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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
ADVI SORY COWM TTEE ON REACTOR SAFEGUARDS
MEETI NG OF THE SUBCOWM TTEE ON
THERVAL - HYDRAULI C PHENOVENA
+ 4+ + + +
VEDNESDAY,
MARCH 19, 2003
+ 4+ + + +
The nmeeti ng was convened i n Room T- 2B3 of
Two VWhite Flint North, 11545 Rockville Pike,
Rockville, Maryland, at 8:30 a.m, Dr. G ahamWallis,

Chai rman, presiding.

PRESENT:

GRAHAM B. WALLI S Chai r man
SANJOY BANERJEE ACRS Consul t ant
THOMAS S. KRESS ACRS

DANA A. PONERS ACRS

VI CTOR H. RANSOM ACRS Menber
JOHN D. Sl EBER ACRS

M CHAEL R SNODDERLY ACRS St af f
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| ssues I dentifiedduring Pre-Application Review
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P-ROGEEDI-NGS
8:34 a.m

CHAI RVAN WALLI'S: The neeting will now
come to order. This is a neeting of the Advisory
Committee on Reactor Safeguards, Subconmittee on
Ther mal - Hydr aul i ¢ Phenonena. | am Graham Wallis,
Chai r man of t he Subconm ttee. Subconmittee menbersin
attendance are Tom Kress, Victor Ransom and Jack
Si eber, as well as our contractor Sanjoy Banerj ee.

The purpose of this neeting is to discuss
t hermal - hydraulic issues associated wth design
certification of the AP1000 reactor design. The
Subcommittee wi | | gat her i nformation, anal yze rel evant
i ssues and facts, and fornul at e proposed posi ti ons and
actions as appropriate for deliberation by the full
comm ttee. Medhat El-Zeftway is the designated
federal official and M ke Snodderly is the cogni zant
ACRS staff engineer for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notives of
this neeting previously published in the Federal
Regi ster on March 5, 2003. A transcript of the
neeting is being kept and will be nade avail abl e as

stated in the Federal Reqgi ster notice.
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It is requested that speakers first
identify thensel ves and speak with sufficient clarity
and vol une so that they can be readily heard. W have
recei ved no other witten coments or request for tine
to make oral statements from nmenmbers of the public
regardi ng today's neeting.

This is the secondin a series of nmeetings
to support a future full conmttee neeting on the
staff's draft safety eval uation report on the AP1000.
The first meeting was to review the AP1000 PRA.

Before we get started, | would like to
state that what | hope to see happen at this neeting
is the focus on technical issues which my need
resol uti on and under st andi ng. Not a lot of other
mat eri al .

Inparticular, | would like to see howthe
various formerly correl ati ons and so on t hat have been
pul led out of the literature and applied to this
system what the evidence is that they actually apply
because we all know in two phase flow you can pull
somet hing fromone area and try to use it in another
and it may be that the geonetry and the conditions are
so different that you have to validate it very
carefully and that's what | would |like to see happen.

We will now proceed with the neeting. |
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call upon M. John Segala of the Ofice for Nuclear
React or Regul ati on to begin.

DR. SEGALA: Thank you. Can you all hear
nme okay?

CHAI RVAN WALLI S: | think it's nost
i mportant that the transcriber hear you.

DR. SEGALA: 1'mJohn Segala. |'ma new
proj ect manager for the AP1000 design certification
review. Larry Burkhart, who was the previous PM has
left NRCto go work for the State Departnment. W now
have a team of project managers to handl e the design
certification review to get our draft safety
eval uation report out.

|"'mgoing to discuss a little bit about
t he background. You are all probably very famliar
with that, as well as a summary of the preapplication
review. |I'll talk about -- give a brief overview of
what transpired during that review A discussion or
sunmary of where we are in the design certification
revi ew

"1l talk alittle bit about the status of
t he applicationissues that wereidentifiedduringthe
preapplicationreview. And discussalittle bit about
some followon issues. The way | define followon

i ssues are issues that weren't identified during the
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preapplication review that could possibly be an open
itemin the DSCR report, the Draft Safety Eval uation
Report.

