACRS concerns which constitute
a need for you. W tal ked about assessnent here and
it's avery broad topic. W'IIl probably conme back to
it.

We were concerned about the cavalier way

t hat soneti mes basic equations were derived with 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

29

use of handwavi ng wi th Stokes or sonething. But the
equation is actually used so that the nost trivia
equation that conmes fromfirst course and fluids for
a very idealized situation so just decreed this wll
now be used for everything.

There's no di scussi on about why a net hod
derived for sinple geonetry applies to the actual
geonetry of a reactor, for instance. It's just
decreed we're now going to use it.

The ot her area where we had sone probl ens
was in the sort of scaling and range of applicability
of correlation to equations or constitutive |aws or
what ever you call them Sonmeone derives an equation
for nitrogen water experinent in an university for a
Ph.D. thesis and then it gets used for steam water,
hi gh pressure, and bigger dinensions of a reactor.

How shoul d t he staff viewthis? Shouldit
be throwmn out? It's probably unreasonable to expect
everyone to do all the experiments in full scale so
how do you make t he choi ce of whether or not to accept
sonething when it seens to be used -- a recipe that
seens to be being used beyond its range for which it
was devel oped. | think those are two ot her key i ssues
t hat we have with these codes.

DR.  STAUDENVEI ER: | thought the Reg
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Gui de di d address sonething |i ke that where if you're
going to use a correlation it has to be for the range
of conditions you're using it in. O if it wasn't
originally devel oped in that way, you have to do sone
sort of assessnment to showthat it will be okay to use
it in those conditions.

CHAI RVAN  WALLI S: | think on the
correlation the guy is quite good. | think we still
m ght have a way to go if the ACRS applied the guide
in terms of thoroughness with which the approach is
| ai d out of the code rather than just saying this is
the only way we can think of to nodel this so we'll do
it and then going ahead and doing all this
trenmendously conplicated correlation stuff.

Maybe i f we wote the gui de we woul d say,
"Well, you should really go back and say what was the
i nfl uence of the assunption we nmade right up front on
t he answers that we got."

DR. STAUDENMEI ER: | agree with you. | do
t hi nk that type of stuff should be dealt with when you
come up wi t h your mat hemati cal nodel that you' re going
to solve that you really have to have justification
for why your mathematical nodel is adequate to node
t he situation.

That involves | ooking at all sinplifying
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assunptions that you' ve nmade going from a detailed
nodel to your sinplified mathenmatical nodel and meke
sure that these assunptions still hold or to sone good
approxi mati on and estimate of what the error is in
droppi ng out these other terns that you |l eft out when
you've cone up with your sinplified nodel.

CHAl RVAN WALLI S: The approach of the
applicant usually is to push all this over to the
assessnent process. | nean, they either do not
present or they present very quickly as a basic
approach and t hen t hey go ahead and say, "Look, here's
a curve and here's sone data points for LOFT or
sonething or other. Therefore, it works. Everything
gets presented in ternms of the assessment process,
whereas ACRS starting at the begi nning of the docunent

may have questions about the first page.

DR. STAUDENMEIER: | agree with that. A
| ot of people do push it out for assessment |ike
someone my say, "Ch, we're going to assunme
i nconpressible fluid." I nstead of going out and

showing why it's okay to assume an inconpressible

fluid in this stage, they say, "We'Ill just show t hat

it's okay with our assessnment against test data."
That test data may not cover the whole

range of conditions that it my end up getting used
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in. 1t can get carried on and used i n situati on where
it shouldn't. | know one exanpl e where that happened
wi t h West i nghouse usi ng MAP cal cul ati ons for AP600 f or
PRA st udi es doi ng LOCA cal cul ati ons.

Once you got over a break size of about
four inches, the map results just were totally bad.
It really had to do with inconpressible fluids. You
get depressurization rates too fast and MAP coul dn't
really handle it, along with some of its other two-
phase nodels couldn't handle the situation. You're
right. That type of situation really does need to be
addressed up front.

CHAI RVAN WALLI S: That's why we used to be
al ways encouraged t he party assessnment process should
be the staff running the applicant's code and their
own code and experinentingwthit. If they have sone
guery about whether or not sonething which is not
nodel ed very well matters, then try it.

Test with your own code and the
applicant's code and see if it matters. |If it doesn't
matter, there's no senseintrying to nake it perfect
because it's not appropriate. There are sone things
that matter.

MR. ROSENTHAL: This is Jack Rosenthal .

Let ne say to your | ast coment, we totally agree and
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that's what NRRis trying to do. Joe Staudennei er and
| were |ooking at his slides yesterday |late and we
t hought that |ike slides 11, 12, 13 would spur a fair
amount of discussion.

It may just pay to let Joe get on with
some of his presentation so that we're all sort of
t hi nki ng about the sane thing at the sanme tinme. Mich
of this discussion will come up again. Then we can
focus on the key i ssues of how nmuch do you have to do
in the assessnent.

CHAI RVAN WALLI'S:  Fred had a point but,
first of all, I think it's appropriate that we have
t hi s di scussi on now because Sanj oy asked t he questi on
of what's the need. What needs does this address.
That's what we're talking about. | think if we have
that inmndit will help us to assess whet her or not
it's okay.

My feelingisit's been through so muchit
woul d be very difficult to turn around now and say a
mej or revision is necessary. I think it has been
good. You're very patient, Joe, to stand up there.
You can sit down. | think it would be good to talk
about some of the reasons why we need a Reg. Cuide.

DR. MOODY: This is just nostly to put

t hings in perspective for ne, but it sounds |ike al
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t hi s di scussi on has roots i n what has gone before. Is
it not the purpose of this Reg. Guide to fix a | ot of
t hese problens? This is the mainreasonthis is done.

CHAI RMAN WALLIS: That's right. That's
why we wanted to identify sonme of the problens so we
can | ook and see does it fix themor does it half fix
t hem and do we need to go further.

DR. STAUDENMEI ER: Ckay. And to end with
Mai ne Yankee | essons | earned, what was decided is we
needed a standard revi ewpl an i n our Regul atory Cui de.

CHAI RVAN WALLI S: It's very helpful to
have sonet hi ng happen, and then | earn | essons fromit,
isn"t it?

DR. STAUDENMEI ER:  Yes. Ckay. W first
cane to the ACRS in 1998, | think, with the first
presentation of the Reg. Gui de even though it had been
put in notion before that. What we proposed is we
want ed t o address anal yti cal nmethods for all events on
a generic basis as nuch as possible, and address
verification, validation, docunentation, and quality
assurance. There had been problens identifiedin all
of those areas in past code reviews.

As part of this what was done was to
generalize the evaluation nodel concept that was

originally in place for LOCAs and extend it to
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enconmpass any type of transient or safety anal ysis.
VWhat we really wanted to do is lay down in this Reg.
Gui de a description of what constitutes an acceptabl e
eval uati on nmet hod or a devel opnment process t hat woul d
| ead you to an acceptable evaluation nodel for the
transi ent or accident that you were working on.

MR. RANSOM Joe, could you define
eval uation nodel ? In the old days we used to use t hat
to mean Appendix K as far as LOCA-type analysis is
concerned. Does it have a broader meani ng?

DR. STAUDENMEI ER: Eval uati on nodel , yeah.
It's really any nodel. | mean, it goes beyond just
LOCA. People use their evaluation nodel definition
for their transient analysis nmethods or things |ike
that. What it enconpasses is not only the code itself
but the input assunptions of how you generate your
input for going into the code.

MR. RANSOM I n particular we used to use
best estimate versus evaluation nodel. | think the

way it's being used here it includes the best estinate

met hod.

DR. STAUDENMEI ER:  Yes, it would include
a best estimte nethod. As | said, it goes just
beyond the code. It goes beyond the way -- it goes

into the way you apply the code so the nethodol ogy
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that you use in applying the code.

MR. LAUBEN. That's right. Vic, | think
there was a ms -- well, when the ECCS rule was
nodified in 1988 the only eval uati on nodel for LOCA
was Appendix K. But inthe revisionin '88 you could
do best estimate but the definition of evaluation
nodel included both a best estimate eval uati on nodel
and the Appendi x K eval uati on nodel .

Even LOCA does not distinguish between
best estimate and Appendi x K, at |l east therule. It's
just that the idea sort of carried over in a |ot of
peopl e's m nds that eval uation nodel only applied to
Appendi x K. For this purpose we deci ded we are goi ng
to generalize the evaluation nodel concept which is
sinply, as Joe said, it includes all the things that
go into your analysis.

In the old days in particular, there may
be a | ot of codes that go i nto one anal ysi s because it
was cheaper in the old days with conputer tinme and so
forth. You may have had to run a string of six or
ei ght codes or six or eight little subcodes separately
to get the answer that you wanted, whereas today we
lunp themall into one big code nore often than not.

MR. BANERJEE: | have a question. Does

the evaluation nodel include how you nodalize the
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system for exanple, because the inpression | get is
that this is not sort of -- there's no conventi onal
convergence testing done so you nodel the steam
generator inthis way, the pipes inthat way, the core
inthat way. Al this is some sort of folklore that
has grown up around use of these codes. Aml right on
t hat ?

DR. STAUDENMEI ER: There i s supposed to be
convergent studies that the vendors do when they put
together their nodalization. The evaluation nodel
does i nclude the nodalization. W consider a change
to the nodalization to be a change to the eval uation
nodel .

I f you | ook at Appendix Kit specifically
says that. 50.46 in Appendi x K specifically includes
the nodalization as part of the evaluation nodel
because essentially you arereally solving adifferent
set of mathematical equations. Wen you change the
nodal i zation you've added for each equation -- for
each node you have equati ons you' re sol ving so you' ve
changed the nunber of equations you're solving.

There are supposed to be nodalization.
They may not be as rigorous as formal convergent
studies but they are supposed to be sensitivity

studi es applied to make sure that you are converged in
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space and in your tine integration when you do those.
MR. RANSOM So your results, are they
supposed to be independent of nodalization?

DR. STAUDENMEI ER: | think with two-phase

codes | don't think you can get independent of
nodal i zation. | think if you took TRAC or RELAP and
went towards | arge nunber of nodes, | think you wll

runinto Calvin Hel mholtz two- phase instabilitiesthat
aren't danped out because you don't have di scus trends
and other things in there.

Specifically you cannot nmean convergence
in the classifical sense. Nunerical convergence is
you take the limt as you go to zero and see. CSAU
for exanple, addresses this problem Admittedly in
t he ol d days you were probably driven somewhat by the
[imtations of the conputer and the expense of the
time that you could spend actually in solving a
transi ent by how nany nodes you m ght actually use.

The allocation of nodes between, say,
steam generator core, and things like this, sone
sensitivities were done to find a nodalization which
gave satisfactory results in conparison with LOFT or
one of these experinents.

What CSAU says i s t hat what ever you use in

t he way of nodalization for that assessnment, you nust
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use t hose sane nodal i zati on gui del i nes when you appl y
this to a nucl ear power plant so there is a constant
nore or less. Admittedly there nmay not be a one-to-
one mapping in all cases between these two. GCenerally
t he nodal i zati on gui del i nes shoul d be t he same for the
application as they are for the assessnent process.

MR. BANERJEE: But why? The scale is
di fferent.

MR. RANSOM The scale is different but
the geonetric scale presumably there should be sone
simlarity.

MR. BANERJEE: But is that proven in sone
formal way that the scaling is correct?

MR RANSOM | don't think so.

MR. BANERJEE: O herw se why have a set of
di fferential equations you' re solving? If youwant to
make a nodel and say this is a physical nodel for the
steam generator or this and that throughout the
differential equations, it makes no difference. |
don't see the | ogic of having results which are at all
dependent on nodal i zati on.

MR,  RANSOM For exanple, it may be
inmportant to track levels in sone cases |like a snall
break i n t he steamgener at or where t he boi |l -down | evel

may be i nportant. Nodalization is about the only way
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you can refine that level in the conputer code
cal cul ati ons so you nmust find at | east a satisfactory
one.

Anot her good exanmple | could give, and
this is one you could take sonme issue wth, but
Marviekin critical flow experinents. If you do a
course nodal i zation of the vessel nuch |ike you m ght
use in the core of a reactor, you're going to get a
terribleresult because of nunerical diffusioninboth
the energy and the mass. Rather fine nodalizations
are used in those cases.

It's still a subjective matter of
j udgenent . This is why assessnment is still a
qualitative sort of science as opposed to real
quantitative in my mnd. As nmuch as | would like to
see it tightened up, it's a difficult problem

Anot her thing woul d be, for exanpl e, does
it make any sense to have nodal i zati ons that are finer
t han, say, one pi pe di anet er when you have i gnored al
the transverse gradience in the pipe to start out
with. It's the averagi ng process you' ve used to drive
t he equati ons you use. You're going beyondthelimts
of those. Does that nake any sense?

So there are these kinds of limts to

whi ch you can actual |y apply these nodel s, | believe.
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Sone of that | would like to see addressed in tinme in
something like a Reg. Guide but it's sonewhat of a
debat abl e i ssue.

If you talk to the French, they have
anot her opinion in terns of, say, what well posiness
of the equations and presumably you could then carry
out, say, a refinement of the nodalization ad
infinitum if you wanted to. | don't think that's
necessary. It's not mny opinion but these are issues
which are not really settl ed.

MR. BANERJEE: So the eval uation nodel
includes in sone way a definition of what is an
accept abl e nodal i zati on, however it's arrived at?

MR. RANSOM Yes. And typically in the
past the way this has been done is |ike the last tine
| reviewed Appendix K LOCA nodel upgrade the main
probl emthey were having was in the core of their DVB
correl ation and their di sperse fl owheat transfer from
boi ling heat transfer correlation.

What they woul d do i s specifically for the
core nodalization they | ooked at 12 nodes, 18 nodes,
24 nodes and conpared it to experi mental data that was
applicable for that case which in that case, | think,
was THTF di spersed | owfil mboiling heat transfer, and

cane up with a nodalization that was adequate to
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predict the tenperature profiles and dry-out profiles
for that experinent.

For different parts of your nodel likethe
steamgenerator it may be based on havi ng an adequat e
nunber of levels to track when you break natural
circulation inthe |l oop, or there may be vari ous ot her
constraints in other parts and nodalization studies
will be done to nake sure that you are adequately
resol ving the phenonena in those locations in the
plant for the transient that you' re |ooking at,
transient or accident that you're | ooking at.

The same with time step studies. Al the
codes have sone tinme step. They are not really smart
enough to control time step automatically and make
sure everything is resol ved.

They don't |ook at truncation and do a
truncation error analysis of the equations that they
are solving. They |look at rates of change of various
t hi ngs and some error measures for global iteration
conversations but they don't really do classical
convergence in terns of their time step control.

Part of this study would be naking sure
you have a smal|l enough time step to resol ve your tine
hi story and I ooking at tinme step sensitivity studies

to determ ne what an adequate tinme step to calcul ate
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t he accident that you are | ooking at.

MR BANERJEE: So if | understand what
you're saying correctly, the way | get it is that you
are trying to capture certain types of physical
phenonmena whi ch you think are i nportant whichis fine.
And your eval uati on nodel then woul d have appropri ate
nodal i zation so that it would allow you to capture
t hose phenonena.

But you are not trying necessarily to
sol ve t he mat hemati cal set of equations that you posed
to beginwithwith their boundary conditions, initial
condi tions, and so on. You are sinply trying to solve
some integral representation which conserves mask
nonmentum or whatever for a lunp paraneter al nost
description of the systemw th adequate nodal i zati on
to capture certain phenonena.

DR. STAUDENMEI ER:  Yes, | woul d agree wi th
t hat statement.

MR. BANERJEE: 1Is that the phil osophi cal
basi s? |'m having trouble with the philosophy
actual ly.

DR STAUDENMEI ER: | think that's the
phi | osophi cal basis because, as you know, the
equations in these codes aren't really a well-posed

set of differential equations. | nean, you | ook at
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the correlations and they are kind of Iike subgrid
nodel s and have discontinuities in them and things
like that. It would really be hard to do fornmal
convergence analysis | think.

MR. BANERJEE: Kat arah uses bell post
equations with proper transition because they have to
cal cul ate a Jacobi an.

DR. STAUDENMEI ER: |t depends on what you
mean by proper transition. Proper transition nmay be
the functional fit that nade the code run faster in
t hat case

MR. BANERJEE: It could well be.

DR. MOODY: |'mreadi ng on page 19 of this
mast er pi ece here. This is the second paragraph. |
t hought it kind of addressed that.

MR. BANERJEE: Maybe it does.

DR MOODY: In the mddle of that
paragraph wunder the heading, "Prepare |Input and
Perform Cal culations to Assess Mdel Fidelity or
Accuracy." In the mddle of the second paragraph it
says, "Inparticul ar nodalization and option sel ection
shoul d be consi stent between t he experinental facility
and sim|ar conponents in the nuclear power plant."”
| guess that's true. | guess it's just how you get

fromhere to there.
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MR. BANERJEE: That's really the problem

yeah. | don't see howyou scaleit. It's enbraced by
this structure.

MR. ROSENTHAL: Let ne try this. Bear in
m nd that the Reg. Gui de pertains to physics anal ysis
and fuels analysis as well as thermal-hydraulic
analysis to all analysis in chapter 15, anticipate
operational occurrences and transients that Joe
St audennei er tal ked about.

Let's take a physics exanple. Clearly in
al |l cases you are sol ving Baltzmann equations. |f you
use a final nesh treatnment, then you'll convert the
Bal t zmann equations into finite difference equations
that are reasonably sinple.

| f you go to a coarse nesh treatment where
there is one or nmaybe four nodes per assenbly
radially, then you tend to have -- you use different
nuneri cal approximations to the differential
equations. You tend to do nore arithmetic at each
node and fewer nodes.

Now, in my own m nd when we tal k about t he
eval uati on nodel, you have witten Baltzmann equati on
of course. You ve witten down whether it's coarse
mesh or fine mesh and what the numerical

approximations are in those cases. Then the
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eval uati on nodel consist of both nunerical nethods
that you're using and the nodalization because that
clearly coupl ed.

MR. BANERJEE: There's a formal process
t hat we use i n turbul ence call ed coarse screening. It
uses certain types of renormalizations to go coarser
and coarser. That's a formal process and | don't see
any such formal process here.

| nean, you may stop with a very fine-
grai ned description of the system You say this is
not very useful to nme because one extrenme there are
i nternol ecul ar forces, but nowl want sonethi ng whi ch
| can m croscopically observe.

At that nonent you don't make a | eap of
faith. You go through a formal process of coarse
graining and there's no such coarse graining process
that | see going on here. W do that all the time in
turbul ence. That's howyou get eddi e viscosity at the
end. You renormalize the nolecular viscosity but
there is nothing |ike that being done here.

CHAl RVAN  WALLI S: But what you're
addressing is | remenber a few years ago | tried to
wite out my own sort of summary of what should be in
these codes. What | would really like to see is an

openi ng chapter which says this is what we're asking
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the code to do. These are the kind of geonetries and
flow regine or whatever. It's got a handl e.

This is the approach we're using and this
i s the phil osophical way. This is m ssing conpletely
and it's not even there hidden because |I find a great
difficulty ingoing froma statenent, "W are goingto

use this nmonentum equation,” to howit's applied to
the actual system |If | |ook at the nodalization,
see a box, a square box which is supposed to descri be
a piece of the reactor

Well, if I look at the | ower plenum what
is this box? |It's either in a gross way sonething
i ke | ooking down on half a grapefruit that you are
going to eat. How do you represent that as a box? No
one tells ne. |If you're going to break it up, they
are going to take each little segnent and scoop out
with a spoon and they will nobdel that in sone way.

It never tells ne how the picture which
was drawn for alittle square box to derive a nonentum
equation has any rel ati onship to what goes on in that
little segnent of a grapefruit which is not a square
box. That never gets addressed.

| would I'i ke to see an approach that says

we have to nodel these kinds of geonetries. W have

to nodel these kinds of situations. W are going to
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formally devel op some reasonabl e approximation or
somet hi ng t o represent themshow ng t hat we under st and
what we're doing in a way which | think no code ever
does.

No code docunentation ever does. They
just launchinto witing down sone vector equations or
somet hi ng and then say, "W can't handl e that so we're

going to use sonething very nuch sinpler,” and then
goi ng ahead.

DR, STAUDENMEI ER: Yeah, | agree wth
that. | thought the Reg. Guide had sone sections to
address that you really need to start out with your
specific scenario and the equipnent that you're
nodel i ng and start fromthere to see what i s adequate
to nodel in your situation

CHAI RVAN WALLI'S: | think the words nay be
t here.

MR RANSOM Use some reason in the
application of these nethods to things |ike reactor
Ssyst ens. It doesn't matter whether you're talking
about chem cal systens or whatever. They are, in a
sense, nore integral type nodel s that worry about mass
and energy hopefully and a conservation within najor

conponents. W have gone steps further and subdi vi de

t hese.
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| nvariably we replace the heat transfer
with a heat transfer coefficient using Neuton's
cooling lawor a Darcy-type friction factor and i gnore
all the transverse gradients. It doesn't matter if
you' re tal ki ng about nodal di mensi onal formnul ati ons of
t hese codes. They do the sane thing.

You sinmply don't have enough detail, or
can't affordit at the current tinme, to actually node
t he physical transport process as they go on is the
result of these transverse gradients.

CFD, | think, is getting closer to that
kind of thing where they can do sone nodeling of
t ur bul ent phenonena froma fundanental point of view
Sonme day we may do that in reactors but, as far as |
can see, probably beyond ny lifetine.

CHAI RVAN WALLI S:  Take the | ower plenum
It's not a grapefruit now It's a ball you put in the
sink. Youforceit down, it squirts around, and cones
up again. It's like a turbine bucket. Treating that
as if there were no transverse gradients seens to ne
i nappropriate. Show ne that the nodel that you're
using applies to that kind of geonetry.

MR. RANSOM Well, that's why | think the
mass and the |imtations of these nodels, some care

needs to go to that because |I'm not sure there's
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anything better you can do at the current tine.

CHAI RVAN WALLI S:  Because you don't know
how to do anything better nmeans that you ought to
admt it rather than just witingit dowmn as if it has
sone authority. Everyone is going to believe that
this equation is the only way to do it.

MR. SCHROCK: To add to the confusion if
you | ook at this TRAC- M docunentati on you find that,
infact, you can do three di nensional cal culations in
your plenumand al so i n your downconer. | nmean, TRAC
Mdoes that. 1t does that because TRACdid it before
and there it is in the docunentation. It says it's
able to do that. 1've never been abl e to fat homwhat
the basis for that claimis.

DR STAUDENVEI ER: well, limted 3-D
capability.

MR. SCHROCK: Let's talk about the basis
of an argunent that you're doing a 3-D conputation in
either the plenumor the downconer.

DR. STAUDENMEI ER: 1 think the assunpti ons
and what you nmean by that should be spelled out in
docunent at i on. | agree with that. Li ke nodel i ng
downcomers, | nmean, you have an open space. You have
structures on both sides, water comng in during

refl ood.
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How do you tell if the water is touching
the inside wall or the outside wall? W throw in
these constitutive relations that hopefully do
sonet hi ng reasonabl e. You knowyou' re not nodel i ng it
entirely correctly but hopefully it's doing sonething
reasonable for the situation

Largely we are hel d together by our code
assessnment both in terms of the correlations
t hensel ves at the separate effects test and in terns
of how it holds together in a situation like a
downconer big integral test.

In that case we have UPTF data which is
full-scal e reactor downconer. W really are largely
held together in this analysis field by our
experi mental database.

CHAl RVAN WALLI S:  Dr. Kress.

MR. KRESS: | just wanted to throwin a
contrary thought. That is, in terms of the
descripti on of what the geonetry i s supposed to be, |
t hink everybody assunes that we know what it is.
There's not that many geonetries out there. Do
descri be each geonetry every tine in a general sense
i s probably not worthwhile.

From t he standpoint of the crudeness or

t he | ack of sophistication of the nodel, | think you
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have to ask yoursel f how good do we want the answer to
be? How good of an answer do we need? Sonetines that
all ows one to have sone pretty crude nodels.

For exanmple, a lot of the BARresults is
just a pot boiling away. You can be pretty crude with
the pot boiling out. Sone places you need better
nodal i zati on than others. | agree that if you're
trying TRAC | evel or TRAC two-face flow entrai nment
and things of that nature, you need to | ook at howto
refine your nodels.

It all boils down to how well vyour
nodal i zati ons and your nodel describes the data in
relatively large-scale experinents and then the
guestion of how can you be sure that is the case for
the full scale, | think, is real val uable.

|"ve never really -- you know, there's
t hese scaling equations to show you that at | east the
phenonena ranges are about the sanme, but that doesn't
really tell me much about whether if you use the same
nodal i zati on in a sense of simlarity nodalization,
that is the appropriate way to do it. It would be
nice to see that sonmewhere

CHAI RVAN WALLI S: | think what concerns us
is, it's true, certain accidents are just a pot

boiling. 1In probably a twod-node systemor something
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we work fine. Then if you say, "Ah ha, therefore,
anything we assune about our nonentum equation is
going to work because it's just a pot boiling.
Therefore, this validates the nonentum equation,"
that's not true.

It may be that in sonething |ike AP600
where it's nore delegate to the balance between
whet her the fl ow goes fromthis reservoir to that one
or to some ot her one because there's a bal ance so the
pressure drops and so on. Maybe you need to know
t hese pressure drops nmuch nore precisely.

MR. KRESS: I think that's exactly the
case where you need to have better and nore
sophi sticated nodeling because the small pressure
drops meke a big difference.

CHAI RVAN WALLIS:  Anot her peeve of the
ACRS is that sonething gets approved in 1965 or
somet hi ng and never exam ned ever again.

MR. KRESS:. It can apply to AP1000.

CHAl RMAN WALLI'S: Evenif Vic Ransomw ot e

MR. KRESS: That's an autonmatic approval.
MR. BANERJEE: Well, | guess com ng back
to the evaluation nodel, the philosophy is probably

defensible in the sense that you' ve got to take your
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best guess at sonme expert's perk or sonething and t hen
resol ve the phenonena that you can.

| think the last step on how you go from
relatively small-scale facilities to the full scale
and sort of defend your position in terns of whatever
nodal i zati on you have chosen and what ever nodel is not
cl ear.

| was i nvolved with the scaling study for
the AP600 and it was rel atively easier for that case
because nost of the things you could describe with a
| ocked parameters set of ordinary differentia
equations tracking | evel s here and t here and you coul d
get some scaling groups that were useful

Actually, you could get analytica
solution to the equations whi ch al nbst gave you what
you were | ooking for. You didn't even need to use a
code really. But that was a unique situation. It was
sort of a situation dom nated by this ADS-4 and | evel s
up and down.

In general | don't see how you can derive
this way to bridge fromthe nodalization that you are
choosing for your experinment to the full scale.
That' s why peopl e have gone to saying, "Well, if you
refine the nodalization and your answers are not

dependent on the smal |l scale, then they are not |likely
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to be dependent on the full scale.

As soon as you get into the trap of
saying, "This is the nodalization that works for this
smal | -scal e system Now |l have to find howit works
for the full-scal e systembecause nmy results are very
nodal i zati on dependent, then | thinkit's adifficult
position to defend.

If it's nodalizationindependent, then you
can defend it because you can say, "Well, it doesn't
really matter how I nodalize it."

DR. STAUDENMVEI ER: Wel |, in npst cases you
can say there are sone cases where you get fool ed by
even t hat because you are not nodel i ng something. |If
you were really nmodeling it they woul dn't depend on
nodal i zat i on.

Most of the cases we |look at are fairly
wel | behaved in terns of nodalization and do converge
fairly well as you add nodes. In nost transients |
think you can boil down into sone sinple phenonena
that are driving the whole thing just |ike AP600.
Like apunptripinaplant is driven basically by the
frictional |losses in the systemin the punp.

In PMR it will be in single-phase flow
during the punp trip. You have plant data that

neasures the coast down to the punp and coast down to
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the flowin the plant that you can conpare your code
results against it to show that you are doing
somet hi ng reasonabl e in that case.

| think a large majority of cases we're
| ooking at are like that. | nean, there are sone
cases you get into |ike severe accidents, but before
severe acci dents |i ke ATWS and BWR, you get into these
super large full oscillations coupled with power
oscill ati ons.

W obviously don't have plant data to
conmpare when we get into that range. W have sone
pl ant data at small oscillation anplitudes when sone
BWRs went into instabilities. For the full analysis
you do for ATWS you don't have plant data that covers
t hat whol e range of conditions.

You have sone heated channel data that
shows where the onset of flow oscillations is. Your
data probably doesn't cover the full anmount in your
anplitude that you get into in some of these beyond-
design basis situations |ike ATWS.

When you are in asituationlike that, you
have to recogni ze that beyond a certain point there
are just |l arge anounts of uncertainty in ny prediction
and take conpensations for the fact that you really

are going out into sonme place you don't know a | ot
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about and don't take confidence in what those
calculation results are giving you out in that range.

You don't nake deci sions pretending that
you know with fine details of accuracy that this is
how the plant is going to behave in that place.
think the regulation in here has taken that attitude
where you get into regions where you are in the
unknown you apply conservati smor apply sonme sort of
resolution to the problemthat we don't really know
what's going on out there so you work around it.

You don't have to know what' s goi ng on out
there. Your solution to the problemwoul d be taking
neasures that keep you fromgoing out there or if it
did go out there, if you are beyond design basis |ike
in PRAs, you count that up inthe failure bin for when
you are doi ng core damage assessnments or things |ike
t hat .

CHAI RVAN WALLI S:  What you're showing is
that it's not just the paper, it's the people. In
order to do a proper review using this guide, the
staff has to have the kind of awareness and know edge
of all these things that you' ve been revealing and t he
t hi ngs you' ve been sayi ng.

A new trainee comng in here would have

difficulty getting your experience and revi ewi ng code
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using this guide. There have to be other things that
have to happen in order for it to be a good review.

DR. STAUDENVEI ER: Yeah, | agree wth
that. There has to be know edgeabl e peopl e here and
you just can't -- you couldn't just get rid of all the
know edgeabl e people in the NRC and bring in a whol e
new crop of people out of college.

CHAl RVAN WALLI'S: It requires a comm t nent
in ternms of funding and personnel over a |ong period
of tine.

DR. STAUDENMEIER: | think so. | think
that i s actually one weakness of the NRCin that area.
They should really come up wth sonme sort of
formalized training program or process where people
learn all this stuff in a nore formal manner.

Right now the way it works you have a
junior level reviewer working with a senior |evel
reviewer and he m ght go and ask a few other people
who had witten SERs on this process, but there's no
real formal training program

CHAl RVAN WALLI'S:  Then you put themin
front of the ACRS and that's a | earning experience.

DR. STAUDENMEI ER:  You can call it that,
| guess. It depends what you think you'll |earn.

MR. RANSOM Discussingthis Reg. Guideit
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woul d be interesting for maybe the NRCto put together
on all of these i ssues that have been di scussed around
this table what is known about these i ssues and what
is the accepted approach and get sone agreenent on
that and get sone specificity into a docunent I|ike
this.

Whereas right nowit's very qualitative,
you know. It specifies what you nust do in sort of
general terns but it doesn't say you need a 1, 000 page
docunent to do this and |I'mnot suggesting that kind
of thing. Somewhere in the assessnent of how good is
good enough there does need to be sone nore detai
actual ly.

We have argued and tal ked about these
issues and it would be very helpful if sone of this
woul d sinply attack sonme of these problens and get
t hem down and get agreement on themthat this is the
approach and accepted approach. Then maybe we coul d
not have to redo this so often

CHAI RMAN WALLI S: Maybe this comittee
could contribute to that. Maybe not today but in the
next few years.

DR, MOODY: If you hire all your NRC
enpl oyees fromeit her Berkel ey or Purdue or Dartnouth

or U C. Santa Barbara you ought to be okay.
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CHAI RVAN WALLIS: No, the way todo it is

to hire themfromGeneral Electric and Westi nghouse.
Then we know what's really going on there.

MR,  CARUSC Dr. Ransom this is Ralph
Caruso fromthe staff of NRR |'ve just been sitting
here listening to this discussion and | woul d make t he
observation that right nowall three vendors have been
t hrough this process. Ghas been through it, Seamans
has been through it. They' ve been through this
process using this nethodol ogy. There is ongoing

di al ogue with them continuously about how nuch is

enough.

| agree strongly with Joe's comment and
Dr. Wllis' comrent about the people. It's nice to
wite it dowmn. It's nice to wite down what we've

done that is acceptable. W have witten it down when
we wite our SERs but a lot of this is going to be
tribal know edge.

There was an ACRS nenber [ast week who
t al ked about the dark side of certainthings. |f you
wite things down in too nmuch detail, there's a dark
side to that and that is you get people that do
reviews who think they are doing the reviewright but
i f they don't understand what t hey're doi ng, they give

you an answer which is incorrect.
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There's a balancing that has to go on
here. |'munder a |l ot of pressure fromny nanagenent
right nowto wite down nore stuff so it can be done
by | ess experienced people. |I'mnot sure | entirely

agree with that.

|'"m going on the transcript. 1've said
this to ny managenent and I'll say it to you. | don't
think that's necessarily the right way to go. | would
much rather depend on smart people like Dr.

St audennei er here to do the revi ew done on sonebody
who has never done it before.

CHAI RVAN WALLI S: W need t o devel op a way
in which sonmeone |ike Normcan never retire.

MR CARUSO He' Il becone an ACRS
consultant and sit up here with you guys.

MR. LAUBEN:. The econony has done t hat for

MR. RANSOM And | agree that a |ot of
this reactor safety analysis work isn't that hard.
It's dependent on good judgenent on the part of
engi neering people or engineering judgenent if you
want to call it that, and a lot of the design in
safety analysis. It isverydifficult totighten sone
of those up.

I nthat sense, a popul ar phrase today, "It
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ain't rocket science,” but a lot of this is rocket

sci ence.

MR CARUSQO  Yes.

CHAI RMVAN WALLI'S: Vic, | think you have to
speak into your mcrophone. |I'msorry. You have to

speak in the m crophone.

MR. RANSOM Okay. | was just saying that
it isrocket science. That's where alot of this cane
from as a matter of fact. You could say the sane
met hods are used in those cases, the nodel transient
and rocket engines. Again, it depends a lot on
engi neering judgenent and | think we will alongtine.

There does have to be sonme bal ance and |
under st and probably t he vendors woul d | i ke | oop hol es
because that nmeans it's easier to get the thing
through than if there is nore specific algorithmfor
that. | understand that's the bal ance you fight.

MR. CARUSO Everybody wants, you know, a
certain anmount of flexibility but everyone al so wants
predictability and there's a tension between
flexibility and predictability. Youcan't haveit all
one way.

The example | give people about
difficulties in comng up with analytical nmethods is

nunerical nethods. W had Westinghouse conme in with

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

63
W COBRA TRAC and they had one nunerical nmethod to

assess code uncertainty. Then Seamans and Framat one
cane in wi th anot her nmet hod. Westinghouse seeing the
nmet hod that Seamans came in with are thinking about
revising their nmethod to sonething el se. NGE has yet
aforth method and I' msure there nust be a fifth and
a sixth nmethod out there to do statistica
uncertainties.

MR, ROSENTHAL: GRS.

MR. CARUSO GRS. GRS net hod. Ckay.
There are ot her nethods out there and |I'mconstantly
bei ng asked why don't you figure out a way to tel
peopl e how to produce predictable results when they
revi ew t hese codes.

| don't know how !l can do that if | can't
predi ct in advance how creative they are going to be
to devel op new nethods. | nean, it's |like asking ne
to cone up with a review standard for a starship
drive. | don't know how to do that.

MR. RANSOM Well, one way, of course, is
that you have to focus on the end result that you
want. Not necessarily the nethod for getting there.

MR CARUSO Well, then you end up with
t he common conpl aint that you treat these things |ike

bl ack boxes and you don't understand what's in them
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MR. RANSOM All the docunentati on and t he

standards you put forth for that allow it to be
reviewed so that is part of the check and bal ance
system | think, to make sure that it doesn't just
fl oat through.

CHAI RVAN WALLI S:  One of the checks which
woul d be very useful and a little bit difficult with
proprietary codes and nethods is if the audi ence were
not just a few NRC reviewers in ACRS but the public
and if these things were actually presented at
pr of essi onal neetings.

This is the new way of evaluating
uncertainty that has been devel oped by X company.
It's actually out in the open. That gives you a | ot
nor e assurance that people would find errors if there
wer e Some.

MR.  CARUSO Vell, it wuld be a good
thing except that conpanies treat this stuff as
proprietary.

CHAI RVAN  WALLI S: They are wusing a
statistical approach whi ch has been used i n many ot her
fields and it has credibility.

MR. CARUSO. | agree. | wouldlike it to
be publicly available. Unfortunately a |lot of times

it isn't.

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

65
CHAI RVAN WALLI S: Sonetines it's the

t hings which are not public that give us the npst

troubl e.
MR. CARUSO | understand. | understand.
CHAl RVAN WALLI'S: Wl |, Joe, we're taking
ti me because you've got all nmorning. | think we may

have addressed a | ot of things that we woul d ot herw se
address |l ater. Perhaps we should let you get on to
your track.

MR. BANERJEE: In nore ways than one.

MR. STAUDENMEI ER:  Ckay. The basis for
all thisliesinthe regulation 10 C.F. R 50.34 which
says that you have to base technical specifications
and plans on safety analyses. That's the whole
driving regul ation behind all of thisis that you have
set points and various other tech. specs. at plants
t hat have to be based on anal ysis.

As gui di ng principles for devel opingthis,
Normstarted with CSAU. | think Novak informed them
he had gone beyond that with SASM Severe Acci dent
Scal i ng Met hodol ogy. The principles fromthat were
al so incorporated into the Reg. Guide.

CHAI RVAN  WALLI S: That's what was
mentioned. | thought soneone said assassin.

MR STAUDENMEI ER: SASM S-A-S-M
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CHAI RVAN WALLI'S: | was wondering what's

the difference between assessi ng and assassin. SASM
i s anot her word. Ckay.

MR. RANSOM Joe, could you give nme an
exanpl e of what this hierarchial systemdeconposition
principles does for you?

MR. STAUDENMEIER: Really it's a top-down
scaling method is how!l would describe it. You |ook
first at the system you are describing and try to
divide it up into different parts where different
phenonena are goi ng on and then down at nore detail ed
| evel s.

You say for this conponent nodel these
physi cal processes are goi ng on underneath there and
do | have adequate nodels to nodel these physica
processes going on within these conponents. Then the
top | evel would be integrating these conponents into
a coupl e systens and doing the cal cul ati ons.

MR. RANSOM It sounds like a PIRT

VR, STAUDENMEI ER: It's simlar to the
Pl RT.

MR. BANERJEE: It eventually ends up as a
Pl RT.

MR. RANSOM But | guess you try to give

a quantitative figures of nerit or sonething to the
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di fferent things.

MR. BANERJEE: It's qualitative.

MR. RANSOM Qualitative?

MR BANERJEE: | think it's qualitative.

MR, STAUDENMEIER: It's a structure -- |
mean, sonmewhat quantitative and sonewhat qualitative
but it's just a structured nmethod of deconposing it
into parts that you can under st and and gener at e nodel s
for is how!l viewit.

MR. BANERJEE: It gets down to phenomnena.
It should be getting down to phenonena.

MR. RANSOM That's what they do in the
PIRT, too, isn't it? |It's phenonena identification.

MR. BANERJEE: It's a nore formalized way
of arriving at that. 1| don't know. There nmay be nore
toit. |'mnot sure.

MR. RANSOM | was wondering what it does
for you in the end.

MR. LAUBEN: Well, there are about seven
levels. 1'mnot an expert in it by any means but the
ideais that it's nore sinplified at the top. If you
are mssing sonmething at a high level, you' re not
going to be conpensated for it at a | ower |evel.

You have to nmake sure at each | evel as you

go down through it that you have what you need to
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solve your problem It includes things |like do you
have enough phases, do you have appropriate
conservati on equati ons, do you have all these things.
| can't even renmenber what each |evel is.

MR. BANERJEE: It's sonewhere in the Reg.
CGui de.

MR. STAUDENMEI ER:  Yeah, there's afairly
| arge new reg. describing the whole thing if you're
i nterested.

MR RANSOM |'Il try to get it.

MR, STAUDENMEI ER: | think it's maybe
about this thick or somnething.

MR. LAUBEN: The principle purpose of it
when it was bei ng devel oped for SASMwas actually to
| ook at assessnent but it applies very well to code
devel opnent principles. Are you putting the right
things into code.

MR. STAUDENMEI ER:  Yeah, | would call it
ki nd of alnost |ike a PRAtype structure only applied
to anal ysis where you are dividing things up and you
have different contributions and it gives you a
formalized way to take what is the nost inportant
t hing t hat you have to i nvest your time and noney i nto
getting better nodels.

CHAI RVAN WALLI' S: You have your equati ons
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and you have to have your principles. You have to
have t he equati ons based on themand you have to have
the coefficients and the equations and so on.

MR STAUDENMEI ER:  Okay. This is what
Normcane up with, that it's an organi zati on i n DGL096
i ntroduction discussion. It's very simlar to 1120.
"1l put up the table of contents for that later
Then Normwasn't satisfied w th CSAU or SASMso he had
to come up with his own acronym and canme up wth
EMDAP, Eval uation Mdel Devel opnent and Assessnent
Process.

That's the mai n pi ece of the Reg. Guideis
describing this evaluation nodel developnment and
assessment process covers quality assurance,
docunent ation, and the section on general purpose
comput er prograns was added really as a result of the
RETRAN r evi ew experi ence. Also there's an appendi x on
addi ti onal considerations for using this for ECCS
anal ysi s.

The principles of this EVDAP process is
that up front you have to determ ne the requirenents
for what your eval uation nodel has to do. You decide
on a power plant type and accident scenario.

Once you' ve picked that out, you | ook at

t he components you have to nodel, the processes that
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are going on that you have to nodel, and assure that
you've cone up with a well structured system in
anal yzi ng t hese requi renents up front before you go on
deci di ng what sort of code or equations you need to
solve to do this.

After you develop all these requirenments
you develop an evaluation nodel that neets the
requi rements. Devel oping a nodel doesn't nean that
you may not be witing sone code from scratch.

You may be picking up sone code like
RELAP. After you've done this analysis up front you
may determ ne that RELAP has all the required nodels
inthere and physical processes inthere to be part of
your eval uation nodel .

After you' ve nmade that choice, devel oped
it, you do a specific assessnent base that is
appropriate to the requirenents of your evaluation
nodel whi ch depends on the accident scenario in the
pl ant you are | ooking at for this nodel.

You cone up wth all the physica
phenonena that are i nportant in that case whichis the
PIRT |'i ke process. Cone up with experinents to assess
your i mportant nodel s agai nst t hose physi cal phenonena
and hopefully sonme integral experinments which in the

case of transients could be actual plant data.
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So you go and assess your nodel. During
t he process you have to be foll owi ng qual ity assurance
protocols to make sure that you have a paper trai
docunenting that your nodel is actually good to do
what you're goingto do sothat it's traceabl e back to
all your assessnment and showi ng that it's adequate to
use it for what you're doing.

MR. RANSOM Joe, right here you're
tal king about here is a road map for devel opi ng an
eval uation nodel and things that | had difficulty
with. This is in response to Ral ph's comments, too.
It says "specifiedfigures of nerit." Then down bel ow
it defines those as, "Figures of nmerit are those
qguantitative standards of acceptance that are used to
define acceptable answers for safety analysis.”

MR. BANERJEE: BCT.

MR,  RANSOM VWell, these should be
defined. Is there atable or sonething that says what
they are for different accidents?

MR. CARUSO It depends on how the
| i censee or the vendor or the person who i s using the
code what they are using it for.

MR. STAUDENMEI ER: But that's where this
appendi ces woul d cone in later. This was going to be

a top level framework and then there would be an

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

72

appendi x for a specific type of accident or transient
where you woul d have that actual success criteria or
safety criteriathat you are exam ning. But there are
very -- | mean, DMBR ratios, CPR rati os.

MR. RANSOM  You read on down further and
it says, "Determ ne evaluation nodel biases and
uncertainties."” Again, that's about as nmnuch as it has
to say about it.

CHAI RVAN WALLI S: This is nmuch nore
difficult. in the case of 2200 you have a criterion
but what is the criterion for uncertainty?

MR. RANSOM And finally inthe last bl ock
it says "inadequacy standard.” Wat is it? | nean
these are the problens that give nme real grief.

CHAI RMVAN WALLI S: Even wi th uncertainty we
get things thrown around | i ke 95 percent confidencein
the 95th percentile of the predictions or something.
That may hel p you when you protocol efficients in the
code. It doesn't hel p you when you' re addressing the
scal ing. How can you be 95 percent sure that you are
withinthis 95th percentil e of sone scaling situation.
| don't know how to do that.

CHAI RVAN WALLI S: If your tests have only
been validated at half scale, what's your assurance

that they apply to full scale?
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MR. LAUBEN: Usual ly these things are

found sone place else. Not in this Reg. Guide but
some pl ace el se. They may be found in a regul ati on or
they may be found in a different part of the standard
review. It may say that --

MR. RANSOM 95 percent certainty that no
nore than 1 percent of the rods were experi enced bel ow
transition.

MR LAUBEN: | think it's in the SRP.

MR RANSOM It's in the SRP with GEC

CHAI RMVAN WALLI'S: Vic, you havetotalkin
the mc.

MR. RANSOM Why woul dn't you i ncor porate
these by reference at least. They are all over the
pl ace.

MR, LAUBEN: Because in the SRP which
sectionis aconpaniontothis, it will relatethat to
a section in the SRP that is right next to it.

MR. RANSOM Well, could you put that in
this Reg. CGuide and say just those words? |If | were
a guy conming in here and I wanted to do this and |
wanted to pick this up and go through this process, |
nmean, every one of these you have to go find out what
it nmeans, | guess.

MR. BANERJEE: Are you saying that for
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each accident in Chapter 15, or whatever, you would
like to see a reference to --

MR. RANSOM Either that or just describe
how - -

MR. BANERJEE: -- nerit or --

MR. RANSOM -- you establish those. How
are those established.

MR, LAUBEN: | think when | first
presented this to the ACRS in '"98 | had a chart
because you had to have a chart showing that this
regul ation pointed to this Reg. Guide pointed to this
SRP section and so forth.

It's true, you alnost -- it's a road map.
Everyone i s al ways tal ki ng about road maps. It's true
that you sort of do need a road nmap. Maybe the Reg.
GQuide isn't the right -- maybe there's a higher |eve
that has to have a road map.

MR. BANERJEE: You probably have it in
your head but there can't be too many people who do.

MR. LAUBEN. Well, that's a bad place for

MR. RANSOM The people doing these
cal cul ati ons know where everything is.
MR. STAUDENMEI ER:  Yeah, | guess we j ust

assune that the people who would be using this knew
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what those appropriate criteria were. W could add a
reference to the SRP right there saying that many of
the success criteria are defined in the SRP or in
various parts of the Reg.

MR. ROSENTHAL: It m ght nake a very nice
sunmary paper to product this road map to show sone
pl ace. Let nme remnd you again that the Reg. Guide
was neant for broad application, not only in the
t hermal - hydraulic area but in one case it's going to
be a fuel rod internal pressure and sone other
applications going to be how well do you know the
noderate tenperature coefficient. | think by the tine
you draw the full map, it will | ook |ike a street map
of the United States.

CHAl RVAN WALLIS: Wt wote a letter |ast
week on PRAs and many of the paragraphs there woul d
apply to thermal -hydraulics. | was just saying that
i f you make assunptions they should be justified and
if you make sinplications, there are reasonable
representations of a nore conpl ex approach and so on.
Al these things which would apply to alnpbst any
anal ysis you do of anything.

MR, STAUDENMEI ER: Okay. The | ast
principle here would be the accurate up-to-date

docunentati on would be part of this process because
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that's been | guess a problem point that's been
happening i n many revi ews of codes at the NRC by both
the staff and the ACRSis that there wasn't a good up-
t o- dat e docunent ati on.

MR. SCHROCK: On the assessnent we have
of ten conpl ai ned t hat assessnent that is presentedis
so frequently extrenely limted and | don't see how
you are going to inprove that situation through this
Reg. Cui de.

MR. STAUDENMEI ER: No. | nean, | think
t he approach that nost vendors take is throw in what
they think will be the mninmally acceptabl e anbunt of
work that they have to do and if the staff tells them
they have to do nore work, they will add some nore
wor K.

MR. SCHROCK:  You don't have standards
really.

MR, STAUDENMEI ER: There are sone cases
where they are proactive and conme in with lots of
assessnment up front. Those cases don't happen too
of ten.

CHAI RMAN WALLI'S:  You see, if you had a
formal nethod, sonmething |like order statistics or
something, you could actually show from sone

mat hemati cal way that you had enough data points to
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have your 95 percent confidence of some criteria.

You actually show it mathematically and
you could say we need at |east four LOFT tests or
sonething in order to have enough data points to
satisfy this mathematical criterion. You don't have
anything like that now so it's a question of
negoti ati on and judgenent.

MR. STAUDENMEI ER:  Yeah. The only pl ace
that really formal criteria cones in is DVMB or CPR
correl ati ons where they do have a fixed uncertainty
that they aretrying to get at and they really do need
a certain nunber of data points and different ranges
or conditions to get their uncertainty down to that
| evel. O her than that you're right, thereis no good
solid way of putting those numerical criteria on
t here.

CHAI RMAN WALLI S: But if it only comes
fromone side, we just see curves from an applicant
whi ch show a curve and the data point is close to the
curve for this LOFT test. One wonders what happened
to the other conparisons with LOFT tests that they
didn't show us? Wre there any other ones? That's
where, again, the staff if they do independent
assessnent can do this. They can say, "Ah ha, we're

going to take a different LOFT test and see how it
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wor ks. "

MR. STAUDENMEI ER:  The reason they only
had a few tests is probably that they picked these
tests back when conmputer time was very expensive and
they could only run on a |imted nunber of tests and
they had just been carried through for historical
pur poses since then.

CHAI RVAN WALLI S: But they have a choice
on what they show you.

MR. STAUDENMEI ER. Yeah, they do.

CHAI RMAN WALLIS: It's usually that the
criterion has to be that it nakes the code | ook good
| woul d think.

MR. STAUDENMEI ER:  Not al ways. Like lots
of LOFT tests like in the | arge-break LOCA case there
are certain LOFT tests that really -- | nean, you may
say that maybe they should run themall but you | ook
at sone of them and you cone to the conclusion that
it's not going to do you any good for approving that
your code is good in sone case.

Like there's actually one that the NRC
runs that is good for | owdown type phenonena but you
| ook at refl ood stage and the accunul at or dunps al
the nitrogen in and it pushes the water up and

refl oods the core.
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Because that LOFT has a short core it
really isn't prototypical for nuclear plants for the
refl ood stage so it really isn't adding any support
t hat your code i s good for refl ooding a 12-foot core.
In many cases | think it's examning the data and
comng up with conclusions like that that they don't
run the whol e break LOFT series of tests.

Ckay. We sent out draft Reg. CGuide out
for public coment in Decenber of 2000. W received
13 sets of public comments. Twelve were fromindustry
organi zations. One was froman individual who was a
former enpl oyee of an industry organization.

There were coments on both the SRP and
the draft Reg. CGuide but nost were directed at the
draft Reg. Cuide because that was what nost inpacted
the industry and also had a lot nore information in
it.

Most of the conmments, | would say the
majority of the comments, were that applying this
net hodol ogy woul d be expensive. It wasn't justified
based on the risk involved in these accidents and
various things likethat. It would stifle innovation
that you put all these requirenents on.

| think one thing was the utilities

t hought this was going to be a | arge onerous process
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t hat they've broken thenselves away fromthe field
vendors and doing sone types of analyses but this
woul d be so burdensone that they didn't have the
manpower to keep on doi ng that and they woul d have to
revert back to using field vendors.

CHAI RVAN WALLIS: We heard this |itany of
excuses when we conpl ai ned about qual ity docunentati on
| renmenber. "It's too expensive and we don't have t he
people.” So on and so on.

MR. STAUDENMEI ER:  There were actually, |
guess, some di sturbing conments, mnor comrents |ike
there's not adequate data for assessment under all
ranges or conditions that are inportant.

CHAI RVAN WALLI S: So what are you supposed
to do?

MR STAUDENMEI ER: Well, how are you
justifying your coderight nowif thereisn't adequate
data for assessment. There were all different sorts
of comrents but the biggest concern was a burden t hat
woul d be pl aced on this. Especially they had concerns
that this would try to be back-fit on to their
exi sting eval uati on nodel s they had been running for
| ong periods of tine that were approved in the past.

MR. BANERJEE: They' re grandfathered,

aren't they?
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MR. STAUDENVEI ER: Yes, they are

grandf at hered but what they are concerned about is
maki ng small changes or error corrections to these
approved nodels and that would suddenly throw them
into the bin where before they had this small anount
of docunentation and testing and it would throw t hem
in that to inprove one nodel and a small anount they
had to suddenly bring in this whole new volune of
work. That was the main concern

CHAI RVAN WALLIS: The real extra work is
if you are going to use a realistic nodel rather than
a conservative one. If you're not going to use
Appendi x Kit will ask for sone relief then you' ve got
a pretty good case for it. That's where |I think the
work cones in when you use a realistic nodel and
somehow showthat it's a good estimte. W don't |like
the term best estimate because it doesn't mean nuch.

MR. STAUDENMEI ER:  Yeah, realistic is a
better word than best estimate | think.

Since the coments that we received
indicated that this Reg. Quide was fairly
controversial and there were a | ot of concerns, Norm
organi zed a public workshop to bring in the concerned
parties to discuss resolution of their concerns and

resolving their public cormments in away that woul d be
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acceptable to all parties.

We had a one-day wor kshop wher e everybody
gave their presentations on what they thought was
wong with the Reg. Guide or what could be done to
inmprove it. W had sone roundtabl e di scussi ons, took
notes, and went back to revising the Reg. Cuide.

MR. KRESS: You don't feel constrained to
act upon these public comments, do you? | nean --

MR. STAUDENMEI ER:  Constrai ned?

MR. KRESS: Do you feel likeit's in your
best interest as a regulator to keep it like it is,
you' Il keep it like it is.

MR. STAUDENMEI ER: Ch, vyes. There are
public comrents that we just said to make a deci si on.
You can't accommodate this public conment.

MR. CARUSC  What if the vendors fully
supported this and they wote in and said, "This is
good. We'd buy into this."

MR. STAUDENMEI ER:  Yeah, that was --

CHAI RMVAN WALLI S: If we're |ooking for
positive feedback.

MR. STAUDENMEI ER:  They had one negative
conment, that we are too biased towards CSAU as an
uncertainty.

CHAI RMAN WALLIS: That's a good conment.
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MR.  STAUDENVEI ER: That was a good

comment. There was one vendor that said, "W think
this is great and everybody should do it this way."
| think partly because they were doing it that way and
t hey want ed everybody el se to have to go through the
wor k dat a.

CHAl RVAN WALLI'S:  That's fair.

MR. STAUDENMEI ER: Conpl eted revisions to
draft CGuide 1096 in February were provided to NRR for
coment and we recei ved NRR comments back in June of
this year.

CHAl RVAN WALLI'S: NRR didn't seemto have
all that nmuch to say.

MR. STAUDENMEI ER: Their comrents require
some revisions of the SRP nore than the Reg. Cuide.
There were no real revisions of the Reg. Cuide that
were required by the NRR comments but there will be a
needed revision of the SRP.

| have a page of what | consider to be
some significant revisions. The main revision was
addi ng a section on a graded approach to the EVDAP so
t hat people with their | egacy nodel s out there that if
t hey made smal | changes to it that they didn't have to
go through the whol e EVMDAP process. They would be

able to go through a nore limted process for review
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and approval. That was to resol ve the main concern of
ever ybody.

CHAl RVAN WALLI S:  Section 5.

MR. STAUDENMEI ER:  Yeah, we added a new
Section 5 to accommpdate that. The ot her changes you
can see there are a | ot of rewordi ngs and naki ng sone
clarifications like some people don't use FORTRAN
codes. They do cal cul ations. They have nodel s they
devel oped in Mat hCAD or Mathematica and we believe
sonething like that is covered the sane way as a
FORTRAN code woul d be. It's just adifferent program

CHAl RVAN WALLI'S:  They don't change the
structure of the Guide at all but they are just nore
inclusive, let's say.

MR. STAUDENMEI ER:  Ri ght.

CHAl RVAN WALLI'S:  The big change is the
first one which mght provide an out for sone
applicants to do | ess work than they m ght otherw se
feel they had to do. But it mght actually work the
other way. It might work that soneone said, "Now,
| ook, because of the conplexity of this event you' ve
got to do nore work."

MR. STAUDENMEI ER:  Yeah, it may turn out
t hat way.

CHAl RMAN WALLIS: It's not clear that 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

85

all just relief that is being offered in Section 5.

VR. STAUDENMEI ER: The things in
parent heses after the various changes are the
organi zation it came from NRCis us; G\F is d oba
Nucl ear Fuel; CEOG is Conmbustion Engi neering Oamers
G oup.

MR. BANERJEE: What is GN\F?

MR. STAUDENMEI ER:  d obal Nucl ear fuel.
It used to be GE and Ge split off their fuels division
to have a conbi nati on wi th sone Japanese conpani es so
their fuels is now called d obal Nuclear Fuels and
that is a separate entity than General Electric which
is still based out in San Jose. The fuels group is
down in WI m ngton.

MR. BANERJEE: Wat is CEOG?

MR. STAUDENMEI ER:  Conbusti on Engi neeri ng
Owners G oup. The next page there are other
definitions. BWROG is BWR owners group. WOG is
West i nghouse Oaners G oup.

The nunber of comments was far greater
t han t he nunber of changes that were made. | triedto
accommodate all the changes nade.

CHAl RVAN WALLI S: This remi nds me a bit of
student eval uations of a course. The professor goes

back and changes a bit about howit's done next year.
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MR STAUDENMEI ER: That was distilled from

about this nuch set of comrents so it was quite a
distilling process going on. So the revised Reg.
CGui de essentially had the same structure. There was
sone nore materi al added i n vari ous sections to either
clarify, make corrections, or nore detailed
expl anati ons.

Thi s new section was added which is this
graded approach to applying the ENMDAP process which
was to al l eviate the i ndustry concerns that as soon as
they nade a change to an existing nodel, that they
woul d suddenly junmp into this super anount of
docunent ati on and testing.

CHAI RVAN WALLI'S: | wonder if this is a
good tine to take a break since you' re on all norning
and you' ve got to the point where you' ve told us the
hi story and how this thing got created and what the
changes were. Now we've got to what it is. W can
break and come back and di scuss how we |ike what it
iS.

MR, STAUDENMEI ER: Sur e.

CHAI RVAN WALLI'S:  Then you won't have to
stand up.

MR. STAUDENMEIER: | coul d use a drink,

too. M throat is getting a little dry.
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CHAl RVAN WALLI' S:  Why don't you sit down

at any tine.

MR. BCEHNERT: Kind of early to be
dr i nki ng.

(Whereupon, at 10:23 a.m off the record
until 10:37 a.m)

CHAI RVAN WALLIS: We' || now cone back i nto
session. Joe, are you ready?

MR. STAUDENMEI ER:  Yeah

CHAI RVAN WALLIS: | think we'll probably
finish early. Don't count on that now.

MR STAUDENMEI ER:  These are the slides
that | thought would take | onger.

CHAI RVAN WALLI' S:  Cone back i nto session
and Joe will finish up the presentation that he
started earlier this norning.

MR.  STAUDENMEI ER: Ckay. So the new
section in the 1120, the biggest revision is this
graded approach to applying the EMDAP process. It's
to alleviate the concern by vendors. "W have this
nodel we've been using for years and we want to nake
a small change to it. Wiy do we have to suddenly
apply this 30-page docunent and go through all these
addi ti onal steps?”

CHAl RMAN WALLI'S: One reason i s that sone
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of the things you' ve been doing for 30 years don't
apply anynore. They applied when we were being
conservati ve and now we're being realistic and it's
got to be exam ned.

MR. STAUDENMEI ER: I n sone cases that is
true and they do need to go and apply the whole
process or a substantial anmount of the process. In
ot her cases we agree with themthat they may not have
to go do a full-scope uncertainty study and |arge-
scal e assessnent for smal |l changes for a sinpl e nodel .

Al though | guess our argunment at the
publ i c workshop to themwas i f they have si npl e nodel s
to start out with with a small nunber of paraneters,
then it doesn't really take a | ot of effort to apply
an uncertainty analysis to that type of nodel

CHAI RVAN WALLIS: So in the case of a new
design of reactor with different features, that would
be covered by the | ast one.

MR, STAUDENMEI ER Yes.

MR. KRESS: |'mnot sure | know what you
mean by novelty.

MR. STAUDENMEI ER.  Ckay.

MR. KRESS: Newness or neatness? There
are a |lot of neanings to the word novelty. [|'m not

sure what you mean here.
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VR, STAUDENMEI ER: By novelty we neant

sonething totally different than what they were doi ng
like if they had an HEM nodel or sonething and they
changed over to a full two fluid nodel, then there
woul d be a | ot bigger requirenents on show ng that
this new nodel was adequate and good for what they
wer e doi ng and woul d require a | ot of assessnent that
wasn't required for their ol d nodel conpared to, say,
just changing a heat transfer coefficient in the old
nodel .

VWhat we nmeant by novelty i s sonet hi ng nuch
di fferent than what they had been doing. The change
introduces sone sort of new physics or new
mat hemati cal nodel or something that is qualitatively
different fromwhat they had been doing.

MR. BOEHNERT: Doesn't this really cone
down to the staff's engi neering judgnent on what the
extent of the change is?

MR. STAUDENMEI ER: Yeah, | think a | ot of
it does cone down to that.

CHAI RVAN WALLI S: It gives you a basis for
argunent, though. They will conme back and say,
"There's nothing newor very little new. Therefore,
we don't have to do so nuch."” And you'll say, "Ah,

but this is new and that's new and sonething else is
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new and thi s i nfl uences sonething else.” It gives you
a basis for negotiating.

MR. STAUDENMEI ER: Yeah, | think that is
t he case because a |l ot of tinmes the way things work is
the staff may feel one way. They get overrul ed by
t heir managenent. It isn't witten down anywhere and
there's nothing that says that it shoul dn't be t he way
t he manager is. He says, "I've had nore experience in
this than you and overrul e you."

MR KRESS: In the forth bullet what do
you nmean by the event? |s that when you're talking
about the nodel will be used to evaluate various
transi ent events?

MR, STAUDENMEI ER: Yes.

MR. KRESS: It's usually nore than one of
them if you change sonething in the nodel but the
nodel is used to evaluate a nunber of events.

VR.  STAUDENMEI ER: Ri ght . | guess our
concept of it is that the nodel is really your
analysis for evaluating a specific event. If it
covers nore than one, | nean, you have to consi der al
the events that you are analyzing with that conputer
code when you make that change. |If it was used for
multiple --

MR.  KRESS: Do the words "safety
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i mportance” inply something different than risk
si gni fi cance?

MR, STAUDENVEI ER: | think it could be
consi dered the sane as ri sk si gnificance, although you
may be able to extend it beyond sonething that woul d
be pure risk. | mean, there are sone things that we
may consi der that have safety i nportance but in terns
of overall risk to the public, it may --

MR. KRESS: | woul d al nbst interpret that
to mean if it has to do with ATWS then it's
inmportant. If it's not ATWS, then it's not. That's
the only one | <can think of wth real risk
signi ficance.

MR.  STAUDENVEI ER: They are sort of
i nterchangeabl e and there are sone small cases | can
t hi nk of where we think Iike protecting the fuel in
terms of DMB margin. W think that's of safety

i mportance but it doesn't really contributetoriskto

t he public.

CHAI RMAN WALLI S: The text only tal ks
about risk significance. It doesn't use the word
safety inportance. |If it's just risk significance,

then it goes back to a conversati on we had a coupl e of
hours ago. All these design basis accidents don't

really affect risk.
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MR, KRESS: Except ATWS.

CHAI RVAN WALLI S: So it's a different
world. Yet it's the risk world we're probably nost
interestedininterns of affects on public safety and
so on. Howis it supposed to fit into this?

MR. STAUDENMEI ER: Wl |, | guess the way
we sawit as fittinginisif for each accident you're
| ooki ng at you have a safety paraneter that you're
| ooking at that you're trying not to exceed like
overpressure, peak pressure during a pressurization
event or sonething like that.

| guess the risk significance would cone
in by what are the consequences. Cbviously you' ve
anal yzed this. It's the design basis. By that
definition you don't have to worry about it because
your plant is going to stay under this safety criteria
in the worse case.

| guess we are thinking of it and there
maybe i s some uncertainty or finite probability that
the plant in this situation may really exceed the
safety paranmeter and what are the consequences of
exceedi ng a safety paraneter.

Maybe in some cases it's not real high
consequences in exceeding it. Something fails but

it's not going to cause sonme propagati ng consequences
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that go down stream and |lead you into a severe
acci dent .

CHAI RVAN WALLI'S: | think you may need to
rewite this section because if you're |ooking at,
say, 2,200 degrees, if you're using realistic code
with uncertainties, there' s going to be a probability
of getting nore than 2,200 degrees. Bound to be.

And you're going to use sone criterion
i ke 95 percent assurance or in 95 percent of the
cases you won't exceed 2,200. What happens if you do?
| f you have a long tail, you m ght get up to 3, 000.
We don't know until you estimate it.

| think this is a very vague requirenent
that they | ook at consequences exceeding a safety
limt because | don't think the staff ever does inthe
case of sonething like 2,200. You don't say, "What
happens if it's 2,201 or 2,210." You don't have a way
of evaluating the inportance of that.

MR. STAUDENMEI ER: Not in the way you're
tal king about but events that if you are review ng
sonmet hing for an event that had nore safety, say, if
you di d exceed whatever safety criteria it had. You
m ght revi ewthat anal ysis nore cl osely t han sonet hi ng
that doesn't really have any severe consequences if

you didn't really neet the safety criteria.
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CHAI RMAN WALLIS: What is going to be --

MR STAUDENMEIER:  So there is in sone
cases a disconnect between the safety criteria or
tech. specs and what is actual risk to the plant.

CHAI RVAN WALLI S: We're tal king about
per f or mance- based regul ati on where i nstead of saying
2, 200 degrees you sinply say you' ve got to assure the
integrity of the cladding or something. Then it's
going to be even vaguer how you are going to assess
whet her or not they neet the regul ations.

MR. STAUDENMEI ER: That issueis currently
under consi derati on.

CHAI RVAN WALLI S: You might need to

rewite the section 54, risk significance, in a way

t hat hel ps anticipate sone of these things. It's a
very short section with two sentences. | don't think
it helps the reader. It doesn't help nme. |'m not

sure that the present regulations for use of these
codes for design basic accident risk is relevant at
all.

MR. BANERJEE: It also allows to do very
little if they wanted to because risk is usually
smal |, right?

MR, STAUDENMEI ER Yes.

MR. BANERJEE: Not very significant in any
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case.

CHAI RVAN WALLI S: PRA shows the | arge-
break LOCAs uninportant so we want to anal yze it.

MR.  STAUDENMEI ER: And that is the
i ndustry position. They really want to get away
wi t hout anal yzi ng just about any of these events or
taki ng them out of the regulatory arena.

MR. SCHROCK: | have sone difficulty with
t he degree of conservatisns aspect of this. | guess
it's somewhat related to Vic's question earlier about
nmeani ng of eval uation nodel. It used to be those
words applied to the Appendix K and al ong cane the
concept of a realistic analysis or best estimte
anal ysi s.

| think for many people, certainly in ny
mnd at the tine the realistic analysis was being
introduced it was an either/or proposition. 1 think
you gradually nmove towards a situation where you're
going to be confronted with anal yses that span the
whol e spectrum bet ween.

This wording in this seens to nme to be
opening the door for that where you want to do
something less costly than a full CSAU so you
introduce a little nore conservatismhere and there

and then you can have a | ess costly process for the
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i ndustry.

| may not be meki ng nysel f cl ear on where
| see the pitfall but I think there is one here. It
also cane out in our |ast discussion about risk-
i nfornmed consi derations and the conservative nodel s
that are involved in that context.

It isn'"t very clear what one would do in
evaluating the degree of conservatism in the
eval uati on nodel in deciding how detail ed this node
devel opnent has to be.

MR. STAUDENMEI ER:  Actual ly this was nore
t 0 accommmodat e exi sti ng nodel s t han f or devel opi ng any
new nodel s, | guess. | understand where you see the
pit falls.

MR. SCHROCK: It says the extent to which
the full nodel devel opnent process may be reduced for

a specific application.

MR. STAUDENMEI ER: Right. Yeah. | nean,
we hadn't thought of -- | guess you could apply that
to devel oping a new nodel from scratch. [If it was

extrenely conservative and if it was defensible, then
| think you woul d have to accept sonmething |Iike that.

When you are devel oping a nodel, | nean,
you just wouldn't say that it's conservative w thout

supporting information to back it up. | think you
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have to have technical defensibility in your nodel.

| think you have to al so consider that if
there's no -- if you're not gaining any additional
benefit fromgoi ng t hrough thi s whol e process that you
woul d have a technically defensible nodel with |ess
el aborate devel opnent or |ess costly devel opnent
process, then | think that would have to be
accept abl e.

| think we have to be sure that we're not
putting additional burden on the industry for no
reason when they could have an acceptable or
techni cal |l y defensi bl e nodel with|less effort or cost.

MR.  SCHROCK: You put yourself into a
corner sometines like on the determination of an
overal |l conservatism The idea that the ol d Appendi x
K had conpensati ons whi ch you under st and sonehow, but
on the basis of what do you understand these
compensati ons?

You kind of end up with a schene which
seenms to ne to be basically unsound where you are
trying to wei gh one thing against another thing and
then judge overall the result of the conputer
calculation as a suitable basis for nmaking a
determ nation that you neet this criteria.

| can't see there is any way you can
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relate what one inaccuracy does to what another
i naccuracy. It has no relationship to that in the
calculation as it does to the bottom Iine
determ nation of, say, peak-life tenperature.

MR. STAUDENMEI ER: | guess anot her type of
exanple | would use is if you had -- | guess part of
this you'll see later on that part of this degree of
conservatism in the evaluation nodel is that you
actually in order to apply this justification for
goi ng through the reduced effort you couldn't just
say, "l have a conservative nodel."

You have to put forth sone effort in
gquantifying that you really do have a conservative
nodel and have a fairly good esti mate on t he degree of
conservatismin your nodel before you use this as a
justification. You couldn't just say, "I have an
Appendi x K nodel. It's extrenely conservative and,
therefore, I'mnot doi ng assessnment on nmy new refl ood
E-transfer correlation,” or sonmething |ike that.
That's a case that would not be acceptable, | don't
think. | can see how you see that these worse cases
may slip by because they probably have in the past.

CHAI RVAN WALLI S:  You' ve got to be careful
by what you nean by conservative. What is

conservati ve? Heat transfer coefficient for refl ood
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is not conservative if it's used for something like
pressurized thermal shock.

Even so if you just took a brief flood it
may be that the heat transfer at sometine produces
nore steam whi ch changes the scenario so having it
| ower later still isn't conservative because of the
interaction between what happens earlier and what
happens | ater. It's not obvious that particular
assunption is conservative unless you |ook at the

consequences of maki ng sone ot her assunption.

VMR, STAUDENMEI ER: Yeah, | agree wth
t hat . | guess the ultimate goal is that we would
really Ilike people to nove towards realistic

cal culations with true uncertainty evaluation. W're
just trying to nmake sone attenpt to cul m nate sone
ol der methods that are still going to remain with us
on this transition process.

MR, SCHROCK: | guess ny concern is that
| am conpletely convinced that it takes a |ot of
nudgi ng to nove themin that direction and that you
have a | ot of pressure on you to accommopdate themin
ot her ways. You are doing things which are not
consistent with the idea of nudging them in that
di recti on.

MR ROSENTHAL: If | could, instead of
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t hi nki ng about LOCA and steaml i ne break which we all

acknow edge are thermal dynamically challenging to
anal yze and the staff puts a lot of effort into it,
let's go to the full other end of the spectrum

There's a pressurized water reactor rod
drop acci dent analyzed in Chapter 15 of the FSAR in
whi ch having dropped the rod in the core of the
react or saves power and t he pressure and t enper at ures
hardly change at all

The consequence of the drop rod is that
you may on the other side of the core fromwhere you
dropped the rod experience DMBin sone |imted nunber
of fuel pins. | think we would all agree there is
life after DMVB.

Her e we have a reasonabl y beni gn scenari o.
We would like it not to happen and, of course, we'd
i ke not to challenge the fuel, and it has happened so
the probability is reasonably high. You can say just
how much anal ysis do we want themto do.

Now, you conpound that by saying that for
a |l arge-break LOCA anal ysis it nay be years before you
have to redo it. Condi ti ons have changed in your
reactor. You do fuel shuffles every cycl e and you may
wel | find yourself reanal yzing this reasonably benign

drop rod scenario which puts you into this node. It
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just seens that the graded approach ad not requiring
all the qualificationwas appropriate for that sort of
event .

MR. KRESS: The problem| have with that
is once you have a change in your nodel and you give
it sone sort of stanp of approval, then it nmay have
originally been intended to be used for this rod drop
problem but thenit's proved in the code for any use
that they want to put it to and they want to conme back
|ater for a power upgrade. This nodel may have a
significant affect on the peak clad tenperature or
sonet hi ng whereas that wasn't the origi nal application
change.

| worry about not having -- for exanpl e,
the risk significance or safety inportance, | worry
about that one particularly because what | think is
needy is, two things, how good is ny code that |'ve
gotten now, the one that has been approved, how good
is it with respect to reality. | don't know how in
the hell you know that.

My guess is you have your best guess at
reality by using sone realistic code |i ke TRAC-Mt hat
you devel oped. You could say this is ny best guess at
reality, but that's going to be specific for a

speci fic plant.
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| would | ove to see sone sort of a system
where here is nmy best guess at reality for this plant
and then here is how close this particular approve
nodel s or set of nodels for this plant cone to my best
guess at reality and why is that acceptable to ne.
There is sone criteria need there.

Then they will cone in and say, "I want to
make a change." What you've got is now a new set of
nodel s or new set of code. Then you ask yourself how
did that affect my assessnent of how cl ose this cones
to reality and how does it relate to ny acceptance
criteria.

| don't really see any of that. That's
t he process that nakes rational sensetonme. Thisis
to ne what you have here is a reasonable process

except | think it's too judgnental and it's going to

|l ead to a | ot of negotiation and di scussion. |'msure
you guys know how to do that and you'll conme down on
the right end of it. VWhat worries nme is from the

st andpoi nt of how an outside mght viewit.

MR. STAUDENMEI ER:  Yeah, | think that's a
valid coment. This is the conment seeking period so
| invite you to express that. | nmean, maybe it isn't
t he proper thing to do what we have proposed here. W

may have not thought through all the nuances of these
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various things and we would like to hear possible
pitfalls that we haven't thought of.

MR RANSOM 1'd like to comment just a
little bit nmore followi ng on what Professor Schrock
has i ndi cated, the need for conservati sm Appendi x K
was an attenpt to provide an overarching conservati sm
to a calculation by doing a worse case type scenario
inall cases. A lot of conservatismis nmaybe not so
good because you weren't assured of safety.

| still think there's a need for sone
overarching | ayer of conservatismin a cal cul ation.
The one exanple that I"mgoing to give, and this is
somet hi ng t hat maybe woul d be sonething the NRCreal ly
shoul d al nost | egislate, would be the effect of the
user of one of these codes.

In the cal culations that |I've seen where
there were blind cal cul ati ons using the sane code but
di fferent users to nodel the phenonmena. The | argest
vari ation was due to user. My question would be how
do you account for that?

Thi s i s not an unnodel ed pi ece of physics
necessarily but sinply a |ooseness in the user
gui del i nes or whatever that allows different users to
get different results. Sone of themm ght even be due

to human error. Human error also needs to be
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consi dered in these kinds of calcul ations.

MR. KRESS: | think the only way to deal
with that is to have their own assessnent nodel that
t hey bel i eve and know t he user affect and to conpile
t he results.

MR. RANSOM How do you know their user
effect isn't wong?

MR. KRESS: They have to have that one
studi ed and down.

MR RANSOM This | believeistheir role.

MR. CARUSO Dr. Ransom 1'Ill give you an
observation on this. |'ve seen this nyself. | think
|"ve made some conments about this in the past. |In

the case of the vendors with things |like the LOCA
codes there is a lot | ess user options than you m ght
i magi ne.

The vendors have very strict rigorous
processes which we've seen which we | ook at all the
time to make sure that they get the same answer every
time. They don't allowtheir individual engineers to
go of f and nodel and nodalize plants differently.

They do production runs and they have to
be able to do themin a very predictable way. They
have books and books and books and pil es of books and

roonms full of books that describe in exquisite detail
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how t hey do these things.

The cal cul ati ons that we do are nuch | ess
predi ct abl e because we don't -- this agency doesn't
have as rigorous a set of guidelines as the vendors
do. I've seen the sane sort of variation that you
have seen.

|'ve seen it interestingly enough in
compari sons anong peopl e who had not hi ng t o gai n ot her
than their pride. | mean, | have one | SP that | drag
up as an exanple all the time in which sonme regul ators
and sone uni versity professors did sone very creative
things with one of your conputer codes to get the
answer that they thought was correct. They had
not hi ng at stake.

The vendor s who have an enor nobus anount of
noney at stake have proceduralized how they do these
cal cul ations very, very carefully. Licensees, onthe
ot her hand, are nore creative and that's difficult to
police but it has to be policed, | think.

Renmenber we tal ked about this. They want
predictability but they also want flexibility. They
want to be able to be creative and you don't want to
shut down that creativeness but you don't want themto
go off and use RELAP-5 to do containnent

subconpart nent anal yses whi ch sonme of themhave done.
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Then they file Part 21 reports with us sayi ng t he code
is deficient because it doesn't do it very well.
These sort of exanpl es are al ways goingto
show up and it's our job, it's the job of the
i nspectors, it's the job of the peopl e that understand
how t he codes work and how t hey shoul d be applied to

nonitor this and correct themwhen they do the wong

thing. | honestly believe that is the only way to fix
it. | don't think the guidelines are going to fix
this.

MR. RANSOM They won't entirely but, you
know, good gui del i nes and gui del i nes for nodal i zati on,
like I think Dr. Banerjee was tal king about, those
things help. Al of these things help. The only
thing I'"d like to knowis maybe it's only a fraction
of a percent or sonething in there in the uncertainty
that is associated with the human aspect of this
t hi ng.

CHAI RMAN WALLI S: | think you have to
space things out.

MR CARUSO. \When we do the reviews of
t hese nmet hodol ogi es we try our damest -- the word is
going to get in the transcript -- we try our danmest
to make sure that we nail down how they are going to

do the analyses. W trytowitethat inthe SER W
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try to nake themdefine it in the topical reports.

That's part of this dialogue that occurs
back and forth between the staff and an applicant
about how to use these nethods. We try to define it
well but we try not to make it so strict that they
can't use it inarealistic way. Once again, | think
this is ajudgenent. That's why we have smart peopl e
like Dr. Staudenneier to help us do this and Dr.
Lauben.

CHAl RVAN WALLI' S: I f you try your damest,
| think we should tal k about dammest estimate codes.

MR. CARUSO O realistic, not best
esti mat e.

CHAI RVAN WALLI S: Your next slide, |
t hi nk, shows what ny col | eague Dr. Kress was sayi ng.
There's a huge range for maneuver in terns of what is
requi red here because you can be anywhere on this
scale in any code eval uation

MR. STAUDENVEI ER: Yeah, | agree wth
that. You can be anywhere. Like | said, naybe it's
not appropriate that we allow this w de range of
variation. This was trying to come up with a proposal
for accommodating this graded process.

If there are deficienciesinit, whichl'm

sure there are, then I would appreciate they wote
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t hem down and said what they are. W're putting out
this proposal and | wanted to put out sonething -- get
somet hing down on paper to conment on to get a
starting point intryingto, | guess, address the nmain
publ i c concerns.

CHAI RMVAN WALLI S: This is exactly the
opposite fromthe way that ACRS is goi ng on PRAs and
t he ACRS got fed up with seeing m ni rumPRAs and want s
every PRA to be good. It seens to be the line we're
t aki ng now.

MR. STAUDENMEI ER: | can see the holes in
this process. | guess one thing we thought is people
woul d be either close to one end or the other end and
that there wouldn't be this continuous spectrumin
bet ween.

CHAl RVAN WALLI S: Where there are two
bosses, not a spectrum

MR. STAUDENMEI ER:  Right. This would be
maybe their old conservative eval uati on nodel s here
and this would be the new generation of evaluation
nodel s com ng in | i ke COBRA TRAC and TRAC- G and t hi ngs
like that and that you wouldn't really be noving
across a continuous spectrumlike that.

MR, KRESS: | think on the first one you

coul d be on either end but for the rest of them you
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are nore likely to be on the m ni mum end.

MR. STAUDENMEI ER: Yeah. Well, a lot of
the cases while it may not be |like conservatism it
may not be that the code you're using is real
conservative. It may be that the input assunptions
for how you eval uate that event are conservative.

Li ke you ignore the first safety grade
trip or your ACCS fl ow that you assune is 20 percent
bel ow what the hi gh-pressure injectionflowreallyis
in the plan, or something |ike that, where it's nore
conservative i nput assunptions than the code actually
bei ng conservati ve.

There are other cases on this chart that
| could think of that it's not really exactly. I
guess there are exceptions to one box or the other
box.

CHAI RVAN WALLI S: The first Iine any code
that is derived from RELAP is sinply going to say
RELAP has been around for a long tine. Qurs has this
great heritage and everything so nothing much has
changed so it's a small change.

MR, STAUDENMEI ER Wl |, we haven't really
accepted that in the past. Actually, there have been
vendors that have tried that and referenced old

assessnent that was done out at INEL on sone ol der
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code version that had maybe nothing to do with their
code ver sion.

We require themto come in with their own
assessment that they have performed their own version
of the code. That is sonething that we have
consi dered and hopefully that type of thing doesn't
slip by.

The cases where that maybe slipped by is
actually where there's | ot of anal yses that are done
wi thout using a formally approved code that aren't
really safety analyses like this.

It may be sone event analysis or sone
speci al type of analysis that alicensee will conme in
with the support of tech. spec. anendnent or sonme
change in the plant and they pull out the NRC version
of RELAP-5 whi ch hopefully they have done sonme QA to
make sure it works properly on their systemor RETRAN.

They are using it for an event that isn't
covered under any approved transient or accident
nmet hodol ogy because it's just a special case they are
| ooki ng at.

In those cases | think that is the nost
danger ous cases peopl e i nvoke t he goodness of the code
because it's been around so long and it's been used

for a wide variety of things even though maybe those
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t hi ngs have nothing to do wi th what you are usi ng now.
Hopefully in those cases the staff does know that
speci fic assessnment may be required for that specific
application and what they are using it for in that
case.

| have seen a few cases |ike that that
have cone across ny desk and hopefully we're not
letting them slip through the cracks. There is a
possi bility that may happen. Actually in one big case
t hese risk-informed anmendnments where it goes through
and part of the amendnent may have sonething to do
Wi th reactor systens branch.

They used the risk-infornmed anendnent
process as a way to bypass reactor systens branch and
only the PRA people look at it and may see it done
wi t h RELAP or sone ot her code that they knowthe nane
of and think this nust be good and approve it on the
basis of PRA and maybe sone of the supporting
calcul ations aren't very good.

CHAI RVAN WALLI S: What you're saying,
t hough, is that full application is going to be
required not just for a conpletely new eval uation
nodel but for an evaluation nodel which has
significant newness to it but not conpletely new.

That woul d never happen probably.
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Al so, a new plant design, uniquely new
plant design that is an extraordinarily different
pl ants. There are light water plants which
significantly differ fromold|ight water plants which
require full application.

They don't have to be uni quel y new but the
di fference needs to be significant so | wouldn't pick
sone of these superl atives or adverbs over here. They
make it look as if you only have to do the whole job
when t hi ngs are real |y tremendously newand di fferent.

MR.  STAUDENMEI ER: Yeah, | agree wth
t hat .

CHAl RVAN WALLI' S:  Maybe this is just for
us to see rather than being part of the Reg. Cuide.
Is this part of the Reg. Guide, this picture here?

MR STAUDENMEI ER: This picture is not
part of the Reg. Guide. | was trying to point out the
spectrum of cases that you may have run into.

MR. BANERJEE: So extent of plant change,
woul d that include, say, a request for an uprate?

MR, STAUDENMEI ER: Yes.

MR. BANERJEE: That woul d be significant.
Let's say they are using an eval uation nodel to | ook
at ATWS. Because we operate the plant, you m ght be

drivenintodifferent regions of instability and stuff
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on ATW5. Does that nmean we have to requalify the tool
that you're using to look at it?

VR. STAUDENMEI ER: | f the new range of
pl ant operation conditions went beyond what the
ori gi nal net hods were approved for, they woul d have to
qualify the tools in that newrange of operation. But
that is the main thing is to look at your plan
operation and acci dent conditions and see if they are
still in the range of what the codes were approved to
be used for when the SER was witten on the codes.

MR. BANERJEE: So how woul d you sort of
address that specific issue, let's say? The stability
maps are goi ng to change and t hings so how woul d you
quantitatively know that the code has been approved
for this or not? |Is there sort of limts for what a
code is for?

MR. STAUDENMEI ER: Yeah, usually in SERs
there is usually sonme set of limtations that the code
can be used under this range of paraneters and with
this specific input or things |like that, or specific
options so there usually are restrictions put on the
use of the code, that it is only applicable for this
range of conditions.

More |ikely there may be sone | i near heat

generation rate on the refl ood data or sonet hi ng t hat
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you have assessed agai nst and pushing -- if you tried
to push a fuel bundle up higher than that. |If
there was an approval basis on that |inear heat

generation rate, you woul d have to go out and perform
assessnment of new data that was outside the range, or
el se make sonme argunent that your nodel is still valid
out si de that range.

| think one case that has conme up recently
is that GE Safer Jester LOCA Eval uation nethodol ogy
where there was an artificial tenperature limt of
1,600 degrees put on that so it wasn't valid if you
were cal cul ating tenperature higher than that.

| don't know but CGE at one tinme was
tal ki ng about comng in -- that was the result of the
data they had assessed against was limted to that
tenperature range. | think GE is going to conme in
wi th nore assessnent agai nst sonme ot her data besi des
that to raise that limt.

MR. CARUSO They did the testing. They
have assessed it against the data and the limt has
been |ifted.

MR. BANERJEE: And what about ATWS for the
E uprates? How are they analyzing that right now?
Fuel is nore subdevised so it's faster and all sorts

of interactions and instability.
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MR. STAUDENMEI ER:  Well, | nean, they're

not -- if you | ook at ATWS and what are required for
ATWS analysis it's not as conpl ex as goi ng through a
full ATWswith all these power spi kes and cal cul ati ng
t hem correcting.

| f you | ook at ATWS what's required for
BWRs i s that you have a slick systemthat can eject a
certai n anount of borated water into the system Al so
what they have to evaluate is their operating strategy
during the ATW5. You are going to do certain things
like one thing you do is based on suppression pool
t enperat ure.

| f your suppression pool tenperature gets
up to a certain tenperature, that's when you initiate
your slick injection. You have a level control
strategy during the ATW5 to minimze power produced
and power dunped to the suppression pool.

You're not really evaluating to the point
of large-scale oscillations well beyond that design
basis where you see in lots of ACTW cal cul ations
that's not really part of the regul atory process of
ACTS.

There's stability constraints that are put
in, stability maps that are derived, and they have to

operate withinthe stability limts. Those stability
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maps are updated at the new range of operating
conditions for the power uprate.

MR. BANERJEE: So you would just take
what ever i s the exi sting net hodol ogy and, say, inthis
case it would be okay?

MR STAUDENMEI ER: It nmay be okay or it
may not be okay. You have to | ook at the nethodol ogy
toseeif the newapplicationlies within the range of
applicability, and if it doesn't, you have to do
somet hing to update your nethodol ogy so it does.

MR. BANERJEE: How woul d you judge inthis
case? | nmean, are there experinents under this?

MR,  STAUDENMEI ER: There are sone
experiments related to ATWS in the FIST facility at
CGE. Qoviously it doesn't have the full kinetics
f eedback. There's various parts of your -- you woul d
have t o conpare vari ous parts of your eval uati on nodel
to applicable experinmental data if you have it.

Like with the onset of instability there
are sonme tests. | can't think of the name but the
experinment now is over in Sweden, the full-power
bundl e experiments. The void fractionis there, too.

CHAl RVAN WALLI S:  FRI GG

MR, STAUDENVEI ER: FRI GG Yeah. They

have onset of stability experinments in there. GE has
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their own experinents on heat transfer when you get
intothe oscillatory flowreginme at, | think, the ATWS
facility. They have these FI ST test that were done in
conjunction with the NRC for |ooking at transient
behavi or in BWRs.

There is data out there and piecing it
together to get, | guess, a unified picture of how
wel |l your evaluation nodel is may take sonme work
because you don't have it all in one place. There are
ways to determ ne whether your nodel is operating
within its range of applicability.

As far as uniquely new plant design, |
nmean, the pebble bed would probably have been the
first plant where we could have maybe applied this
full process in all its glory and see how well it
wor ks because it's way different than anything we
| ooked at before, neweval uati on nethods t hat haven't
been used before or licensed before in the NRC

Actually | think we told the pebble bed
people that to look at this draft Reg. CGuide as an
exanpl e of what their eval uation nodels were going to
have to neet when they came in with them for a
speci fic review and approval .

MR. RANSOM Along that |line, is there any

data for the pebble bed nodular reactor from the
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German work that were transients or experienced in
t hose reactors and coul d be used for code validation?

MR. STAUDENMEI ER: | think there is data.
|"mnot famliar with it but | know people were -- |
t hought they went over and visited Germany and sone
Germans came over here so | think there was a proj ect
there. There is also a small, | think, pebble bed
reactor i n Chinathat people were | ooking at data from

that reactor al so.

MR,  RANSOM In order to apply this
process you would need sonething like that | would
t hi nk.

MR. STAUDENMEI ER: Right. Yeah. | nean,

for the pebbl e bed process people comng in wth that
woul d have to do field qualification testing. Since
they were touting risk as a big thing under severe
acci dent conditions, | think they were going to have
to do this field qualification testing and
characterization.

MR. RANSOM Al ong these |lines, has Reg.
consi dered that if sonebody comes inwith aradically
new reactor wth a rather limted data base,
particularly in conparisonwth |ight water reactors,
they pretty well know howt hey behave and everyt hi ng,

how woul d you factor in conservatism or should there
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be sone overarching conservatism applied to, say,
concept |ike that that presumably could be reduced
with time, you know, as nore experience is gainedwth
t he thing.

It would seem like that would be a
rational approach to licensing a brand new type of
reactor. Insist initially on a fair degree of
conservatism that could be reduced in time as this
process nmatures you mght say. Has any thought been
given to that sort of thing?

MR. STAUDENMEI ER: | don't know. | don't
t hi nk about it. People that woul d be thinking about
it are higher levels than | am That is one thing to
consi der. | guess that would be follow the Iight
wat er reactor process when they were first |icensed
t hey had | arge anpbunts of conservati smin everything.
As nore data becane avail abl e, that was reduced over
time.

VMR, RANSOM | would think the risk-
i nformed regul ati ons woul d have to have sone ki nd of
mechani smli ke that where things that are | ess certain
woul d be -- you know, there would be a higher degree
of conservatismthan there would be, say, in --

MR. KRESS: | think you are on to

sonet hi ng there. That was ny concept of how you deal
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wi th defense in depth. It depends on the uncertainty.
Then as you gain in experience and using that
uncertainty, it gets snmal |l er because of nore know edge
that you ought to be able to reduce sone of the
defense in depth which is reduce sonme of the things.

| think it's a very reasonabl e approach.
It ought to be built into the risk-informed reg.
someway. | don't see it there in what |'ve seen so
far. That bel ongs maybe not here but in the risk-
inforned reg. stuff it belongs there.

MR. BANERJEE: But then you woul d have to
t ake i nt o account al so unexpect ed phenonena t hat occur
as plants get ol der.

MR. KRESS: You have to keep that in m nd.

MR BANERJEE: It's sort of a risk.

MR. KRESS: It takes you the other way.

MR. RANSOM They've been tal king about
agi ng, you know, and how do you factor that into the
risk infornmed regul ation. Sone of that is possible,
| think, because sonmething is known about it.

MR. BANERJEE: Every few nonths we get a
surprise, you know. A newsort of break occurs sol'm
sort of skeptical.

CHAI RVAN WALLI S: Every how nmany nont hs?

MR. BANERJEE: Every few nonths. | mean,
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it's some sort of -- at | east recently it seens to be.
There are hydrogen expl osi ons and David Bessi e.

CHAl RVAN WALLI S: So we are due for
anot her one now?

MR. BANERJEE: Possibly. A newsurprise.

MR. BOEHNERT: Well, actually --

MR. KRESS: W have a new frequency of
surpri ses.

MR. BCEHNERT: They do have a probl em at
Quad Cities with the uprate. Actually they've had
problems with a steam drier. | haven't had the
detail s yet.

MR KRESS: | would be real interested to
hear nore about that.

MR. BOEHNERT: Yeah. 1'mgoing to find
out what it is.

CHAl RVAN WALLI'S: As they try to operate
t he power they found things happening.

MR. BOEHNERT: They had sonething in the
drier break or sonething.

MR, ROSENTHAL.: But we're not sure yet
that is due to the power uprate. W know there is
hi gher steamflow. W know the thing was vibrating.
We know they analyzed it. O is it sinply something

that is 20 years old that broke? So let's be cautious
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on the | eap.

MR. STAUDENMEI ER: Okay. Conservatismin
eval uati on nodel s. Many of the public conments stated
that the current eval uati on nodel s had a | arge degree
of conservatism and they didn't want to apply this
full EMDAP process to sonet hing that was so obvi ously
conservative. |If you do a close exam nation of their
cl ai mrs of nodel conservatism you see that nobody has
ever quantified howconservative thisis and what they
arereally referringtoreally isn't howconservative
t he underlying thermal -hydraulic code is. It's how
conservative the scenario input is to the scenario
i ke you may not take credit for all the safety grade
trips or you may have | ess fl ow as you i nput your punp
out put for safety injection or things of that matter.

CHAI RVAN WALLI S:  Somet hi ng | i ke a Bubbl e
Ri se Model . No way of telling whether this is
conservative or not. The very idea of trying to show
it's conservative is probably preposterous.

MR STAUDENVEI ER: O like they do DvB
anal ysis on the worst paininthe core under the worst
starting conditions and the worst transient scenario
that you can think of. That is what they think of as
just being conservative and that the plant doesn't

really operate in a way that they have assunmed in
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t hese safety anal yses.

CHAI RVAN WALLI S: It's like sort of
assum ng that the | arge-break LOCA is the worse that
can happen. It turns out actually the snall-break
LOCA is nore chall enging. Just because sonet hing
seens to be in worse condition doesn't nmeanit is the
wor se condi tion

MR. STAUDENMEI ER: So | guess t he questi on
| struggledwithalittle bit is howcan the degree of
conservatismin the eval uati on nodel be denonstrated
wi thout a full CSAU anal ysis. | came up with a
sinmplified nethod that may or may not work very wel |.
It hasn't been tried out in practice yet.

MR. SCHROCK: | don't understand. |Is that
your question or their question?

MR. STAUDENMEI ER: This is ny question.
| ' m questioning how -- they want to take credit for
all this conservatism

MR. SCHROCK: | woul d ask you further how
can you denonstrate the conservatism of what was
formerly cal |l ed an eval uati on nodel or specifically an
Appendi x K nodel by doing a full-scale CSAU. Isn't
that inplied here? If you do a full CSAU anal ysis on
an Appendi x K eval uation, that you would cone to a

better understanding of the degree of conservatism
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| don't understand that |ogic.

MR. STAUDENMEI ER:  Yeah, | think that is
the logic. | think you would conme to an under st andi ng
of how conservative it is unless you are saying the
CSAU net hod falls apart for conservative nodels.

MR.  SCHROCK: | don't see what its
rel evance is to the Appendi x K nodel.

MR.  STAUDENVEI ER: Well, | guess, the
industry's point isit isn't relevant because we t hi nk
we have this | argely conservative nodel and we' re j ust
going to --

MR, SCHROCK: Maybe relevance isn't the
right word. It isn't apparent that it's possible to
apply a full CSAU analysis to an Appendix K
cal cul ati on.

CHAI RVAN WALLI'S:  And | acks all of the
Appendi x K assunptions and see what the consequences
wer e.

MR.  SCHROCK: They are two different
things. | nean, one is an assessnent of realistic
cal cul ati on and the other one is sonething off in the
never never |and of fantasy.

MR STAUDENMEI ER: Not in all cases. |
mean, |i ke a small-break LOCA Appendi x K cal cul ati ons,

the only real difference between best estinmate or
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realistic small-break LOCA cal cul ati on and Appendi x K
smal | - break LOCA cal cul ation is generally decay heat
is the ANS-73 times 1.2 and the break flow
Essentially everything else in the small-break LOCS
calculation is the sane as what you would do in a
realistic cal culation.

CHAl RVAN WALLI S: And you capture the
break flow.

MR.  SCHROCK: Are you saying that the
physi cs of small - break phenonena are addressed in the
t hermal - hydraul i ¢ nodel s in Appendi x K cal cul ati ons?

MR. STAUDENMEI ER:  Yes. | nean, nost of
t he vendors use sonething like -- | nean, alot of the
vendors use sonething based on RELAP-5 and it's
essentially NRC based version of RELAP-5 with sone
nodi fications to make it conply with Appendi x K and
maybe sonme nore enhancenents in places they thought
t he code was deficient when they picked it up. But
for all essential purposes, at one ti ne except for the
Moody Break Flow, which | guess you are responsible
for, and decay heat, which | guess you are sonmewhat
responsi bl e for.

MR. KRESS:. You guys are to bl ane.

MR. STAUDENMEI ER. Then essentially they

are the sane calculation as a realistic cal cul ati on
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except they are not -- obviously they have done
assessnment against various stuff to show that they
t hink these nodels are conservative but there's no
real difference between the nodels and the codes and
the nodels and a realistic code in ternms of snal
br eak.

DR. MOODY: There's aterml haven't heard
mentioned here and that's call ed the worst case. Wen
you've got a nodel, usually when you input or your
boundary conditions are picked for that nodel to give
you a so-called worst case, it doesn't necessarily
nmean the nodel itself is conservative or not.

| guess a nodel is conservative based on
what the result of that nodel is. If you are
concer ned about how fast fl ow cones out of a pipe, if
the nodel neglects friction, t hat m ght be
conservative, at | east as far as pressurizing a room

If you are trying to get flow to the
reactor, lack of friction is nonconservative because
it wll allownore flowto get into the reactor than
you woul d expect. | guess it really does -- all these
t hi ngs that have been di scussed there has got to be a
human being involved here somewhere that has a
consci ence and is accountable to sonebody el se.

As | read t hese gui delines, inmnmy opinion,
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our guidelines but you can't take the human el enent
out of it. Sonebody that does this has got to be a
little concerned about his reputation and sonmehow
standing up in front of a group that is going to be
critical and maki ng a good story that can be def ended,
i n other words, the accountability, track record, al
these things, | think it's great to have good
gui del i nes.

We are kind of nit-picking alot of these
items but | guess that has to happen, doesn't it, in
order to put in perspective what the eventual hunman
being is supposed to do that has to cone and say,
"Look, we've done a reanalysis. W've changed these
paraneters and we want to convince you that this
shoul dn't give you gas pains. W got a conservative
result.”

MR. STAUDENMEI ER:  Yeah, and for the nost
part | think that is built into our regulatory
assunptions that the people out there are meking a
good faith effort and are concerned with safety
t hensel ves and want to get answers to send into the
NRC and t hat they are not out there | ooking for every
| oophol e and trying to do things that aren't on the up
and up.

DR. MOCODY: That's usual |y happens because
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of some engi neeri ng manager doesn't want to spend the
noney to go any further than he just has to and so
forth.

MR. STAUDENMEI ER:  The Mai ne Yankee case
is one exanple of that and that is exactly what
happened was nanagenent pressure bei ng put down. The
anal ysts knew that everything wasn't quite right but
t hey were pressured into doi ng sonmet hing that wasn't
officially correct.

| don't think any one of themthought they
were going to melt their reactor because of this
shortcut or anything or that they were going to cause
harmto the public. In terns of follow ng through
what they had commtted to, they didn't do that.

Yeah, it was a place where our process
br oke down because we assuned they were going to be
foll ow ng t hrough what was witten in the SER and t hey
woul d be applying the code like that and that just
didn't happen.

CHAI RVAN WALLI'S: Maybe you need a Reg.
Qui de for nmanagers.

MR. BANERJEE: It's generally accepted as
accounting practi ces.

MR. STAUDENMEI ER:  As part of the Mine

Yankee thing there was a crimnal investigation on
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that to see how it did break down. That is beyond
what we do with code reviews.

MR. ROSENTHAL: | think there was what we
termed a tacit understanding and no manager had to
tell an anal yst at Yankee. This could pertain to any
plant. |If you are short of MPSH on a plant with a
LPSI punp at a certain elevation and a contai nnment
sunp at another elevation, barring getting out the
j ackhanmers and rel ocating punps, you are going to
change your anal ysis.

|"monly use this as an exanple. | think
there was a tacit understanding that on this plant
that had been built and run for years that there
weren't going to be expensive hardware changes to the
pl ant .

No manager ever had to say anything to an
anal yst. He understand that so he was going to get
out his ever bigger fancier code and do nore and nore
anal ysis to denonstrate that it was okay.

MR. STAUDENMEI ER: The NRC was partly at
fault at Maine Yankee for the RELAP-5 part anyway,
The code shouldn't have been approved to do LOCA
anal ysi s.

| f you | ook at what was witten in the SER

you see things |ike the <code does too nuch
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condensation so as part of your input you are goingto
artificially raise the tenperature of the safety
i njection water by 80 degrees or sonething Iike that
to conpensate for the fad condensation nodel and
various things like that interspersed.

If you read the SER, it really reads |like
a code that shoul d have never been approved. Wen it
was approved, they went through all kind of
contortions to nake it work i n sone manner but | don't
think it ever worked reliably.

MR,  KRESS: W call it intentional
conpensating errors and we don't like them

MR. STAUDENMEI ER: Yeah, it was.

MR. KRESS: The question that | think is
a great one to ask, if it were an ACRS letter, we
woul d ask you to put the question mark after the word
"denonstrated” and mark out the rest of the question.

MR. STAUDENMEI ER: | think that woul d be
a good choi ce of words.

CHAl RVAN WALLI S: | think today we are
just | ooking at this piece of paper but, in fact, our
conclusions are going to be influenced by when we
eval uate the four human bei ngs who have spoken to us.
|"m just wondering if we had four different human

bei ngs, the sane piece of paper and we read the sane
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concl usi on.

DR MOODY: Interpretation

MR. STAUDENMEI ER:  So, anyway, here we go
on to ny proposed sinplified nethod to denonstrate
nodel conservatismwhich is the slide |I thought was
going to take the bulk of the tine.

CHAI RVAN WALLI'S:  So we have anot her two
hours of discussi on.

MR. STAUDENMEIER.  This was to try and
come up with a way to denponstrate your node
conservati smfor these conservative eval uati on nodel s
with their conservative input assunptions.

Part of it depended on using this code as
best you can in a realistic or best estinmate node to
show that your nodel did have sone fidelity to
predicting reality and that woul d be to test your code
agai nst sone plant transient or scale test and show
that your code was actually good at predicting the
reality of the situation.

MR. KRESS: | woul d have chosen nunber one
to be a perfornmed set of analyses or a set of
benchmark transients with a best estimate code that is
different than the one you have. | wouldn't say use
the sanme code in a best estimte node. | would say

use a code that you consider to be a best estinate
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code already with uncertainty.

That code woul d be ny choice in the first
place to help approve the code that is being the
eval uation nodel in the first place. That along with
its conparison with the experinmental data. | would
have had a different view of what item one ought to
be.

MR. STAUDENMEI ER: That' s anot her possi bl e
way to | ook at it.

MR. BANERJEE: But if there is already a
best estimate code that you can use, why not use that
i nstead of devel opi ng an eval uati on nodel .

CHAl RVAN WALLI S: | don't understand. The
evaluation nodel | thought covered everything.
Eval uation nodel is sinply a code plus all the things
you have to do to make it work

MR. STAUDENMEI ER: It is.

CHAI RVAN WALLI' S: You nean usi ng Appendi x
K assunption?

MR. STAUDENMEI ER:  You are actual |y using
t he eval uati on nodel the way it was neant to with the
eval uati on nodel assunptions.

CHAI RVAN WALLI S: What do you mean by
that? You nmean Appendi x K assunption?

MR. STAUDENMEI ER. Well, it may not be
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Appendi x K. I n the case of LOCAit may be Appendi x K

but in the case of transients it nay be some other
assunpti ons.

CHAl RVAN WALLI' S: | thought we determ ned
t hat when you say eval uati on nodel you nean sinply the
whol e process of running a code.

MR. STAUDENMEI ER:  Ri ght.

CHAI RVAN WALLI S: So a best estimate code
i s an eval uati on nodel .

MR. STAUDENMEI ER: The code plus the way
you use it is | guess the evaluation nodel. The
underlying code itself, the transient or thermal-
hydraul i ¢ engi ne.

CHAl RVAN WALLI'S:  The best estimate node
and then, too, you use Appendi x K?

MR. STAUDENMEI ER: Appendi x K or the way
they woul d evaluate the transient in the plant.

CHAI RVAN WALLI S: You mght find out
Appendi x K isn't conservative.

MR. STAUDENMEI ER: You may and that
certainly would be a problemfor you

MR. RANSOM Wel |, actually the degree of
conservati sm should be in conparison with the data.
| mean, | think that's what you' re suggesting in step

one, right?
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MR, STAUDENMEI ER:  Yes.

MR. RANSOM You would do it for a case
where there is actual data.

CHAI RVAN WALLI S: How good does that
compari son have to be?

MR. RANSOM Well, | think you are trying
to establish a degree of conservatism

CHAI RMVAN WALLIS: Is this in the guide,
this piece of paper?

MR. STAUDENMEIER: It is in the revised

gui de actually.

CHAI RMAN WALLI S: | don't like this at
all. 1 think this is dangerous. W've got torequire
that they estimate uncertainties. It's conparing

sonet hi ng agai nst sonething el se whichis artificial.
It's not a good conparison with reality.

MR. LAUBEN:. | think what you're sayingis
really sort of with or without uncertainty.

MR. STAUDENMEI ER:  Ri ght.

MR LAUBEN. O with and w thout --

MR STAUDENMEI ER Wi ch t he uncertainties

may be that

MR. LAUBEN. Artificial conservatism
CHAI RMVAN WALLI S: | don't know why you

need to do this because all these applicants, the
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West i nghouse, Seanmans, GE are devel opi ng formal ways
of making estimates of uncertainty and bias. Wy
shoul d sonebody el se get a shortcut like this that
has all kinds of pitfalls?

MR. LAUBEN. | think maybe, Joe, you were
probably thinking of other transients.

MR. STAUDENMEI ER: | was thi nking of nore
sinplified transients like a punp trip or sonething
i ke that where you have good planned operational
testing data and that the nodel is fairly sinple and
only depends on wall friction and the punp
essentially.

MR. LAUBEN: And al nost all conservati snms
are tied up in the input.

MR. STAUDENMEI ER.  Ri ght.

VR, LAUBEN: If you use nomnal flow
versus flowthat you use for your transient anal ysis,
that is the way it appears. | agree that | think you
are going to find this stuff tied up in the process
for LOCA but for the transients he's trying a nethod
here that could be done possibly fairly sinply.

CHAI RVAN WALLI' S:  You see, there's no such
thing as a best estimate node. These are sinply just
estimates and you put di fferent assunptions in and you

get a different estimate. There's no way of telling
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which is best until you conpare it with things. The
best i s presumably sonet hi ng whi ch when you conpare it
with things has | ower | evel uncertainty than all the
ot her things. Until you've done this conparison and
eval uated al | the uncertainties, you have no figure of
merit in which you could judge best, good, worse, or
anyt hi ng.

MR. STAUDENMEI ER: Best is a bad choi ce of
words there. Realistic | guess would be better.

CHAI RVAN WALLI S: But then it neans coul d
you assune anything in an estimte node.

MR. RANSOM Maybe | don't under st and what
best estimate neans either but | have al ways thought
it meant that if you had a set of data you woul d hope
to get a best estimate cal culation that basically is
t he nean of the data or fits the nean in sone way. No
conservatismin that. The conservati smcones i n when
you t ake best estimate pl us uncertainty and t hat's why
| have always said it's very critical.

CHAI RMAN WALLI S: I nstead of nmking a
conservative assunption, let's say that you don't
all ow counter current flowat all. Someone cones up
with, "Ch, engineering. Well, this counter current
flow and this horizontal pipe is limted by sonme

interfacial stability and we know that is absolutely
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a Froude nunber and we knowt he Froude nunber probably
is somewhere around 1 so we'll say that when we get a
Froude nunber 1 we get instability which they' ve got
inthe code. This is an engineer's guesstinmate. Then
it becomes a best estimate because it's not
conservative. There's nothing best about it. It may
be a | ousy estimate. Because he's not conservatory it
gets call ed best estimte.

MR. RANSOM It's your best shot at it.

CHAI RVAN WALLIS: It's your best shot but
it may be a | ousy shot.

MR.  RANSOM Sur e. That's where the
uncertainty comes in to play.

CHAI RMVAN WALLIS: Qur view-- ny viewis
that you shouldn't use the word best ever unless
you' ve got sonme neasure of how good it is.

MR. SCHROCK: O define what it neans. |
remenber di scussions about what best estimate meant
when the rule change was under consideration. The
image that | recall for it isthat it's afluidthing.

Best estinate neans it's the best
engi neering cal culation you can do at any point in
time with the expectation that it's going to get
better as tinme goes by. The best estimate is

sonet hing that will be constantly changi ng, constantly
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getting better.

DR MOODY: W would have no trouble
deci ding what a worst estinmate would be to help us
under stand what a best estimate is, would we?

MR,  RANSOM Well, 1 think | agree.
That's my understanding of what was neant by best
estimate but it would probably be helpful if this
thing was clarified. | nean, at this stage if we
don't understand what best estimate neans --

CHAl RVAN WALLI'S: W don't use the term
We call it realistic code and a realistic code, which
is a code where you try to do a good job, is not
conpl ete without estimates of uncertainty, wthout
guantitative assessnments of the uncertainty in those
esti mat es.

MR. RANSOM You're saying realistic.

CHAI RVAN WALLIS: It is sinply sayingtell
me what you predict and tell ne the uncertainties in
what you predict. Presumably if it's a better code
this uncertainty band will be smaller presumably. W
don't use the termbest. The uncertainty rate is a
nmeasure of how good the code is.

MR. KRESS: VWhich is a real nice academ c
concept but nobody knows how to do that uncertainty.

MR. RANSOM That's the problem
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MR. KRESS: Grahamyou gave an exanpl e of
sonet hi ng where the counter current fl owsituation was
not included, but yet it was maybe your best shot at
the time so is that realistic? |If it is realistic,
then | guess realistic would include sonme kind of
uncertainty to allow for that.

CHAI RVAN WALLI' S:  That's not good enough
because | | ook at this docunentation and | read it as
the know edge | have and | think that's a |ousy
estimate. What am | supposed to do?

MR. SCHROCK: But it can be the best anbng
| ousy.

DR MOODY: I think best has becone a
dirty four-letter word here in the | ast five m nutes.

Shall we using things like nost realistic? |s that

CHAI RVAN WALLI S: It has becone an excuse.
Gving it your best shot often means you're doing a
bad job because you don't know what you're doing.

DR, MOODY: It helps to know where the

target is.

CHAI RVAN WALLI S:  But, anyway, let's get
back to what you are proposing. | think you nmake a
| ot of discussion of this as you anticipated. | think

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

140

you should be very careful what you put in for
sinmplified way to denonstrate conservati sm

MR.  STAUDENVEI ER: Yeah, | agree wth
that. | would appreciate your comrents.

CHAI RVAN WALLI'S: | think something |ike
a CSAU or better or equival ent.

MR. STAUDENMEI ER:  There may be no way to
do this sinplified nmethod that | had in m nd or may
not be defensible in all cases. If that is the case,
then we really can't have this and they do have to go
t hr ough an anal ysi s.

CHAI RVAN WALLI S: | suppose you coul d have
sort of a screening thing which says | ook at your
estimate nodel and | ook at the Appendi x K cal cul ati on
and see if yours is conservative. If it's not
conservative, you go to anot her bl ock i n your diagram
as sort of a screening thing. | don't think it's a
substitute for a better uncertainty analysis.

MR. STAUDENMEI ER: | guess ki nd of what |
had in mnd in this thing was a case like a punp trip
or like aturbinetrip. In BWyou have turbine trip
data from Peach Bottom Run your code in its
realistic node and see what that is. Run your code
withits eval uation nodel assunptions that you have to

put in. That shows you an idea of how nuch
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conservatismthere is in terns of real data.

Then do the sane thing at your own pl ant
for the calculation that you're interestedinto give
you an estimate of how nuch you are over-predicting
what ever paraneter you' re | ooking at for the transi ent
you're interested in. For like a turbine trip you
woul d be | ooking at CPR nmargin.

That sort of process appliedto real data
and usi ng compari son between running inthe realistic
node and i n your eval uati on nodel node woul d gi ve you
an estimate and you would really only be able to use
this if there was really a very |arge anount of
conservati smin your ER anal ysis nethod.

It's not sonething that if it was barely
conservative if it turned out that your nmethod wasn't
as conservative as you thought it was, then maybe you
woul dn't be able to use this nethod at all to eval uate
your uncertainty.

You woul d have to cone up with a better
nmethod todoit. This would only apply in cases where
it was truly highly conservative and this would be a
sinmple nmethod at getting at that anount of
conservati sm

CHAI RVAN WALLIS: It only covers then the

assunptions of the eval uation nodel which are rather

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

142

few.

MR. STAUDENMEI ER: Right. It would only
really apply to sinply eval uati on nodel s.

CHAI RVAN WALLI S:  Appendi x K. If you use
sonething -- there are very few assunpti ons specified
and you can rel ax those but that's no nmeasure of the
quality of the code itself.

MR. STAUDENMEI ER: Now, in Appendix K --
i ke Appendix K 1 wouldn't consider -- | mean, your
realistic estimte woul d be transfer correl ati ons you
had in there. Actually you would be surprised that
some of the Appendix K reflood heat transfer
correlations is good or better than realistic heat
transfer correl ations.

| nean, you conpare the data and they do
very well and all the conservatismin reflood is in
your decay heat assunptions or your reflood or your
cal cul ati ons that you're getting what therefloodrate
is whichit may be hel pful to downconers or somet hi ng
like that. If you |look at the refl ood heat transfer
correlations thensel ves, they are as food as any you
can get.

MR. BANERJEE: During the di scussi on maybe
you should, if you would, go through the |ogic of

t hese five steps.
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MR STAUDENMEI ER:  Ckay.

MR. BANERJEE: Let's assune that instead

of best estimate we call it realistic estimate or
sonething. But still I'mnot understanding what it is
you' re proposing. | haven't got the sense of it
conpl etely.

MR. STAUDENMEI ER. Ckay.

MR. BANERJEE: Just reading it.

MR STAUDENMEI ER: Yeah, this would --
well, let ne go through an exanmple like punmp trip in
PWR. There is good data for all the plants out there
because they have to do those type of testings when
they start up the plant so you know how your punps are
going to coast down and how your flow is going to
coast down.

Performing analysis of one of these
transi ents you have data for using the realistic node
of your cal cul ati onal tool to showthat you are fairly
good at predicting the realistic behavior in the
plant. Then --

MR. BANERJEE: In this case what m ght
t hat be? What would you change in your nodel ?

MR. STAUDENMEI ER:  You mi ght take out |ike
conservative assunptions based on wall friction or

| ost coefficients. They may stick in conservative
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nmet hods for computing | ost coefficients, for instance.
They stick inextralost coefficients to make it coast
down faster than the plant would inreality because in
something like that you would be |ooking at DW
margin. The worse case is the fl ow coasting down as
fast as possible.

In that case you would put in what your
best assessnent of the |ost coefficients was or any
ot her type of input assunptions |ike punp head curve.
They may have i n punp head curves or sonething or the
inertia in the punp they put in conservative val ues
for lots of those things.

Then in the realistic node you would try
to nmodel the plant as best as you could to show how
good the code was predicting if you had realistic
val ues for all these things.

MR. KRESS: What is your figures, DWVB or
isit flowrate?

MR. STAUDENMEI ER: For that it woul d be --
the ulti nate measure of nerit is DMB so you woul d have
torelate it sonehowto the safety paraneter. Perform
the analysis of that test again wth these
conservative assunptions that nray be in your
eval uati on nodel .

That woul d show usi ng t hemthat maybe the
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fl ow coast down nmuch faster using the eval uati on nodel
assunptions so that would make the DVMB nuch worse.
But this test that you performed isn't the worse case
conditions in the plant that they do their safety
anal ysis for.

The power shape may be different or
various other things may be different that they
performtheir actual safety analysis for. You would
perform the sanme sort of exercise in your safety
anal ysi s cal cul ati on where you have all your trip set
poi nts and ot her things set the way you woul d.

MR. BANERJEE: So you are still at step
two. You are still running the transient for which
you have dat a.

MR. STAUDENMEI ER Right. At step two you
are still running the -- okay. Then you junp to step
three and take the event --

MR. BANERJEE: What do you nmean by conpare
the key figures of nerit? 1In this case would it be
the rate at which the coast down i s occurring or woul d
you actually make the next step and go to the DWVB
predi ction because you may not have any DMVB predi ction
t here.

VR. STAUDENMEI ER: Ri ght. | think you

would do both in that case. You would show DWVB
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prediction, although in that case --

MR. BANERJEE: And you may not have data
for that, right?

MR. STAUDENMEI ER: Data for the DVB? Oh,
you don't have plant data for the DVB but you woul d be
conmparing your DMB prediction using your approved
correlation for your DWVB nodel .

MR. KRESS: Inplicit inthat is that the
reason that's an approved correlation or approved
original code is sonmebody originally made a judgnent
that it is conservative enough and there is margin
enough there. You just go ahead and say we' || accept
t hat because we woul dn't have approvedit inthe first
pl ace ot herw se.

MR. STAUDENMEI ER: You woul d conpar e maybe
t he punp coast-down rate or flow coast-down rate and
the DMB and it's ultimate affect on DMB. The DMB is
somet hi ng there and you have taken your data for that
speci fic bundl e and those specific grid spacers and
t hings |i ke that and have this range of DVB data over
the whole range of conditions that it needs to be
applied for. That is probably the best part of the
nodel actually.

Then that punp trip event may not be the

exact event you're going to analyze in your safety
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anal ysis but you pick the punp trip because it's
simlar to the punp trip and it has all the sane
phenonmena goi ng on to your actual safety anal ysis punp
trip calculation

Use initial conditions at the associ ated
tech. spec. limts that are the worse case for this
punp trip and run it againinrealistic node with the
realistic lost coefficients. Look at the plant
response and run it again with your eval uati on nodel
assunptions that you have to use for the approved
eval uati on nodel and show t hat change.

If it was DMB, showthe ultimte result on
the DVB prediction to give you an idea of the anopunt
of conservatismin your calculation. Likel said, if
you is a large anobunt of conservatism in the
cal cul ati on which this would denonstrate.

And you have al so denonstrated your code
was okay at predicting these phenonena, then maybe
that would allow you to put less effort in and not
have to eval uate uncertainty in maki ng a small change
to this nodel. If you really didn't have nuch
conservatism at all, then you would say, no, this
isn't good enough.

CHAIl RVAN WALLIS: Let's | ook at what we

see with, say, LOCA analysis. W get these LOCA
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anal yses and they use Appendi x K and they get up to
2,199 degrees and everything is fine. Maybe this
involves also a link to contai nnent perfornmance or
somet hi ng. Then they say, "Wll, when we do a
realistic analysis we only predict 1,400." There is
obviously a great deal of conservatism \Wat do you
do with that?

| nmean, nowthey say we' ve got to relax it
so we've got this margin of 800 degrees to play with.
Therefore, we are goi ng to nake ot her assunpti ons and
change t he nodel and so on. Because it's conservative
you have no way of evaluating what you can let them
do. They might as well use Appendix K

MR STAUDENMEI ER: Wel |, Appendi x K has
specific rules that they have to foll ow.

CHAl RVAN WALLI'S: It doesn't help themin
saying we are now going to replace Appendix K with
this other nodel and now we are going to use it to
predi ct tenperatures which Appendi x Kwoul d predict to
be above 2, 200. Because our nodels i s a good esti nate
with uncertainty, it still meets the intent of the
regul ati ons.

MR. STAUDENMEI ER: Wel |, that would put
you intothe realistic LOCAcal cul ati on node where you

woul d have to be --
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CHAI RVAN WALLIS: It seens to ne that you

can conpare with Appendi x K and show your estinmates
but it doesn't let you do anything because you are
still regulating according to Appendi x K. As soon as
you try to regulate in accord with the realistic
nodel , you throw away Appendix K. Conparison wth
that is absolutely irrelevant. What is the
uncertainty --

MR. STAUDENMEI ER:  Yeah, | woul dn't apply
this to LOCA cal cul ations at all actually. This would
be applied nore to transient calculations. If that's
what you believe, you should conmment that way and
we'll consider it. Like | said, this is a proposal.

MR. BANERJEE: | guess the concern that |
woul d have, and maybe Grahamhas simlar, is that if
you do a very limted amount of work under one there,
you may get the wrong i dea about the realistic nodel.
Let's say for the sake of argunment it was LOCA. It
doesn't have to be. So you decide that the realistic
nodel will not use the decay heat so you reduce it by
20 percent or sonething.

You deci de that you will be able to rewet
even if the reflood rate i s bel owone i nch per second
or whatever. You maybe still wll not allow

rewetting, you know. Whatever it is. In any case,
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your realistic nodel will come up with sone estinmate
like 1,400 or 1,100. It will cone much | ower.

| f you just have a fewtests even, let's
say, LOFT but only in the bl ow down phase, it may give
you conpl etel y wong i nformati on because you m ght not
take into account boiling and the downconer and all
t hese ot her things which woul d be part of arealistic
nodel .

You may falsely think you have a big
mar gi n because you' ve got a very limted small scale
set of experinents against which you have done the
conmpari son. That would be a concern

MR, STAUDENMEI ER: | agree that is a
concern. You have to be very careful about the anpunt
of phenonena goi ng on and conpeting with each other
and meking sure that you had a real good handle on
this.

That's why | guess my original intent was
to have this applied to nore sinplified scenarios or
events and not allow you to apply to conplicated
events where you can't sort out everything. Thi s
woul d be nore or |ess where you knew there was one
dom nant phenonmena and knew we had a good handl e on
t hat .

MR. BANERJEE: That would be fairly
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realistic but, inthat case, howdo you sequester this
so that people don't use it where there are nmultiple
phenonmena, sone of them not well wunderstood Iike
boiling inthe downcomer or whatever the hell. How do
you ensure that they don't do that?

MR. STAUDENMEI ER:  Well, by the review
process at the NRC. | guess it lies on the reviewer
to pick up on these things and recognize that this
isn'"t really a place where it can be applied well and
make sure that they' ve done enough assessnment agai nst
adequate data to show that they know what all these
dom nant nodel s are, that it is sinple enough that you
could really apply those.

MR. ROSENTHAL: Let nme back up a little
bit.

MR. STAUDENMEIER:  And | think in these
sinple events you could actually end up doing
sonething simlar likeinapunptrip. | mean, you're
only -- your main uncertainty is wall friction and
| ost coefficients and nonment um

You are transporting nonentumal ong | oops
her e. Decayi ng nmonmentum around the |oop and your
full -blown CSAU type analysis may not be very
conmplicated for that case either because there's just

a smal | nunber of phenomena dom nati ng t he whol e t hi ng
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and the code assessnent is fairly sinple.

It may be single phase pressure drop in
vari ous geonetries and knowwhat uncertai nty your wal |
friction or | ost coefficients may have around t he base
value. It may be al nost as sinple to apply the full -
bl own uncertainty analysis in that case al so.

MR. ROSENTHAL: Let ne try to just rem nd
everybody that no Reg. @Quide ever replaced a
regul ati on and Appendix K would still be enforced.
Simlarly, this Reg. Guide is not intended to repl ace
Reg. Guide 1.157 which is our best estimte ECCS
anal ysi s.

Having said that, the next thing, and
maybe we could do a better job at it, but when you
revi ewt he code you are supposed to say what acci dents
or transients do you think it's applicable for and
whi ch are not.

Wth that, about a year -- actually, |
t hink 15 nonths ago we had a public neeting in the
bui l ding and the regul ated community said for things
like LOCA we understand the large investnent and
anal ysis that we have to do and | don't think we had
very nmuch resi stance.

The way you are witing this Reg. Quide

for all transients and anticipated operational
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occurrences you are asking for a fair anount of
analysis and that seemed disproportionate to the
chall enge, either the reactor dynamcs, the tine
scal es of what's going onin the reactor, or just how
many pins would go through DVB.

| think we were focused now on what one
m ght do for transients or AOOs. The first bullet
says, "Well, you ought to benchmark this agai nst sone

operati ng experi ence or experinent." That's aleg up.
That's a leg up right there against stuff that is
maybe even nore obscure. W were trying to cone up
with some mddle ground for these |less severe
transients, not for LOCA

CHAI RVAN WALLIS: | don't know that you
can.

MR, STAUDENMEI ER: It wouldn't be for
maj or code changes. These would be what we would
consider relatively small code changes.

CHAl RVAN WALLI'S:  Suppose you say that
there's a Mbody Break Mbdel in this eval uation nodel
or whatever it is, No. 2. W know that is a huge
sinmplication of reality. W know that thernal
nonequi | i bri an plays an i nportant rol e, probably nore

i mportant than some of these fil mmechanic things and

thermal nonequilibrian isn't in the Mody Mdel at

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

all.

It's obviously nmore realistic to nodel
t hese things. W' ve got atwo-fluid, two-tenperature
nodel for break flow and we have evaluated all the
terms and it does a trenmendously good job of nodeling
break fl ows. It's obviously a nmuch better
representation of the physics than this Mody Mdel.

Wien we use it in the code for a |ot of
different transients, sonetinesit's nore conservative
and sonetinmes it's less. It's all over the place but
it's a darn sight better nodel than the Mbody one. |
don't think you can nmke any evaluation of its
conservati smon the basis you have suggest ed here but
it's a much better estimate of what happens and we
ought to be better.

Therefore, you can justify if you conpare

only with data. If you start comparing with some
figure of merit, | think it depends on which scenario
you pick and all kinds of things. |'mnot sure that

it's a good way of saying is this a better estinmate.
Do you see what I'mgetting at? Maybe |I'mnot being
cl ear.

MR.  BANERJEE: It's a nore realistic
estimate

CHAl RMAN WALLI'S: Yeah, nore realistic.
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MR. BANERIJEE: It may be sonetines

conservative and sonetinmes not.

CHAI RVAN WALLI S: But conpared with a
Moody Mbdel which really should be consigned --

DR MOODY: Careful now

CHAl RVAN WALLI'S:  -- to nythol ogy.

DR. MOODY: Well, there was 15 m nutes of
glory.

MR. RANSOM The Moody Model is consi stent
with the maxim zation of entropy, right?

CHAl RVAN WALLI'S: It doesn't say anything
about thermal time nongroupi ng.

MR. SCHROCK: | think | heard you say that
this is in the Reg. Guide. | don't --

CHAl RVAN WALLI'S: It's not.

MR. SCHROCK: | don't know where it's in
t he Reg. Cuide.

MR. STAUDENMEI ER:  What is in the Reg.
CGui de?

MR. SCHROCK: This that you have on the
board now.

CHAl RMAN WALLIS: It's not, is it?

MR. STAUDENMEIER: |'msure it is because
| copied it out of there to nmake this Reg. Cuide.

Actual ly, | corrected a couple errors that were in the
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part in the Reg. Guide | think.

CHAl RVAN WALLI'S:  \Where is that?

MR, BANERJEE: 27.

MR. RANSOM \Where is it?

MR. BANERJEE: Page 27.

CHAI RVAN WALLI'S: The sinplified nethodis
on page 277

MR. RANSOM Graded approach.

MR. BANERJEE: 1t's under 5.3, Degree of
Conservatism

CHAl RVAN WALLI'S: Oh, that's where it is.
Ckay.

MR. STAUDENMEIER: | hid it at the end.
| was hoping you would stop readi ng by that point.

MR. SCHROCK: There's no qualificationin
it as to what you had in mnd it applying to. You
have i ndi cat ed nowyou woul dn't think of thisinterns
of LOCA but just plant transients.

MR. STAUDENMEI ER:  Yeah, that would -- if
it was deened that it is a feasible approach, then we
woul d have to put sone qualifications onthat. R ght
now it |ooks like there's a | ot of controversy over
whet her it's even feasible.

MR. RANSOM There's even a sort of nit

pick. | don't know what you mean by nodel change in
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nunber five. | notice it's on your nunber five both
in the wite up because nothing prior to that on the
slide, at least, tal ked about any change.

MR. STAUDENMEI ER: kay. This is a
process you would apply to making a nodel change.
That's what this whole section was about.

MR. RANSOM You mean you reduce t he nodel
to --

MR.  STAUDENMEI ER: Yeah, a graded
approach. This woul d only apply to nmaki ng smal | nodel
changes is what we had in mnd. |f you were changi ng
a heat transfer coefficient or a loss coefficient or
sone kind of correlation sonmewhere in the code it
woul d be eval uating the i npact of changi ng t hat nodel
conpared to what you thought was your degree of
conservatism in the nodel. If it was a small
pertibationto this estimated degree of conservati sm
it's okay. But if you are cutting out all vyour
perceived or estimated conservatism then you
woul dn' t. This was nmeant to be applied to small
changes with |arge anmounts of conservatism in the
nodel .

MR. RANSOM W th the idea here, | guess,
and using best estimate | think in the sensethat it's

used here you would have best estimate plus
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uncertainty. Now the attenpt would be to get best

estimate plus uncertainty to equal reality | guess.

Ri ght ?

MR. STAUDENMEI ER:  Ri ght.

MR. RANSOM That woul d be your limt. So
you could iterate through this thing until you

actual Iy changed your nodel enough that you finally
are just predicting best estimte plus uncertainty
equals reality. In other words, no margin left.

MR. BANERJEE: But thereis no uncertainty
estimate here.

MR. STAUDENMEI ER: W woul dn't allowthis
method if it would be applied while down in that
range.

MR.  RANSOM It keeps saying that you
woul d -- the nmethodol ogy --

MR. BANERJEE: The net hodol ogy, as far as
| can see, does not require an estimate of
uncertainty.

MR.  STAUDENMEI ER: The estimate of

uncertainty conmes fromthis sinple process here. That

was - -
MR BANERJEE: That's a different issue.
MR. RANSOM So t he degree of conservatism
is synonynmous with the uncertainty, | guess. The
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degree of conservatismas it's used here i s synonynous
with the uncertainty apparently.

MR, STAUDENMEI ER: It was, | guess, neant
to be applied where we have it.

MR. BANERJEE: |f you put it back intothe
way we |ooked at the CSAU stuff if you want to
translate it into those terns.

MR. RANSOM |'mreally confused, | guess,
because this Reg. Cuide tal ks about best esti mate pl us
appl yi ng t he CSAU process whi ch i nplies evaluatingthe
uncertainty. |I'mnot quite sure what best estimate
nmeans now because of our discussion today. Then you
nove over to the nmethod here which seens to elimnate
the wuncertainty and nmakes that synonynmous wth
conservati sm

But inplied, | guess, in all of this is
t he degree of conservatismis going to be limted by
what ever the uncertainty. The degree of conservatism
is going to be limted by the uncertainty associ ated
with the nodel and the process.

MR. STAUDENMEI ER:  Ri ght.

MR. BANERJEE: That's the probl eml guess.

MR. STAUDENMEI ER: We would try to limt
this to things that you had well understood nodel s

that had a fairly quantifiable | evel of uncertainty
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i ke something with sinple phenomena governing the
whol e t hi ng.

MR. RANSOM | guess ny problemw th this
whole thing is | think we know what we nean and want
to do but it somehowis not very tight. Certainly to
the uninitiated who would cone in and read this
process would say that it's |i ke wondering all over
t he map.

|"ve always thought that anybody who
wor ked for the Union of Concerned Scientists if you
real ly knew what went on here he woul d have a | ot of
roomto attack this process.

CHAI RVAN VWALLI S: This is also for
i ndustry. If the only nodel whichis allowed in terns
of a change i s one which is nore conservative than you
had before, which is what this seens to suggest,
that's not much advance. The only thing that is being
evaluated as a criterion is how conservative is it.

MR. STAUDENMEI ER: Wel |, this woul d be --
if it changed the conservatismby a small amount, we
would allow it. If it changed it by a substanti al
anount of your estimated conservatism then you woul d
have to go t hrough a nuch nore detail ed process. This
woul d only be for nodel changes that were a snal

parti bation of bation on the anpbunt of conservatism
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MR. KRESS: Sort of |like Reg. Guide 1.174

concept .

MR. RANSOM Well, actually it permts a
smal | change increase at risk. Right?

MR KRESS: This will, too.

MR STAUDENMEI ER: This would allow a
smal | change in the nonconservative direction.

DR. MOODY: Let ne ask, and maybe Vi c has
a good answer. How is this different than rocket
science? You nentioned rocket science a while ago.
Peopl e never put a person on the noon but did they go
for best estimate? Did they go for realistic? Did
they test everything full scale? Did they test
everything in zero or one-seventh gravity?

MR. RANSOM Part of the answer tothat is
yes, they tested in full scale. Every engine is
tested before it is ever put on one of those vehicles
and statistically tested to the point that the
probability of failure couldbe esti mted to be 99999.
| nmean, not fail for liability. That's been provento
be. Well, there are other things, too, |like defense
and depth isreally to themis, | think, bail on fail
saf e. Some phil osophies |like that and design and
redundancy and design. They will have four valves

where really in the real process you could have one.
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Parallel series soit allows for the possibility of,
say, at |least one valve failing. That kind of thing
is done there and to a |l arge extent -- well, the main
difficulty between that and nucl ear sci ence, | think,
is you cannot test this under full scale conditions
and worse accident type situations. You do bl ow up
engines on the test stand. That's happened. \Wen
t hat happens, there hell to pay on down through the
design review process, the refits, and the anount of
retesting which nust be done to verify that, indeed,
t hat probl em has been fi xed.

Actual ly, when that's been viol ated, you
saw t he chal | enger acci dent where the indications of
problenms with the o-rings on those solid rockets was
swept under the rug and, indeed, later led to a
cat ast r ophe.

MR. BANERJEE: Even though there were

MR. RANSOM  There were what ?

MR BANERJEE: There was a menorandumfrom
t he engi neers.

MR. RANSOM  (Onh, yes.

CHAl RVAN  WALLI S: Sone  nmanagenent
deci si ons were nade.

MR RANSOM It's a safety culture
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probl em

MR. STAUDENMEIER: In Arian 5 they never
tested the control software on it. Range of
conditions had a nunerical overflow and the contro
system was no good and the rocket crashed.

CHAl RVAN WALLI'S: | still don't understand
t his. Suppose | conme up with a better nomentum
equation to use in ny code, | do all sorts of
eval uati ons against data and is far better than the
one that is used now. |'ve run the sane transient
using this nonentum equation and maki ng Appendi x K
assunptions. That's what you asked nme to do for step
2 and | conme up with 2,210 degrees. Therefore, |'m
not allowed to do anything? I want to use ny
realistic code and not nmake these assunptions. That's
what |'mdriving at.

MR. STAUDENMEIER: | nean, in that case
where we uncover severe deficiencies in the nodel,
that's consi dered a nodel error and you have to go and
fix the thing.

CHAI RVAN WALLIS:  For these assunptions
you are required to do an Appendi x K and say not hi ng
about fidelity of your nonentum equati on.

MR. STAUDENMEI ER: Appendi x K says that

you have to access your code against applicable
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experimental datato the best extent possible. If you
have data they will assess how good your nonentum
equation is. You are supposed to assess agai nst that
dat a.

CHAI RVAN WALLIS: I'mtrying to see how
your met hod here, your subsequent defined, enabl ed ne
to put a different nomentum equation in ny coat. |
just can't see howthey |l et ne do that because | don't
really see what you're asking me to do in nunber two
provi des any assessnent at all of howfood ny nonent um
equation is.

MR. LAUBEN. Coul d you put figure 13 back
in? Maybe if | were | ooking at Figure 13 or assessing

it because | think there are five propertiesin Figure

13. One of themis -- the first one is the novelty of
nodel or, if youw ll, the change that you are tal ki ng
about that you mght put in your code. If it is

sonething like a new nonmentum equation, that's a
pretty significant change to a code, especially a LOCA
code. | think right there you are not on the m ni num
application side. You are definitely on the full
application side.

The next one is conplexity of event. It's
a large break LOCA that we're | ooking at. The event

is very conplex. Now you are around the full
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application side of at |least two of the properties.
| think what this whole thing that Joe was trying to
show was i n cases where you're on the other side, at
| east nmost if not all the tine.

So I think in the exanple you cited,
Graham where you are going to put in a new nonentum
equation, by golly, that's really purchasing a
conpl etely new eval uati on nodel .

MR. STAUDENMEI ER:  Yeah, the case | ought
to apply this nmore to is changing sonmething in the
nmonment um equation |i ke your wall drag or sonething.
O maybe you want to put i n Reynol ds nunber, dependent
WAS coefficients so you are putting a snal
partibation to your nonmentum equation under the
conditions you're using.

CHAI RVAN WALLI S: Ckay. How does t hat
help nme with sonething like Appendix K? | want to
change the world drag sonewhere.

MR. BANERJEE: Appendi x K you are not
al | owed because of the conplexity of the event.

MR. STAUDENMEI ER:  Yeah. Appendi x K they
woul d have to neet all the Appendi x K requirenents.
Appendi x K they would have to go and neet all the
Appendi x Krequirements. Any change t hey made to t hat

t hey woul d have to assess agai nst the proper data.
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Appendi x Krelies on these | arge i nposed
assunptions to ensure that you are conservative. In
some cases we find maybe that is not the case like the
downconer boiling issue. But then | think that gets
treated as more or less a code error or code
deficiency that you have to do sonething about to
correct.

MR. BANERJEE: That gets back to the decay
heat .

CHAI RVAN WALLI'S: But | think this gets
back to the whole thing that codes have been
criticized for through the ages. By focusing
attention only on these figure of nerit, you all ow al
ki nds of nonsense in the code sinply because it turns
out that it seens to nmeet sonme figure of merit in sone
conservative way until the nonsense is in the code
forever sinply because at sone time it was shown not
t o have nmuch effect on precl ad tenperature, |let's say.

MR. SCHROCK: Yeah, it | ooks |i ke you have
a disincentive to doing the calculation correctly.
Having a code which is based on I'Il say correct
equations. | nean, nore correct equations.

MR. STAUDENMVEI ER:  Why do you say it's a
di si ncentive?

MR. SCHROCK: Well, because you are going
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torequire a full-blown newjustification of the so-
cal | ed eval uati on nodel

MR. STAUDENMEI ER:  Ri ght.

MR. CARUSC  You nean for new codes, M.
Schr ock?

MR. SCHROCK: | nean if you said you | ook
at the nmomentum equation in TRAC-M and say, "Unh oh
thisisn't right and here i s anot her equation whichis
closer tothetruth,” if | put this better equationin
there, then | amgoing to have to start in step 1 and
do the conplete CSAU thing all over again.

MR. RANSOM That's ny understandi ng of
CSAU.

DR. MOODY: Just recently, Gaham you put
out a note using Bernauli's equation for two separate
streans, liquid and vapor, going into a branch for
sonmething. It was apparently to nake sonme correction
because there was a qui bble with the way it was bei ng
handl ed in one of the codes.

CHAI RMVAN WALLIS: This was no quibble.
No, no, no. This was -- actually, this m ght have got
into a code. This was | ow on the branch which was a
research programto devel opnent themall which woul d
go into TRAC-M code.

DR. MOODY: Does that apply now? Is that
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a kind of an exanple where |ike someone cones al ong
with a better representation, nore physics in the
problem or the right physics. Then they want to
incorporate that in the process here. |s that what
we're tal king about? Where do you get on the |oop
here and how far do you go?

MR. STAUDENMEI ER This was to cone up
with a way that was sinpler than going through the
whol e process, this graded approach that smal |l changes
t hat woul d be i nprovenents or sonmething if they were
a smal |l change woul dn't need to go through the whol e
detailed process because we don[t want to put
constrai nts on peopl e correcting known deficienciesin
t he code.

DR, MOODY: | guess in that case that
woul d not have been a small change though. Is that
right? That was a significant issue but if it were
just a matter of whether you | eave out the velocity in
the | arge pipe and sinplify, that woul d be perhaps a
smal | change.

CHAI RVAN WALLI'S: | think our criticism
there was that the nodel was not believable in its
formas presented to us. Here was another one which
was not very good but at |east was sonewhat nore

bel i evable. That was the gist of that.
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DR MOODY: This process would handl e

sonething |ike that.

CHAI RVAN WALLIS: | don't think it would
because you would have to show that one is nore
conservative than the other.

MR. STAUDENMEI ER:  No, you don't have to
show that it's nore conservative. Wat you have to
show is that you have conservatism in your overal
eval uation nodel, not that the new nodel is nore
conservative than the old nodel. In fact, people
woul dn't be maki ng nodel changes probably if the new
nodel -- they are not going to nobve to nore
conservative nodels unless it's an actual error
correction.

CHAl RVAN WALLI S: They are trying to give
us conservative nodel s.

MR. STAUDENMEI ER: Right, unless it's an
error correction. That nmake is nore conservative.
They are not going to be doing that.

CHAI RVAN WALLI S: The whol e purpose |
under st ood  of Berlistic nodels was that by
under st andi ng -- by taking out the conservatives and
meki ng good estimate with thi s nodel and t hen eval uat e
the uncertainty, you could tell fromthat basis how

conservative your nodel is.
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You're predicting 1,400 degrees in LOCA.
That's plus or mnus 200. In order to get 1,700 it's
going to be a one in a mllion chance or sonething.
Now we can jack up the power or do sonething because
this isn't a threat to any safety system

That has nothing to do with the fact that
Appendi x K mght predict 2,500. Appendix K is
irrelevant when it conmes to considering whether this
is a good code for evaluating this thing which is
predicting the 1,400 and the uncertainty.

MR, STAUDENMEI ER: Ri ght. And this
woul dn't be really applied to Appendi x K nodel .

CHAI RVAN WALLIS: | don't see how it's
appl i ed to anyt hi ng because this could apply to a punp
transi ent, whatever your criterionis. You ve got an
estimate X which is half of the conservative
eval uati on nodel Y and you want to now change your
design or operation in order to use up that nargin.

MR. BANERIJEE: | guess the concern is
there's no estimate of uncertainty in even what you
call your best estinate or realistic estimmte.

MR. STAUDENMEI ER:  Yeah, | guess in this
case there is an inherent assunption that the
uncertainty is small conpared to the anount of

conservati sm
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MR. KRESS: That was ny comment. Was it

an inplicit assunption you're meking and are you
approved in the first place.

MR. BANERJEE: But it needs -- that could
need a fairly nore extensive conparison wth
experiments certainly before you --

MR,  STAUDENVEI ER: Yeah, that's true.
That woul d be -- to nake this really work there woul d
be some requirenent to show that your uncertainty is
smal | conpared to the margin.

MR.  KRESS: O conparison w th another
code | i ke TRAC- Mwhi ch supposedly has a better base in
experiments al ready.

MR. STAUDENMEI ER: You know when you are
conparing two codes at |east one is wong.

MR RANSOM  Well, in response to that
TRAC-M is kind of a good exanple because | think --
and Professor Wallis' conplaints about the nmonment um
equation and whatnot, the only way those things get
corrected, or could be corrected, is through peer
revi ew, general acceptance of whatever nodels are in
there. You take TRAC-Mas an exanple. | think it's
been five years or nore since there has probably been
any peer review of what's gone into that code.

VWhat happens is after that long a tine,
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even if you do put it through peer review, it's very
hard to make the changes or nmake any substanti al
changes in the code. | think it behooves whoever is
devel opi ng codes to nmake sure that this peer review
process is in place and it works.

In the old days when Tong and Fabic were
running the code devel opnent, they had what they
call ed blue ribbon commttee. 1| don't know. A few of
these people here I think were on that committee.
They used to hold the developer's feet to the fire.
| don't know that they were told.

MR. BANERJEE: Not with nuch effect,
t hough. They did whatever the hell they wanted.

MR. RANSOM Well, there was sone effect.

MR, KRESS: But | think you'll find with
TRAC-Mthat they managed to fornmulate it in such a way
t hat changes will be easier to nmake.

MR. RANSOM Bei ng a code devel oper | have
to see that.

MR. KRESS:. You have to see the proof of
that in the pudding. | think that you have.

MR. RANSOMV There's a good story and
here's howit's really done.

MR. STAUDENMEI ER: | was goi ng to say one

t hi ng maybe we can -- there's a |l ot of controversy in
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t hi s obvi ously and maybe get youto -- | guess we have
t o deci de whether it's worth even goi ng out for public
comment at this stage or sonme additional work should
be done before it went and conme back to you | i ke maybe
showi ng a concrete exanpl e of howthis nmet hod woul d be
applied to a small code change and have that becone
part of the Reg. Guide, or whether we should just
abandon this whole thing and cone up with sonething
new that has to go into the Reg. Guide. We will have
to decide on that and that is what 1'Il need to find
out .

MR. SCHROCK: This was not in what has
al ready gone out for public review?

MR. STAUDENMEI ER: No, it wasn't. Thisis
goi ng before you to get your comments before we go
back out for the second public comment period.

MR. BOEHNERT: This is in response to the
public coments they got.

MR STAUDENMEI ER: Yeah, these changes
wer e made i n response to the public conments. W have
to go back out for public comment again because the
changes nmade are fairly significant.

MR SCHROCK: Well, | think in the nost
gl obal viewit seens to me you started with a highly

conservative set of regulations that served as the
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basis for licensing the plants. It cane time to
recogni ze that so nuch of that was very anti quat ed and
you initiated arul e change. The rul e change provi des
for realistic calculations wth assessnent of
uncertainty.

The two things are pulled apart and what
you shoul d have done was to set a tine limtation,
time maybe associated with |icense expiration or
what ever. There shoul d have been a phasi ng out of the
ol d Appendix K nethod and a phasing in of the new
nmet hod.

What you' ve been doing now in the | ast
five to 10 years if creating sone kind of norass
bet ween which is causing a great deal of confusion
think. This would make it so nuch worse because what
you are trying to do is to provide the industry with
a way to maneuver nore sinmply through these two
different things and get what they want at m ni num
cost.

| think that their responsibility to find
that and | think they' ve shown a |ot of ability to do
that. | think your problemis to figure out how you
are going to state what the ground rul es are for what
you are going to do in reaching judgnment about m ddl e

ground fixes to this situation.
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| think you woul d have been so nuch better
off if you could keep the realistic assessnment in
Appendi x Kassessnent total ly separate things and nake
it aoneor the other. If they doit one way, that's
fine. Here are the ground rules for that. If you do
it the other way, this neans a CSAU or equi val ent ki nd
of eval uation of the uncertainty inthe cal cul ati ons.

MR. LAUBEN: | wi sh we coul d take LOCA of f
t he table.

MR, SCHROCK: It not just LOCA.

MR. LAUBEN. But LOCA has nothing to do
with rule change, nothing to do with Appendix K --
excuse me, non- LOCA. Appendi x K of 50.46 are LOCA and
LOCA only. These other transi ents and acci dents have
nothing to do with Appendi x K, nothing to do with --

CHAl RVAN WALLI'S: We're just using it as
an exanpl e.

MR. LAUBEN:  Absol utely not hi ng.

CHAI RVAN WALLI'S: I'mgoing to break for
lunch. | didn't think we were going to go all this
time but we have nanaged to do it. You have a half-
hour after lunch to cone back when we have nel |l owed
and deci de what to do next.

MR,  STAUDENMEI ER: | was going to say

there are two options. Either we can decide that it's
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not even fruitful to keep tal ki ng and cone back | ater.

MR. LAUBEN:. There is one thought and t hat
is to take LOCA conpletely out of this Reg. Cuide.

CHAI RMVAN WALLI' S:  No, no, no.

MR. LAUBEN. Because t he di scussi on al ways
seens to merge LOCA and non-LOCA. | f our exanples are
al ways about LOCA, thentotry to tal k about exanpl es
are non-LOCA, then | don't know. | don't know.

CHAI RVAN WALLI'S: I'mgoing to break for
[ unch until 1:30 and t hen we have hal f an hour to pull
this all together and figure out what shoul d be done
next .

MR. STAUDENMEI ER. Ckay.

CHAI RVAN WALLIS: So we will break now
until 1:30.

(Wher eupon, off the record for lunch at

12: 35 p.m to reconvene at 1:30 p.m)
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AAF-T-EERNOON S-E-S-S1-ON
(1:32 p.m)

CHAI RVAN WALLIS: 1'd like to give you a
chance to finish your presentation, Joe, and then we
shoul d back and see where we are, where we need to go,
what we need to do.

DR. STAUDENMEI ER:  Okay. Well, we are |
guess at the nuch discussed sinplified nethod of
determ ning margin or conservatism | don't really
have much nore to say about that. | guess one thing
that maybe could clarify it is if we carried out an
exanpl e and brought it back to you to illustrate what
we had neant by that and add in sonme nore i nformation
to narrow the scope of that of when it would be
applied for things with large margin or snal
uncertainties that were at |east inherent in the
assunption as | was naki ng about when this woul d be
applied, or it could be that this whole thing just
isn't worth inplying at all or even putting out for
public comrent. And that's sonething that | guess
we'll all have to think about.

CHAI RVAN WALLI S:  Certainly not the whol e
thing. The whole thing's been out. It's just the
changes which --

DR. STAUDENMEI ER: That's right. Yes, the
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change -- what | was referring to is, yes, the
changes. Putting out the changes. | nean, maybe t hose
changes are worth naking or maybe we don't allow a
little nore sinplified nmethod of determ ni ng how nuch
conservatismis in the nodel in that they would have
to go through a nore rigorous uncertainty anal ysis.
But | guess that's sonmething you'll have to decide
when you maeke your reconmendati ons.

MR. BANERJEE: How nmuch nore wor k woul d be
required for problens |like this where there are two or
three inportant phenonena to actually do --

DR. STAUDENMEI ER Actual ly, | don't think
there would be that nuch nore work, ny personal
opi ni ons.

MR. BANERJEE: Perhaps thethingistotry
to understand if you didn't do this and they had to
fol |l ow usual procedure --

DR STAUDENMEI ER Yes.

MR. BANERJEE: -- would this be really a
great burden or is it sonething whichthe industry has
sinmply comented because they are |[|ooking for
somet hi ng?

DR. STAUDENMEI ER: Wl |, | mean, sonet hi ng
| don't think is a great burden to soneone whose out

there trying to get out production work all the tinme.
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It does add additional burden to them and, | guess,
it's your point of viewwhere you're at in the process
of whether it's a great process or not.

MR. BANERJEE: Right. But is there a way
to quantify that?

DR, STAUDENMEI ER: The anount of extra
work - -

MR BANERJEE: Like | inmagine --

DR. STAUDENMEI ER: For a specific case you
coul d show how nuch extra work woul d be done.

MR. BANERJEE: | imagine that you're
suggesting this be used for relatively sinple nodels
where there are a coupl e of phenonena whi ch dom nat e,
or maybe a few, so the burden may not be all that
high. And if that can be shown quantitatively, then
t hat woul d be useful. But on the other hand, if the
burden is very high, then there m ght be nore reason
to do this because you m ght say, okay, we don't have
to go t hrough t he whol e ri gorous CSA net hodol ogy, t hat
could really inpose a large burden for very sinple
changes. You know, so | don't know.

| personally sort of think if the burden
isn't large, then it sinplifies everything to just
follow the usual route.

DR. STAUDENMEI ER: Yes.
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MR. BANERJEE: If the burden is |arge,

then it's probably worth | ooking at.

DR STAUDENMEI ER:  You know, the cases
| " ve thought of where this would be applied, | don't
think the burden is |arge but I may not be thi nki ng of
t he sane cases the industry is thinking of. It m ght
just be maybe a matter of my tunnel vision on this of
how !l think it's applied that | think it wouldn't be
| arge. But --

MR. BANERJEE: (kay.

DR. STAUDENMEI ER: Well, this is the | ast
slide, the status and summary. We still hope that the
revised Reg. Guide will address the findings of the
Mai ne Yankee revi ew panel s and ot her review groups.

We'd |ike to get ACRS comrents fromthis
current round of discussion, and revise with respect
to your coments as soon as we can and send this back
out for public coment, which we hope would be the
last round of public coment. After we get your
comments, the next step in the process would be
putting it through OGC and CRGR for review Then
stick it out for public comment. The public coment
period | think is probably about 45 days or sonet hi ng
like. | think that's the m ni nrumwe can have. And we

would get the coments back in, process them
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Hopeful Iy, there won't be any controversial conments
this time. Hopefully, we've sorted through nost of
themfromthe | ast round of public comments. And if
everything went snoothly, we would incorporate the
public comments, conme back to the -- have to go
t hrough the ACRS and CRGR and OGC agai n.

CHAl RVAN WALLI S:  Agai n?

DR. STAUDENMEI ER:  Yes, beforeit's issued
for final. You have to review the final issued
product and it would get issued as a docunent, an
of ficial docunent sonetinme, and | think would be on
the order of April next year or sonething if there
were no nore del ays.

CHAl RMVAN WALLI S: Do you want the full
conmttee coment ?

DR STAUDENVEI ER: | think the full
conmttee are the only ones that can apply.

CHAI RVAN WALLI S: Are we scheduling a
performance by you in front of the full commttee in
Sept enber or sonet hi ng?

MR, BOEHNERT: Yes, we are.

CHAl RVAN WALLI S: We are?

MR, BOEHNERT: We are.

CHAl RVAN WALLI S: So this is just a

prelimnary --
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MR. BOEHNERT: Subconm ttee and t hen, you

know, the full Commttee is going to pass on it.

CHAI RVAN WALLI S: Dependi ng on what ny
col | eagues say on the subcommttee, | would think
since the full Comm ttee has seen this before that we
ought to focus attention of your presentation on
what's new, and particularly the itens that the
subcommi ttee had trouble wth.

DR. STAUDENMEI ER:  And |I'd wel cone your
unofficial comrents, | guess, before the ful
Conmi ttee neeting.

CHAI RVAN WALLIS: Well, it's along tine,
too. It's 2 nonths or sonething before that.

DR STAUDENMEI ER Yes.

CHAI RVAN WALLIS: Well, the first thing I
think we all need to do is we need to agree that
conments will be witten and sent in within a week or
two, whatever. @G ven a good chance; say by the end of
the nmonth or sonething. The sooner the better,
really. Because you renenber what you' re doing.

And | think we've got an opportunity now,
we' ve al ready aired sone interest and concerns. And
we want to reenforce those now or raise sone other
poi nts, and we should do it now That woul d be nost

hel pful to Joe.
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MR, SCHROCK: Well, Norm Lauben nmade a

conment about the distinction between transients and
LOCA just before the lunch break, and | --

CHAI RVAN WALLI S: Are you taking that
back?

MR, SCHROCK: Wl --

CHAI RVAN WALLI'S:  So lunch had a solitary
effect.

MR. SCHROCK: | guess ny comment woul d be
as you read this Reg. Guide you don't find a clear
del i neation of those two cases. And if there that
ki nd of significant difference, it should be spelled
out in the Reg. CGuide sonehow. And | guess there is.

DR. STAUDENMEI ER: That's a good point. It
was obvious to me what | nmeant when | was witing it,
but I had it in ny head and that's why it's good to
have i ndependent reviewlike this to point out things
t hat we haven't thought of.

CHAI RVAN  WALLI S: It was never ny
i mpression that there was any di fference between LOCA
and all these other things. This is how you go about
evaluating, trying analysis methods in general

DR. STAUDENMEIER:  Well, in terns of the
general prescriptions for doing things, | don't think

we made a difference. But in terns of applying these
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sinplified or allow ng these sinplified nmethods to be
applied, 1 think that's where we would neke a
di stinction.

CHAI RVAN WALLI'S: Wl |, | think you m ght
make t hat clear, that sinplified methods only apply to
rather a smal |l cl ass of small changes or sonet hi ng and
in rather insignificant events.

DR STAUDENMEI ER: Yes.

CHAI RVAN WALLIS: Are there other points
that ny coll eagues want to raise at this tinme?

Do you have any conmments on the bul k of
t he docunent as opposed to the section 5 that's been
in nost of the discussion?

MR. BANERJEE: Well, | already brought up
nmy thoughts about in sone way diagram ng what this
busi ness of i nputs whi chincluded nodalization and all
t hese other things, even though at sonme point it's
nmenti oned specifically, | mean |I'mvery uneasy with
maki ng specific nodels for specific transients for
specific plants in fixing the nodalization. And the
argument s going forward froma snmall scal e experi nent
whi ch uses a certain of nodalization to get the right
results and a plant then using simlar nodalization
seens a big job to ne, and | don't know how that's

treat ed.
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| mean, in away this issue has been with
us forever. | nean, this is not the first time it's
been rai sed. So whether it's a problemw th this Reg.
GQui de or just a general problemthat's around, | don't
know. But | feel very uneasy about not having some
sort of requirenment to showthat with nodalizationis
sufficient to capture the phenonena which are of
i nportance, at least. Some words to that effect.

CHAI RMAN WALLI S: Nodal i zation is not
i ndependent of the point | was maki ng about geonetry.
| nmean, how you nodalize sonething |like a |ower
plenum 1t's going to influence howwell you capture
normal inthere. I1t's not just a question of dividing
a pipe into pieces so you can say it's just straight
forward, but a nunber of pieces. But in sonething
like a lower plenumyou have a choi ce of the shape of
t hese nodes and things. And it's not just nunbers

MR.  SCHROCK: Wll, nost of them are
connections of pipes. And so there's no way that the
geonetric description you're thinking of can be
brought into it when it's represented as a set of
pi pes and juncti ons.

CHAI RMAN WALLI S: There is a way, because
they use it. | mean there nust be a way because

there's --
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MR. SCHROCK: Yes.

DR. STAUDENMEI ER: Yes, | neanlikeinthe
TRAC 3-D vessel conponent, there are things that are
dependent on cylindrical geonmetry or cartesian
geonetry. The vector, |like the gradi ent or divergence
operator depends on what geonetry you're in in the
general sense and general conductivity of |ike RELAP
or a lot of the other codes that are nore |unp
perineter based, it's nore --

CHAI RVAN WALLI S: Yes, that sort of
assunes you've got a cylindrical thing or a plane
thing. But a thing |ike upper and |ower plenum
they're not cylindrical or plane, they're sort of a
m xture of things in there.

DR. STAUDENMEI ER:  Right. And instead of
thinking in those like differential equations in
geonetry, it's nore finite volumes with connections
bet ween themand fl uxes of different quantities going
t hrough the connections, and that's what tends to
dom nate these problems nore than the specific
geonetry does, | think.

MR. RANSOM  The problemis actually a
little nore obscure than you' d think from you know,
first exam nation of it. And since these codes don't

i nclude any of the sheer ternms and any m xi ng, you
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know, associ ated wi th sheer or turbul ence just sinply
i s not includedin TRACor reappliedtype cal cul ation.
| believe and it's my opinion that you're better off
treating a | ower plenum as sinply a honobgeneous --
whi ch is any volune is and nodal i zati on of the code.
| nean, it's well m xed. And if that assunptionis not
really acceptabl e, then a CFD code or sonet hi ng shoul d
be consulted to find out what really goes on there.

CHAI RMVANWALLI S: Evenif it's honpbgeneous
vol ume, you can't wite the nonentumequation for it
when stuff's com ng down and --

MR. RANSOM Well, | believe you can, and
that's a subject of debate, | guess.

CHAl RMAN WALLIS: Ckay. Let's see it.

MR RANSOM Well, we've done it.

CHAl RVAN WALLI'S:  You sinply can't do it
fromthe usual --

VR. RANSOM And | guess agai n,
fortunately, in the case of the |ower plenum the
nmonmentum flux terns are quite uninportant because
velocities are quite lowso that really that's not as
i mportant --

CHAI RMAN WALLI'S: What's what saves you.
| think that's what saves you.

DR. MOODY: Maybe ny viewis awful sinple.
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It certainly depends, doesn't it, alot onwhat really
you're trying to calculate. |If you want a nass in a
| ower pl enumof an enpty vessel that's being filled,
you can do it with one node if you knowthe infl ow and
outflow. If you' re pressurizingit, youcandoit with
one node.

If you want the flow patterns then, of
course, you got to break it up nore. |If you want to
get the tenperature distribution, then you have to
have many nore nodes.

| guess there's not too nuch arguing with
that, is there.

CHAl RVAN WALLI' S: I f you have boran sl ed- -
not a boran sled comng in fromone side, and you want
to know how wel |l it --

DR MOODY: M xes.

CHAI RMAN WALLIS: -- mxes. And then you
need to -- right.

MR. RANSOM Well, it's the kind of thing
that | think, to give you an exanple, the thing that
peopl e sonetines dois in a 1-D code they will divide
the | ower plenuminto several |levels. But that's sort
of nonsense because t hey' re connect ed by one juncti on.
And i f you tal k about inconpressible flow, there wll

be no flow through that |ower --
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CHAl RVAN WALLIS:  Well, you can't --

MR. RANSOM You can only go through up
t he upper layer and back up. And so it's kind of a
phony type -- probably doesn't cause any harm but on
t he other hand you'll see situations where hot water
or cold water is nowsitting on top of hot water and
simply won't mix. And so you have to use a little
engi neering judgnent, | think, with these kinds of
thing not only in proximte nodels. Ei t her
experimental data, CFD calculations, this kind of
t hing needs to be used -- and I don't know. | guess
that wasn't really addressed in here either, although
the evaluation nodel could consist, | presune, of
dependence on a CFD type code or sonething |ike that
tovalidate certain parts of the cal cul ati on, and t hat

woul d be a reasonable thing to do.

DR. MOODY: | wused to have a boss that
said "Bring it to nme when you're willing to bet your
paycheck on it on how well it matches reality.”

CHAl RVAN WALLI'S:  Well, the even better
one is when you're willing to bet your conpany on it.

DR MOODY: Yes.

CHAI RVAN WALLI S: Well, we're going to
have comrents for you. | think probably the usual way

wi |l be each person wite something and it get passed
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on. And since we've seen nost of this before and had
an influence onit, |I think there will probably two
ki nds of comrents. There will be conmments sort of
bear in m nd and usi ng the gui de but not reconmendi ng
changes. And then perhaps in this section 5 we'll
actually be recomending that you do sonething
different.

| think my comments mght reflect that
intent, but | haven't yet witten them down.

DR. STAUDENMEI ER.  Ckay.

CHAI RMAN WALLI S: Because, as you know, |
have sonme concern with section 5.3 and section 5. 4.

Well then, | think wewouldreallyliketo
see this get out there and have an i nfl uence. Because
it'"s useless to have it inthere. Unless it actually
i nfl uences what' s done out there by the applicants and
the staff, nothing has been achieved.

DR. MOODY: This nay be the wong tinme to

even ask it, but why does all this go out to the

public?

CHAI RVAN WALLIS:  Oh.

DR. MOODY: Do you want staff that comment
and go on sonething else? | mean, NASA didn't do it

when they put nen on the noon, they didn't ask the

publi c.
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CHAI RVMAN WALLIS: It's kind of --

MR. KRESS: It's one of NRC s strategic
goal s.

CHAl RVAN WALLI'S:  Yes, but it's sort of
self-defeating. And | think the original intent was
to involve the public. The public is not involved.
It's industry cooments that you get. So it's a very
sel ect --

MR. KRESS: But the public gets an
opportunity.

CHAl RVAN WALLI'S:  That's right.

MR. SCHROCK: NASA's not that big of risk
to the public.

DR. STAUDENMEI ER:  And actually, in sone
t hi ngs actual menbers of the public do get involvedin
it.

MR. BCEHNERT: Yes, sure. Depending onthe
i Ssue.

CHAI RMVAN WALLIS: The industry conments
nmake a | ot of sense, because they're the ones who are
going to have to use this. You know, they're sort of
the custoner for this thing.

MR. BOEHNERT: O be subjected to it.

CHAI RVAN WALLI'S: So it's very inportant

t hat they have sone input.
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The thing that's frustrating is how | ong
everything takes. W do sonething and then, if we're
lucky, a year and a half | ater then sonething comes
back. And that gets frustrating if we go around this
| oop several tines and then ACRS nenbership has
changed conpletely by the tine it's reviewed.

DR, MOODY: | recall that one tinme, |
don't renenber who it was back in the Phil Brady days,
t he Director of NRC nade t he conment that soneone from
t he public could nmake a clai mand have no basis, and
you didn't have to prove -- you had to spend all this
time proving they were wong. And that was eating up
tons of tinme and noney.

CHAI RVAN WALLI S: | don't think that
happens here. | nmean, not with this sort of thing.

DR. MOODY: (Xay.

CHAI RVAN WALLI'S: So | " mabout to say t hat
we nove on to the next itemon our agenda, unless Jack
or anyone has anythingto-- | felt that we everything
went al ong very well and we were sort of in agreenent
with everything until we got to section 5.

MR. ROSENTHAL: Yes, | think, you know, we
anticipated that that wuld be the source of
di scussi on.

My only frustrationis that Normand | and
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Ms. Lynn Ward went on a maniac -- in '"96, and it's
2002. So --

CHAI RVAN WALLIS: Well, the PRA guys are
tal king about to the Rasnussen report, you know, 30
years ago and we still haven't becone risk inforned.

MR. ROSENTHAL: In any case, we go to the
public nmeeting and t he reason t hat we were goi ng to go
at asecondtinme, andit's not a requirenment, was that
we felt that there were sufficient changes that it
woul d pay to go out. And just dependi ng on what your
conments are, maybe we can wor k sonet hi ng out where we
make sone increnmental progress between now and the
time that we go to the full Conmmttee, just to get
sone nonent um goi ng.

But we | ook forward to your comrents.

CHAI RMAN WALLI S:  Yes, | think you have to
be very careful with this conservative thing. Code
isn't conservative. Show the conservatism in a
cont ext .

MR. RANSOM Can | ask a question. Wiy is
RES doi ng thi s as opposed to NRR? It seemed sonet hi ng
nore that NRR woul d be concerned wth.

MR. LAUBEN:. | thinkinthe reorganization
of years ago, or whatever, it was decided that

regul atory gui des woul d be t he princi pal
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responsibility of RES, but they always had to be
coordinated with the user on NRR And t he standard
review plan is the province of NRR The two are
related. So it actually works pretty closely with --

CHAI RVAN WALLI S: That was one of our
questions | renenber before. 1s you got this sort of
review plan on this Reg. CGuide and what's the sort of
correl ati on between the sections.

MR. LAUBEN. And in fact, sonetines they
have, you know, organizationally we may have be
assigned the responsibility, but we can actually by
agreenent it can switch to --

CHAl RVAN WALLIS: Wl l, okay.

|'"dask this Committee thento giveinput.
And it occurs to ne that it mght be helpful if you
guys gave additional input. And having heard the
comrent s t oday about section 5.3 and 5.4, if you cane
back and said we understand what you're saying, how
about doing it this way just for these small sections.
Then we could comment on that, wouldn't have to have
a full nmeeting here. Then you' d have an assi gnnent to
cone back with sonme feedback as well as us. Can we do
that? Wthout having to go through -- so you m ght
say that the full conmmttee neeting in Septenber

realizing we had all these comments from the
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subcomm ttee, we rethought section 5.3 and 5.4 and
t hese are sone of the things that we suggest woul d be
an i nprovenent .

MR BOEHNERT: Well, in fact, Jack had
suggest ed that.

CHAl RVAN WALLI'S: W'l do that, and then
| et us know. Let us know so that we can through the
| oop before Septenber.

DR. STAUDENMEI ER.  Ckay.

CHAI RVAN WALLI'S: | thank you very nuch.
You' ve been very hel pful and patient and i nformati ve.

DR. STAUDENMEI ER:  And | thank you for all
your comments.

CHAI RMAN WALLIS: | don't need to use by
gavel. | think we can just invite the next speaker.
Are you going to do this all yourself?

MR. RANSOM No, Steve is next.

CHAI RVAN WALLI S: GOh, Steve has given out
-- but then V.J., you're the one presenter.

MR DH R Piece de resistance.

CHAI RMVAN WALLI S: So Steve is goingto put
into perspective what we're going to hear from
Prof essor Dhir?

MR. BAJOREK: Well, I'dliketo put it in

perspective and also from our |ast neeting when we
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t al ked about ACWS, one of the itens we brought up was
you have in TRAC-Mright now. So what 1'd like to do
istry toput the research programin perspective, and
while we're working on that, but al so just a coupl e of
overheads to explain what's in the code right now and
why it essentially needs to be replaced.

VWhat we'd like to present to you this
afternoon i s t he work bei ng sponsored by the O fice of
Research to devel op the nodels for subcool ed boiling
applicable for safety analysis and rod bundl es.

Subcool ed boiling is one of the two or
three reginmes that are typically encounteredin atwo-
fluid code where you have a particular --

(Wher eupon, mi crophone adj ust ed)

MR. BAJOREK: As | nentioned, what we'd
like to tal k about is the work bei ng sponsored by the
Ofice of Research to |look into subcool ed boiling.
It's one of those heat transfer reginmes that's
particularly difficult todeal withintwo-fluidcode,
because you have to deal with this idea of heat-flux
splitting.

When you have these reginmes with a | ot of
t hermal non-equilibriumyou have t o nake a deci si on on
how you partition the energy either to the liquid

field or to the vapor field. And because of that non-
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equi librium you also have to start worrying about
things |liketheinterfacial area, bubbl e size, droplet
size and the interfacial heat transfer. The whole
process as shown over here on the right hand side,
nmeans you have to meke sone decision in the code on
how you partition things that generate vapor in the
case of subcool ed boiling, how nuch of that energy
goes to the liquid heating regardl ess of howyou split
or partition it at the wall. You al so need good
nodel s to transfer to account for the condensati on and
t he transfer of energy that occurs at the interface as
t hose bubbl es are departing and noving into the bul k
fluid.

The difficulty is conpounded in a two-
fluid code because you're not really able to deal with
t he physics as you would |i ke to. Meaning, you can't
really nodel, per se, a subcooled region and
imediately next to the wall. You're left with a
relatively | arge node wi th sone anount of subcool i ng,
and a void fraction that the code, for all practical
purposes, wants to assume is mixed everywhere
t hroughout that cell and not necessarily at the wall.

Now, applications that rely or depend
qui te heavily on getting the subcool ed boi |l i ng correct

have been shown to be very troubl esone. A couple of

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

198

fairly recent exanples, the AP600. They found sone
cases where there are tremendous | arge oscillationsin
the core wide void fraction seen fromthe coll apsed
liquid level. They were particularly acute because
they were at | ow pressure.

Wl |, inevaluatingthose nodel s what this
was traced to was a subcool ed boiling nodel that had
a bubble punping term that was a function of the
density. It had a row L over row V. Although that
nodel had made use of data and seened to work quite
wel | at relatively high pressures, whenit got down to
the | ow pressures typical for the AP600, that ranp
woul d turn on and of f causing very | arge swings inthe
core void fraction

Anot her recent exanpl e was an eval uati on
of a Peach Bottomturbine trip. Because the subcool ed
boi l'i ng nodel was not able to get the axial variation
to void fraction correct, it was very difficult in
those simulations to try to predict the right
ki netics.

MR. SCHROCK: Well, isn't this 1-Dchanne
nodel that you're dealing with in TRAC?

MR. BAJOREK: Yes, in this case.

MR, SCHROCK: And so that vapor flow

perpendicular to the wall really is not a variable in
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TRAC not ati on?

MR. BAJOREK: No. | nean, in TRACyou j ust
have one | arge cell to work with. 1've sort of drawn
this just as a way of -- if you could try to nodalize
that alittle bit better, what you would like to try
to do is to break this down into a region with high
subcooling and a relatively large void fraction as
opposed to what the code is really doing out there,
which is distributing all of these bubbles over one
| arge cell that has sone globally known subcool i ng.

MR. SCHROCK: So | guess an expl anation
which is couched in terns of the variables that are
enpl oyed i n the TRAC cal cul ati on woul d serve better to
tie this together with V.J.'s experinments?

MR, BAJOREK: Yes.

CHAl RVAN WALLI'S: Wl |, that's a question
| had was how hi s experinents are related to what you
need to know in the TRAC code. You can study the
col I apsi bl e bubble, but I don't know quite how this
fits into what TRAC needs to know.

MR. BAJOREK: Well, you need to know
everyt hing associ ated with these three Os over here on
the right hand side.

CHAI RVAN WALLI S:  You just need to know.

So across the whol e cross section what's the average
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void fraction, isn't that the question it's asking?

MR. BAJOREK: That's what the code is
basically -- well, the code's going to do that. Okay.
Unl ess you do make provisions in the code to tell it
it's in a regime where you are going to have
concentrations within that cell

MR. BANERJEE: You can do that by therma
non-equi librium So you can have a void --

MR. BAJOREK: You can | ook at conditions
that will tell you that you are in subcool ed boiling
and that you should have a concentrati on on one side
or the other. But in order to get the anount of void
generation, this thing here, the net vapor generation
-- correct. Ckay. You need to be able to know what
that partition is across other things I|ike the
interfacial heat transfer, the condensationrate, the
bubbl e size and the bubble behavior near the wall
before you can --

CHAI RVAN WALLIS: But | think it actually
depends on where you draw your boundary. | mean, at
the wall presumably all the heat transfer is to the
liquid and there's sonme superheated |iquid nmaking
vapor. And then there's sone vapor mgrating, finding
itself in a subcooled lIiquid and condensi ng again.

And all this, presumably, fits into answering the
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guestion what's the average void fraction. The
partition | always thought was a kind of artificial
t hi ng. Because dependi ng on where you | ook there are
different partition.

At thewall all heat transfers areliquid,
and then sonewhere out here it's nostly vapor
mgration carrying the heat out. And out here it's
condensati on causing the heat transfer. Andthenit's
all liquid again.

It depends where you draw your boundary,
how you partition things.

MR. BAJOREK: Unless you get all of those
correct, you're still going to be off when the net --

CHAl RVANWALLI' S:  The pool is partitioning
in somewhat artificial way, isn't it?

MR BAJOREK: Yes. Yes.

MR. SCHROCK: But that's | really think
you' ve got to have a logical starting point in terns
of what the TRAC variables are and how you i nagi ne
what's happening in the subcool ed boiling process.
The bubble that's growing attached to the wall has
evaporation on part of its surface, condensation on
part of its surface. It may or may not detach before
it reaches it maxi mumsize. If it does, it noves to a

new | ocati on where there's | ess subcooling eventual ly
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-- or nore subcooling, rather, eventually may be
totally quenched. Further downstreamit may be only
partially quenched.

But how do you translate all of those
recogni zed phenonena into TRAC variables? | think
that's the key thing.

MR. BAJOREK: | think in |ooking at the
nodel s that Professor Dhir is comng up with, we
haven't seen anything in there that prohibits us from
being able to put it into the code in terns of the
vari ables that are either used or could be used by
TRAC-M The only thing to prohibit us fromaddi ng new
capabilities, adding new vari abl es.

MR. KRESS: And in fact that's your job,
the job of V.J. is to understand what's going on --

MR. BAJOREK: We need to know what's the
basi ¢ physics that goes on here.

MR KRESS: Yes. And that's what he's
doi ng.

MR. BAJOREK: Yes. And | think one of the
first things that Professor Dhir is going to show
that, hey, the existing database to try to get at
t hese various heat flows is | acking. And the point |
want to make, you know, in what we've got in TRAC Mor

RELAP or Cobra TRAC, these are all largely based on
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the same types of data. They use, for practical
pur poses, the sane types of nodels and have the sane
guesti ons.

We would expect TRAGC-M to get those
simlar types of problens. For the AP600 this is the
type of thing that was being predicted. This shows
the core coll apsed | evel when nmuch of the core was
predicted to have been in a subcool ed heat transfer
regi me.

You | ook at sonme of these oscillations
t hat were going on, this is a dinmensionless height of
the core, fromzero to 1. W' re | ooking at val ues on
the order of .3, .35. This is 3 to 4 feet in
oscillations --

CHAl RVAN WALLI'S: This is all subcool ed - -

MR BAJOREK: Mdst of the core is --

CHAl RVAN WALLI'S: This is all bubbles and
t hen subcool ed boiling --

MR. BAJOREK: Yes. And in |ooking back at
what was causing this, you' d go into subcool ed
boiling, you' d generate a very |large void. Then this
woul d col |l apse. COkay. Once it got to saturation.
Okay. And the process would start and repeat itself.
Thi s was bei ng aggravat ed by basi cally ad hoc ranps in

that last figure that was trying to partition things
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between the liquid and the vapor. That's the type of
thing that indicated we needed to understand the
physics of this a |ot better.

CHAl RVAN WALLIS: Wwell, it seens to ne --

MR RANSOM Just a few coments of
caution. You know, when you report things on zero to
1000 second tine scale and it's a very large scale.
And you call that nunerical noise. So | guess it's
not nunerical noise, it's actually if you plot those
oscillations, there are many tine points in each
oscillation. So it's a m xture of nodeling and, you
know, so maybe the nunerics. | don't know.

MR. BANERJEE: It's nodeling noise.

CHAl RVAN WALLI'S:  It's nodeling noi se.

MR, RANSOM Well, yes, it can be. I
don't know that it's not physical. | nmean, that's an
assunption that it's not physical

Then also | think that Saha-Zuber
correl ation that you showed -- or you haven't shown it
yet, that partitioning has only to do with the -- how
it's changing the overall heat-flux fromthe wall.

MR BAJOREK: Right.

MR. RANSOM Not the partitioning between
vapor and liquid. There's a secondary nodel in the

code that does that.
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MR BAJOREK: W have to partition it.

It's basically using nodel by -- and you cone up with
a partition and then you al so have to cone up with a
nodel for the condensation in order to --

CHAI RVAN WALLI S: To get back to Prof essor
Schrock's question, | would think that Professor Dhir
would have the assignnent of develop Dbetter
under st andi ng of the physics and then tell us howto
put this into the code. It looks as if he's got an
assi gnment to understand the physics. And the way in
which this is related to what actually has to go into
TRAC seens to be a very i nportant part of the problem
| s he doing that?

MR. BAJOREK: No, that's going to be our
j ob.

CHAI RVAN WALLI S: I''m not sure you can.
| think he has to doit. |I would assign hi mof making
t he burdens, because then he knows what he's got to
nmeasure and what he's got to nodel. |If he just goes
of f into an acadeni ¢ worl d and nodel s everything he's
interested in, that's not the same thing as getting an
engi neeri ng nodel that goes into TRAC-M

MR. BAJOREK: No, | don't --

MR. KRESS: You're presupposing that V.J.

doesn't know what the code neets?

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

206
CHAI RVAN WALLIS: | don't know. |'mjust

saying it should be part of his environnent.

MR. BANERJEE: He may know, but he may not
want to do it.

MR SCHROCK: 1'djust liketo say amenif
| do it.

DR. MOODY: Well, as | read this report,
| got knowing a little bit about the way V.J.
operates. | got the feeling that you were asking him
to do kind of a -- on a bottonms up study that you
could incorporate into a top down nodel. |In other
words, a microscopic lab study that will give sone
clue and | thought probably on his data that he
presented in correlations, that's what you were goi ng
to use to incorporate into the TRAC code.

MR, BAJOREK: Yes.

DR MOODY: Sonehow.

MR BAJOREK: W need to know the
i ndi vi dual nechani sns that dominate that split. It's
going to be up to us to nake that we can take those
things, put in the variables, code those in such a
format that it can replicate the nodel that you m ght
come upwithinalab or, you know, in a nore acadenic
setting. And we realize that there are al ways goi ng

to be shortcomngs in a two-fluid code that's not
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going to get us down to a CFD type of nodeling of any
process. But at some point if we knowthe physics and
if we know nodels which are mechanistic and can be
faithfully used to represent what goes into a rod
bundl e, whether it's, you know, a CE type or a
West i nghouse type over a range of subcoolings, then
we' re going to have the confidence to put the nodels
in the code and get realistic results.

And | think, you know, in going back to
this there may be sonething physically real that's
goi ng on, but we went additional steps in this to go
back and note when you had a large blip it was when a
ranp was being turned on and off in the subcool ed
boiling nodel. So it wasn't just, you know, pointing
finger --

MR. RANSOM Well, | would take issuewth
that, too. What actually turns out interface drag is
very inportant to this kind of prediction. Andif you
don't pay attention to that, you know, it doesn't
matter what you do in the heat transfer partition,
you're not going to get the right answer either. So,
this has to be | ooked at in that gl obal way.

And, as a matter of fact, you know, inthe
subcool ed boili ng experinent that we're going to tal k

about I didn't see any real di scussion or
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consi deration of that. And that goes back to how are
you going to put this in the code. And | think there
are other issues, too, that we have to tal k about.

CHAIl RVAN WALLIS:  Wuld you go back to
your first slide and do it properly, and you coul d say
that in order to predict the average boiling and |
have to know how many nucl eation cites there are, at
what tenperature they're activated. | need to know how
rapi dly those bubbl e growattached to the wall. | need
to know when do they nove away fromthe wall. Do they
grow sone nore when they | eave the wall

MR BAJOREK: Right.

CHAI RVAN WALLI'S: How do they nove away
fromthe wall in a transverse direction. Are they
carried along in the axal direction. And t hen when do
they begin to condense and how rapidly do they
condense.

And what | see fromhis book is there's
some work on when they start to form and how many
nucl eations sites are there. And there's sonme work on
i sol at ed bubbl es condensi ng. But where's all the rest
of what's going on that you need?

MR. BAJOREK: |If we're concentrating on
t he head transient, we haven't | ooked so nuch at the

interfacial drag at this point, no.
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CHAl RVAN WALLI'S: And they' ve tracked this

interfacial drag, which has nothing to do with what
|"ve just talked about, how does it, you know,
influencing the result anyway because of the TRAC
nodel ?

MR. BANERJEE: Well, interfacial dragwl |
surely influence the condensation rate. Because in a
way that's Reynol d's anal ogy, right. So you have to
have an effect of the drag on the --

CHAI RVAN WALLI'S: Well, it woul d probably
accel erate the bubbles to the sane speed as the fluid
and there won't be any Reynolds --

MR. RANSOM Well, in fact the nestled
nunber is the function of the relative Reynolds
nunber . The Reynol ds nunber is based on relative
| oss- -

MR. BANERJEE: | guess the mmin point
here, Steve, that there should be framework | aid out
to receive these results. And what is not clear is
what that framework is.

MR, BAJOREK: Ckay.

MR. BANERJEE: So we don't have a set of
equation saying this is what's lacking in these
equations or this is where we need nore informtion.

These the TRAC equati ons. These are the nunbers that
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we' re going to get out of -- whether that interfacial
area or whatever, heat transfer --

MR, BAJOREK: Yes.

VMR, BANERJEE: It's not clear how that
datais getting fixedinto TRAC. And that m ght not be
trivial todo. That'sreally theissue. It's sort of
difficult because you've got -- if you put
di stribution coefficients in for the tenperature or
something so you have subcooling at the wall,
sonething |i ke that, you m ght get sonewhere i nto that
regime. But it's not trivial to phrase this in, at
least | don't see it as trivial. You did this job.

CHAI RMVAN WALLI S: You have to go to a
m crophone. You have to say who you are.

MR DHR I'mV. J. Dhir from UCLA.

The key difficulty when we started this
work was with the cores that they could not -- they
di d not know what the repagi nati on date was. Wat was
t he source -- fraction. Wen you give a source term
you' ve got to give nunber density of bubbles, size of
bubbl es and rate at which they' re being injected into
the boil. So that information we're trying to
provi de.

Then they al so need to know what is the

| ocal Iiquidtenperature. That is effected not only by
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the heat transfer fromthe wall the liquid, but also
by condensation. So you need to know what rate the
bubbles will be condensing. So that's the problem
t hat we have | ooked at.

MR. RANSOM In fact, that brings up an
interestingissue. It's not thelocal tenperature that
you need to know in these codes, it's the bulk
tenperature that you reference to. It's the bul k
l[iquid tenperature which in the heat transfer
coefficient between the bubble and the bul k of the
[iquid you nmust use.

And | know in a paper that | was reading
it went to great pains to neasure the tenperature at
t he bubbl e, which of course is not the code vari abl e.

MR DHR Rght. But if youlook at it it
really depends on how nuch resolution you want to
have in the code. If there's only cell over the whole
-- you coul d have sone average tenperature. But what
you | ook at it, or we | ooked at it, thereis a thernal
boundary | ayer whichis, you know, tenperature changes
very rapidly in that region. Beyond that it's |ike
bul k tenperature.

MR. RANSOM And that's quite a di fferent
nodel than the nodel that you use in these one

di mensi onal codes. Maybe there needs to be sone
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com ng toget her

MR. BAJOREK: Okay. | nmean we aren't
finished with this. I mean, we still have to get
t hese nodel s, understand them better, find a way to
put themin the code. But, you know, our | ooking at
what is in TRAC-Mright nowand sim | ar codes | eads us
to believe that the nodels and the way they' re treated
now aren't acceptable. You do your best with the
avai |l abl e data to | ook --

MR.  RANSOM Steve, let me ask you a
guestion along that lines. There's quite a database
out there for subcooled boiling and internal
geonetries. And did you ever -- and |' msure t hat was
utilized in the devel opnent of these nodels. So what
is the explanation between, you know, those separate
effects assessnent in all the nodels, then not giving
you good results in this case?

MR. BAJOREK: What is it? I'msorry. |
coul dn't hear you.

MR. RANSOM | can't speak for the TRAC-M
| guess, but | can speak for the RELAP-5 part. They
did use very -- they used Christian, they used St.
Pierre you, his experinents to validate the subcool ed
boiling nodels. And you got reasonable results in

nost cases. So |'mwondering why -- there should be
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sonme explanation, | guess, for why this --

MR. BAJOREK: Why? If that nodel's so
good, why couldn't it get things |ike bubble diameters
or interfacial drag in a newer test |ike MMasters?

MR. RANSOM Well, the guess that | woul d
have is that's sinply acritical nunber that's used to
deci de the bubble size and --

MR. BANERJEE: Maybe | should interrupt
here. Because | think, you know, Dick Lahey did an
i nterpol ati on between Unal's experinents and sone
other stuff. And he never actually broke it into
interfacial and heat transfer coefficient. He just
call it product of them

MR. RANSOM Yes, the multiplier.

MR. BANERJEE: Yes. And in fact what you
guys put into RELAP was Lahey's thing.

Now, what happens here this is -- Dave, |
don't know how they've separated it into bubble
di ameter, but it looks like the -- in nmy opinion, the
interfacial area in that was roughly right. They got
the heat transfer coefficient conpletely wong. So
it's the opposite problemto what you're seeing here.
So because of the getting the heat coefficient
conmpletely wong, they got the void fraction

conmpl etely wong because --
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MR. RANSOM In this case you nean?

MR. BANERJEE: In this case.

MR, RANSOM Wll, this is the Chen
correlation for the overall --

MR.  BANERJEE: No, no. This is the
McMasters experinment where there were Dbubbles
condensing in a subcooled Iiquid. So the bubble
di anmeter was followed. This was not attached to the
wal | .

MR, RANSOM | see.

MR. BANERJEE: These were just steam
bubbles. Soit's acondensation experinent basically.

MR. RANSOM  Who did that?

MR. BANERJEE: This was an old friend of
m ne, a guy nane Shukri or somet hi ng.

And what happened was i n t hese experinents
t hat they coul d neasure of the di aneter of the bubbl es
as well as the rate of condensation. I f remenber
right, though, the reason these experinments are so
wrong conpared to RELAP-5is not the interfacial area.
It's the heat transfer coefficient.

MR. RANSOM Between the bubble and the
bul k of the --

MR. BANERJEE: Yes, between t he bul k. And

there's a very nice graph in the report by Joe Kell ey
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whi ch actually shows the incorrectness in the heat
transfer coefficient. So the probl em has not been--
Lahey's coefficient was basically an interpolation.

MR.  RANSOM Well, Lahey's correlation
does not tell you what the heat transfer between the
bubbl e and the bulk is. It only divides between the
sensi ble heat and the heat of vaporization. So it
tells you how nmuch vapor is being produced.

MR DHIR That's Lahey's nodel, but it
doesn' t worKk.

MR BANERJEE: It doesn't work.

MR. RANSOM Well, it works rather well in
t he codes of --

MR. BANERJEE: It works in certain regine,
but doesn't work.

MR, BAJOREK: That's the rollover term
that's in there.

MR  SCHROCK: These data are steam
injected into fl ow ng subcool ed Iiquid.

MR. BANERJEE: Yes, single bubbles. Well,
this area of bubbles.

MR. RANSOM Oh, this is the McMasters --
| see.

MR. SCHROCK: Doesn't that depend on what

t he di aneter of the bubbles injection.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

216
MR. BANERJEE: Well, it was larger. It

went up, it condensed and they were followed with a

caner a.
MR. SCHROCK: But singl e bubbl es goi ng up
the core --
MR. BANERJEE: Yes, single or multiple,
but they were in tubes. |In fact, you get a very good

correl ation of the heat transfer coefficient with the
interfacial drag which you can estinate very easily in
this problem So when you correct the heat transfer
coefficient with a Reynolds anal ogy here, you get
al nrost a perfect correlation. That was the heat
transfer coefficient, you get that.

MR. SCHROCK: It seens to ne that the
situation in the subcooled flow boiling channel is
different fromthat inthe sense that there's a radi al

distribution of liquid tenperature which you don't

know.

MR. BANERJEE: No.

MR.  SCHROCK: But it exists. And the
amount of vapor that's forned at the wall is in part

dependent upon that. So t he ampunt that detaches from
the wall and is then part of the flow process is
different than in this kind of experinment.

MR BANERJEE: It's a pure condensation
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experi nment .

MR.  SCHROCK: Both the growth and the
condensati on occurred in the subcool ed boiling flow
situation, but only condensation occurs here.

MR, BANERJEE: Correct.

MR. SCHROCK: And so you can't get the
right void fraction in subcooled boiling, shouldn't
expect to bring thosetw thingsintoreconciliation--

MR. BANERJEE: Yes, we shoul dn't give too
much credence to this other than knowi ng that the
condensation rate is wong.

MR. BAJOREK: What's in TRAC-Mright now
coul d have been used to conpare to FRI GG sone ot her
experi ments. Some conparisons | ook good, others
don't. It's based on the Saha-Zuber nodel. It's
shown graphically over here i n Saha- Zuber to get that
total heat transfer where things are thermally
domi nated. Assune it's a Nussett nunmber of 455 when
it's hydrodynamically domnated, it cones to a
constant Stanton nunber of .0065. That's what was
used, that's what was in the --

CHAI RVAN WALLI S: How do you knowif it's
. 0065 and 01065. There are two different statenents
t here.

MR. BAJOREK: That's part of ny point.
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This is what was used to correl ate vari ous water and
freon datainthe original. That's not within TRACM
which in sone cases get good agreenent, sone cases
doesn't. Based on sone work that was done at Savannah
River in a single tube and down flow, at sone point
t hose were adjusted so that in a thermally dom nated
regi on, which they defined as being a Peclet nunber
| ess than 7,000, not a Pecl et nunmber of 70,000 in the
original nodel. They say let it be a Nussett nunber
of 74.55. Wen you get to bubble liftoff, nake it a
St ant on nunber of .0165.

|"ve taken this and plotted this versus
Saha- Zuber, whichinthe TRAC- Mdocunent ati oni s being
clained as the basis, the foundation, for the
subcool ed boiling nodel .

MR,  SCHROCK: Wiere did the TRACM
nodi fication cone fronf

MR. BAJOREK: It clains to have been based
on sonme Savannah River work that had been done for
| ooking at single tube flows and downflow. This is
what - -

MR. SCHROCK: Anot her unnecessary
conmplicationthrownintothis. We'renot interestedin
downf | ow here.

MR. BAJOREK: Well, that's the point. |
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nmean, if you have a good nodel, you shoul d have been
able to match that subcool ed data as well as this.

MR SCHROCK: \Why?

MR. BAJOREK: If your nodel is truly
nmechani stic and you're getting the bubble size, the
condensation rates.

MR  RANSOM Steve, a little further
conment . The results you show are using TRAC or
RELAP-5 and yet the correlation you' re tal ki ng about
is TRACM And so I'm wondering what is the
connection, you know, between the two

MR. BAJOREK: The connection is both of
those are attenpting to base their nodel s on sonet hi ng
t hat | ooks |ike the Saha-Zuber nodel .

MR. RANSOM Well, do you have sone TRAC- M
cal culations that show that they don't behave
correctly then:?

MR. BAJOREK: Not today, but next tine we
get together I'Il try to get those.

MR. RANSOM Well, you're blam ng on this
correl ation. And what |' mwonderi ng was the basis for
criticizing the correlation if you have not actually
utilized it.

MR, BAJOREK: What is in TRAGC-Mis nmany

ways very simlar to what is in RELAP.
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MR. RANSOM | agree with -- well, RELAP

uses the 70,000 transition point.

MR. BAJOREK: Right. But it's using the
same -- overall the sanme type of schenme to come up and
do the splitting. Qur bottomline is when we | ook at
t hose nodel s and how ei t her one of themas conpared to
data, we're not confortable with either one of those
nodel s as an eventual subcool ed boi |l i ng nodel i n TRAC
M So the fact that we had oscillations in RELAP
which was the code that we needed to use for the
AP600, we weren't satisfiedw th what had been poi nt ed
to as t he subcool ed boi li ng nodel there. Wen we | ook
at what had been put into TRAC-M however it got
there, that's what's in there right now

MR. RANSOM And t hey used t he Lahey nodel
for partitioning the energy between --

MR, BAJOREK: It's close. It's not the
same thing. | don't see the roe over roe term

MR. SCHROCK: Who is "they"? Could | ask
it in this case?

MR. BAJOREK: They being -- | think this
was -- this was Los Al anps that had redone the heat
transfer several years ago.

MR. RANSOM Thi s TRAC-Mnodi ficati on was

done several years ago?
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MR. BAJOREK: Yes.

MR. RANSOM As a part of the TRAC- Mt hi ng
or --

MR BAJOREK: | don't know for sure.

MR. RANSOM | nmean, TRAC- Mhas been goi ng
on for nore than 4 years, but --

MR, BAJOREK: | don't know if this was
specifically put into TRACM to be TRAC-M or was
somet hi ng t hat had been i n one of the TRAC-P or TRAC-B
t hat had been grandfat hered over into TRACM | could
find that out, but | don't know.

MR. RANSOM  Ckay.

CHAI RVAN WALLIS:  You have a new slide
now?

MR BAJOREK: Yes. Thisis anewslideto
show you what is in TRACM not by way of saying this
is what we think is the right way of doing it, but to
show you t hat what TRAC-Mdoes in a way of getting at
this partition is to put on a subcool ed weighting
factor and anot her evaporation factor that it clains
goes back to Lahey to adjust the heat transfer
coefficient that you get out of this nodified Saha-
Zubar .

Now, if you go to other codes they're

doi ng sonmething sim lar, okay. O they'll changethis
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and they'll use a different nodel for this ranping,
and they'll change something over here with the
vapori zation in order to try to get this split. In
some cases it works against the data. It other it
falls flat. And our argunent is that the nodel no
| onger has a basis, okay. |If the one in TRAC-M has
been changed, sone data, that we nmay not even care
about for reactor safety applications.

CHAI RVAN WALLI' S:  Professor Dhir is going
to cone with a better alternative, you know, to this.

MR, BAJOREK: Yes.

CHAI RVAN WALLIS: He's going to have --

MR BOEHNERT: He said that's right.

CHAI RVAN WALLI S: He's going to have a
different -- or whatever.

MR. BAJOREK: No. We're going to get away
fromthis taking a overall heat transfer coefficient
and slapping on a couple of ranps and at the very
| east split this up into the individual nechanisns.
And i f we understand t hose i ndi vi dual mechani sns, now
we an come up with better nodel s that we coul d sonmehow
eventually put in the code and get the overall net
vapor generation that's going into the cell.

CHAI RVAN WALLI S: You nean the anount

which is formed by bubble growh mnus bubble
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col | apse?

MR, BAJOREK: Yes.

MR. BANERJEE: But it nust depend on the
size of the cell, right?

MR BAJOREK: Size of the cell --

MR. SCHROCK: |'ve got a question about
your equation 3 on the last slide.

CHAl RVAN WALLI'S:  Well, since it's going
to be replaced anyway.

MR. BAJOREK: Well, go ahead.

MR SCHROCK: So what is H subscript W?

MR BAJOREK: That's the total heat
transfer -- that's the heat transfer or the total heat
transfer fromthe wall. And you get that out of the
Nussett nunber fromthe Saha-Zuber.

CHAl RVAN WALLIS:  Which itself has nore
correlating perimeters init.

MR, BAJOREK: Yes.

MR,  SCHROCK: But see, WBB is a pure
nunber and FE is a pure nunber

MR. BAJOREK: That's a pure nunber. That's
di mensi onl ess. Yes, those two are di nensionless.

MR. SCHROCK: And so the di nensions of H
gamma and W. are the same, those are the ordinary

di nensi ons of a heat transfer coefficient?
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MR. BAJOREK: Yes. And when you put it

all in herewith Bcell, whichis the cell volume and
-- it does work out to be -- it's actually a
vol unetric vapor generation.

MR. SCHROCK: So it's in the definitions
of these Wand F that there's sone physical sense to
this Hganma, is it?

CHAl RVAN WALLI'S:  We shoul d nove on. |
think we'll nove on.

MR. RANSOM Quickly, is this witten up
in the TRAG-M manual ?

MR. BAJOREK: Yes, it is. Appendix G

MR. RANSOM The new one that we got?

MR. BAJOREK: Yes. July 2000 I think is
t he nost recent one.

kay. So just to quickly conclude. W
don't think what we see in there has an adequate
dat abase. W don't have an adequate basis for it and
the ranps are essentially ad hoc. W woul dn't expect
t hat nodel to work over --

CHAI RMAN WALLI S: But you're going to
rel ease this code before Professor Dhir is finished.

MR BAJOREK: The beta version.

CHAI RVAN WALLI'S:  You going to |leave it

the way it is?
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MR BAJOREK: For the first release it's

probably going to have to be that way. But later
rel eases we hope we can change that.

And that's all | have.

CHAl RVAN WALLI' S:  Thank you.

MR BAJOREK: Thank you.

CHAI RVAN  WALLI S: Very reassuring
comput at i on.

MR. ROSENTHAL: While V.J. is going up, we
had -- you know, at | east fromperspective we had sone
separate ef fects experi nental prograns goi ng on and we
had some code devel opment prograns going on. And |
didn't have sone key staff, which | now have.

And we're working very hard now to play
catchup to gl ue t he experi nental prograns and t he code
devel opnent far better together.

Steve's been with us for about a year. Joe
Kel l ey has returned to the staff. And nowwe have t he
staff to do it. And these guys are starting what
i deal |y woul d have taken place over the years.

MR DH R  Good afternoon.

You know, about 4%years ago we started on
this project of subcooled flow boiling at |ow
pressures, so that was the specific topic. And there

we wanted to investigate subcool ed boiling through
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experinments and nodel development. Wth nme there is
one student, one post-doctorate fell ow working and
they did nost of the work.

In the | ast 4 years we have nade severa
presentations to NRCwith respect to the progress we
have made. W have published sonme of the work in
various journals and present to conferences. And
today | think | appreciate the opportunity to di scuss
with you what we have done and | ook forward to your
critique.

Andit's also kindof interestingto stand
here rather than sit there.

The key objectives of this work were to
devel op a nechani stic basis for subcool ed boiling,
heat transfer for incorporation in advanced reactor
codes. And we had to support this devel opnent through
| aboratory scale experinments on a 9-rod bundle,
al though before going to 9-rod bundle, we did
experinments on aflat plate heater. That provi des good
geonmetry for visualization and to do sone detailed
st udi es.

A range of parameters of interests were
pressures fromlto 5 bar, mass velocities from100 to
1000 kil ogramper neter square per second, and |iquid

subcooling, that inlet from zero to 50 degrees
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cel sius. That was the understandi ng we had when we
started the work.

The whol e effort was divided into seven
t asks.

MR. SCHROCK: Does the at | ow pressures
inmply that the interest in the nodel is just at |ow
pressure or is --

MR. DHIR Low pressure. GCkay. Qur main
obj ective was to devel op these nodel s at | ow pressure
and val i date them but evidently | think that's doing
half the job. W got to extend these nodels to high
pressure and see i f we can descri be t he whol e pressure
regi me. So what we are doi ng nowwhi |l e validatingthe
nodel s, we are | ooki ng at hi gh pressure data as wel |.
Hopeful ly, to describe the boiling process, if we
understand correctly for all pressure.

MR, SCHROCK: Ckay.

MR DH R So this total activity was
divided into seven tasks. The first task was to
conduct the literature search and see what was out
t here, whether that was sufficient to devel op nodel s
or we needed nore data as the devel opment proceeded.

And from this Iliterature review we
devel oped t he database, and then the form ng on task

was t hat we now have al ready what's out there, what we
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wanted to develop the test plan for the experinents.
And that first pre-task al nost took the first year of
activity.

Thereafter we designed and fabricated a
test loop, and that test loop we used first a flat
pl at e geonetry for the heater and subsequent!ly we used
a 9-rod bundl e.

And then the task 6 was to develop a
prelimnary nodel.

And last task is to validate the node
wi th subcool ed fl ow boi ling heat transfer data at | ow
pressures and then eventually all pressures.

And currently we are in the | ast stages of
task 7. We are told that there's a sunset rule, soin
the next 3 or 4 nonths this activity will be stopped
and something new will start.

MR. BANERJEE: What's the sunset rule?

MR DH R Nanely the 5 year limt on
these activities. So 5 years will be over, | guess, in
a few nont hs

MR. BANERJEE: So at that point you can go
on to incorporating these into the codes, right?

MR DHR | don't know

MR. ROSENTHAL: We just have contracts,

commercial contracts that go five years and we'll be
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renewi ng contracts. There's no -- do the work as | ong
as you have to do it. But, of course, you like to
start work and concl ude work whi ch frees up noni es so
you can do other work. But there's no rule.

MR DH R Okay. | giveyoualittle nore
details of the tasks as we go al ong.

So we did a thorough search of the open
literature and found that there was a nunber of nodel s
had lots of enpiricism built into them and these
nodel s were very of ten were i nconsi stent at subprocess
| evel .

MR. RANSOM This may be a nitpick, but in
your literaturereviewl didn't find any reference to
the current nodels that are used in the code or any
di scussion of the deficiencies in those.

MR. DH R We | ooked at only nostly
published literature. W did not |ook at the code
t hensel ves.

MR. RANSOM Well, | think alot of this
is in the published literature. You know, the
experi ments whi ch have been used for validation of the
nodel s. | believe Lahey's work is in the literature.
The Saha-Zuber work is in the literature.

MR DH R  Yes.

MR. RANSOM Way weren't they discussed?
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MR DH R Wat do you mean di scussed?

MR. RANSOM Well, there was no reference
or discussion of the existing nodels.

MR DH R Saha- Zuber --

MR. RANSOM |Is that to say that existing
nodel s are inadequate, | guess.

MR DH R Right. But inthe report Saha-
Zuber was di scussed.

MR. RANSOM | don't believe it was. |
never found any nention of it.

MR DHIR Ckay. But | think youw Il see
that | would nmention to Saha-Zuber.

MR. RANSOM I n these two papers that we
recei ved.

MR DH R Okay. But we submtted the
reports, and it should be in the reports.

MR. RANSOM You have delivered a report?
DHHR But | don't have it here.
RANSOM But it was given to the NRC?

DH R: Yes.

2 3 3 %

RANSOM  Yes.

MR, SCHROCK: So there's a NUREG report
t hat has additional detail?

MR DH R | don't think it's a NUREG

report. It was UCLA report which we submtted
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periodically to NRC

MR. BAJOREK: We have a coupl e of progress
reports, but in preparation for this meeting we
t hought a nore concise way of | ooking at the nodels
were the technical papers.

CHAI RMVAN WALLIS: It looks as if you're
going to cover a lot nore than was sent to us.

MR DHR Right. |1 have submtted

vi ewgr aph. So that shows what was nostly sumary of

what - -

MR. BANERJEE: War us out, huh?

MR DH R Right.

CHAI RVAN WALLIS: He's going to surprise
us.

MR. DHIR: So we found that application of
t hese nodels to | ow pressures are suspect. W did a
nunber of studies which have shown that. And there
was very limted |low pressure experinental data
avail able. Mbst of the data were at high pressures.

So we conpile all of the database, also
t he experinment to conditions, test setup and so forth.
And that report which are titled Experinental and
Anal ytical Studies in Subcool ed Fl ow Boiling and j ust
cont ai ni ng dat abase was submitted to NRC

Now, let's |look quickly at what we are
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interested in. As you all knowthat initially in the
heat ed channel as subcooled liquidentersinandthis
is first phase, first heat is renoved by single phase
-- forced convection and if there's resulting flow --
t hen you have a resulting boundary | ayer so the heat
transfer coefficient wll be -- in the actual
di recti on.

At sone point on the heated surface you
see the nucleation start to occur, and that | ocation
we call ONB, onset of nucleate boiling. If oneisto
predict the conplete physics of the processes
downstream one should be first able to determ ne
wher e nucl eation occurs.

This is followed a region where the
bubbl es are detached to the surface, they're just
sitting there, vapor is produced and i s condensed on
t he surface but bubbles do not lift off fromthe wall
and migrate into the bulk liquid. And as we nove
further downstream downstream at sonme | ocation the
bubbl es start to | eave the heater surface. Wuere this
process begins we call OSV, onset of significant
voi ds.

And beyond t his point we are produci ng at
t he wal | sone condensationis occurring as the bubbl es

are attached to the wall or slide along the wall,
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t hereafter the bubbl es depart the heated surface and
nove on to the bul k. Ckay.

So the key itenms we need to discuss as
we're | ooking at the wall region, the physics of the
process, is that how the wall heat flux partitions.

CHAl RVAN WALLI S:  \What does that nean?

MR DHIR Partitioning nmeans first just
as the wall, howthe heat is transfer to, let's say,
the liquid. Separate the liquid. Then beyond that
how nuch of that energy goes into production of vapor
that goes into the bulk and how nuch is going on
condensati on as t he bubbl es surface, and how nuch goes
directly into the |iquid.

Q Is this very different froma nodel for
partitioning that may be in TRAC? Because TRAC
doesn't | ook at all these phenonena. Does the neaning
of all heat flux partitioningis sonethingelseinthe
code.

MR. DHI R: No, code need -- what is your--
let's say | have a heat flux of -- what fraction of
that energy is going into the bulk as vapor, that's
what the core needs.

MR RANSOM Into the bulk or into --

MR. BANERJEE: Into just generating --

MR DHIR Intotheliquid. Wat fraction
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is going into the liquid as vapor.

CHAl RVAN WALLI'S: | don't understand.

MR. BANERJEE: The code is interested in
predicting the void fraction.

MR DH R Correct. Right.

MR. BANERJEE: So there is partitioning--
used by Solbrig if 1 remenber it correctly, of
partitioning this -- it was a fix at that time. Was
say how nmuch went into generating vapor right at the
wal |, which neans to an attached nodel. That's where
it really --

MR DHR That's a different concept.
" mnot going to talk about it. [|'mjust sayingthis.

MR. RANSOM Well, let's say the Lahey
nodel is the sane, it's how nuch energy goes into
produci ng vapor. So you can assume that energy is
di vi ded by -- and produces vapor.

MR DH R Right.

MR. RANSOM The ot her part goes into the
bul k heating for the liquid. And | think that's the
same t hing.

MR DH R No. Youwll see that. Mne
are different. Ckay. Wat |'mtrying to say is this,
say you -- again, I wll repeat nyself.

You have a certain inposed heat flux on
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the wall .

MR RANSOM Right.

MR DHIR | draw an artificial boundary
here, okay. And | say how nuch of this energy fromthe
wall is going into this liquid as vapor.

MR RANSOM Right.

MR DH R Ckay. So that is that
fraction. How much went into the liquid either
because t hese bubbl es noved or the |i qui d renoved somne
heat from the wall, plus how nmuch cane in through
condensati on whi ch occurred when t he bubbl es-- beyond
t heir boundary and that heat al so went as a sensible
heat to the liquid. So the liquid got energy either
t hrough condensation or directly fromthe wall, and
t he vapor was added fromthe wall. So now you have
nunber density of these bubbles, the size of these
bubbl es, so that gives you source termand it also
gi ves you what the LOCA and -- of the liquid is.

CHAI RVAN WALLI'S: The void fraction is
also nmade it of the ones attached to the wall, which
you don't have in that description you just gave.

MR. DHIR. The void fraction of the wall?

CHAI RVAN WALLIS:  Yes, that's a separate
nodel as the void fraction --

MR DH R W could put it, but we have
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not addressed that. Yes.

MR. SCHROCK: | think there are two points
that need clarification on this description.

MR DH R  kay.

MR SCHROCK: And one is does the code
description include vapor generation in this first
regi on of attached bubbl es? Bubbl es grow and col | apse
inthat region, but don't detach fromthe wall. There
is no two phase flow problemin the sense that the
vapor is noving in the axal direction.

In the second region --

MR DHIR Right, inthis region, that's
what we tal k about.

MR,  SCHROCK: No, the Ilast comment
referred to the first region.

MR DH R Right.

MR. SCHROCK: The | owest region.

MR DH R Right.

MR,  SCHROCK: Now in the upper region
there still is need to sharpen that description in
terns of whether this gamma vapor includes the vol une
of bubbl es growi ng at the wall before they detach or
does it account only for vapor which is detached and
noving with the stream

MR DHIR | don't -- again, |I'mnot doing
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the code. But | think if | were to advise them they
woul d not include this. They woul d be just | ooking at
what is |eaving the wall.

MR, SCHROCK: Well, there's probably a
significant difference in the meaning.

MR DH R Right. Yes.

MR SCHROCK: | think there has to be a
conver gence of what you' re descri bi ng and what they're
trying to describe in the code.

But this inmplies that the void in the
attached bubbl e zone is insignificant.

MR DH R  No.

MR SCHROCK: Yes, how do you find it
t hen?

MR. DHIR Wsat do you nmean howdo I find
it? Wiy do | need to know it?

MR. SCHROCK: There is no gamma - -

MR DH R  Again, see, you're going --

MR. SCHROCK: There is no ganmma vapor in
t he attached region.

MR DH R That's right. In this region.

MR. SCHROCK: Right.

MR DH R Yes. There's no gamma vapor

CHAl RVAN WALLI S: Wl |, howdo t he bubbl es

get there?
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MR DHIR  There's such a thing on the

wal | .

CHAl RVAN WALLI S: Is there nucl eate onthe
wal | ?

MR DH R They're -- on the wall.

CHAl RVAN WALLI S: They're just attachedto
the wall in residence, they grow and col | apse.

MR DH R  Beg pardon?

MR. BANERJEE: Those bubbl es even before
det achrment - -

MR DH R Right.

MR. BANERJEE: -- have a significant void
fraction.

MR DHIR Right. They have -- | don't
know how significant you call it, but it's maybe --

MR. BANERJEE: It depends on the size of
t he channel .

MR DH R Yes, right. But it's a--it's
very | ow density bubbl e popul ati on on the surface.

MR, SCHROCK: Well, they're small conpared
to the ground stream region.

MR DH R Very small, yes.

MR.  SCHROCK: But |I'm just |ooking for
some nore rigor in definition of terns linking the

experinmental observation with the code. That's what
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' m | ooking for.

MR. DHIR Right. Again, we have not done
that part. Okay. W can speculate on it.

MR. SCHROCK: Well, that's a m staken,
V.J. It's not your fault, but it's a m stake.

MR. BANERJEE: Bad boy.
DHR What?

BANERJEE: Bad boy.

2 3 3

SCHROCK: VWll, in the codes, for
exanpl e --

MR DHIR And that's why | cane here to
listen to that.

MR. RANSOM It terns of clarifying it a
little, there are no bubbles attached to the wall in
t he code nodel s, you know. So they sort of only begin
at OSV or sonmewhere around there.

MR. DH R Ri ght. Exactly. They don't
| ook at this part. They only begin calculating from
here. And they don't know where QOSV.

MR. RANSOM Right. Is that the need? Is
t he need only beyond OSV?

MR DHIR That's right. That's what |
woul d do.

MR RANSOM They always tell you the

ot her region.
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MR. BANERJ EE: The code doesn't

di stinguish to recormends this partitioned the heat
flux --

MR. RANSOM Wel |, the beginning or onset
of significant voids is the first region, that's
consi dered the begi nning of boiling, even subcool ed
boi I i ng.

DR. MOODY: You've got one part of your
study is -- bubbles, dianeter --

MR RANSOM So it is not really -- that
are being attached to the wall.

DR. MOODY: -- soyoucouldtrackthelife
of a bubble, is that right?

MR. DHIR Yes. You cangoto -- detail as
you want to, but | think we are first di scussing what
terms nmean, what I'mtrying to talk about.

This regionthe voidfractionis very | ow.
W can tell you how nuch void fraction would be,
approximately. But it doesn't nean anything to the
code. Code are basically starts calculating void
fraction from--

MR.  SCHROCK: So that's a separate
justification. There has to be a prediction of that
and a denonstration that --

MR DHI R Exactly.
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MR SCHROCK: -- that ampunt of void is

insignificant in terms of whatever the code is
interested in.

But in the region of detached bubbles --

MR DH R Right.

MR. SCHROCK: -- there remmins the issue
of the volune of steamin attached bubbl es.

MR DH R Wy are you interested in it?

MR. SCHROCK: Well, it's a part of the
total void fraction.

MR DH R Right. The question is you're
| ooki ng at these bubbles are sitting in here and how
is that going to effect your -- if yousay it will be
a secondary effect.

But key question you are westling with
it, how is this Y profile developing in actual
di rection.

CHAl RMVAN WALLI S: V. J, everythi ng woul d be
hel ped trenendously i f you had your picture here, and
you got a picture beside it which says this is what
the code says is happened. Code says you have two
fluids at different tenperatures and so on, but you
have interactions between them

MR DH R Right.

CHAI RVAN WALLI S:  Then you have t o sonehow
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go from this picture of reality to the idealized
picture in the code. It doesn't have anything on the
wal |, as | understand it.

MR DH R Yes, right.

CHAI RVAN WALLIS: But it -- injects vapor-

MR DH R Injects vapor is right.
Exactly

CHAI RVAN WALLI S:  Ckay.

MR. DHIR: Then that, |I' mgoi ng to provi de
that information to them

CHAI RVAN WALLI S:  Ckay.

MR. DHIR  You inject the vapor into that
and you inject the -- into the liquid, and you know
how rmuch is com ng out which way.

CHAI RVAN WALLI S: Then the liquid and
vapor then interact because they have different
t emper at ur es.

MR. DHI R Tenperatures and that's howit

CHAl RVAN WALLI'S:  There's nore heat fl ux,
but this would nean a kind of code phenonena --

MR. BANERJEE: Well, it's not exactly what
the code does, that's the problem \Wat we're

westlingwithisthewall's partitioningisreally --
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MR DH R See, again --

MR BANERJEE: --to the wall.

MR DH R That's not done correctly.
Codes are not doing it correct. So why are we goi ng
after that? | think they should rewite that part
and, in fact, what | can give you ny concl usi on, what
| find, and Grahamnentioned it correctly earlier. |
was surprised. That basically the heat going fromthe
wal |, all of the energy goes to liquid. Then part of
that is converted into vapor and we track how nuch
vapor is |leaving the heater surface and how nuch is
going just -- the rest of it is going just to the --

MR,  SCHROCK: I|"m glad you said that,
because |I've witten that for so many reports to the
ACRS I'ma littletired of saying it. The heat is all
transferred tothe liquidfirst and then vapori zation
occurs within that super heated |iquid.

CHAI RVAN WALLI S: Were you surprised
because | said something correct?

MR DH R Right.

CHAI RVAN WALLI'S: O were your surprised
because | gave you new know edge whi ch you di dn't have
bef ore?

MR. DHIR: No, | had t he know edge bef ore.

But | was surprised because if you | ook at the codes,
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that's what we are talking about. And they keep
splitting right over fromthe wall.

MR. BANERJEE: It's an idealization.

MR. DHR Not -- incorrect way of
counti ng.

MR. BANERJEE: Wi chever way you t hi nk of
it. But what's happened is the region of the attached
bubbl es you have to argue has a |l owvoid fracti on and
t herefore doesn't give you any significant void for
t he reactor dynam cs cal cul ati on.

MR DHIR If you want to interpret --
yes, that's the second issue.

MR. BANERJEE: That's what you have
clearly show that the void is --

MR DHR No, no, no. No, no, no. This
is a different question you're asking.

MR. BANERJEE: But that is asignificant--

MR DHIR Yes, that is a significant, we
wi |l provide you. Because we knowthe nunber density
of bubbles. W know -- of the bubbles, so | can give
you what the void fractionis if that is needed. But
| think the recent question we were asked provided --

CHAl RMVANWALLI S: Ckay. Presumably it al so
increases the interfacial fiction fraction.

MR DH R Right.
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CHAI RVAN WALLI'S: The bubbl es on t he wal |

are like a --

MR DH R Ri ght . It's inmproved heat
transfer, too. Basically we |ook at heat transfer
here, all the bubbles are sitting on the surface, the
heat transfer basically single phase, and it's higher
t han woul d be wi thout bubbl es.

CHAI RVAN WALLI S: Ckay. Can we nove on to
t he next |inked slide.

MR. RANSOM | woul d just |ike to make one
suggestion, and that is that you add i nterface drag or
rel ative velocity between the phases of significant
effect, at least inthe work that |'ve done that seens
to be a factor.

MR DH R Right.

CHAl RVAN WALLI'S:  That is part of how we
get the heat transfer coefficient between the phases.

VMR. RANSOM Well, so on that slide it

shoul d be --

CHAI RVAN WALLIS:  On the slide.

MR. RANSOM -- a vari abl e.

CHAI RVAN WALLI S: Okay. Ready for the next
one.

MR DHR Good.

MR. BANERJEE: 1s velocity of variable a
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net velocity in your --

MR DH R Yes. In that velocity
subcool i ng.

Ckay. So basi cal 'y singl e phase, your heat
is renoved by forced convection. The bubbles that are
attached to the heater surface, again al though there's
some condensation going on at the surface, but sone
heat is gone as a single phase heat transfer fromthe
wal |, but there's no vapor production in terns of
vapor |eaving and going into the bulk. So all of the
heat is basically -- as a forced convection heat
transfer into the Iiquid.

I n the regi on beyond OSV we t hi nk fromt he
wall heat goes into the liquid either forced
convection or transient conduction. That's the key
contribution we're maki ng as the bubbl es detached or
slide along the surface, they break the thermnal
boundary layer. It has to redevelop and that's the
period during which transient conduction occurs.
That's the key contribution, I think

CHAIl RVAN WALLI'S: Well, we're not goingto
tal k about the mddle region at all, so --

MR DHIR No. W are going to talk to
you a little bit, no, nothing much. Mstly we'll talk

about this region and maybe a little bit --
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CHAI RVAN WALLI S: So this QSP and CC,

you're some sort of drawing a control volune which
cuts out the region where you transfer heat to the
liquid and then it evaporates in vapor?

MR DH R Right.

CHAI RVAN WALLI S: That's not allowed. So
you' ve joined their control volunme beyond the place
where there's anynore evaporation occurring.

MR DH R  No.

CHAl RVAN WALLI'S:  Yes. For sone of that
singl e phase fromthe -- we agree that all of the heat
transfer is single phase at the wall.

MR DH R Right.

CHAI RMVAN WALLI'S: And then you' ve taken
out of that the bit which goes into evaporation and
t hen condensati on?

MR DH R Right.

CHAl RVAN  WALLI S: And that's called
somet hi ng el se.

MR. BANERJ EE: That's this force
convecti on.

MR. DH R Ri ght. This is transient
conduction and force convection contributions. That's
the total heat fromthe wall. Ckay.

CHAl RMAN WALLI'S: | don't understandt hat.
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MR. DHI R Because the regi on where there
are no bubbles, in this region, heat is still being
renoved but that's basically by forced convection.

CHAI RVAN WALLIS: | don't understand the
subdi vi si on between transi ent conduction and forced
convecti on.

MR DHIR Ckay. Let ne describe what
transi ent conduction. Transient conduction, |et's say
bubbl e departed fromthis surface. GCkay. It's going
to slide along the surface and then lift off fromthe
surface. The process is that a nucleation site above
it starts to grow, it grows to sone di aneter which we
cal|l departure dianeter, thereafter the bubbl es start
to slide. And then it grows to a certain size and
lifts off fromthe surface.

As it is sliding along the surface it
di srupts the boundary |ayer and over that period or
over that regionit is basically renpved by transient
conduction. And I'Ill showyou how graphi cal | y what we
mean by it, but for the time being we are sayi ng t hat
t he heat is renoved over that portion over which the
bubbles slide is by transient conduction or if the
bubbl e detaches fromthe surface in a given | ocation,
t hen the boundary | ayer has to redevel op around t hat

| ocation and then heat will be renoved by transient
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conducti on. And the remainder of the area where
there's not nuch activity, heat will be renoved by
forced convection.

MR. BANERJEE: But is the bubble that's
sliding you re always w ping the area.

CHAI RVAN  WALLI S: You always force
convect, yes.

MR. BANERJEE: So you're always in
transient. It's like a surface renewal --

MR DH R It's a question of the tim ng.

How nmuch tine is there? How nuch tine it takes to

slide before it lifts off. And that time 1'll show
you.

MR.  BANERJEE: But it'll still be a
transient.

MR DHIR Right. It's a transient, but
maybe |'mreally junpi ng ahead.

MR. BANERJEE: Your tunnel layer will be
devel opi ng and then destroyed and devel oping --

MR DH R R ght. Exactly. It will be keep
repeating that tinme period. Yes, sure.

MR. BANERJEE: It's always transient?

MR DHR Yes, it's a transient.

MR,  SCHROCK: Well, what's the force

convection for? Wiat'stheinitial condition for that
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transi ent conduction problem although that's the
problem isn't it, V.J.?

MR DH R Right. You see -- okay. Let's
| ook at this slide.

MR SCHROCK: There's a surface renewal

MR. DHIR Surface renewal basically, yes.

MR SCHROCK:  Yes.

MR DH R And so you see just once you
Wi pe it out, you start a tinme sequence to zero, your
transi ent conduction is -- and the heat will be --
heat flux will be dropping as inverse of square root
of time, and then forced convection has its own val ue.
We are saying that this transient time will be only up
to the point where the heat transfer by diffusion
equal s the forced convection areas to --

MR, SCHROCK: But you didn't address the
point that | made that the initial condition for your
transi ent conducti on probl emi s basi cal | y unknown. So
you have to put in sone idealized initial condition
for that.

MR DH R Right. W're saying zero. You
just wipe -- you have wi ped out the thermal |ayer
conmpletely and you're starting all over again.

MR.  SCHROCK: But you cannot do that

because you've got a radial tenperature distribution
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inthat liquidthat sort of overlays the whol e thing.
The bubbl es are disrupting that, but as a bubbl e goes
by it doesn't |eave the uniform tenperature field
behind it.

MR. DHIR: Right. Bubbleis slidingonthe
surface, heater surface.

MR SCHROCK:  Yes.

MR. BANERJEE: | guess that there is sone
tenperature gradient, it's not conpletely --

MR. SCHROCK: You don't knowwhat it isis
what |' m ar gui ng.

MR DH R Right.

MR SCHROCK: You have no basis for
claimng you know a -- a uniformtenperature initial
condition --

MR DHIR But again, that's -- that's
assunption you nmke. You have to nake sone
assunptions. Right. And the key thing is that we say
t hat wi pes out whatever the thermal |ayer existed,
therein --

MR. SCHROCK: And then subcooled I|iquid
comes in contact with the wall? The slightest
subcooled liquid comes in contact with the wall?

MR, DH R Right. That's what we're

sayi ng.
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MR. BANERJEE: It's a typical surface

renewal theory.

MR DH R Right.

MR,  SCHROCK: If you bring in the nean
subcooling at that point, you're going to way
overestimate the heat transfer by this transient
process.

MR DHIR Right. And sothat's true. It
depends on how subcool ed the liquidis. But basically
heat flux it woul d be cal culated to the total whatever
you' re subcooling is.

MR. BANERJEE: What's delta Tw?

MR DHR DeltaTwis Twall mnus T set,
and this is the liquid subcooling you have. So thisis
the -- sothe liquid slug of the slab which is com ng
in has a bulk tenperature -- the |iquid.

MR. BANERIJEE: So it's the full bulk
tenperature of the wall is --

MR DHIR Intoaslabwhichisinitially
a tenmperature T |iquid.

CHAl RVAN WALLI'S: | don't understand this
at all. | thought these bubbles were attached to the
wal | and then they sort of cane off --

MR. DHHR Look, what we seeisthis. This

bubbl e starts to grow on the surface. It grows to a
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certain size and then it will slide on the surface.

CHAl RVAN WALLI S:  Yes.

MR DHIR And as it is sliding, we are
saying it's wiping out the thermal |ayer which is --

CHAI RVAN WALLI'S:  VWhich is dragging the
sane thermal |ayer along behind it.

MR DHIR And then it |eans back, goes
away. And the new bubble starts, it will start the
process all over again.

CHAI RVAN WALLI S: It's like a kind of
Reynol ds anal ogy. Wen t he bubbl es goes, it brings in
sone stuff fromthe cool. It's |ike Bankoff's sort of,
what ever he called it.

MR. SCHROCK: | think Gahamjust saidit,
it drags along sonme tenperature structure from the
upstream regi on behind the bubble as it goes. And
that upstream region is your region one where the
bubbl es grew and col |l apsed in -- and they give you a
consi derabl e superheat at the wall. Not a subcooling
at the wall.

CHAl RMVAN WALLI S: Wl |, | guess we have to
nove al ong. | can see we're probably going to have to
di scuss --

MR. DHR. Again, | don't know why that

regi on has an effect. That regi on brought in thermal --
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devel oped. But we are calling this process as you nove
downstream and t he bubbl es are at every | ocation, the
bubbl es are going, form ng and then sliding al ong the
surface and then lifting off. Then nerging between
with some of the bubbles along the way. And the only
function you can argue with me is that when the
bubbl es slide they disrupt the total thernmal |ayer or
not and when the liquid comes in it's at what
temperature it is. And the assunptions we are maki ng
it wipes out the thermal |ayer and the new thermal
| ayer starts by the -- or if you consider the -- slab
and the initial tenperature is this.

MR. SCHROCK: Well, it's not like it has
to nove radially in and out. It goes around the
bubble. The bubble slides through the liquid and
liquidis noving around t he bubbl e, not just over the
top of it.

MR DH R I"m not saying it -- you're
t al ki ng about the wall.

MR. SCHROCK: |'m tal ki ng about how t he
liquid is displaced by the sliding bubble.

MR DH R Right.

MR. SCHROCK: Ckay. |It's not as though
t he bubble is aring around the tube and all -- and it

has to slide through the liquid in that way, in which
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case liquid froma region far away fromthe wall woul d
be i nduced into that zone.

MR DH R R ght. Right.

MR. SCHROCK: And go around the bubble.
What you're doing is nore akin to what GrahamWal lis
said. It's |ike dragging along behind it whatever is
upstream of the bubble, it's begun to slide.

MR. BANERJEE: The liquid can't slip onto
the wall. The bubbles can slip but the liquid can't
in some sense.

MR. SCHROCK: We got on this di scussion by
my point that the initial condition in a transient
conduction nodeling of the heat transferred directly
fromthewall totheliquidis amjor probl embecause
the initial condition for that transient conduction
nodel is essentially unknown.

You' ve chosen to nodel it as though the
mean subcooling conmes to the wall instantly as the
bubbl e goes by.

CHAl RVAN WALLI'S: It seens upper bound.

MR, SCHROCK: And | think that is a great
extrene. | mean, it's --

MR DH R kay. You have the --

MR,  SCHROCK: The tenperature of the

liquid at the wall is going to be much higher than
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t hat and your transient conduction to the liquid is
going to be way overestimated with that assunption

MR DH R COkay. Nowl wll give you --
we have the nunerical simulations also of this
process.

MR, SCHROCK: Ckay.

MR DH R And if you look at it the
liquid that is comng onto the surface after the
bubble has gone out is very close to the bulk
t enper at ur e. |*"m not on subcooled case, but the
saturated case, nunerical sinulation. It's close to
the saturation tenperature, the tenperature of the
wal | al nost drops to the saturation value before it
pi cks up, actually.

MR. BANERJEE: |In the numerical simnulation
did you have the liquid |lam nar or --

MR DH R  Lam nar.

MR. BANERJEE: -- is giving you next
m xing effect to --

MR. DH R Ri ght, exactly. And the
qguestion now -- you know, we can bel abor this point,
but it's extremely difficult to see what exact the
tenperature will be and how nuch the region is. And
when you develop the nodel you're going to have

certain assunptions and now it's questionable
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assunptions, one can validate them but those
assunptions are based on what we can --

CHAI RVAN WALLIS: | think if you nove a
bubbl e through a liquid and allowi ng the fl ow of the
streamine, it's comng back to about where they
started. So you haven't done any mxing at all.

MR. BANERJEE: Well, you have a wake.

MR DH R The wake of --

CHAI RVAN WALLI S: But not inthe very | ow

MR BANERJEE: It is not?

CHAl RVAN WALLIS: No. If there's a wake,
t hen they -- okay.

MR. BANERJEE: There will be a wake.

CHAI RVAN WALLIS: It's a wake relative to
what ? Because t he bubbl e' s presunmabl y novi ng because
the liquid s pushingit tothe wakes on the ot her side
of it.

MR. BANERJEE: You have to look at it as
somet hing - -

CHAl RMAN WALLI S: Ckay. Okay.

MR DH R  Anyway, we've gone farther --

MR. BANERJEE: So did you submt that CFD
for review yet?

MR DHIR W have done full boiling and
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flow boiling as yet.

So basically, you know, fromthe wall we
said energy is going by full convect not transient
conduction. Then it split, some goes intothe liquid
to sensibly heat the liquid and sone goes into
evaporation, that is how nmuch vapor bubbles -- how
many vapor bubbles and what size are leaving the
surface. And that's your -- leaving the surface as
t hey were.

VWhat ever the condensation that occur at
the surfaces will be counted in --

CHAl RVAN WALLI S: Those were two di f f erent
| ayers. There's a Fc and Qand a Qc. It's happening
at the wall.

MR DHIR Qc is basically show ng what
i s happening as the bubble has slided and --

CHAl RVAN WALLIS: At the wall. And Q and
Qev are happeni ng somewhere further out.

MR. DHIR Right. Qev can be happeni ng as
t he bubble is -- fromenergy what you dunped in as the
transi ent conducti on goes back i nto evaporation. But
we don't know how nmuch that is. We are just | ooking at
how many bubbl es are | eaving and at what sequence.

CHAI RVAN WALLIS: | think Q and Qev are

what you need to put in the two fluid nodel for the
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code. Code's never been to nodel things like Qc.

MR. DHHR The code won't. This is for our
pur pose.

CHAI RMVAN WALLI'S: That'sit. So they were
at two | evel s?

MR DH R Right.

CHAI RMVAN WALLIS: One is for the physics
and one is what you need for the code.

MR DH R Right. Exactly. Code doesn't
need that first part. And ['Il show you both
calculations if we get to it.

MR. BANERJEE: As long as the void at the
wall is negligible, what you' re saying is the case.

MR. DHIR Ckay. What happens if voidis
not negligi bl e?

MR. BANERJEE: Than you have to nake an
estimate of that.

MR DH R Estimate of what?

MR. BANERJEE: The void fraction at the
wall, not -- void fraction at the wall. What you're
doing i s you' ve set up the way to handl e the situation
for all the detached bubbles. So, see, the way you' ve
got it there is the bubbles are detaching fromthe
wal | and you've got a split between vapor generation

because it's detached bubbl es --
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DH R Right.

BANERJEE: And, of course --

DH R.  The remai nder wasn't |iquid.

2 3 3 %

BANERJEE: And how much goes into the
[iquid.

MR DH R Right.

MR. BANERJEE: There were a |ayer of
bubbles sitting at the wall --

MR DH R Right.

MR. BANERJEE: Just sliding al ong or doi ng
what ever the hell they're doing --

MR DH R Right.

MR. BANERJEE: Depending on the size of
t he channel --

MR DH R Right.

MR. BANERJEE: -- you know, they nmay or
may not be significant part of void fraction. Howbig
are these bubbl es?

MR DHIR It depends on the pressure and
vel ocity, whatever.

MR BANERJEE: Well, it was a size --

MR DH R I[t's about a mllinmeter or
| ess.

MR. BANERJEE: COkay. MIlineter or |ess.

So if you have, say, tubes or rods in sone areas that
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they -- what is the typical flow of area?

MR DH R Three mllineters.

MR. BANERJEE: Three millineters. So the
gap itself would be al nost -- conpletely by the -- it
woul d have a significant --

MR DH R R ght. Right.

MR. BANERJEE: | nean | haven't done the
sumns.

MR DHR Right. But, again, that void
fraction we can give that val ue.

MR. BANERJEE: Right.

MR. DHI R Because we know t he nunber and
si zes of the bubble and so forth, and how nuch packi ng
is there. So one can get an estimte.

So basically an isolated bubble, you're
saying that as a bubble slides along your thernal
layer is developing and that's the transient
conduction is occurring. The region where there's no
activity we're saying the heat is renmoved by forced
convecti on.

MR, SCHROCK: Do your data show that the
bubbl e al ways begins to slide before it reaches OSV?

MR. DH R OSV they're all stationary,
OSV. They don't -- they're sizes bel owwhat i s needed

to slide. They never get to that size.
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MR SCHROCK: Your picture shows it's

sliding before it gets there.

MR DH R OSV starts here.

MR. SCHROCK: And, see, you got a bubble
bel ow t hat that appears to be sliding.

MR DH R | think that should not be
shown, actually. But anyways, there should be no
arrowthere. This bubbleisjust sittingthere. Beyond
t hat point the bubble start to slide.

MR SCHROCK: So does that nean that the
sliding phenonenon is akin to bubble departure from
t he standpoi nt of OSV?

MR. DH R  Yes. Bubbles have to growto
a certain size before they can slide.

MR. SCHROCK: That | under st and.

MR DH R  kay.

MR. SCHROCK: But the question is whether
or not OSVis defined in such a way that it neans any
axal novenent of the vapor, any axal novenent of the
bubbl e whether it's attached to the wall or detached?

MR. DHIR That's correct. But the bubble
has to --

MR, SCHROCK: | nean, it can be one way or
t he ot her.

MR DHIR No. Onceit's start to slide --
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with other bubbles it will lift off when getting the
lift off side. So our definition is the nmoment the
bubbl e start to slide, we say OSV begins.

CHAl RVAN WALLI'S: Do the forces fromthe
fluid make it both slide and lift off and is there a
l[ift force onit lifting it off?

MR DH R Yes, that's correct. Thereis
definitely a lift force.

CHAl RVANWALLI S: What ' s i nportant i s that
you break the contact with the nucl eation center, and
after that figure out what its trajectory is.

MR DH R Right. Yes, and that's a very
i mportant thing. But the lift has been ignoredinthe
past and bubbles -- to the surface. And if you meke
the fourth bal ance you cannot describe it.

MR. BANERJEE: In fact, if you inject
bubbles -- with tiny hol es, you see exactly this; that
they growto a certain size and then they slide --

MR DH R R ght. Right.

MR. RANSOM Well, this nodel is simlar
| think to -- the other one is the critical enthal py
nodel which predicts enthal py the liquid has to reach
bef ore a bubbl e can survive. And that's consi dered the
poi nt of onset of significant void --

MR DH R That's what people have done
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nostly.

MR. RANSOM Right. But this oneis quite
simlar. And I'mnot criticizing it necessarily. |
nmean, because | think you're also trying to predict
when will a bubble depart from the wall and can
survive in the bow .

MR DH R Right.

VR. RANSOM W t hout i mredi ately
condensi ng.

MR DH R Right. And we are basically
saying what is this point. I'"'mnot -- I will showyou
the data what we got with respect to this point and
what ol d correlations are and so forth, and show you
| at er conpari sons. But | amnot focusing ny attention
to just theoretically or mathematically predicting
this mark, this location. There's a correlation. But
t he key i ssue what we are trying to resolve -- which
nmeans beyond this | ocation.

And this is a balance here. How Il ong the
bubble sitting here is the balance on how nuch
evaporation is occurring and how much condensation is
occurring can you have -- to create bubbles that are
| arge enough to slide. Bubbl es have to grow to
certain size before they can slide. Smaller bubbles

will just sit there.
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MR. SCHROCK: Part of the detachnent

process, | think, has to do with the radial thickness
of the liquid superheat. And when the bubbl e extends
a certain distance from the wall, if it's still
surrounded over all of its surface by I'iquid superheat
to sone degree, certainly a variation over its
surface, then where it's superheated, it can --
there's no question it can still grow

MR DH R Right.

MR. SCHROCK: \Whether or not it can still
grow goes beyond that --

MR DH R Right.

MR.  SCHROCK: And that's the bal ance
between the rate of --

MR DH R Evaporation and condensati on.

MR.  SCHROCK: -- and the rate of
condensat i on.

MR, DH R Exactly. That's what
determ nes its |ocation.

MR. BANERJEE: But the lift off --

MR DHIR Lift off is a separate issue.
Lift off is a separate issue.

MR. BANERJEE: Because even with air
bubbles they will slide for a while and then they | eft

of f.
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MR DH R Lift off, right.

MR. BANERJEE: Which they're not grow ng
anynore. They stop growing at that tine.

MR DH R Exactly. That's lift force.
Definitely.

MR SCHROCK: | guess the point | was
trying to make is that there's a thermal condition
that's a part of the attachnment process. It's not just
the fl ow conditions.

MR DH R Right. But thermal condition
gives you -- right. Thermal condition is going to
give to you how big the bubble is going to grow at
that site. If the bubble does not growto that size,
it'sgoingtosit there. Soit's -- thermal conditions
basically what size it gets to. And then the forces
are the -- how nuch forces are acting to slide. It
can push it out --

CHAI RVAN WALLIS: It can be still grow ng
while it's sliding --

MR DH R Yes, sure it does grow. Yes.

CHAI RVAN WALLIS: So that it may -- it's
sense of gravity may detach, but it's --

MR DHIR No. Yes, it's still grow ng.
The substantial growth occurs during that.

CHAl RVAN WALLIS: | don't want to take a
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break too early, because | want to nmake nore progress.

| think we may have to accept that you got
a nodel here and then go ahead and then sort of see --

MR DHR | just -- right.

CHAl RVAN WALLI S: -- see your experinments.

MR DHR Right. But only thing -- one
nore thing | would show you that when the bubbles
start to merge on the heater surface, are your
superheat goes up -- so at |east have your criticism
on this part. As the bubbles grow nucleation sites
become very large. The spacing S can be snaller than
the lift off diameter you need or smaller than even
t he bubbl e diameter departure. So in this situation
t he bubbl es while they're growing, they're -- and then
once they get to that size, they will [ift off.

CHAl RVAN WALLI'S:  They nerge together in
two di nensions, why don't they produce --

MR DH R Wat do you nean?

CHAI RVAN ~ WALLI S: This is a one

di mensi onal picture, but presumably they' re nmerging --

MR, DH R Ri ght . In that area. But
there's always liquid soit's not -- they formlike a
bridge, like a nmushroom so the bubble nmushroomis

there and then there are several stens, but the liquid

is still there. 1t's not only that area.
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CHAl RVAN WALLI'S:  -- then you get a raft

of bubbles attached to each other, not just a chain.

MR. DHIR: No, no. This is one di nensi onal
picture here. But if you |l ook the other direction --

CHAl RVAN WALLI'S:  Yes, but in the other
direction you've also gotten an S.

MR DHR Rght, it's a square grid.

CHAl RVAN WALLI'S:  So they will touch in
t he other direction.

MR DH R Rght. They will touch |ike--

CHAI RMVAN WALLIS: So you get a conplete
| ayer of bubbles com ng up.

MR DHIR Inthis nodel, right. That's
correct. The bubbles are com ng out just in unison.

CHAI RVAN WALLI S: That' s probabl y what you
need for TRAC?

MR. DHIR: This is how we cal cul ate our
transi ent conduction for this case; that all the
bubbles Iift and then formthe thermal | ayer agai n and
then calculate the -- so this will be at high heat
fl uxes.

So, you know, |I'm skipping these slides.
It's just on the conduction cal cul ation, at different
times and so forth.

MR. RANSOM Well, in your TRAC nodel do
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you envision this being a transient effect -- a
periodic effect, | guess, right in which bubbles form
on the wall and then depart?

MR DHIR No. TRAC will just get the
source term how nuch --

MR. RANSOM You sonehow merge it all
together so it's a uniformthing with time nore or
| ess.

MR. KRESS: If the -- conditions -- if the
-- conditions change then --

CHAI RVAN WALLI'S:  You still have to split
these into the Q and the Qevs.

MR DH R Right.

CHAl RVMAN WALLIS:  How do you do that?

MR DHR @ and Qev -- Qev we cal cul ate
fromour -- you know, | will showyou howwe cal cul ate
Qev.

CHAI RVAN WALLIS: So you take the total
and then --

MR DHIR And then subtract Qev.

CHAI RMVAN WALLI S:  And then you take away
Qev?

MR DH R R ght. Exactly.

CHAl RVAN WALLI'S: Wl |, howdo you know d?

MR DH R You neasured.
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CHAI RVAN WALLI S: Wl |, howdo you predi ct

MR DH R Correlation. W neasured, we
got the data and fromthat we recorded --

CHAI RMVAN WALLIS: -- how do you predict
Qev -- you need to know frequency in a d cubed and Na.

MR DH R Right, right.

CHAl RVAN WALLI'S:  And you know al | those
t hi ngs?

MR. DHIR: That's exactly what you need to
knowto predict Qev. That's a key point. That's what
|"mleading to. |I discuss the nodel -- right, exactly.

CHAI RVAN WALLI S:  Ckay.

MR. DHIR That's the whol e point of this
present -- but the key point | was trying to meke
showi ng you early on this nodeling effort that what
detail we have to nmke neasurenents to get all the
i ngredi ents which we need to put into the nodel. This
requires you need to know frequency, nunber of
density, bubble size and so forth.

MR. BANERJEE: How do you neasure the rod
bundl es?

MR. DHIR We neasured nost of themon the
flat plate. And then on the rod bundle we -- there's

some there but just to verify it, but not too nuch
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data. The rod bundl e becones very difficult because
very quickly the liquid becones saturated and after
that you can't see nmuch. And so rod bundle we got
sone data, but not whole |ot.

Okay. So when we do the experinent
basically fromthe prelim nary nodel, what we see t hat
there are a nunber of variables which need to be
nmeasured in the experinment and here in this table |
give you which quantity we are measuring and what
nmeasurenent that we are using to neasure that
quantity.

Wal |l heat flux for the flat plate heater,
we neasure fromthe t hernocoupl es t hat are i nhedded i n
t he copper block. And for the rod we neasure just
from the power that is input to the rod. W have
t her nrocoupl e enbedded in the copper block and so we
get the tenperature profile and then fromthat we get
the surface tenperature. For the rods we have a
t hernocouple attached to the -- wall and those
t hernocouples are calibrated and from those
t her nocoupl es you neasure the wall

MR. RANSOM Can | ask a question about
t hat . That | didn't quite understand from the
writeup, but you have cartilage heaters and then

you're al so nmeasuring the tenperature gradi ent using
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the tenperature gradients to extrapolate to the
surface and determ ne the heat fl ux

MR DH R In the copper block, yes.

MR. RANSOM | wasn't clear how you
separate the effect of the heaters on the surface.
Are the heaters on the backside of this copper block
or -- soyou're only | ooking at conducti on t hrough t he
copper ?

MR DH R Just wait.

MR.  RANSOM I was wondering how you
separate the effect of the cooling, you know, fromthe
boiling process from the heating of the cartil age
heaters and --

MR DH R Ckay.

MR. RANSOM So where is the heat transfer
surface actual ly?

MR DH R This is the surface.

MR. RANSOM  kay.

MR DHIR And this is a larger area so
the heaters are going this way.

MR, RANSOM  Yes.

MR DHIR And they're going up to this
portion here.

MR. RANSOM Up to that shoul der?

MR DH R That shoul der or even bel ow
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actual ly.

MR. RANSOM So do t hey gener ate heat over
their | ength?

MR DH R Yes, right.

MR  RANSOM So there's uniform heat
generation --

MR DHIR Right. And then we have this
section where the heat even if there were sone
nonuniformties inthis portion the heat flux will be
nostly --

MR.  RANSOM And that's where you're
nmeasuring the gradient --

MR DH R Gadients, right.

MR. RANSOM -- of the tenperature?

MR DHIR Right. Thisis the portion that
you see -- we're junping ahead. This is about 3
centineters wide for test purpose and about 30
centinmeters tall. Okay. And we have 7 axi al | ocations
where we put thernocouples. And we -- this is a cross
section and this is a treated surface. W have three
for thernocouples in the mddle, three on the side,
three onthis sideto seeif this heat flux is uniform

MR. BANERJEE: It's copper, right?

MR DH R Copper.

MR,  RANSOM OCkay. | understand 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

274

you' re doi ng now.

MR DH R  Ckay.

MR. RANSOM And then flowis along this
bl ock, right?

MR DH R Right.

MR. RANSOM And it's vertical, is that
correct?

MR DH R Vertical.

MR. RANSOM  kay.

MR. DH R Liquid tenperature we use a
m cr ot hermocouple so that we could get tenperature
profiles inthe liquid, at |least in the single phase
case already close to partial nucl eate boilingregion.
And then ONB we neasure for -- of the boiling surface
as rel eased fromt her nocoupl e out ward. Nunber density
of nucleation sites, we took pictures of the heating
surface and then counted the nunber that were active
per unit. And, again, the tenperature at which we
nmeasured the nucleation inside was obtained from
extrapol ation of the tenperature -- tenperature
profiled in the solid.

MR. BANERJEE: How cl ose to the surface do
you have the thernocoupl es?

MR DHIR About 3 mllinmeters, 2 to 3

mllinmeters.
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MR. BANERJEE: And you can actually see--

do you see any tenperature fluctuations or it's too

far.

MR DHR No, it's too far.

MR. RANSOM There's one ot her perineter
t hat appears -- yes, the Fourier number there, which

has a timed perineter init. And | don't see that on
her e. But | presune that's time from the bubble
initiation or --

MR. DHIR® No. That Fourier nunber is for
the -- heat transfer of the condensation when the
bubbl es | eave the heater surface and is noving into
t he bul k, for the nonent it | eaves the heater surface,
that is the tinme you start counting.

MR. RANSOM Okay. Soit's the history of
t he bubbl e?

MR, DHIR  Bubbles, right.

MR. RANSOM How do you neasure that or
how do you determ ne that?

MR, DH R You'll be junping ahead agai n.

MR RANSOM | anf

MR DH R  Yes.

CHAl RVAN WALLIS: He neasures tine and
t hen cal cul ates --

VMR. RANSOM Time for what? It's tine
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from when the bubble has departed the wall and --

MR DHIR It starts to gointo the -- so
your condensation starts. Nowthere's only -- there's
no heating fromthe wall. Al the energy what the
bubbl e has is being lost to the condensation at the
surface. Bubble is shrinking, so we are tracking
bubbl e trajectory and what the |ocation is fromthen
knowi ng every point rel ease happens, you know where
t he position of the bubble is.

MR. BANERJEE: This is like the McMaster
experi ment ?

MR DHIR Right, but it's on a heater
surface. No, we're not getting -- it's on a boiling
surface. The bubbles are creating on the boiling
surface of different sizes and so forth. | show you
some -- but we are junping ahead so | have to change
t he whol e t hi ng.

The bubbl e departure and lift off that --
and | ocation of OSV fromvisual observation.

MR. RANSOM |Is that howyou get the tine,
you see it lift off and then you follow the bubbl es?

MR DH R Actually we do. Let me show
you.

MR, RANSOM  Yes.

MR DHR Just wait one second.
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CHAI RVAN WALLI S: But the coll apse of the

bubbles in superheat liquid seems to be the nost
straight forward part of this --

MR DH R Right, exactly. That was the
easy thing to do.

MR. BANERJEE: To neasure.

MR DH R  Beg pardon?

MR. BANERJEE: To neasure.

MR DH R Ri ght . Bubbl e rel ease
frequency in high-speed fil nms and count the nunber of
bubbles at |east for a unit of tine.

Condensat i on heat transfer coefficient for
attached bubbles, in this case one needs to have a
liquid tenperature profile and bubble growh rate in
the vicinity of the solid surface. And by noting the
difference in bubble gromh rate for saturated and
subcool ed liquid, one can determ ne that how nuch
energy is going to support condensation on attached
bubbl es.

Thi s exerci se requires auxiliary
experinments and we have done sone for another study,
but for this case that portion is |lacking. For the
ti me being we are usi ng Ranz and Marshall correl ation
basically to calculate the condensation heat

coefficient.
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Condensat i on heat transfer coefficient for
det ached bubbl es, that we neasured and I'Il show you
sone results. Again, fromfilns.

Bubbl e nunmber density, high-speed filns
counting the nunmber of bubbles per unit of time. And
then the void fraction, we use ganma densitomneter

MR.  RANSOM How do you establish the
bubbl e relative velocity?

MR DHR You |ook at the bubble
vel ocity.

MR. RANSOM You knowt he bubbl e vel oci ty,
what's the liquid velocity?

MR. DHHR Liquid we are using the bul k as
axial to flow.

MR. BANERJEE: No, no, he's neasuring the
void fraction

MR DH R Resolution in ternms of what?

MR SCHROCK: Spaci al ?

MR. DHIR  Spacial resolution. | think
it's closeto 2to 3 mllineters closest to the wal
we can go -- is about 3 millinmeter in size. So we

can't go close --
MR SCHROCK: And t he channel thicknessis
what ?

MR DHR Channel is 3 centineters.
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MR. SCHROCK: Three centineters. So you

| ook at a tenth of the cross section --

MR DH R Average at a given tine.

MR, SCHROCK: And do the profile.

MR DHR Profile.

MR KRESS: Do the bubbles condense so
fast that they don't have tinme to interact with each

other? You're |ooking at individual bubbles.

MR DH R Ri ght . Yes, they don't
i nteract.

MR. KRESS: They don't interact.

MR DHR Different bubbles we are
t al ki ng.

CHAl RVAN WALLI'S: All thisis happeningin
a time scale of mlliseconds?

MR DH R MIlIliseconds, right.

CHAI RVAN WALLIS: So you don't have any
time to average the turbulence in the flow. So |
think you get a lot of fluctuations because the
environment around the bubble depends on the
i nst ant aneous cont act

MR DH R R ght, you see --

CHAl RMVAN WALLI S:  Aver age t hat t hrough t he
whol e - -

MR DH R But we have nmeasured the
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temperature profile --

CHAl RMVAN  WALLI S: But it's only an
aver age.

MR DH R Exactly.

CHAI RVAN WALLI S: You get a lot of
vari ati on dependi ng upon what the turbul ence --

MR DHIR That's true, but -- and the
question is what |level of detail do you want.

CHAIl RVAN WALLI'S:  Well, |I'"mjust saying
when you make these neasurenents --

MR DH R Right.

CHAl RVAN WALLI'S:  -- you're going to get
a fluctuation, get alot of difference inthe results
because your instantaneous fluid conditions depend on

MR DH R Mxing, yes.

CHAI RVAN WALLI'S: So there's no time to

aver age them out.

MR. BANERJEE: But you're ensenble
averagi ng --

MR DH R Exactly. W take nany of the
cases --

CHAI RVAN WALLI S: Your average will be
okay, but there'll be a big spread around that
aver age.
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MR. DH R Even t her nocoupl e when we put,
we are |looking at liquid tenperate -- quite a bit.

MR, SCHROCK: Now i n your rod bundles you
can't get these gamma densitoneter nmeasurenents?

MR DHR Right. W look at only md-
pl ane. W cannot go close to the wall because
uncertainty becones very |arge.

MR, SCHROCK: So what do they nean?

MR. DH R VWhat do you nean what they
nean? W are giving -- rod bundles are --

MR. SCHROCK: So | guess | shoul d repeat
t he question. How do you -- what kind of resol ution do
you get on your void in the rod bundl e nmeasurenents?

MR DHR Well, inthe rod bundl e we have
only neasured at the md-plane. W have not done
radi al profile. W have gotten it because uncertainty
is too nuch.

MR SCHROCK: \What does m d-pl ane nean?
It's a rectangul ar bundle and you've --

MR DHIR Right. In the mddle channel,
we | ook at the center channel.

MR, SCHROCK: You nmeke a neasurenent
m dway between the rods?

MR DH R Right.

MR SCHROCK: But the rods are cl oser than
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the walls in the flat plate experinment, so how does
the --

MR. DH R W are focusing the beam
t hrough this passage and we are aimng at the md-
pl ane here.

MR. BANERJEE: How can you focus a gammma
beanf

MR DH R Wat do you nmean focus?

MR. BANERJEE: You just said you're
focusing --

MR. DH R  Focusi ng neans you renove the
ganma beam you could be hitting the wall and t hen you
can --

MR. SCHROCK: So you've collumated to a
smal | er beam - -

MR. BANERJEE: So you go at -- beanf

MR. SCHROCK: You've col l umated t he ganma
densitoneter to a snmall beam

MR DH R Right.

MR. SCHROCK: | understood that. But what
| don't wunderstand is how the size of that beam
conpares with the gap between the rods here.

MR DHIR The rod gap is 3 mllineters
her e.

MR. SCHROCK: But you didn't tell nme what
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t he col | umat ed gamma densitoneter beamis

MR DHR | saidthat initially we had 3
mllimeter beam Then we use a plug to reduce it to
about 1.5 mllineter size.

MR SCHROCK: So for the rod bundles it's
1.5 mllimeters.

MR DHR 1.5 mllineter size.

MR. SCHROCK: Conpared to?

MR DH R Three mllinmeter gap.

MR. SCHROCK: Three mllineter gaps. So
it's -- and then it's shining through --

MR. DHI R:  Shi ni ng t hrough here a sequence
of two phased fluid which is at one point only one --
only 3 millineters thick and then essentially is
unlimted hal fway to the next row of rods.

MR DH R Right.

MR. SCHROCK: So you're averagi ng ki nd of

MR DH R In this cross section.

MR. SCHROCK: Yes. How do you interpret
what it means | guess is the question I'mtrying to
get at, V.J.? It's an average longitudinally and
axially with respect to the beam

MR. DHIR. The question | would ask you

that was raised, this is how distance -- here and
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here. And the question you would ask is how accurate
it is. And --

MR,  SCHROCK: No, not a question of
accuracy, but just howdo you interpret it? What does
it mean after you' ve got the number?

MR. DH R Now, suppose | had a code
nodel ? Let's say that | had -- | was nodeling this in
a code and if | gave sonmebody this information, they
shoul d be at |east validated to the --

CHAl RMAN WALLIS:  This isn't the vol une
average in the rod bundl e, because you're just taking
a point --

MR. SCHROCK: That's mny point |I' mmaking.
It's the volune average in a little one and half
mllimeter dianeter tube running between the rod.

MR. DH R  Exactly.

CHAI RVAN WALLI' S: And that's not the sane
as the average to the bundle because you haven't
counted the bit you couldn't see that's shelter by the
rods.

MR DH R That's right.

CHAI RMAN WALLIS: So it's not the average
void fraction in the whol e section.

MR DH R Yes. But if you're going to

validate sone code which <can do this ki nd
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configuration, you can test it --

CHAl RVAN WALLI'S: Well, it isn't validate
-- it isn't calculating void fraction in a strip.
It's calculating an average void fraction for the
whol e wor ks?

MR DH R No, but if I had 3-D code, why
| couldn't do it?

MR. BANERJEE: But you don't have a 3-D
code.

MR DH R But they have sone 3-D code.

CHAI RVAN WALLI S: But the question is how
does this related to what TRAC needs now? \hat it
needs now i s an average over everything.

MR. BAJOREK: You don't have it there, but
you will have it in your flat plate.

MR DH R Flat plate we have.

MR BAJOREK: In that case we would be
able to get --

MR DHR But if you want to test the
flat plate.

MR. BANERJEE: Well, | guess it's history
now. But this geonmetry gamma densitoneter is not
i deal .

MR DH R  Yes.

MR. BANERJEE: Because we nmade rod bundl e
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void fraction neasurements about 25 years ago in
neutrons capturing and --

MR. DH R But, agai n, howmany t hi ngs you
want to do?

MR. BANERJEE: Right.

MR DHR It's not only we --

CHAI RVAN WALLI'S: What do you need to do
to get the answers required?

MR DH R WEdidn't need --

CHAI RMVAN WALLI S:  What you want, and you
may want all kinds of things.

MR DH R Right. But we don't need -- we
are just providing this additional information
basi cal |l y.

CHAI RMVAN WALLI S: | think actual |y we both
want and need to take a break fairly soon. Is this a
good point to do it?

MR DHIR That's fine, yes.

CHAI RVAN WALLIS: W going to nbve on to
a different topic?

MR DH R Yes, right.

(Whereupon, at 3:39 p.m off the record
3:53).

CHAI RVAN WALLI'S: We're nowon t he record.

Get ready to proceed.
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Can you start to give us results, or did
you not finish --

MR DHIR No, | just want to describe the
flow loop a little bit, quickly.

CHAI RVAN WALLI'S: Because we do want to
finish up before 6:00, so we're going to have to nove
al ong here | think.

MR DH R  kay.

CHAI RVAN WALLIS: I f there's no argunent
about nodeling concepts, it mght nove along nuch
qui cker.

MR. DH R Ri ght . Okay. First, our
graphic -- flat plate and this was fol |l owed by a 9-rod
bundl e and we did fabricate two 9-rod bundle. The
first rod bundle got destroyed during the
experimentation or got degraded in sone sense, SO we
had to rebuild another one.

MR. KRESS: But you joined the nucl eus --
your departure --

MR. DH R No. No. It was degraded --
i nstrunentation. Thernocouple failed and so forth.

And on the flat plat we carried out 125
flow boiling experinments. The pressure in our
experinments was with one bar, Marked velocity was

varied from about 124 to 898 kilograns per neter
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squared, liquids are cooling ont to 50, wall heat
flux around 2 to 113, wall plus centineter square and
contact angle from 30 to 90 degrees.

MR. KRESS: A question about those. Do
t hose correspond decay heat |evel s?

MR. DH R Those correspond to the
operation levels, right. From2 to 113.

MR. KRESS: And the flows are what's
calculated to exist during the -- level --

MR DH R R ght. Right.

MR. KRESS:. Ckay.

MR DH R This a schematic of the
facility flow | oop, so forth. W have two tanks of
each one 1. 25 cube in volune and the liquid is stored
in one of these tanks and its conditioned to bring it
desired tenperature and then it's punped through a
preheating section so that we can correctly control
the tenperature of the liquid that enters the first
section. And after that it is dunped into another
second tank.

Now, this is a photograph of thefacility.
Basically you see those two tanks and preheater. And
this is -- where the test section is placed, either
rod bundle or the flat plate. And this is our power

supply, and this power supply is rated at 40 volts and
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2.225 anps, so it give you 100 kil owatts of power. And
this we have gotten through our grants, and not NRC.

This is howthe test chanber for the fl at
plate tests. A converging nozzle was followed by a
fl ow t echni que section about 61 centineters upstream
of the trail section. Then 30 centineters downstream

there was a rectangul ar section and followed by a --

nozzl e.
CHAIl RMAN WALLIS: That's a --
MR DH R Beg pardon? Centineters.
CHAI RMVAN WALLI S: The di mension arereal |y
in-- 30.51is

MR DH R One feet.

CHAI RMAN WALLIS: 61 is 2 feet.

MR DHR Two feet, right.

CHAI RVAN WALLI S:  Ckay.

MR DH R And the cross section -- it's
a square cross section 4.2 centinmeters each side and
copper block faces the one side and three sides you
have gl ass w ndows.

MR. SCHROCK: And at these [|ow
t enper at ures you have no problens with gl ass wi ndows?

MR DH R  No.

MR, SCHROCK: No itching of the w ndows?

MR DH R No. You have -- still using a
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-- not different, but rod bundle up to 3.5 baud.

This is -- you are seeing the best bl ock.

MR. RANSOM  Just out of curiosity, why
didn't they use a transition region --

MR DH R \Wat do you nmean transition?

MR. RANSOM Well, normal ly you' d use | i ke
triangular section or sonething to mnimze the
di stortion, you know --

MR DHIR Right. But this Iength was
sufficiently long enough. This region was
sufficiently |l ong enough to give us --

MR. RANSOM  Well, you're measuring the
gradi ent through that nose nore region, right?

MR DH R Right, this region.

MR. RANSOM Well, didn't you tell nme the
cartilage heaters extend all the way through the
bl ock?

MR. DHIR: They go up through here, up to
this | ength.

MR. RANSOM Yes, that's what | thought.

MR. DH R. And beyond that, then t he heat
has to flow through this section.

CHAl RVAN WALLI S: It'"s not a very one
di mensi onal | ooking -- when you think of solving the

conduction equation. Mybe all the differences -- the
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di fferences are small anyone.

MR DH R Very small difference. You'l
see that in a mnute.

And this is for the rod bundle. Rod
bundl e, the rod tubing is Zircalloy-4 and the rod is
only is 1.1 centineter, the sheet thickness is 1.5
mllineter. And we arrange in a 3 x 3 grid. A total
of 140 subcooled flow boiling experinents were
performed. These experinents have been perforned at
1 bar, 2 and 3 bar. And in the 1 bar case, we varied
the marked velocity from 186 to 2800 which is 20

centineters to 2.8 neters per second. So quite | arge

range.

Subcooling from 2.7 to 69 degrees at
inlet. Heat flux 1.6 to 25 bar per centineters
Current contact angle was about 57, hydraulic -- was
1.23

CHAI RMVAN WALLI S:  You say P was 1.03 just
because of the elevation of your |ab or sonething?

MR DH R El evation of the |ab and the

punmp is in -- you know, the well was there, so
there's--

CHAI RVAN  WALLI S: Is that sort of
pressure?

MR. DH R Yes.
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CHAI RVAN WALLI S: Because atnospheric

pressure varies by ten percent or sonething anyway.

MR DH R Right.

CHAI RMVAN WALLIS: So did you adjust for
variations in atnospheric pressure?

MR DHIR No. This is the pressure --

CHAI RVAN WALLI S: Oh, so this gauge
pressure?

MR. DHI R No, no, no. Absol ute pressure,
but the pressure constance is calibrated.

CHAI RVAN WALLI S:  Absol ute pressure?

MR DH R Right.

CHAI RVAN WALLI S:  And you adj ust sonet hi ng
to make it 103 when the outside pressure is 1057

MR. DHIR W not have 105. | don't think
we got 105.

CHAl RVAN WALLIS:  You don't?

MR DH R | don't think so. Usuallyit's
bel ow what it nust be at npost of the tine. W are
close to the ocean.

CHAI RVAN WALLI' S:  Yes, but the barometric
pressure when stornms conme by varies by plus or m nus
S5 percent.

MR DHR Right. Mst cases it was 1.03

but again we can -- this is a trivial item
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MR. SCHROCK: Not on experinental days.

MR DHIR No, this is the neasurenent
fromthe pressure -- |I'mgiving you 1.03, not all
experiments woul d have 1. 03.

CHAl RVAN WALLI'S:  Ch, okay. Ckay.

MR DHR Soit's not --

CHAI RMANWALLI'S: It's a nom nal pressure

MR DH R R ght, nom nal.

And this is howthe rod bundl e | ooks Ii ke.
And | thought the rod bundle is 91 centineters.
Again, we have a -- flow welding section and this is
t he phot ograph, you can see how it |ooks like. And
all four sides of the -- are glass w ndows.

CHAl RVAN WALLI S: It's prestressed. It
| ooks |i ke a prestressed thing with tables holding it
t oget her.

MR DH R Right.

MR. DH R Yes, you have pins | oaded
actually, pins holding it together.

CHAI RMAN WALLI' S: Bungee cords.

MR DHIR After you heat there is sone
expansi on.

MR. KRESS: Whiere does the power cone in
at? Through the bottonf

MR DH R Through the top and bottom
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MR KRESS: Through the top and the

bott om

MR DH R And in the rod bundl e we have
pl aced t her nocoupl es about 18 centinmeters apart andis
about 6, 7 locations. And the filler material we used
intw bundles. First one was | ava and t he second one
we used G 10 insert and there was a slot cut inthe G
10 on | ava and t he t hernocoupl es were carried through
to the slots. And this was filled wth high
t her nroconductivity poxy and kind of pushed it to the
sur f ace.

MR. RANSOM Were these fresh ZR-4 tubes?

MR DHR ZR-4.

MR. RANSOM You expect a high oxidation
| evel to change the nucleation density or --

MR DHIR W had no change. But in --
water we did not see degradation. Copper it's nuch
nor e.

MR- RANSOM | was concerned about the
react or case where you probably have a high --

MR DHIR I'll show you something wth
bor on.

MR. RANSOM  Ch, okay.

MR. DH R Boron does nore than just --

MR RANSOM V.J., what is lava? |s that
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the lava | know or --

MR DH R Yes, that's the |ava.

MR. RANSOM Is that |ava rock?

MR. DHIR® Right. You can get |ava rock
pieces. And it's a --

MR.  SCHROCK: Isn't that a commrerci al
product you --

MR DH R  Yes.

MR. SCHROCK: -- you make. It's sort of
a ceramc after you cook it.

MR DH R Cook it, right. A simlar
tool, you know.

MR SCHROCK: But it's machi neabl e.

MR DH R  Yes. You can get rod bundles
and rods --

MR. RANSOM A manmade product --

MR DH R  Yes. Ckay. First with the
flat plate, we | ooked at how uni formthe heat fl ux was
along the axial direction. And, as you can see, for
this case about 42 -- this is at those several
| ocations how the heat flux varied on the
t her nocoupl e.

CHAI RVAN WALLI S: Onh, you di d the neasures
across the plane?

MR. DHIR Across the plane. | don't have
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it here, but does not vary nore than 5 percent. There
was sonme drop on the edges, but it's fairly uniform

CHAI RVAN WALLIS: Heat |o0ss?

MR. DH R Heat loss, although it's
insul ated, but still there is a heat |oss.

CHAI RMVAN WALLI'S: You thinkit'd be higher
at the edges.

MR. DHIR No, no. Tenperature drops but
the heat flux is higher. So if you look at the
temperature wuniform to along the surface, the
temperature is |ower on the outer side.

Thisis thewall tenperature as a function
of distance for one case. And you can see initially
it's a subcooled flow, forced convection and then
boiling starts somewhere around here. There's sone

temperature drop and then it stays fairly constant

flow.

This is the tenperature profile in the
liquid with the thernocouple which -- outward. And
nost of the drop occurs very close to the wall, the

| am nar subl ayer. And as we go farther downstreamand
t he outer region of the thermal | ayer expands and you
can see the thermal |ayer becones quite thick.

CHAI RVAN WALLI S: The top one of thiswith

the pinky triangle there.
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MR DH R  24?

CHAI RVAN WALLIS: What TRAC is doing is
t aki ng sonme aver age whi ch you woul d say woul d be 88 or
sonething, or is TRAC taking 85, or what does TRAC
take as the tenperature of the Iiquid.

MR. DH R Bul k 35.

CHAI RVAN WALLI S: No, that's not. The
average is 87 or sonething.

MR. DHHR Average if you | ook at over the
whol e cross section is close to 85.

CHAl RVAN WALLI S: Isn"t that what TRAC
uses, the average over the whol e cross section?

MR, BAJOREK: It woul d knowt he 85 degr ees
in this point.

CHAl RVAN WALLI'S: It woul dn't knowt hat - -
no, 85 at all. It would just know the average. TRAC
doesn't cal culate the peak or mnimum |t just takes
t he average.

MR. RANSOM Yes, it's the bulk --

MR DH R The -- it would be 85.

CHAI RVAN WALLI S: No. The average is
above 85.

MR. RANSOM Well, it's got to increase as
you fl ow down the --

MR. DH R Ri ght . But how much -- you
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know, if you integrate those over there, how nuch
increase is going to --

CHAI RVAN WALLI S: But TRAC woul d say t hat
the top, the average bul k tenperature i s 85, although
there is water -- 85 --

MR DH R Higher than --

CHAl RVANWALLI' S:  Say t he bul k t enperature
was 87. Now there is water 85 in the m ddle.

MR. BAJOREK: Yes, but npbst heat transfer
correlations are using that bul k tenperature, not an
average tenperature.

CHAl RVAN WALLI'S: That's right. So it --
what's the difference? Wiat's the difference?

MR. BAJOREK: Barring what little bit you
have in the boundary |ayer.

CHAI RMAN WALLI S: What do you nean by
bul k?

You nean -- is wder than that.

MR DHIR No, channel is -- channel is
the 4 centinmeters w de.

CHAI RVAN WALLI S:  So t he bul k t enper at ure
is sonething |ike 87 when you average over the whole
thing. It's not 85, although thereis liquidat 85 in
the m ddl e.

MR DH R Right.
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CHAI RVAN WALLI S:  When you' re doi ng your

condensation on these bubbles --

MR DH R Right.

CHAI RVAN WALLI S: -- you're sonething
aver age. If they go out in the mddle, they
di sappear.

MR. DHI R No. Bubbl es were decliningonly
up to about here.

CHAI RVAN WALLIS: Only up to about there?

MR DH R Ri ght . So I'm making the
| ocal - -

CHAI RVAN WALLIS: What you see is the --
tenperature than the bul k?

MR DH R Right.

CHAI RVAN WALLI S: O course, these
transverse things are not nodeled in TRAC at all.

MR. SCHROCK: Now, MJ., this acts as a
singl e phase set of neasurenents.

MR DH R This is single phase.

MR SCHROCK: Yes. So there's no --

MR DH R Right.

MR, SCHROCK: Once you start getting two
phase, this gets all changed.

MR, DH R Changed, but still outer

regions you'll have still some cooling.
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MR. RANSOM | think you had sone
argunments in the paper that it's still nmeasuring the
liquid tenperature or approximately the liquid

t enper ature?

MR DH R Right.

MR. RANSOM But you do use that data to
establish the tenperature of the liquid where the
bubble is at, right?

MR DHR Exactly. That's what we do.
And the first the exercise we nade it was kind of a
t est how good experinents you' re doi ng, we cal cul at ed
fromthe wall side and if we take this gradi ent does
it match. And this gradient we have nmuch nore
uncertainty because its profile is so steep. But we
didn't -- about 20 percent it matched with what we
were putting in fromthe other side.

This i s howthe heat transfer coefficient
| ooks al ong t he copper bl ock -- single phase flow. So

you can see it's just developing flow It's like --

flat plate and the -- is decreasing. Inthis case the
narrow nunber at the end about -- |ess than the what
we need for transition -- to turbulent flow

MR. RANSOM What di d you say t he Reynol ds
number is?

MR. DH R Based on the | ength.
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MR. RANSOM Yes, is what?

MR DHI R [It's about close to 10 above 5.
MR. RANSOM Ten to the 5th, right?

MR DH R Right.

MR. BANERJEE: Based on the |ength.

MR DH R Length. Right.

MR. RANSOM Distance. REL?

MR. BANERJEE: Right.

MR. RANSOM |Is that a curve a nodel ?
MR DH R No, just to the data.

MR. RANSOM It woul d have been hel pful to

-- howdid it conmpare with --

MR DHR Thisisalamnar -- flow-- we
can apply, but you see | don't have it here. | think
that it is one of the reports that was di scussed, what
difference. But we find the -- value is about 20
percent hi gher than what you'll get for |am nar flow.

MR. RANSOM  VWhich is 20 percent higher?

MR DH R  This val ue here.

MR,  RANSOM Is 20 percent higher than
what we would --

MR. DHIR. Then you'll get for -- profile
for exanple is you cal cul ate what --

MR. BANERJEE: So you should be able to

trace the --
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MR DH R Onh, yes, right. W did that. I

think it's in one of the reports. But the key point
here was it | ooked --

CHAl RVAN WALLI'S: I n a square geonetry.

MR DHR Right, so there will be sone
di fference. And al so we have not taken any precaution
to make the flow | am nar exchange, so there will be
sone difference.

And this is on the rod bundle, single
phase heat transfer coefficient.

CHAl RVAN WALLI'S:  That's length the axis
t here?

MR DHIR Axis? Yes, it's not mssing
here. |It's these, distance frominlet.

CHAI RMAN WALLIS: It's al so showing a big
entrance |l ength effect.

MR DH R Yes. You see alnost 50
hydraul i ¢ danages.

CHAIl RVAN  WALLI S: So how come it
correlates so well on the right hand side?

MR DHIR  Just one thing. I'll cone to
t hat .

This is -- flow and you see out 50 --
damage it becones alnmpst fully devel oped and the

col ored synbol s are for the central rod. And the open
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synmbols are for the rod which is at the corner and
facing -- thernocouple is facing outside, outward
direction. So it's in the quadrant. And that
t hernocoupl e -- reduced from that thernocouple is
about 15 to 20 percent |lower than the central rod.

MR,  SCHROCK: So would you say again
whet her those nunbers are X over D or just X?

MR DHIR This is rod bundle, this is
just Z centineters.

MR SCHROCK: Z7?

MR DHR Z centineters.

MR. BANERJEE: And t he hydraulic danageis
about

MR DHR 1.2

MR. BANERJEE: So this is in turbul ent
zone?

MR DH R Yes, 11,000 yes.

CHAI RVAN WALLI S: So it's devel oping
pretty slowy?

MR DH R  Yes.

CHAIl RMAN WALLIS: It is, yes.

MR.  SCHROCK: It should go faster than
that for Reynolds of 11,000 | think

MR DH R 11,000 I don't know.

CHAI RVAN WALLI S:  Anyway, what's the ri ght
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hand si de?

MR. DHIR Ckay. And the right hand side
is we take these val ues here and we devel op a case and
we are plotting themfor the Wi sman nunber based on
this fully heat transfer coefficient normalizedthe --
nunber to the .4 power we are plotting against -- to
the .8 power. And these are all of our data covering
a range of 8,000 to about 95,000

MR RANSOMV Just a Ilittle bit of
clarification. The heater rods conti nue onin unheated
party? | mean --

MR DH R  No.

MR,  RANSOM VWhat is the zero to 100,
that's only the heated section?

MR DH R Heated section ends here.

MR. RANSOM  And where does it begin?

MR DHR Mddle.

MR. RANSOM And the | eads and the other
parts of the rods --

MR, DHIR: They're still |longer -- so nuch
| onger, but our nmeasurenment start at --

MR. RANSOM Ckay. But what |I' mwonderi ng
about, where does the viscous | ayer begin? You know,
you have a viscous boundary |ayer and you have a

t hermal boundary | ayer.
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MR DH R Right.

MR RANSOM Obvi ously the thernal
boundary |ayer begins at zero in this case at the
heat ed poi nt.

MR DH R R ght. Right.

MR. RANSOM But presumably you nust have
a fully devel oped viscous | ayer.

MR. DHIR: No |I've seen the other kind of
grid to which these rods were sitting. So the floor
is com ng through hol es.

MR. RANSOM  Through spaces?

MR. DH R Kind of spaces, but it's like
a grid plate where the rod was sitting in.

MR. RANSOM Where do the grid space start
t hen?

MR DH R Just above zero. You know,
they're just sitting here.

MR. RANSOM So you nean the fl owcones in
like jets?

MR. DH R That's right. The flow is
coming in |ike through those hol es, passages.

MR. RANSOM Soit's not a fully devel oped
turbul ent situation at the beginning of the heated
section?

MR DHIR It's not fully devel oped fl ow,
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yes.
MR. RANSOM It may be one reason t he heat
transfer coefficient is bigger at the beginning. It
actually generates sonme extra -- with these jets.
MR DH R Possible.
So what we find is the fully devel oped
values for this range of -- nunber are about 16

percent higher than Dittus Boelter correlation. And
the chainlineis the Wisnan correl ation for a square
grid type of arrangenent and the rod bundle --
sonmewhat smaller than what we have, and his real
nunber range was on the higher end. 1t was about from
30,000 to about 700,000 and yet on the | ow end about
8,000 to 95,000 but we are predicting |ower heat
transfers then wll be predicted from Wismn's
correl ation.

MR. RANSOM |' mback to Professor Sanjoy
Banerjee's question, why do they agree down at the
| ower end, because they seemto be in quite a bit of
di sagreenent, at | east that is bolder onthe |l eft hand
one, and yet the | ow Reynol ds nunber on the ri ght hand
pl ot they seemto be in quite good agreenent.

CHAI RMVAN WALLI S: Well, it's actually
qui te cl ose because there's afalse originonthe left

hand si de.
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MR DH R Right.

MR. RANSOM It's what?

CHAI RVAN WALLI S: It's a false origin.
You know 2500 is the base and the | eft hand side the
percent di sagreement is not very big. Because go all
the way down to zero.

MR DH R  Because zero is --

MR. SCHROCK: They're everywhere wi thin 30
percent .

CHAl RVAN WALLI S:  Anyway, the interesting
problemis the two phrase, isn't it?

MR DH R Right. But at least it gives
you -- this range was not available inthe literature
and there's sone interest in that range.

CHAI RVAN WALLIS: Al right.

MR. DHIR  Because of application to --
and then we go to ONB. So nowthese are not -- if you
see this 4, it's a 4 itemwhich I showed you on the
tabl e, what phenonena we were trying to nodel or

under stand or neasure and what the instrunentation

was.
MR. BANERJEE: C aussius C apeyron.
MR DH R  Yes.
MR. KRESS: | had a question about this,
V. J.
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MR. DH R Yes.

MR. KRESS: It seenedto ne |like that psia
ought to be proper from the C aussius C apeyron
equation, the one on the right hand side of the first
equati on.

MR. DH R They put it at saturation
tenperature corresponding to the pressure in the
vapor .

CHAl RVAN WALLI' S: Which is the sane as --

MR DH R No. Liquid pressure is |ess.
Sotheliquidis at saturation tenperature. Pressure
in the vapor bubble is higher than the pressure
outside. And the tenperature of the vapor has to be
cooled to or at | east the saturation tenperature cause
under the pressure in the bubble. So the tenperature
of the vapor is higher thanthe liquid, and that's the
reasoni ng you made that the vapor bubble has to be
surrounded by superheated liquid for it to go.

MR. SCHROCK: But the difference is snal
t hrough bubbl es of this size.

MR DH R \Wat size?

MR. SCHROCK: The average size they have
when they're detached from the wall. There's not
nmuch- -

MR DH R Right.
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MR, SCHROCK: Not much delta P invol ved

once they' ve detached.

MR. DH R Vell, how did we junp to
det ached bubbles. First |I'mtal king about onset of
nucl eate boiling.

MR, SCHROCK: Oh, vyes. You're right.
You're right. I'"mnot paying attention.

MR DHI R So we're tal ki ng about bubbl es
formng on the cavities --

MR SCHROCK: Right, right.

MR DHIR -- whichis avery, very snall
numnber .

MR. BANERJEE: So thisis really right in
the cavities?

MR DH R Cavities, right. You know, as
| said, initially we want to predict where the boiling
starts. And if you're not going to predict that right
and then you keep on adding the arrows you nove
downstream So there are a nunber of correlations
nodel s that have been proposed since '60s. You all
know them know about them | don't need to repeat
them But basically HSUit was proposed in '62, very
sinply matched or said the m ni num superheat will be
the case when tenperature profile in the liquid is

simply tangent to t he superheat you need to -- because
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of the evaporation in the bubble.

And then Bergles & Rohsenow, Rohsenow
followed that sanme idea, but they placed the
properties of thefluidinternms of the pressure. And
Sato and Matsumara again did a simlar thing. Davis
and Anderson added a constant C, to account for
di fferent contact angl es.

MR. SCHROCK: Actually, the vapor inside
the bubble is slightly superheated, but it's
negl i gi bl e i nportance.

MR DH R  Yes.

MR SCHROCK: Rohsenow wor ked that out
froma free energy argunment years ago. And there's a
physi cal nodel --

CHAI RVAN WALLIS: | think Maxwel | didit,
sonmebody |i ke that.

MR DH R It's higher than --

MR SCHROCK: It's Hel mholtz.

CHAl RVAN WALLI S:  Hel mhol t z, sonebody.

MR DH R Right.

MR. SCHROCK: On a physical nodel .

MR DH R Yes, Kandlikar.

And see those kind of correlations are
nodel ed work when the liquids are partially breaking

the surface. And Hahne, Spindler and Shen in 1990
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| ooked at freons which -- the surface well and they
found those correlations really under predicted the
wal | superheat at nucleation. And from experinents
they found that -- could be witten enpirically like
this, and if you use that corrective style you can
calcul ate the 1B superheat and then you substitute
that into the -- balance and this is a superheat and
the liquid subcooling is there, multiple by heat
transfer coefficient, that gives the heat flux and
ONB. So you get delta to ONB and heat flux ONB bot h.

This is what -- see how our data | ooks
like onthe flat plate for different heat fluxs. This
is the cover | show you earlier. This is a single
phase heat transfer. And these are the plots we see
as increase --

CHAI RMANWALLI S: | didn't understand your
little vertical things where you said this is where
the two neet. | couldn't see. Either the nunbers in
the text don't agree with the position of thoselittle
vertical lines, and also | don't understand how t hey
related to the curves.

MR DH R Okay. Let me explain what
we' re bl ocki ng here.

Let's take this curve. Hi gher heat fl ux,

okay. The heat transfer coefficient, it decreases and
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t hen i ncreases and i ncreases and then finally becones
al nrost constant. So we are plotting here is where we
saw ONB and bubbles start to form on the surface.
Visually and by noting the minimumin the curve.

CHAl RVAN WALLI'S:  Ch, the m ni mum

MR DH R Right.

CHAl RVAN WALLI'S: | thought you said it
was wher e t here was departure fromsi ngl e phase, which
woul d have put it way over to the left.

MR DHIR Right. That will be | eft. But
m ni mum - -

CHAI RVAN WALLI S: When you say m ni mumin
the text, it says --

MR DHR Mnimmis the heat transfer
i nproves after the bubbles start to form

CHAl RMVAN WALLIS: But it'sreally whereit
departs fromsi ngl e phase t hat' s sonet hi ng' s happened.

MR DH R Ri ght, but single phase it
departed, visually we see single phase, and this is
the two phased region.

CHAl RVANWALLI'S: | didn't understandthis
mnimumidea at all. Because | was | ooking for where
t he one curve | eaves the ot her one, which is actually
further tothe left. Gkay. Nowl think | understand

it. No, | wunderstand what you've done with the
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m ni mum part.

MR DH R Right. But these are different
heat flux curves.

CHAI RVAN WALLI' S:  Yes, but m ni numwasn't
clear to nme that m ni rum neant anyt hing.

MR DH R Wat we find, if | set the heat
flux and neasure the heat transfer coefficient al ong
the length of the plate, you will see heat transfer
coefficient would decrease, a m ni numval ue and t hen
i ncrease.

CHAI RVAN WALLI S:  Ckay.

MR DH R And the m nimum point al nost
coi nci ded where the nucleation starts.

CHAI RVAN WALLI S: Well, why does it | eave
t he single phase flow curve before that?

MR DH R \Wat do you nean before that?

CHAIl RVAN WALLI S: Wl |, you dashed -- your
colored red curves | eaves the black curve way up at
the left hand corner of the picture.

MR DH R This one?

CHAl RVAN WALLI'S:  No, the curve.

MR DH R  This curve? This is single
phase.

CHAl RVAN WALLI S: The red curve | eaves t he

bl ack curve at a point which is alnpbst on the |eft
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hand corner up there at 6, 000.
MR DH R Right.

CHAl RVAN WALLI S: So real |y you shoul dn' t -

MR DH R Al these points should be one
poi nt .

CHAl RVAN WALLI S:  No, no, theright curve.
You put a curve in there. You ve only really got red
points, right? If you' d shown a strai ght |ine through
the red points hitting the black Iine, then I would
have believed sonething. But you fared in a curve.
And the red curve | eaves t he bl ack curve at about 2 in
terms of Z. You see what | nean?

MR DH R Right. This -- okay. The key
poi nt you want to nmake here is that you increase the

heat flux, you leave this curve either later or

earlier.

CHAl RVAN WALLI S: Conme down the black
curve.

MR DH R  kay.

CHAI RMVAN WALLIS: And then when you get
into the right curve -- you're on the Metro, right?

MR. SCHROCK: Right.
CHAI RVAN WALLI S: When do you get onto t he

red curve?

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

315
MR DHR That's true.

CHAI RVAN WALLI S: When does your finger go
fromthe black curve to the red curve?

MR DHIR  Ckay. The question is here
this represents sone of uncertainty of measurenent for
each experinment. Actually this should be one curve.

MR.  BANERIJEE: Yes, the heat flux
shoul dn't have an effect.

MR. DHIR Effect on the single phase heat
transfer coefficient.

CHAI RVAN WALLI S: Okay. But you cone down
t he bl ack curve.

MR DH R  Yes.

CHAI RVAN WALLI'S:  Now put your finger on
t he bl ack curve.

MR DH R Right.

CHAl RVAN WALLI S:  Cone down there -- don't
-- don't go so far.

MR DH R  Ckay.

CHAI RMVAN WALLI'S:  Now go up sone nore.

MR DH R Ckay.

CHAI RMVAN WALLI'S: Go up sone nore. Go up.

MR DH R Ckay.

CHAI RVAN WALLI'S:  And you still haven't

met where the red |ine cones in.
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MR DH R Right.

CHAl RVAN WALLI'S: The right Iine conmes in
up there sonmewhere.

MR. DHIR: This red line and this solid
shoul d be the sane curve.

CHAIl RVAN WALLIS:  Wwell, then you should
draw t hem t he sane.

MR DHIR  Again, | have ny data. The
data says each tinme | take the experinent | have data
difference. |1'mnot treating it.

MR. BANERJEE: --down there which is nmuch

cl oser.

MR. DH R Right. So that's what 1'm
saying --

MR. BANERJEE: So why do you draw it --

MR. DHIR: Oh, you could drawit here and
t hen --

CHAl RVAN WALLI'S:  Then it woul d be cl ear
where it left. You see, the thing is where do you
| eave one and hit the other? And you curved it |ike
that, it looks as if it |eaves at 6, 000.

MR. BANERJEE: But there's no logic for
you to mss that red point.

MR DH R Again, it's just the line fell

t hrough the data. I1t's not specific. The key question
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is the idea we should be talking about does the
m ni mum r epresent onset of nucl eate boiling.

CHAl RVAN WALLI S: You see your text
doesn't say anything about mninmum Your text says
wher e t he vol une departs fromthe other |ine, and t hat
is way up where | was trying to get you to go, and
that's very msleading to the reader

MR, SCHROCK: What is that inset ONB
| ocation, what's that | egend nean?

MR DHR ONB location, this is visua
observation. Visually we see on the -- on the plate,
you know the | ocation --

MR. SCHROCK: So it's a vertical line not
a horizontal line, but there's a solid one and a
dashed one.

MR. BANERJEE: The first one is the
m ni mum

MR. DH R Dashed one represents the
m ni nrum the heat transfer coefficient curve.

CHAl RVAN WALLI'S:  And the m ni num shoul d
be ONB. But, anyway, we should probably nove on.
It's confusing to the reader when he sees these
t hi ngs.

MR. RANSOM | can't even tell which one's

dashed and whi ch one's not because the dash is nmuch
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different.

CHAl RVAN WALLI'S: Wi ch goes with which
curve is also a question.

MR DH R No, all these four curves
shoul d be one.

CHAl RVAN WALLI'S:  Up to sone point

MR DH R Upto sone point. Because then
t hey shoul d di verge on each case.

CHAI RVAN WALLI S: Ri ght.

MR. DH R. But we are being honest to our
data that what -- | plotted. So | could have plotted
an average of these and then drawit, and thenit wll
be clear, there'll be -- in that main curve.

MR SCHROCK: So the visual and the
observation fromthe HZ pl ot are sonetines one way in
rel ati onshi p, sonetines the other way.

MR. DHHR. Right. Because thernocoupl es
are made i ndiscreetly so you're not exactly |l ocating
that -- fromthe plot you cannot exactly | ocate that.

MR, SCHROCK: Ckay.

MR. KRESS: For the blue Iine the visual
and the HZ are on top of each other?

MR.  RANSOM There's only one verti cal
line on that one.

MR. KRESS:. Yes, it nust be on top.
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CHAI RVAN WALLI S:  Anyway, you j ust haveto

clarify it.

MR DH R Right.

MR BANERJEE: What is the other one?

MR DH R Wiat? The other one is sinply
| ocati ng where the ONB occurs, howit's influenced by
flow velocity and there are two different flow
velocities, liquid subcooling and contact angle.
Because the boiling has shifted. Super heat has
shifted depending on the contact angle or your flow
boiling -- flow velocity.

So basically this plot istellingyouthat
if ONB to occur at this location, then delta T,ug
woul d be higher if |I have a high flow rate.

MR. SCHROCK: When they use this in their
interpretation in the code eval uation, they're going
to have to do sonet hing about the contact angle as a
function of pressure. Are you providing those data
for themor --

MR DHIR No, not as yet. Not as yet.

MR, SCHROCK: Has that come up in your
di scussion with the sponsor?

MR DH R  No.

CHAl RVAN WALLI'S: It's a function --

MR, SCHROCK: But you agree, it depends on
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surface tension, which depends on tenperature --

MR, DHIR Surface tension is one really.
It depends, you know, solid liquid also surface
t ensi on.

CHAI RVAN WALLI S: It depends on t he age of
t he fuel.

MR.  SCHROCK: It depends on a lot of
stuff.

MR DH R Lots of stuff.

MR. BANERJEE: So the contact angle has a
| arger effect than the flow velocity?

MR DHR On what?

MR. BANERJEE: On the ONB.

MR DH R That's true. Inthis situation
you can see onset of nucleate boiling contact angle
has nore effect.

MR. BANERJEE: Lots nore. | nean, the
maj or effect.

MR DH R Right.

MR SCHROCK: See, at the outset | was a
little puzzl ed by why t he enphasi s on | ow pressure for
your experiment. In the TRAC code it seens tone they
need the ability to solve this problem for any
pressure that nmay occur during an acci dent transient

or transi ent of any kind. And that woul d seemto cover
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a substantial range of pressure, not just |ow
pressure.

MR DH R Right.

MR. BANERJEE: But during the AP600 runs
t he | ow pressure behavior in the subcool ed regi on, at
| east of RELAP-5 was --

MR, SCHROCK: That's what led them to
t hi nk they had a problem

MR. BANERJEE: Yes.

MR DH R Right.

MR. BANERJEE: That's real | y what happened
historically. W had a lot of trouble trying to
interpret this result. Wether they are true or not,
we don't know. Because maybe the -- for all we know.
But that was the reason.

MR DH R But at that time thinking was
that these codes do well for at high pressures, but
not at a | ow pressure.

CHAl RVAN WALLI S: W' ve got to five slides
out of 83 in about --

MR. SCHROCK: How do we know? | nmean,
you' ve identified what the real dependence is here.
And it's contact angle.

MR DH R Right, it's quite inportant.

CHAl RVAN WALLI'S: A el usive problem
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MR SCHROCK: That neans the code needs

good contact angle information, and | don't think it
has it.

MR DH R You know, at least it's 30
poi nts of whatever the key variabl e you need to know.

MR SCHROCK: Right.

MR DH R And then we conme back and say
rat her what we want to do in the code.

MR SCHROCK:  Yes.

MR. BANERJEE: How did you vary the
contact angl e?

MR DH R How did | vary the contact
angl e? For copper bl ock we polished the surface and
when you polish the copper block and use water, you
get contact angle close to 90 degree.

Then we fol | owt he standardi zed procedure
where we put the copper block in the air and heat it
soit gets oxidized. But controllingthe oxidization,
we can change the contact angle. And so we went down
to about 30 degrees.

And generally when you Ilike polished
copper, after you' re done with the experi nent contact
angl e changes. And then we had to have sone sort of
an average for that run. But when you're at 30

degrees still sane, for exanple, after you are done --
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MR. SCHROCK: And for your Zircalloy you

did it on a piece of flat Zircalloy with drops --

MR DHIR Right. Flat. And then we al so
put on the rod very small droplet and see what the
contact angle was. And as you'll see in there, the
contact angle is given for the --

MR. BANERJEE: 37 or sonet hing.

MR DH R 57.

MR. BANERJEE: 57.

MR. SCHROCK: It's hard to neasure well
with little drops.

MR DHR Wth the plates, yes, you can
do that. Yes. But, again, the questionis are you --
you know, we can spend all of our time on contact
angl es.

CHAl RMVAN  WALLI S: Wth little drops
because the contact angle then varies over the
surface?

MR, SCHROCK: Well, it's just very hardto
see where the contact line is.

MR, DH R Again, then you can get in
di scussion of whether it's mcroscopic contact --

MR, SCHROCK: And you neasure the --

MR DH R So, but at least it gives you

a perinmeter which you can neasure.
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MR. SCHROCK: Yes.

CHAl RVAN WALLI S: That's an el usive
perinmeter. | remenber going back to Burnstein's
experiments and change the surface and a | ot of things
change.

MR. DH R But the question you ask
yourself if it's elusive perineter, it is aninportant
perimeter. |If it's not inportant, let's forget about
it.

CHAl RVAN WALLI'S:  But it is inportant.

MR DH R That's what |'m saying.

MR. BANERJEE: Wel |, your experiments show
that it's --

DHR It's extrenely inportant.

BANERJEE: -- the main perineter.

2 3 3

DHHR That's right.

MR. BANERJEE: One of them

MR DH R In the past we have -- you
know, sonehowi gnored it whenever t he probl emoccurred
or it's elusive problemand let's --

MR. SCHROCK: Because it's hard to nmeasure
and it's inconsistent.

MR DH R Right.

MR. SCHROCK: We'd never get agreenent.

MR DH R But if you think of, again --
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VR. SCHROCK: Subtle operational

condi tions.

MR DHIR That's true. But let's say |
gi ve you 57, you may come out at 52 or sonmebody cones
with 62, it's not going to be 5 degrees.

MR. SCHROCK: Yes. That's right.

MR DH R So that's what we shoul d shoot
for.

MR. SCHROCK: But the difference between
60 and 30 is big.

CHAl RVAN WALLI'S: W need to nobve on

MR DHR So we have proposed our own
correlation for predicting the onset of nucleate
boiling. What we are saying is that the corrected size
of the cavity is given by -- through the anal ysi s, but
the probability of finding this cavity di m nishes as
t he contact angl e decreases. This cavity may not be
available to nucleate as at first it becones nore
r eady. So that's the --and this function F which
corrects the cavity size we get enpirically by
correlating all the data that is available in the
literature. And varying fromthe contact angl e of one
degree to al nost 90 degree.

MR BANERJEE: What is phi?

MR, DHIR  Phi contact angle.
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MR. KRESS: And how are they supposed to

know what that is in the code?
MR DHIR Code? If they're working with

Zircalloy -- what's stated i s they woul d know about 57

degr ees.
MR KRESS: That's the unoxidized state?
MR DH R Right.
MR, KRESS:. Ckay.
MR DHR Sothat's all |I can say at the

nmonent. But with the lowest thing it does effect --
it does depend on pressure as well.

CHAl RVAN WALLI'S:  -- contact angle is in
the cavity, isn't this different? How do you neasure
that? 1t's not the same as on the surface.

MR DH R | don't know. That's the
proposal | have for research

CHAI RVAN WALLI S: The cavities may be
t here because they are different.

MR. DHIR: Yes. W have | ooked at again,
now we' re goi ng back to study. W did about 12 -- 12,
15 years ago and we |ooked at the shape of the
cavities mcroscopically. And then for ny polishing
the surface and see what kind of cavity it really
nucl eated. And we were able to relate the trapment of

gas in the cavity to a contact angle.
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CHAI RMAN WALLI S: What |'m saying is

suppose you have a clean surface, a clean |ine.

MR DH R  Yes.

CHAIl RVAN WALLI S: And after awhile it may
devel op cavities because of erosion and corrosion
phenomnenon.

MR DH R  Yes.

CHAl RVAN WALLI S: And because of this
corrosive phenonenon what's in the cavity isn't the
same as what's on the surface.

MR DH R  Yes.

CHAI RVAN WALLI S: And therefore what
contact --

MR. DH R That's possible, yes. But
again, that's possible but it's going to be -- first
order of effect to second order effect.

MR. BANERJEE: | nmean, BW is addi ng zinc
and its cobalt and all sorts of stuff was on the --

MR DH R  You know, again, we just did
this -- nowl'mjunping, but maybe -- Zircall oy, fresh
Zircall oy and water we found contact angle was about
57. Then we di d sone experinments wi th boran and wat er.
We put 7,000 ppmof boroninthe water. And t hat water
we used t o neasure the contact angle. It was about the

sane. Because the nunber's different with boron. And
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then we al so, you know as you run that experinent,
boron deposits from this cladding. And then we
nmeasured the contact angle again, it was not nuch
different than 57. So that is what evi dence we have.
However, nucl eation sites and then boron crust was on
the surface, but much nore, because you fornmed the
porous structure --

CHAl RVAN WALLI'S:  Well, close around --

MR DHIR Right. So that increase the
nunber .

CHAI RMVANWALLI S: You distill. Youdistil
the water away and | eave the crud behind.

MR DHIR Right. And then that crud is

por ous.

CHAl RVAN WALLI S:  Yes.

MR DH R And you form-- there. And in
fact we found -- I'm giving -- with boron your

nucl eate boiling heat transfer was hi gher but single
phase heat transfer was |ower after the crud was
f or med.

So this is all of the data we have and
whi ch we put together in the literature. And you can
see data varies fromcontact angle of 1 degree FC72 to
about 90 degrees with copper, maybe 35 degrees with

copper.
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CHAI RVAN WALLI S: What's the pressure

range?

MR. DHIR: Most of the datait's at -- of
pressure but some is at high pressures as well. There
t he contact angle was given. I'll show you | ater on.
| thinkit's -- it's Bergles & Rohsenow hi gh pressure
dat a.

MR. BANERJEE: And this is for flat
pl ates, or does it also have rod bundl es?

MR DHI R Rod bundles are there. It's
the 57 8 points 2 bar, 6 points at 3 bar and about 7
poi nts of water. Wth boron and about 19 points with
rod bundle. So you have several data points.

MR. SCHROCK:  These are all calcul ated
fromthe equation on 34, the previous page?

MR DH R The previous page, right.

CHAI RVAN WALLI S: This all assumes you
have enough nucleation sites that you're not limted
by the nunbers, by Hsu criteria.

MR DH R Hsu criteria gives us the --
sites. Then we are sayi ng.

CHAI RMVAN WALLI S: If they don't exist,
then you won't get --

MR. DH R That's what -- nonexi stence we

call the F function. That's what accounts for
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nonexi st ence.

MR. SCHROCK: There's a note on that slide
t hat says for small superheats. Wat's the one --

MR DH R Oh, because we expanded the
pressure difference to saturation tenperature
di fference due to Cl ausius C apeyron. And if you go
to high superheats that doesn't work, you know. You
can't expand like that.

MR DHR Because of the C ausius
Cl apeyron?

MR DH R Causius O apeyron, right.

MR. BANERJEE: But you could use it on
Hahne's --

MR DHIR Right. On Hahne's equati on you
can use it. Go to steamtable --

CHAI RVAN WALLI S: If you had a surface
with no cavities in it and everything would be
different?

MR DH R Right.

CHAI RVAN WALLI S:  Li ke boiling on nmercury
or sonet hi ng?

MR DH R Mercury or, you know, again,

but inthelimt if you say contact angl e goes to zero

CHAI RVAN WALLIS:  Well, no, just contact
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angle. It's also a crunch of -- you have to have
enough cavities for this --

MR DHR That's true. You know, it's
i ke glass. You can have one crystal, you won't get
anyt hi ng.

MR. KRESS: Wy does the Hayes's all oy
| ook different than all the others. It'sthoselittle
crosses up to the top.

MR DHR Cross, yes. That's the -- this
that R11 which --

MR KRESS: Freon.

MR DHIR  Freon. Freon, and you know
that was the nunber we got, but then we don't know
what the reason is. Sonmebody's -- let's put all the
data we have.

MR.  SCHROCK: What is the |argest
superheat you had in your test tube?

MR DHR M test the highest is about 15
degrees C.

MR SCHROCK: 15C?

MR DHR 15 to 20C, yes. That's how
hi gh we have gone. But there are ot hers who have gone
quite high. See, our data is nostly here, you can
see. ONB' s | ow superheat, but doing the experinents

we have gone hi gher
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MR. SCHROCK:  Ckay.

CHAl RVAN WALLI S:  Ckay. The next one.

MR DH R Okay. So we not able to only
put it to ONB -- but al so Qg because it's a no single
phase heat transfer coefficient --

CHAl RVAN WALLIS: |If you don't put the --
effect in you get far nore scatter?

MR DHR That's right. But here you can
see Quz We have gone about 4 orders of nmagnitude.
Ckay. This has all the high pressure data as well.

MR. BANERJEE: Wi ch is the high pressure
dat a.

MR DHIR That is this one, water and
ni ckel . That -- high heat influx.

MR. KRESS: How is the contact angle
determned in all these experinments?

MR. DHR. Sone are reported, but we have
nmeasured this to adroplet. W place a m crodropl et --

MR. KRESS: Drop a droplet on there and as

MR- DH R Then take a photograph.

MR. KRESS:. Ckay.

MR, SCHROCK: Graham how did you see the
contact angle effect on his graphs? | didn't

under st and your point.
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CHAI RVAN WALLI S:  About what ?

MR. BANERJEE: Vell, it's collapsed
t hrough the --

CHAI RVAN WALLI S: | assune that if you
don't put contact angle in -- they have a formula for

using contact angle, f equals mnus 6. But if you
sinmply puts f equals 1 you get presumably nuch nore
scatter. It will be useful to show that, 1 think.

MR. DH R  You should show that.

MR. BANERJEE: What happens if you put f--

MR DH R You'll certainly underput.

MR. BANERJEE: Yes. If you take the
exponential termout --

MR DH R Right.

MR. BANERJEE: Phi is in radiance, right?

MR DH R Right.

CHAI RVAN WALLIS:  How nuch does f vary?

MR DH R Oh, varies quite a bit. ['IlI
show you next slide.

CHAI RVAN WALLI S: Hownuchis quite abit?

MR, DHIR Howyou can goto -- you can go
to as close as zero.

CHAl RVAN WALLI S: You said it varies. Does
it vary --

MR DHR dose to zero.
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CHAl RMAN WALLI'S: No, but isn't it from4

degrees to 70 degrees?

MR DH R Let me show you next group.

MR. BANERJEE: Well, if 5 goes to zero,
then f is equal to zero?

MR DH R Right.

CHAI RVAN WALLIS: But it is off the graph?

MR. DHIR: Right. You got to -- nucl eation
temperature, that's what we say.

This is one exanple how that f does it.
They assune the correct size is 5 micron and then you
see how -- when we woul d change. If | just kept 1, ONB
woul d be only what you have here. Delta Ty over delta
be honogeneous nucl eus and we're plotting here. And
you're close to .03 or .02. And because of the f
function and eventual | y when thi s goes to zero, you're
goi ng to honmpbgeneous nucl eation tenperature. That's
how we effect the whole curve.

MR. BANERJEE: How wel| does Davis and
Ander son correl ation true?

MR DHR It doesn't -- you know, if we
account for their pressure -- it works okay. Not
Davi s and Anderson, but that was --

CHAI RVAN WALLI S:  What happens i f you use
pi ?
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MR DH R Beg pardon? Just one second.

CHAIl RVAN WALLI S: You won't wet the
surface at all?

MR. DHI R Your question was -- Davis and
Anderson doesn't do it that well with just pi.

Yes, what was the question?

CHAl RVAN WALLIS: If pi is pie, theliquid
doesn't wet the surface at all?

MR. DH R: Ri ght. W have gone up to 9
degree even, now you can go on further. You go to
zero.

CHAI RVAN WALLIS: Well, it goes to 1 and
your correlation doesn't go to zero.

MR DHIR Right. Oneisjust normalized.
You know, wi t h honbgeneous nucl eati on. So your cl uster
size woul d det erm ne.

MR- RANSOM Isn't value T hone?

MR. DHI R Hompbgeneous nucl eati on.

MR. RANSOM Ch, honpgeneous nucl eati on.

CHAI RVAN WALLI'S: So t he water boiling on
mercury or the contact angle is pi? It also has no
nucl eati on centers.

MR DHIR Right. Right.

CHAI RVAN WALLIS: Al right. W need to

nove al ong t hen.
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MR DHR Okay. Then we |ook at

nucl eation site density.

MR. KRESS: Now | want you to pronounce
that. | want you to pronounce that nane.

VR. DH R I can pronounce it.
Kocanust af aogul | ari .

CHAI RVAN WALLI S:  Yes, it's easy. Can you
do it?

MR KRESS: No.

MR DH R Ckay. Oh, naybe 18, 20 years
ago these guys predicted that nucleation site density
woul d correlate like this or the nunber density was
normal i zed -- which was taken fromFRI GG correl ation.
And now you can see FRIGG correlation is for pool
boiling, not for flow boiling and the characteristic
site would differ anyway.

So that is their nodel

Wang at UCLA did theirs about 7, 8 years
ago. We | ooked at pool boiling and we canme up with
nunber density like this. It depends on contact angl e.
And agai n, contact angle was very i nmportant vari abl e,
that's what we found.

CHAl RVAN WALLI'S:  What is D.?

MR DH R D

Cc

is the captured --

CHAI RMAN WALLIS: Ch, that one. kay.
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MR DHIR And it's nostly proportionate
to superheat.

CHAI RVAN WALLI'S: It"'s surface perineter.

MR. DHIR And so the superheat, you see
the power is 6 and very highly nonlinear. |If you're
now going to put it nucleation site, then see how do
you hope to predict heat fl ux.

CHAl RMAN  WALLI S: This is a very
di nensi onal correl ation.

MR DH R Yes, it is dinensional. The
cavity sizes and mcron, and so forth.

Sothisis apicture we see, sane surface,
copper and two different contact angles. Sane
superheat. And left hand side 30 degree contact
angles, right inside is 90 degrees.

CHAI RMAN WALLI S:  Sane history, too.

MR. KRESS: How did you vary the contact
angle on it?

MR. DH R We discussed earlier, but what
we have is the copper surface, we oxidize it.

MR. KRESS: You oxidize. Ckay.

MR. BANERJEE: But nucleation site then
sinmply is changed, too.

MR DH R Yes, that's what |'m saying.

Site density is strongly dependent on contact angle.
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CHAl RMAN WALLI S: This is with all the

cavities active because you know you can -- you know,
snuff them out by boiling and then cooling down and
pushing the liquid into the hol es.

MR. DHIR Yes. But when you go to hi gher
superheat that effect is gone. But clearly you can
see the difference. You know, | have refuted this
with different nunber of students. So | may --
personally to ask them give thema test score and
then do it. And every tine we see this --

CHAI RVAN WALLI'S:  You can do thi s snuffing
experinment easily in there.

MR DH R Yes, you can do it.

CHAI RMAN WALLI S: But there's no gas
involved in the cavities. It's all just pure liquid?

MR DHIR There is always some trapped
gas to start with, yes. And you can -- play ganes
i ke that, you can have the cavities, then pressurize
it or sone you could subcool and then kill them They
will not cone --

CHAI RMAN WALLI S: Ri ght.

MR. SCHROCK: These equation that's per
square centineter fromyour graphs --

MR DH R Right.

MR SCHROCK: Per square centineter.
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MR DHR Intheliterature you wll see
there are lots of -- and information with respect to
flow boiling, especially in nucleation site density.
Many peopl e believe that all nucleation site density
iseffected by flowrate, it's effected by subcooling.
But we find none of those effect it. The key vari able
is while superheat then contact angle. Ckay.

And t hese are the data you see for our two
flowvel ocities and fi xed contact angle. And | can see
there's hardly any effect of flow velocity.

MR. BANERJEE: And you just counted the
sites?

MR. DH R Yes, photograph Iike I showed
you and you can know t he area and you can see how nany
are there.

MR. SCHROCK: You take nultiple
phot ographs and get the average then.

MR DH R Repeat them

MR SCHROCK: Right. Yes.

MR DHR It's atedious job. And this
is nowflat plate, but two di fferent subcoolings. So
there's no, you know, there's a clear distinction on
two subcool i ngs and we don't see any effect as | ong as
your contact angleis fixed and -- sothat will sinply

life some ways that you have only two vari abl es.
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And this is what we see from our
experinments which we have done. And this is all of
the data we got.

CHAl RVANWALLI S: It's really four bounds,

t hough.
MR DH R  Beg pardon?
CHAI RMVAN WALLIS: Five. It's five groups.
MR DH R Right. Five different contact
angl es.

MR, DHIR: Okay. This line and this dotted
lineis the correlation devel oped currently here from
pool boiling data. And that correlation was for --
super heat greater than about 15 degrees correspondi ng
to cavity size of about 5 --

CHAl RVAN WALLIS: Soif you didn't control
contact, you could go for a factor of thousands or so?

MR. DHIR Yes, sure. That's why boiling
curve shift all over the plate. That's the key
i ngredient. Although-- cavity size of cavities, side
density doesn't play any role.

CHAl RVAN WALLI'S:  We shoul d have bot h of
you toget her.

MR DH R W have. W were there in
I[I'linois in May. W were there and there were -- so

we had good di scussion argunent.
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CHAl RMAN WALLI S; Was it a refereed

di scussi on?

MR DHR It will be published.

CHAl RVAN WALLI'S:  Ckay. Let's nove on.

MR DHR Yes. Gkay. So even you see
there's a big variation in the nunber density wth
cont act angl e. And we woul d | ook at
Kocanust af aogul | ari data and predi ct that, that's what
he find.

So for all the data we have devel oped a
correl ation and -- | ess than 15 degrees nunber density
varies as delta T to the square. But superheats it's
delta T to the 5.3 power. Ckay.

CHAl RVAN WALLI S: Next one shows the

correl ati on.

MR DH R And then the --

MR. SCHROCK: What happens to themat 15
degrees?

MR DHIR  \What 15 degr ees.

MR. BANERJEE: They woul d di sconti nuous.

MR. SCHROCK: They're discontinuous.

MR. DHIR Yes, they're the di scontinuous.
Because it depends on the -- you know, the surface.

The superheat becones | arge and then they just take

of f.
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So you can see it's lots of data, |ots of
time was spent on this. And this is all the data we
have and it's easy to get anerror inthis, especially
when you're -- say over 1 centinmeter square area, you
have one cavity or two, you're a factor of 2 off. And
so your densities and you see sone scatter out here.
And then high heat flux as the bubbles start to -- is
very difficult to delineate how many cavities are
there. So you see scatter out there.

This scatter is puzzling. This is the
data we took very early and we found many nore
cavities than you will suspect from all the other
dat a. And that's when we were just starting to
experiment. My guess is that we had too nmuch gas in
the water, we had not aerated the water. W have not
gone back and reproduced this data, so it's stil
t here.

MR. BANERJEE: This is all your own data?

MR DH R This is all our own data, but
we -- as | showed you earlier, the data of Kl ausner --
we got.

See, nost people don't give you contact
angl e or superheat. And if you don't have it, you can
put it wherever you want to. And so we tried to void
it.
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CHAI RVAN WALLIS: Right. Right.

MR. DHIR Next we go to bubbl e di anmeter
and departure and lift off. And so what we find, here
we pl ot bubbl e di amet er departure. Departure neans t he
bubbl es start to slide on a nucleationsite. Lift off
iswhenit takes off, nowgoing to the surface. GCkay.

And here this typical data. W have nore
sets of data, but this for flat plate with vel ocity of
about 35 centinmeters per second and three different
subcool i ngs.

As we i ncrease the subcool i ng you can see
t he bubbl e diameter departure. As we increase the
wal | superheat it increases. W relate this to the
inertia as bubble goes faster, there's nore liquid
inertia to be encountered. Bubble go to slow down
with condensation, inertia is |ess.

And simlar -- so we find bubbl e di aneter
departure goi ng about square root of wall superheat
and that's lift off diameter, whichis larger thanthe
departure diameter. So the bubbles grow as they nove
al ong the surface.

MR. BANERJEE: Wy is this vertical line,
i ke vertical scatter?

MR DH R It's a measurenent arrow you

see once soneti nes bubbl es nunch.
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MR. BANERJEE: | see. It's not just the

di stribution of the --

MR DHIR Right. No, no. And this is
fromflat plate.

MR. BANERJEE: Right.

MR. DHIR  Now you could do sonme cavity
experi ments whi ch you are doi ng al so, you can get very
clean data, the scatter won't be there.

CHAI RMVAN WALLI'S: Wl I, this next one you
have a characteristic |ink which depends on G?

MR DH R  Yes.

CHAI RVAN WALLIS: Wy is that?

MR DHIR  Because even in the wall the
bubble is attached there is a buoyancy actually.

CHAl RMAN WALLI S: So this is only for
vertical upflow?

MR DH R Vertical upflow

CHAI RMAN WALLI S: If you have vertical
downflow, it would be quite different.

MR DHR Different, right.

CHAl RVANWALLI' S: Hori zontal fl owwoul d be
quite different?

MR DH R That's right.

CHAI RVAN WALLI S: And we have done

separate study which shows those things.
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MR. BANERJEE: The microgravity?

MR DH R Yes, different.

CHAl RMVAN WALLIS: Yes. If you go to --
well, mcrogravity everything goes off scale here.

MR. DHIR This one would go off scale,
but you see that |ift becomes extrenely inportant,
m crogravity.

CHAl RVAN WALLI S: So this is a big
correlation wi thout nuch nmechani sm behind it?

MR DH R That's right.

CHAI RVAN WALLI S: Ri ght.

MR DH R W have -- |'m not show ng
here. \Where we're doing the nmedical sinulations and
data fromthat, we can do the correlation. But thisis
just fromthis work.

Basic physics is that superheat is
i mportant, subcooling is inmportant and that's all
can say.

MR. BANERJEE: The |l ength scaleis surface
tension to sone sort of --

MR. DH R Buoyancy, yes. Typi cal end
scal e in boiling.

MR. BANERJEE: But if Gis zero then you
have a probl em

MR DHR As | was saying again, it's
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very specific to upflow, 1G

CHAl RVANWALLI S: And t hi s surface tension
cones in because the bubble is hanging onto the
sur f ace.

MR. DHIR: Hanging on to the surface and
that's what is --

CHAI RVAN WALLIS: | think it woul d depend
on the contact angle then.

MR DH R Yes, thisis -- again, thisis
a 30 degree contact angle. Contact angle is a
vari abl e.

CHAI RVAN  WALLI S: Gh, you have a
correlation involving --

MR DH R  Not as yet.

CHAl RVAN WALLI S:  Ckay.

MR DH R W're not done with that. So
this is only for 30 degree, one contact angle,
al though it should be stated there.

Now we just said okay, let's goto the --
and see what's out there, and this is what we find.
This is the velocity we got from our previous graph
which | showed you --

CHAI RMAN WALLIS: The curve is yours?

MR DHIR Yes. And this is all the data.

You know, sone peopl e don't give you agai n, super 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

347

whol e subcooling, |ocal values and just see how nuch
scatter is off all the data, but it seenms like the
velocity effect we're getting seens to be okay.

But to put all this data in perspective,
we need to have, you know, information about what the
superheat, |local superheat was, subcooling was,
contact angl e was.

MR. BANERJEE: So this Unal's data is the
one that Lahey used?

MR DH R Ri ght . Unal went to high
pressures, too, Yyou see. It's a larger angle
pressure. And Unal's data is here.

CHAI RVAN WALLI S: It works best a high
pressure.

MR DH R Yes. But we don't know what
the contact angle is for that case. Ckay.

MR. SCHROCK:  You probably could get a
reasonabl e handl e on it knowi ng the materials, huh, in
Unal ' s data?

MR. DH R Appr oxi mat e, yes. Cont act
angl e, but not superheat.

MR SCHROCK: Yes, not superheat.

MR. DH R Yes, and subcool i ng.

MR. BANERJEE: What is that curve you j ust

fitted it?
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MR. DHIR: We just plotted our curve, that

vel ocity effect | got fromthe previ ous vi ewgraph, and
that's just --

MR. BANERJEE: | see.

MR DHIR  Wthout subcooling effect or
super heat or contact angle. Just to see. |If | had
just done this, howfar | could be off. And it also
shows you that the velocity set probably is taken
i nto--

CHAl RVAN WALLI'S:  Gkay. | think we have
to nove on. There's a fantastic amount of i nformation
her e.

MR. DHHR So next is OSV. There's nunber
of correlations starting with Bowing, '62 and it's
ki nd of dinmensional correlation. This delta , means

that what is the Iiquid subcooling when the bubbles

start to mgrate into the bulk. So -- and they're
relating -- flux and velocities.
And Levy did -- he accounted for the

turbulent profile in the thermal boundary |ayer.

D x correl ated agai n delta ., heat fl ux,
singl e heat transfer coefficient.

Saha & Zuber which we were tal ki ng about
earlier, this was basically telling you when OSV was

not correct, but heat flux. It doesn't tell you heat
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transfer coefficient. People are using it.

And Zeitoun recently came up with a
different correlation.

But you can see all of them sonehow form
a -- nunber which is --

CHAI RVAN WALLIS: D.J. | need to repl ace
your battery. That's why it's clicking.

(Whereupon, at 5:01 p.m off the record
until 5:02 p.m)

MR DH R W are only hal fway through.

MR. BANERJEE: But you've still got an
hour .

CHAI RMAN WALLI S:  You' ve got an hour.

MR DH R OCkay. I'll nove quickly. But
thisis --

CHAI RVAN WALLI S: What we found is we
didn't see this before. W sawsone stuff, but nost of
this wasn't init.

MR DH R So we have | ooked at -- you
know, fromour data where the OGSV occurs initially and
those are the data you see here. And -- given
| ocation, this increase the flow rate, you need to
have high heat flux. That's what it does.

And i f you increase the subcooling, then

al so you need hi gher heat fl ux.
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MR. BANERJEE: How are you defining onset

of significant void here?

MR. DH R Wien the bubbles start to
m gr at e.

MR. BANERJEE: (kay.

MR DH R And sonme people have defined
very differently, so there's always that struggle we
had what did they nean. Sone peopl e may have t he void
fraction when they see sone i ncrease in void fraction,
that's what -- they would call. But then that's way
downstream you see.

MR. BANERJEE: Even if you have a
mllimeter bubble on a 1 centineter dianmeter pipe on
the wall, then you've got a void fraction of about 10
percent that's due to the mllineter bubble?

MR DH R Right.

MR BANERJEE: It's not trivial.

CHAI RVAN WALLI S:  Because the ones on t he
wal |l are nore significant?

MR BANERJEE: Well, they appear --

CHAI RMANWALLI S: That's right, sothey're
alot --

MR DH R  So our proposal is based on
this, that if the bubbles just before departure is

smaller than the thermal |ayer thickness, then
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presumably the bubble wll start to slide and
eventual ly detach at high subcoolings. If on the
other hand bubble is larger, then condensation
occurring, then the Iiquid subcooling has to be |ess
for bubble to growto its desired size.

CHAI RVAN WALLI S: There's no further
mechanics in this?

MR DHIR No. At the noment it's just--

CHAI RVAN WALLI S: | would think that
notion of a bubble woul d depend on the mechani cs.

MR DHR Rght. See, that's again --
it'll take sonme tine. And we are | ooki ng at nureri cal
sinmul ati on and then single bubble experiments. But
that's funded through NASA. And that gives us this
information. But right now it's amazi ng hypothesis.
But we tested this hypothesis by taking all the data,
D x's data, we have all the water data and flat plate
and rod bundle. And we found that this DD over delta
correlated with the constant -- enpirical constant C
like this. So our correlation is very sinple
correlation, it's |like dinension |ess wall superheat
if we could do a constant, then OSV occurs.

And that constant we have gotten
enpirically. Andit includes Dix's data, all dataw th

freon and we have Bowing' s data you'll see in the
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next viewgraph, and it seens to do for all of those
data nore reasonably well.

Bow i ng' s data at hi gh pressures and Di x' s
for the freon, and our data.

So up to nowthis is sinply enmpirical.

Bubbl e rel ease frequency, how do we get
it. Here | think you can see what happens to the
bubbles as they grow. | mark here this arrow. And
here t he bubble is growi ng, start togrow. Thisis the

bubbl e which i s growi ng. And now you see clearly this

bubble is --
CHAl RVAN WALLI'S: It | ooks I'i ke 2 bubbl es.
MR DHR Well, this a reflection.
CHAI RVAN WALLIS:  Oh.
MR. DH R And grow ng, grow ng. You see
the arrowis alnbst wanted -- cavity is. And now it

start to slide. This is where the bubble was
initially, now it's noved over. It continues to
slide, slide and at that point it lifts off. And now
after waiting --
CHAI RVAN WALLI S:  And anot her one starts?
MR DH R  Beg pardon?
CHAl RVAN WALLI S:  Then anot her one starts?
MR DH R Another one starts.

MR. BANERJEE: But actually, you know as
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soon as it slides it seenms to be within the second
slide already slightly lifted off if you | ook at the
reflection.

MR DHR Right. You know, that is a key
question. Is there a |layer underneath so create a
liquid layer. And | don't know. That's a question |
have nmyself. That is a bubble sliding onathin film
of liquid or is still in contact with the solid
direct.

MR. BANERJEE: Well, if it is, thenit's
violating a no slide boundary condition.

MR DH R Right.

MR. BANERJEE: Unless it's rolling.

MR DH R Right. That's what Steve --

MR. BANERJEE: Steve Davi s.

MR. DHIR. Steve Davis, he saidthat maybe
the bubble is rolling, but it's very hard to --

MR KRESS: It didn't |ook |Iike the bubble
changed sides much during the slide period.

MR DHR On, it grows.

MR KRESS: You think -- it didn't |ook
like it grew

MR DHIR No, it grows. And if you | ook
at -- maybe it's not growing. |It's bigger than the

previous and then eventually --
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MR KRESS: It just maybe fromhere --

MR DHIR Yes, it grows. And | show you
those |ift off diameters, they're bigger. About 50
percent .

CHAI RVAN WALLI S: Ckay. GCkay. So you can
get a frequency fromthis?

MR DH R Yes, right.

MR SCHROCK: You're conparing with Dix
and Bowring, and as | renenber both of them they
extrapol ate the axial void profile to zero void and
say that's the point.

MR DH R Right.

MR SCHROCK: So it's alittle different
meani ng t han yours.

MR DHR Right, there is sone
difference. Right. That's the key issue we have.

And the waiting time at | east you can see
here. That is inportant because in sone situations
waitingtinme, transient conducti on nay have -- wai ting
tinme. And this is based on the data we got for
di fferent subcoolings and superheats.

Agai n, these -- what |' mgoing to showyou
here is not finalized. This is the stage where we are.

MR. BANERJEE: What do you nean by the

waiting tinme here?
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MR DH R Once the bubble |eaves the

nucl eation site, another bubble doesn't form right
away.

MR. BANERJEE: (kay.

MR DH R You wait for a while --

CHAI RVAN WALLIS: What's BG?

MR DHIR BGis the growth period of the
bubbl e at the nucleation site.

CHAl RVAN WALLI'S: Before it slides?

MR DH R Slides, right.

So key thing we are saying is that with

subcool i ng

- subcooling increases at a given
super heat, you see the waiting tinmes becone |onger.
And at hi gh superheats subcooling plays little role,
wai ting times become quite small in conparisonto the
growth tine.

CHAl RVAN WALLI'S: | presume where there's
an intercept at one here where the waiting tine is
everything, that it's always waiting and there's this
very occasional flip.

MR DH R Right.

CHAl RVAN WALLIS: That's when there's a
certain critical delta T for sonething to happen on
the top there.

MR DH R Top, right. That's what woul d
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happen. | was hoping that this will go out to our OSV.

CHAI RVAN WALLIS: It doesn't?

MR DH R | don't know. We have to test
it. | asked themto test it. See if it goes to OSV
condition. It should go to, you know, 1.

And this is the growth period -- growth
period with -- subcooling and that's what the
correl ati on we have so far. Again, one contact angl e,
30 degrees.

You know, generally the bubbles slide --
can slide quite a while if you did not have any
nucl eation site on their part. This is a separate
experiments we did where we had just a single bubble
sliding over a surface, no ot her nucl eation site. And-

CHAI RVAN WALLI'S:  This is still boiling,
this isn't an air bubble or something like that?

MR DH R No, no, no boiling. One on a
singl e nucleation site.

And this bubble, as you can see, for 30
centineter velocity has slide alnobst 18 mllinmeters
before it lifted off.

MR. BANERJEE: Howis the vel ocity defined
her e?

MR DH R The di stance t he bubbl e travel 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

357

fromthe nucleation site.

MR. BANERJEE: s the velocity of the
bubbl e?

MR DH R Bubble.

MR. BANERJEE: Not the velocity of the
fluid?

MR. DHIR No, no. Velocity of the fluid
is the parameter here. This is fluid velocity.

MR. BANERJEE: For which?

MR DHR This is the fluid velocity.

MR. BANERJEE: Ah, so that's what | was
aski ng.

MR. DH R No, no, this is Iliquid
vel ocity.

MR. BANERJEE: Howis that defined? What
velocity is it? 1Is it bulk velocity?

MR DH R Bulk velocity of the liquid.
And I'"mplotting the distance it slides as a function
of the bulk velocity. But we can get the --

MR. BANERJEE: Is this for a specific
bubbl e size, right?

MR DHIR Right, for these conditions.
Single bubble -- liquid is saturated.

MR. BANERJEE: How big was the bubbl e?

MR DH R To start with it's about 1.5

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

358

mllineter or so.

CHAIl RVAN WALLIS:  Well, now we get to a
bit that we got a report on, the bubble collapsing.

MR DH R Right.

CHAI RVAN WALLI S: That 1ooks like a
rel ative straight forward.

MR DH R Straight forward, right.
Should I go over it? No.

CHAI RVAN WALLI' S:  Qui ckly.

MR DH R Everything is quick.

Thi s i s anot her picture of the bubbles are
formed on the heater surface. You | ook at this bubble
and this bubble detaching fromthe surface. It has
detached. And now we are |ooking at its size and its
position. And these are .8 m|liseconds apart, these
phot ogr aphs.

And knowi ng t he position we can cal cul ate
its velocity, local velocity and we al so know fromt he
phot ogr aph what the size of the bubble is.

CHAI RVAN WALLI'S:  So you know how far it
is fromthe surface?

MR DH R OCh, maybe a fewnllineters, 2
or 3 mllineters.

CHAl RVAN WALLI'S:  You don't neasure that,

al t hough the reflection probably tells you.
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MR DHIR Reflection tells us where you

start with,

CHAI RVAN WALLI'S: It doestell you howfar
it is fromthe surface?

MR. DH R Yes, right, exactly. And
that's how you cal cul ate the distance.

CHAl RVAN WALLI S:  Yes.

MR. DHIR  And know ng t he bubbl e size as
a function of time, you can deduce what the heat
transfer coefficient should be.

And these are sonme of the correlations
whi ch are --

MR. BANERJEE: Provided you know t he --

MR DH R Liquid subcooling.

MR. BANERJEE: Yes, at that point.

MR DH R At that point. But we have
nmeasured that |iquid subcooling with a thernocoupl e.
Not during that experinent, but wth the sane
conditions we have nmeasured what the tenperature.

MR. BANERJEE: So the average?

MR DH R  Average.

MR. RANSOM These are the overall heat
transfer coefficient I guess. Now vyou could
envisualize it as having a heat transfer coefficient

on the interior of the bubble and, you know, heat
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transfer coefficient on the exterior, and sone
conditionat theinterfaceoninterfacial tenperature.
And | gather this is fromsaturation tenperature to
what ever liquid tenperature surrounds the bubble?

MR DH R Right.

MR, RANSOM  Yes.

MR. DHIR But the pressure in the bubble
is, you know, not much different than outside. It's
| arge bubble relatively, unless it beconmes extrenely
smal|l. But by that time we call it zero size.

MR. RANSOM Are nost of these limted by,
say, the conduction in the |iquid.

MR DH R Yes, of course.

MR. RANSOM Pretty nmuch, | guess. Wat's
t he mechani sminside the bubble?

MR. BANERJEE: It's all pure steam right?

MR DH R Steam bubbl e.

MR. RANSOM And rushingto the interface.

CHAI RVAN  WALLI S: Rushing to the
i nterface.

MR DH R Right. So there is assunption
t here.

VR. SCHROCK: The heat transfer
coefficient in the initial nunber has a delta T. |

guess you' ve al ready responded to that. It's the bulk
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liquid tenperature and --

MR. DH R Local tenperature. Local
liquid tenperature.

MR, SCHROCK: And not a cross section?

MR DH R No, where the bubble is.

CHAI RVAN WALLI'S: That's the delta T --

MR,  SCHROCK: | don't know what that
neans.

MR DH R  kay.

MR, SCHROCK: You don't know what the
tenperature structure is in the cross section?

MR DH R That's what | said, but we
nmeasured the tenperature distribution in the |iquid.

MR. BANERJEE: But it's only an average.

MR DHI R Aver age t enper at ure we neasure.
| show you the tenperature profiles in the |iquid.

MR SCHROCK: But that's axial.

MR. DHIR® Normal. No, no. That's normal
to the surface. Very early | show you liquid
tenperature profiles normal to the surface.

MR, SCHROCK: | thought that was axi al.

MR DH R No, normal.

CHAI RVAN WALLI S:  Anyway, there's a whol e
ot her correlations here.

MR. BANERJEE: \WWat is data?
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MR DHR Data is the ratio of the

bubbl e, instantaneous bubble dianeter toits initial
di amet er .

CHAl RVAN WALLI'S:  And -- nunbers are just
surrogate for T, it's a dinensionless tine.

MR DHIR Right. And the tine starts when
t he bubbl e det aches.

CHAI RVAN WALLI S: Ri ght.

VR. DH R: So it's local [iquid
tenperature, not average tenperature.

See, the tenperature is changing. Let's
say this is the wall, the tenperature's decreasing
normal to the surface. So we have a thernocouple with
whi ch we get tenperature distribution before we | ook
specifically at one bubble here.

MR. SCHROCK: (Okay. So the wall is the
vertical boundary?

MR DH R Vertical line here.

MR,  SCHROCK: And vyou've neasured
tenperature and function of --

MR DH R  Tenperature distribution.

MR. SCHROCK: Y, for exanple, and --okay.

MR KRESS: And we assune the bubble is
al ways at the one position?

MR. DHIR: This i s one bubbl e I' mshow ng.
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There's anot her bubble at different position.

CHAl RVAN WALLI'S:  Moving relative to the
fluid, that's where H conmes from

MR KRESS: Right.

VR. SCHROCK: When you speak of
t hernocouple in this -- in this bubbly field --

MR DH R Right.

MR.  SCHROCK: -- you're getting tine
average of sonething --

MR DH R Right.

MR SCHROCK: -- sonetinmes the bubble is
on it.

MR DH R Bubbl e when we know the
tenperature goes up that the bubble crosses that
t her nrocoupl e, we knowthat. That's not we don't take
care of it.

MR. SCHROCK: No. But sone fraction of
the time the thernocouple is influenced by the vapor,
not the |iquid.

MR DH R R ght. R ght.

MR SCHROCK: Althoughit probably remains

MR DH R But this is, again, a tine
aver age.

MR. SCHROCK: Yes.
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MR DH R That's what we're using.

MR. SCHROCK: Anyway, that defines what it
neans.

CHAl RVAN WALLI'S:  And we' re novi ng al ong.
You have further mechani smyou account for the thernal
boundary | ayer effect?

MR DH R Right. But keeping -- we are
saying is that as the bubble is condensing, the
t hermal boundary | ayer thickens and that has to be
counted for.

CHAI RVAN WALLI S: Ri ght.

MR DHIR In the past it has not been
done so. And our correlation, |"mgoingtojunptothe
correl ati on now.

CHAI RVAN WALLI'S: It's much better than
anybody el se's except the Sideman ones.

MR. DH R  Sideman, right.

CHAI RMVAN WALLI' S:  Whi ch doesn't have your
corrections.

MR DH R No, it does not.

CHAI RVAN WALLI'S:  It"'s nuch sinpler, but
it still works as well as yours.

MR DHIR Wrks al nost, yes.

And t he key prem se we have i s that as the

bubbl e shri nks, the thermal boundary | ayer is actually
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thicker thanit would be if it did not shrink. And so
we think that -- number is effected by how | ong the
condensation has been going on along the bubble
sur f ace.

MR.  BANERIJEE: The only thing is the
exponent on the --

MR DH R Right.

MR. BANERJEE: O course, the bubbles are
fairly small, but usually for a presurface problem

that would be to the half.

MR DH R Presurface, that's not
presurface.

MR. BANERJEE: Well, it depends on howbig
t he bubbl e. If you have circulation around the
bubbl e, you wouldn't get -- that's a solid boundary

condi ti on.

MR DH R R ght. But see the range of
nunbers we have used --

CHAl RVAN WALLI' S:  The nunbers, it doesn't
vary very nuch

MR DH R Right.

MR BAJOREK:

MR. BANERJEE: So you probably shoul d not
show t hat because that's surely something which any

reviewer will junp on, including Gary Leedle and
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peopl e like that.

CHAI RVAN WALLI S: Don't send it to him
t hen.

MR. BANERJEE: Because it's a anal yti cal
solution for, you know --

MR DH R You have sonethi ng?

MR. BANERJEE: In the book even.

MR. SCHROCK: You have a correlation then
whi ch i nvol ves a transverse tenperature profile which
you have found fromyour data, but is a variable that
t he TRAC code doesn't have. So there's going to be a
problem in applying that correlation until they're
also given a basis for the transverse tenperature
vari ation.

MR DH R In other words?

MR SCHROCK: It's a catch 22.

MR DHIR Right. But the question is,
firstly I want to know how with the physics we have.
The next question you' re asking howdo | inplenent it.

MR SCHROCK:  Yes.

MR DH R And as | said, we have not
gi ven that too much thought to that. That's all | can
say.

CHAI RVAN WALLI'S: So can we nove to the

next part, the void fraction?
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DHR Ckay. So --

BANERJEE: Well, one question.

DH R  Ckay.

2 3 3 %

BANERJ EE: The correlation that
i nvol ves the -- nunber and al so the -- nunber.

MR DH R  Yes.

MR. BANERJEE: Now, that neans that you're

| ooking at some fluid notion due to the coll apsing

bubbl es.

MR DH R That's what we are seeing,
right. That as this bubble is shrinking, it's
carryingwiththis -- it's boundary | ayer around it is

thicker than it would be if it was just a solid --

CHAl RVANWALLI S: Conpresses the | ayers of
liquid around it.

MR DH R Right.

MR. BANERJEE: But it's not noving very
rapidly.

MR, DH R No, they're noving.

MR.  BANERJEE: It's relative to the
['iquid.

MR DH R The liquid, no. The velocity
of the liquidis much higher than the bubble velocity.

MR. BANERJEE: So wouldn't it strip off--

MR. DH R Again, this is nmaybe some
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m xi ng goi ng on, but --

CHAl RVAN WALLI'S: Can we nove on to the
next --

MR. SCHROCK: Is your -- nunber the sane
as Zeitoun?

MR DH R Zeitoun. \Wiere is Zeitoun?
Nunber he based on -- on the dianeter. No, it's
different.

MR SCHROCK: Different.

MR DHIR. No, sorry -- nunber is sane.
Sane. Sane.

MR, SCHROCK: And you neasure tinme inthat
fromthe onset of the bubble notion.

MR DHIR Mdtion, right. This zero is
when t he bubbl e | eaves t he surface and starts toroll.

CHAl RVAN WALLI'S: Well, 1'll ask againif
we can nove on to the next subject.

MR. BANERJEE: Trying to get on --

MR DH R Get on what?

MR. BANERJEE: Never m nd.

CHAl RVAN WALLI'S:  Well, there's so nuch
here that we haven't seen before. That |ast subject
was one we did get --

MR DH R  \What did you see before? |

don't -- | don't know. | don't know the context.
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MR. BANERJEE: Wel |, the papers we have on

this discuss void fraction.

MR DHIR Ch, | see. Because there is
some papers you may not have seen

MR. BANERJEE: Yes.

MR DH R Okay. So | don't show you
anything with respect condensation?

CHAl RVAN WALLI'S:  No, that was in -- no.

MR DH R The correlation and stuff.

CHAl RVAN WALLI'S:  Now void fraction.

MR. DHIR® Next is the void fraction. And
t hese are -- you see t he phot ographs of boiling on the
flat plate. And at different heights from bottom
Vapor film

CHAI RVAN WALLIS:  What's that got to do
w t h bubbl es?

MR DH R No, it's a two phase m xture.

MR. BANERJEE: Is it full of bubbles or is
it --

MR. DH R Bubbl es, yes. Bubbl es and
[iquid mxture.

MR. BANERJEE: But it's not a filmyet?

CHAl RVAN WALLI'S: It's the extent of the
two phase --

MR DH R Two phase m xture thickness
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should be there. And it's not a vapor film
conti nuous vapor film It's a mxture.

CHAI RMVAN WALLIS: On, thisis just aflash
and very --

MR. DHIR Yes, yes, sure. It's one tine
-- it changes. How this |layer devel ops as you nove
down stream That's our key point here. And it

becones thicker and thicker as you --

MR. BANERJEE: There's still subcooling
of - -

MR DH R  Yes.

CHAI RVAN WALLI S: It seems to have a
structure, though. It's alnbst -- in all your nodels

| ' massum ng these bubbl es go off and behave in sonme
way, but you don't nodel this layer. So maybe the
| ayer itself is doing sonmething, has waves on it or
whatever. Looks as if it's certainly not a snooth
| ayer.

MR DHR [It's not.

CHAl RVAN WALLI S: So --

MR DH R But it keeps -- tine also.

CHAI RMAN WALLI S: Wl l, that probably
effects things, too.

MR DH R It's possible. Again, you can

start sonewher e.
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CHAIl RMAN WALLIS: Y is distance fromthe

wal | ?

MR DHR Yisthe distance fromthe wal
and alpha is the wall stretch, and average anount of
t he span, right. Span boils average of the flat plat.

And the right hand side is basically you
see the edge of this two phased m xture |ayer as
observed fromthe novie and the ganmma densitoneter.
Gamma densitoneter seens to correlate fairly okay.

MR. BANERJEE: Fromthe novie how do you
get this?

MR. DH R Your picture, you see the
picture | showed you last time and now | | ook at the
edge.

MR. BANERJEE: Oh, just looking at the
edge?

MR DH R  Yes.

And this is the void fraction we tal ked
about earlier in the rod bundle. And | ooking at one
| ocation. And how the rod bundl e average basically
was.

CHAI RVAN WALLIS: So shooting through?

MR. DH R Through, right.

MR. BANERJEE: It says qualitative stuff.

VR DH R I don't know if it's
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qual i tative.

MR. BANERJEE: Qualitative in the sense
that it gives indication, but it's sanpling many
di fferent gaps, basically?

MR DH R Gaps, yes. But it's average,
as | said, across.

So basically what you woul d expect as we
increase the heat flux at a given location, void
fracti on goes up. And if you increase the flow
velocity, and even at a given heat flux the void
fracti on goes down, as you woul d expect.

Ckay. And if you extrapolate those
profiles, you see where -- would be and then we have
neasured, they're not too far off but there's a
di fference.

Next i s kind of boilingcurve, they' re all
random  And basically you see single phase forced
convection stays there and then sone point boiling
starts. After boiling starts the tenperature of the
surface stays fairly constant. There's constant heat
fl ux.

Then we cone to | ast task. So procedure
for calculating this wall heat flux and then com ng
back to this plate of heat flux. And we say, that okay

you shoul d give input, the geonetry of the heater,
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mar ked vel ocity, contact angle, wall heat flux or wall
superheat, liquid subcooling and pressure. I f you
give that kind of information and the fuel, whatever
fuel there is, then from the correlation we have
devel oped you can cal cul ate ONB, OSV, bubbl e di anet er
departure, lift off di aneter, nunber density of active
sites. The sliding distance -- the force --
coefficient for force conduction. And t hen you | ook at
whet her your lift damage is |less than the spacing
between cavities. If it is, bubble damage is |ess
than the spacing, then you are in partial nucleate
boiling where the bubbles will slide and then [|ift
off. O if the bubbles depart and Iift off danage is
greater then the spacing, the bubbles will -- lift off
size and then | eave.

CHAI RVAN WALLIS: Were do you predict
void fraction here?

MR DH R  Beg pardon?

CHAIl RVAN WALLIS: Were do you predict
void fraction?

MR DHIR You don't predict one. | can
predict fromthe nunber density if you want what is
the wall void fraction.

CHAI RVAN WALLI'S: This is of interest,

t hough, isn't it? Void fractions are interesting
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out put fromthis?

MR DH R  No.

CHAI RVAN WALLI S:  No.

MR. DHIR® Void fraction would be -- to
cal cul ate void fractionit will provide the source --
how rmuch vapor is coming into the bul k.

CHAl RVAN WALLIS: Well, I'mjust tryingto
make t he bridge to the code. The code wants to predi ct
a void fraction, doesn't it?

MR DH R Right.

MR. RANSOM It seens -- | can't quite put
it together nyself. But | nmean it seens like it's an
attenpt to utilize variables avail able and cal cul ate
what regine you're in.

MR DH R Ri ght . You're in partial
nucl eate boiling or wall nucleate boiling. I'mstill
| ooking at the wall. I'mnot | ooking at the flow. And
the void fractioninthe flowto cal cul ate you need to
know how rmuch vapor |' madding fromthe wall, what is
| ocal |iquid subcooling, hownuch vapor i s condensi ng
and t hen you shoul d be able to cal cul ate howthe void
is building up as you nove downstream We are not
doi ng that.

MR. RANSOM That should be part of the

code cal cul ati on.
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MR. DHI R Code cal culation. Qur part is

only to tell what is happening at the wall.

CHAI RVAN WALLI'S: Wel I, 1 think your next
slide --

MR. RANSOM They didn't ask you to get
ridof the partition, you're sayingit's nore of atwo
step process now. You |l ook at conditions based on
nanely bul k variables and what you think you know
about the cladding, the contact angle, things |ike
t hat and cal cul ate conditions at the wall. And then
from your other correlation or condensation we're
going to be able to calculate the net to the cell

| think nost things are there m nus sone- -
you know, good questions on what is that tenperature
profile which we need to the condensation, you know.
Are we going to -- getting to the right contact angle
and that higher pressure.

MR DHIR | don't -- first, | would say
that | would build this in your code as, you know, a
subroutine if you want to call it, and test it out as
can you predict it. W tested it out and again our
data and our correl ation seens to work too good, | was
surprised. But, again, we want to do nore of this
val i dati on ourselves before | would say --

MR. BANERJEE: Yes, your correlation for
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t he heat transfer coefficient condensation if it was
in the code would do difficulties because you have a
Fouri er nunber there, which neans you'd have to track
t he bubbles to know what their lifetinme is.

MR DH R Right.

MR. BANERJEE: It would be nmuch better if
you coul d get a heat transfer correl ati on i ndependent
of your nunber.

MR. DHIR:  You could -- average it out and
do it.

MR. BANERJEE: But we have to | ook at the
data in these cases and see.

MR, RANSOM

MR. RANSOM It would nice to fill this
out because --

MR DHIR  Actually the spacing between
the cavities.

DR MOODY: Like centinmeters or --

MR DHIR They're really nmuch smaller,
mllineter or even | ess sonetines.

MR. RANSOM Yes, quite a bit is mssing
from here |ike what you need to know about the
velocity shield and if you do need this time in order
to cal culate the Fourier nunber --

MR, DH R mass velocity is there,

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

377

geonetries there, you calculate it.

MR. RANSOM Right. Those are fine.

MR DH R  Yes.

MR. RANSOM But, again, like the Fourier
nunber woul d be how do you evaluate it?

MR. BANERJEE: It doesn't track the
bubbl es.

MR. RANSOM Well, there's no way of doi ng
that in the codes at the present tine.

MR. BAJOREK: You know the evaporation
rate, so you can get effective bubble Iifetinme out of
that. You can't integrate it down to zero. You're
going to have to truncate it, but you should be able
to get the --

MR DHI R It depends on your -- nunber,
t oo, you know. Because that's a vari able.

MR. RANSOM This woul d be a great nodel
for the ol d di scon code that we wote that you tracked
all the bubbles. And you did know all this kind of
information. But | doubt if you want to put that kind
of nodel in TRAC

MR DHR W have to sonmetinme -- that
this is what we have devel oped and this is what TRAC
woul d do. Now how do we transfer this -- we have to go

t hrough that part.
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MR. RANSOM Yes.

CHAI RVAN WALLI S: | ve been | ooking at
your slide. | think what you're doing in the next few
slides is just a pulling together what you told us
al ready --

MR DH R Exactly.

CHAI RMVAN WALLIS: -- into the pieces of
this.

MR DH R That's right. Exactly.

CHAl RMVAN WALLI'S:  So maybe we don't need
to go into the details.

MR DH R Oh, but | can show that as
wel | .

CHAI RMVAN WALLIS: That's right, because
you've sort of taken the relevant parts of your
previ ous pi eces.

MR. DH R Ri ght . Now we have gone
subprocesses, now we go to total processes.

CHAl RVAN WALLI S: Right. So howwel !l does
it work?

MR DH R Too well.

CHAI RVAN WALLIS: Too wel | .

MR. RANSOM Makes you suspi ci ous.

CHAl RVAN WALLI'S:  Very suspi ci ous.

MR DHR That's what bothers ne.
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MR. BANERJEE: Must be plotting the sane

t hi ng agai nst --

MR DH R | hopenot. It works too well.

So let me just show you what we are
cal cul ating and how we are -- what is the transient
conducti on heat | oad and what i s the forced convecti on
contribution and how it changes at vault superheat.
Ckay. So as you're going from partial to fully
devel oped nucleate boiling, the heat |oads are
changing. It's not a set variable, set nunber. The
nunber is changing w th superheat.

So here we plot theratio of Qtotal, show
a Qto Qtotal what the wall --

CHAI RVAN  WALLI S: These are al
predictions?

MR DH R These are predictions, right.

CHAI RMAN WALLI S: There's no data to

conpar e?
MR DH R No. These are predictions.
MR. BANERJEE: What are t hose points then?
MR DH R Points are predictions.
CHAI RMAN WALLIS: The lineis just aline
t hr ough.

MR DH R Just a line through there

predictions.
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CHAI RMANWALLI'S: So there's no conpari son

with data here?

MR DHR I'lIl show, yes, later on.

But this is the transient conduction
contri bution. I will say initially transient
conduction is zero before the boiling starts, just as
the boiling starts. Because transi ent conduction, this
comes fromthe bubble notion.

CHAl RVAN WALLI S:  Yes.

MR DH R And as we continue to high
superheat it waps itself -- wall superheat divided by
wal | superheat at OSV. And as you go to hi gh super heat
about two tinmes this delta OSV, very high heat fl ux.
About 70 watts per centinmetered square, now nost of
t he heat is going through transi ent conduction. Very
little fromforced conduction.

MR. SCHROCK: Looks like you could have
drawmn a perfectly reasonable line to pick up that
stray point in --

CHAI RMVAN WALLIS: Onh, conme on. |It's just
putting --

MR,  SCHROCK: Isn't that a |lot of
ni t pi cki ng?

CHAl RVAN WALLI S: No. Let's nove on. Line

and points are the sane.
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MR. DH R Ri ght . And then we do a

different flowrate. And as you i ncrease the flowrate
or flowvel ocity and you can see the forced convection
continues to persist for a |onger superheat -- for
hi gher super heats.

MR RANSOM What are the differences
between the lines and the points?

MR DH R Points are just -- points are
predictions fromthe nodel.

MR, RANSOM  Yes.

MR DHIR And lines are just -- through
t he prediction.

MR. RANSOM  Why woul dn't you just draw
straight lines and connect themall? | nean --

CHAI RVAN WALLI S:  Ckay.

MR. RANSOM It's quite confusing.

CHAl RVAN WALLI'S:  Now the next curve is
simlar?

MR DH R Yes. Next it's simlar. These
are flat plate. No -- but next is inportant one.

There we now having the total, we split it
to how nuch i s going i nto vapor production to the bul k
and how much is going to the liquid either through
condensati on or just post convection, or some bubbles

taking sonme hit liquid with them And so you see the
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first dianonds are what is going into the liquid
ei t her through condensationor directly fromthe wal | .
The open triangles are what is going to the bulk as
vapor. And the circles are condensation occurring at
t he bubbles either back to the surface or sliding
al ong the surface.

MR. BANERJEE: That's the Q¢ sub atc.

MR DHR ATC. FIl ow condensati on
attached bubbl es which are either sliding or sitting.

Soinitially you start with all the heat
is going into the |iquid. And as you go to high
superheat and for this particul ar case, 70 percent --
60 percent is goingintothe liquid, about 30 -- about
40 percent is going into the vapor production. Qut of
that 60 percent for the liquid, about 15 percent is
com ng via condensation. Ckay?

And a simlar case we do it on the right
hand side for higher flow rate and | ower subcooling.

CHAI RMVAN WALLI'S: Then you do the sane
thing for the rod bundl e?

MR DH R For the rod bundle we do the
same thing. And, again, transient conduction and
forced convection at high superheats or upper --
sorry, not high superheats. Upper portion of the rod

bundl e because as the liquid heats up it becones
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saturated and you see that nost of the heat is again
goi ng through transi ent conduction. And very little
goes t hrough forced convection, but early on-- at the
start you nostly by forced convecti on.

And, again, we have done two cases
different flow rates and different subcoolings.

CHAI RVAN WALLIS: I'ma little concerned
about all the heat going to transient conduction
because that -- I'mnot sure | can figure out how t hat
woul d be nodel ed.

MR DHIR This nodel, because bubbles
nerge. | show you earlier, the bubbles merger nodel.
We assune t he bubbl es when t hey are grow ng t hey nerge
wi th the neighboring bubbles, forma big bubble and
| eave.

CHAl RVAN WALLI'S:  They just |eave the --

MR. DHIR: As the transient conductionis
occurring before the bubbles form and new second
bubbles formis the waiting period.

CHAl RVAN  WALLI S: So the liquids
conmpl etely repl aced when they | eave?

MR, DH R Right. But there's no flow.
This is another interestingthing. Hereis that forced
convection, that dies down. And that was the data |

showed al so. I[f you plot full boiling curve and

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

384

forced convection, and you go to fully devel oped
nucl eate boiling, there's noeffect of flowfield. And
that's what we are seeing.

And now to obtain --

MR. BANERJEE: This is a total?

MR. DHIR Yes. Now we are breaking it up
now i nt o evapor ati on, condensation and going into the
liquid in this graph. And as you can see what this
particular set of conditions, rod bundle, contact
angles would be 7 degrees. Initially the total heat
flux was -- initially all of the heat is going into

the liquid and has noved downstream At about 70

centineters downstream the |Iliquid bulk becones
saturated in this case. And at -- of the bundle we
see that now about -- only about, oh maybe 5 percent

or 10 percent of the energy is going to the |liquid and
90 percent is going into vapor.

Condensation play avery snmall role and it
dies down just before the liquid becones al nost
sat ur at ed.

MR. RANSOM The point where the liquid
becomes saturated in your case, though, the bulk is
still subcooled, | guess?

MR DH R No, bulk is saturated.

MR. RANSOM The bul k is saturated?
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MR. DHIR Yes. Liquidis subcool ed here.

MR. RANSOM Well, by bul k you nmean where
t he bubble is |ocated, though --

MR. DH R No, no, no. The liquid is
sat ur at ed.

MR. RANSOM The entire --

MR DH R Liquid, right. Right. That's
the whol e point of this. That you're describing --

MR. BANERJEE: So once it's saturated,
then it's just split.

MR DH R R ght, to vapor production.

MR. BANERJEE: Was it heating up the
liquid and --

MR. DHIR Transient conduction and then
it's --

MR.  SCHROCK: When the bulk liquid is
saturated, thereis the possibility that part of it is
subcol | ected and part of it's superheated? Liquid real
close to the wall is superheated.

MR DH R Right.

MR SCHROCK: Liquid near the core is --

MR. DH R But 1'm saying there's no
subcool i ng. The liquid near the wall is always
super heat ed.

MR SCHROCK: Wuld this nodel then
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transition to an accepted, say, saturated nucl eate
boi I i ng nodel ?

MR DHIR That's what it is. Beyond this
point it's all saturated.

CHAl RMVAN WALLI'S: So now we get to the
compari son with --

MR DH R Right.

CHAl RVAN WALLI'S: This is rather |ike the
code assessnent where no matter what's in the code --

MR DHR This is just all the data we
predi cted and experinents.

MR. BANERJEE: But this is total, right?

MR DH R Total. Wall heat fl ux.

CHAI RMVAN WALLIS:  And, of course, your
nodel was itself deduced fromthe sanme experinents?

MR DHIR Yes, that's true. But the data
-- the pieces were -- you know, devel oped for each --

MR. BANERJEE: They were all consistent
and treated each of themwell, the this is what you
woul d expect ?

MR DH R That's true.

CHAI RVAN WALLIS: Al right.

MR DH R And that's what | said, it
works too well. You need to test for different

pressures and different data points and see if --
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MR BANERJEE: But you haven't --

MR DH R No, not as yet. But you can

see, you know it's -- | think NRC got its noney's
wor t h.
MR BANERJEE: It's all self consistent.
MR DH R Right. That's what it shows.
MR. KRESS:. That's good, yes.
MR. BANERJEE: That's better.

MR. DHIR® So you can see all of the data
is within about 20 percent of what we get fromthe
nodel . And this is what i s enbarrassing i n sone sense,
it's too good.

And these are the data for flat plate.

CHAl RVAN WALLI'S: It's probably the sane
reason then, and you actual ly do experi nents you used
to devel op the nodel, so --

MR. DHIR Right, but the nodel has now
bubbl e frequency, bubble dianeter and now the
transi ent conduction, force convection.

MR. BANERJEE: It all hangs together?

MR DHR It all hangs together.

CHAI RMAN WALLI S: Ri ght.

MR DHR And this is the data and this
is our prediction. And the good part was you see the

medi a tracking it whenit becones -- nucl eate boiling,
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t he nunber densities is there and t he nodel where the
bubbl es nerge is included in there.

MR. BANERJEE: The only way to tell if it
works really is to do an experinent in a slightly
different dianeter?

MR. DH R Ri ght . Bl ind experinment, |
woul d want to do it. And that's a standard probl em
you do a blind experinent, give all that information.
Sonmebody does the experinment, see how good it cones
out. Maybe you should do the experinent.

MR. BANERJEE: 1'Il do the prediction.

CHAI RVAN WALLIS: I'll do the review ng.

MR DHIR Sothisis for the rod bundle.
W tried to put it -- the wall tenperature for the
heat flux is given. And these are the data which we
nmeasured for this particular set of conditions. And
the triangles are the data and this i s our prediction.
And we mar ked out so where we put it to ONBto occur--
experiments where we saw ONB occurred. OSV where we
occurred --

MR, SCHROCK: Is this the best conparison
or is this --

MR DH R This is one we did. W have
not done many. These are the ones we have done. So

there was no attenpt to make the -- show you the best
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one. But | was kind of surprised. |I thought there was
much nore difference, but it seens --

MR. BANERJEE: What if you did good jobin
correl ating each piece, right?

MR DHR Wthinthelimtations we have,
we did it. But, again, I'mnot given credit --

MR. SCHROCK: Wy does the rod bundl e data
expand a nmuch small er range of heat flux?

MR. DHIR  Because power input, see, we
could not go too nuch power. We put in rod bundle,
you know, enthal py is increasing. Heat flux -- tota
heat input is about 60 kilowatts.

MR. SCHROCK: So it's just total surface
ar ea.

MR DH R Is so large, right.

See, the flat plate we were putting only
about 15 -- 10 to 15 kil owatts and here we are putting
about 50 kil owatts.

And should | describe the boron?

CHAI RMVAN WALLI S:  Yes, | think you do, and
we're doing very well.

MR. DHIR. So, you know, one of our -- as
| said, the rod bundl e has degraded. So we said let's
-- why not use it before we discard it to study sone

ef fect of boron. So we added boron to water, about
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7,000 ppm Generally at the startup it's about cl ose
to 5,000 I think. And so we |ooked at different --
velocity, liquid subcooling was kind of fixed, but
different heat flux. Up to 30 watts per centineter
squared. And as | said, contact angle with boron in
the |iquidwe found was t he same as was wi t hout boron.

CHAI RVAN WALLI S: And does boron get
deposited on the wall in the reactor?

MR DH R Yes, that's an issue.

CHAI RVAN WALLI'S: So as crud thickness
builds up on the --

MR DHIR On the rods, yes. That's an
issue. Axial offset anomaly.

MR. BAJOREK: One of the big problens
right now is called axial offset anomaly. And we
bel i eve what's going on is hot assenblies are upinto
the range where a good part of it is in subcooled
boiling. The boron is platting out and then being
such a good neutron grabber, that's causing sonme very
oddbal | - -

CHAI RVAN WALLI S: This is in normal
operation of a reactor?

MR, BAJOREK: It's in normal operation.

CHAI RVAN WALLIS: Actually get boiling?

MR. BAJOREK: Yes. Ch, yes.
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CHAI RVAN WALLIS:  Ch, well --

MR DHIR Soit's avery inportant piece
of informati on which we got.

And this outer surface likes like it was
ki nd of phot ographed.

CHAl RVAN WALLI' S: 50 mi crons sounds to ne
like a |ot.

MR DH R  Beg pardon?

CHAl RVAN WALLI'S: 50 microns is a |l ot of
degr adati on.

MR. DH R Yes, 40 -- 45 mcrons is
devel oped in 12 hours about, 11 hours. And you see
the surface, you see how it's structures, like a
porous structure on the surface.

MR. BANERJEE: This was at |owvelocities
or --

MR. DHIR® No, the velocities were as |
showed you | ast viewgraph. | don't renenber it.

CHAI RVAN WALLI'S:  You get enough of that
in the reactor, it would shut it down.

MR DH R Yes. Velocity was about 60
centi meters per second.

MR. BANERJEE: kay. So it's | ow

MR. DHR Low. But this boron

concentration was high, at 7,000.
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CHAl RMAN WALLIS: Thisis boric acid, this

is boron --

MR DH R Yes, boric acid.

CHAl RVAN WALLI S: So what' s on t he surface
then? So it's not pure boron is it? \Wat is it
that's on the surface?

MR. DHIR Wat do you nmean? | don't --
boric acid, | guess.

CHAI RMAN WALLIS: It's boric acid?

MR DH R Right.

MR BANERJEE: It's tonoxide.

MR. DH R Tonoxide. W have not | ooked
at the conposition.

CHAI RVAN WALLIS: So what's the pHon the
surface? Do you have a --

MR DH R W neasured the pH | don't
remenber now. But not at the surface. But in the
liquid what the pH was we neasured it.

MR.  SCHROCK: How do you neasure that
t hi ckness?

MR DH R That's a good question.

CHAI RVAN WALLI S: This is concentrated
boric acid --

VR. DH R See t hat renovabl e

t her nrocoupl e? And thickness is very small. So we put
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a big dial so that when we nove the mcroneter close
to the surface, nade the contact and then backed of f
how much we back off fromthe clean surface and from
t hat we deduced how nmuch it was.

CHAI RMVAN WALLI S: This is a Zrcalloy
surface?

MR DH R Zrcalloy.

CHAl RVAN WALLI'S: Did you get zirconium
borate or sonething formed on the surface?

MR DHIR No, no. | don't think it's a
chem cal reaction. It's just a deposition on the
sur f ace.

And we are doing now various detailed
experinments, it's funded fromDCE | ooki ng at a single
bubble in boron and see how this deposition occurs
during subcooled boiling. And we see very ni ce
interesting patterns how it forns.

CHAI RVAN WALLI' S:  You get nore nuclei with
boron then?

MR DH R  Yes.

So next is nucleus and site density and
you can see howit |ooks Iike. Inthe upper surfaceis
clean surface and lower is wth boron at sane
super heat .

CHAl RMAN WALLI'S: And we shoul d see nore
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nucl eation sites?

MR DH R Yes, that's what you should
conclude. And that's where we plotted. These are al
bundl ed with boron, 35 mcron or 40 micron |ayer on
it. And these are the clean surface.

MR. SCHROCK: Is the solution conducting
then? I's this an el ectropl ating process?

MR DHIR Wen it evaporates you taking
only the liquid out and boron is left behind. Wth a
concentration, local concentration exceeds the
saturation limt.

MR. BANERJEE: It doesn't dissol ve again,
right?

MR DHIR It builds upwthtine, but it
may be di ssolving but the rate you are producing it
nore than it's dissol ving back.

MR. BANERJEE: Wel |, but you knowif there
was a fluctuation of liquid over it --

MR DH R Right.

MR,  BANERIJEE: -- it would tend to
di ssolve. So there's sone irreversible process going
on which doesn't allowit to go back.

CHAI RVAN WALLIS: If you stop boiling and
flushed it with water, would it -- with just boric

solution, would it dissolve the boron again?

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

395
MR DHR |If | flushed with cl ean water,

| think so.

CHAI RVAN WALLI S: O with the boric
sol uti on.

MR. BANERJEE: Do you think so or do you
know so?

MR DHR | think so | said.

CHAI RVAN WALLIS:  You just --

MR DHR It's aguess. | have not tested
it.

MR. BANERJEE: It's not obvious that that
happens.

MR, BAJOREK: | think it woul d behave very
much i ke the cal ciumsul fate that you seein alot of
heat exchangers. And even if you have a flow going
over, you still have the no slip condition at the
boundary or near your surface. Even if it's flow,
you're going to continually build up this crud.

MR DH R But even if water --

MR. BANERJEE: | don't thinkit's goingto
di ssol ve.

MR. DHHR No. Even water we have found - -
cl ean wat er and you al ways have sone cont am nants. And
when you do boiling after a while sonethingis left on

t he surf ace.
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And we have nunerical sinulation, too, to
predict it. And basically some m crol ayer underneath
where you evaporate and your concentrations go way
beyond saturation limt and that's just there. Now
how the -- | don't know the nechanism But |'mjust
saying it's |left behind.

MR. BANERJEE: There's not a soluble form
t hen?

MR DH R Right.

MR. BANERJEE: Sormet hi ng happens

MR DH R  So sonething has to happen.

CHAl RVAN WALLI S: Maybe it reacts with the
zi rconi unf?

MR DH R Could be. But maybe we can
t ake a sanple and see how -- what it does.

MR. BANERJEE: Nowin the reactor it's not
the boron that's directly platting out. \What they
think it m ght be are other contam nants within the --
ni ckel com ng out of the tube and iron platting out
formng a crud and then the boron getting trapped in
that matri x.

MR DHIR This is the boiling curve we
got, like starting without boronin water. And that's
what we had done earlier. And now then we tracked

after every set of experiments. These are the three
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sets of experinent, like for 3 hours and 6 hours and
11 hours or sonmething. And as you see with time, we
find that single phase heat transfer goes down, but
the boiling heat transfer goes up.

CHAl RVAN WALLI'S:  Well, this water's in
the reactor for days and nonths, it's not just --

MR. DHI R Right, but the concentration we
used was higher than would be in the reactor. See,

that's one other way. But the key thing was it's
surprising result in some ways that in nucleate

boiling your heat transfer is higher with boron

because of the nore -- nucleation sites. It al so
indirectly tellsyouthat -- sitedensity is inportant
to know.

And i n t he single phase case i s drops down
because of the thermal resistance of this |ayer.

So what the future work, we are sayingis
that we still need to nmeasure the void fraction in the
rod bundle in a nore detail ed fashi on, and especially
al so at higher pressures. And that's what we are
doi ng now.

And t hen we have to generalize t he nodel s
and correlations to other pressures.

CHAI RMVAN WALLIS: Then are you going to

take these nodels and apply themto sone data which
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was taken at nore --

MR DH R Conditions, right. Right.
That's ny idea, to see how far we are predicting.

MR. SCHROCK: What do t hese negative delta
T wal | nmean?

MR DHR Twall is less than T,.

CHAI RVAN WALLIS: It's T minus T,?

MR DHR Right. GCkay.

CHAIl RVAN  WALLI S: Vell, vyou' re very
courageous to do this. To give up all these
conpli cated nodel s for di fficult | ooki ng phenonena and
put together a way of predicting boiling heat
transfer.

So | invite the Conmttee to send in
conments and make comments now if there are any.

DR. MOODY: Just a question that goes way
back to your page 55 where you made that correction.

Page 55 where you made a correction in
t hat correl ation.

MR DH R  Nunber?

DR MOODY: Page 55. It's the | abel
nunber 10, condensation heat transfer coefficient.
MR DH R  Just one second.

MR BANERJEE: Wth the fanous Fourier

nunber .
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MR DH R Yes, 55. GCkay. | don't have

t he transparency, but | have the sheet.

DR MOODY: Yes, that's fine.

Now in the material we got --

MR DH R Right.

DR. MOODY: -- there was a figure 7 that
showed sone spread i n your data versus Fourier nunber.

MR DH R Right.

DR. MOODY: And I'd just appreciate what
you did. You took that data and brought it together
with this correction?

MR DH R Right.

DR. MOODY: And that's really a key --

MR DH R Right.

DR. MOCDY: 1In the whole contribution you
have here?

MR DH R At that part, not the total.

DR, MOODY: Yes, okay. And then you
carried that over into the Nu nunber.

MR. DHIR  Nu nunber correction.

DR. MOODY: Ckay. | just wanted alittle--

MR. BANERJEE: That's how the Nu nunber
correction was nade?

MR DH R Correction was nmde, right.

And then that correct double diameter as well.
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DR. MOODY: Just of f hand, how do you nake

that correction? |Is this a conputer program that
tells you what exponents --

MR DH R No. It wll bepart of it. It
al so that | thought there shoul d be sone effect of the
history. And then we went back and see how we coul d
decide it. And that's how we put it --

DR. MOQODY: So a little insight,
understanding, a little -- yeah, yeah. Ckay.

MR. DHR And it is published in
i nternational journal --

DR MOODY: Yes.

MR. BANERJEE: But Ei senberg and Si esman
correlation seens to do pretty well?

MR DH R Right, pretty well, right.

MR. BANERJEE: Considering that they're
not -- nunber there doesn't have a Fourier nunber.

MR DH R Right, right. Soit's kind of
-- or whatever it does. That's the closest --

MR. BANERJEE: But effect isfairly small,
right?

MR DHHR Right. But it becones i nportant
when -- nunber is large. When high subcooling it's
very inportant.

MR. BANERJEE: | guess because you get
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rapid --

MR DH R Rapi d condensation, yes, that's
what we see.

CHAl RVAN WALLI'S:  Any ot her words. Ready
to close this session?

MR. BAJOREK: Just maybe to add from our
office, we're very pleased with the work. W think
it's really identified a lot of the fundanental
physics and we think it gives us now a basis for
devel oping and trying to come up with nodel s that can
put into the code.

Dr. Ransom s gone, but we wi sh we had been
in a state where we coul d have started devel opnent on
this sonetinme in the past. But it's in our nodel
devel opnent plans and we hope to try to develop the
routines, findexactly the ways to put this into TRAC
M over about the next year.

CHAI RVAN  WALLI S: TRAC-Ms going to
calculate things like waiting time and --

MR DH R There is no need for them

CHAl RVAN WALLI'S:  No need for that?

MR. DHIR They don't need to, we can give
themrecipes that this is what you do.

CHAI RVAN WALLI' S: You mean boi |l this down

into --
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MR DHIR: Right, into sonething whichis

manageabl e. They don't need to do it. Once we have
val i dated our nodeling, then other sets of data, we
are confident, then we can give them what --

CHAI RVAN  WALLI S: W still have to
calculate all these things, don't they, in order to
get your answers you have to cal cul ate these waiting
times and things?

MR. DH R They woul d need those in that
i nf ormati on.

MR. BANERJEE: They're all phrased in
terms of the paraneters, right?

MR DH R Right.

MR. BANERJEE: So t hat nmeans you j ust nake
it alittle black box and feed in these paraneters--

CHAI RVAN WALLI S: Qut cones atabl e | ookup
thing. If you have this, this flow rate, this
tenperature, this -- and you just --

MR. BANERJEE: Anet it does it for them

MR. SCHROCK: You're goingto have to have
a prescriptionfor contact angle. You' re goingto have
to have a prescription for transverse tenperature
di stribution. And you're going to have to have a
nodel for calculating alpha -- all those things.

MR DH R Right.
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MR. SCHROCK: | think they'll need sone

hel p getting that.

CHAI RVAN WALLI'S: | think we're done. W
are done.

(Whereupon, at 5:59 p.m the neeting was

adj ourned.)
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