As you are aware, the AP600 was certified
i n Decenber of '99. Westinghouse expressed interest
i n applying for the AP1000 design certification using
much of the AP600 desi gn. Westi nghouse and NRC agr eed
on a t hree- phased approach. The first tw phases were
during the preapplicationreview The preapplication
review i s conpl et ed.

Phase | is the scoping review where we
identified key reviewissues. Phase Il we focused on
four issues, acceptability of the DACR, design
acceptance criteria, the acceptability of certain
exenptions, and the applicability of the AP600

anal ysis codes and test programto the AP1000.

W are currently in Phase IIl which is the design
certificationreviewand |'l| discuss alittle bit of
t hat .

In terns  of an overview of the
preapplicationreview | just wanted to hi ghlight sone
key neetings that we had. W briefed the ACRS on
Phase Il. There was a joint future plant design in
the Thermal -Hydraulic Phenomena Subconmmittee in

February.
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W had a full conmttee neeting the
begi nni ng of March. Based on the full commttee
nmeeting the ACRS issued a letter to the NRC on March
14th and they agreed in general with the staff's
concl usi ons regarding the preapplication review.

Fol | owi ng that the NRCissued a letter to
Westi nghouse on March 25th where we reviewed the
anal ysis codes and test prograns for the AP600 and
determ ned i n general that they appliedtothe AP1000.
However, we identified sonme exceptions to that which
was the six issues that were brought out in that
letter. "1l briefly discuss the status of those
i ssues in a couple nore slides.

Before | get to that, | just wanted to go
over the summary of desi gn certification.
Westi nghouse submitted their design certification
application in March of 2002. The NRC staff revi ewed
and issued 714 RAIs. Westinghouse responded to the
RAl s by Decenber 2nd.

In the 714 we issued recently -- that
includes the five additional ones we issued just
recently. NRC staff reviewed the Westinghouse
responses and we provided conments to Westinghouse.

CHAI RVAN WALLI S: | have a conmment on

these RAlIs. W got hundreds of RAIs. [If you |ook
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t hrough them sone of them | ook very m nor and sonme
| ook very serious. It would be useful if you had
green RAl's and white and red and orange or sonet hi ng,
or sone classification so we could say these ones are
i mportant and t hese ones really are very mnor. O her
ones you have to resolve. Oherw se, there is sone
real safety issue.

DR SEGALA: | think those would be the
ones that woul d be openin the Draft Safety Eval uati on
Report but that doesn't necessarily help you doing
your review. | have a slide com ng up that gives you
an overvi ew of the RAl's, not necessarily the thermal -
hydraul i ¢ but the whole picture.

Followng the conference <calls and
neeti ngs, Westinghouse i ssued revi sed responses and as
of February 28th we sent a letter to Westinghouse
i dentifying 188 unresol ved RAIs which we are working
wi th Westinghouse to try to provide our conments on
t hose so Westinghouse can provi de responses.

| just wanted to point out that the staff
has not finished their review and are still in the
process of doing reviews so we haven't made any fi nal
concl usions yet on the acceptability of the AP1000
design certification

This is the overview slide. Somre key
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things is you could | ook at reactor systenms as 187
RAI's and PRA has 99 RAIs. You focus in on where was
the staff asking nost of their questions. In the
reactor systens arena we had 48 that were dealt with
t he anal ysi s codes and test programand about 48 t hat
dealt with the Chapter 15 anal ysis.

Getting back to the preapplicationissues
that were identified, and I'mjust going to give you
alittle status of those issues. W had the liquid
entrai nnent in the upper pl enumor hot | eg duri ng ADS-
4 actuation. This is one of our nore significant
i ssues.

Following the preapplication review
West i nghouse subm tted WCAP 15833. The staff revi ewed
t hat and we i ssued 48 RAls on that. Fourteen of those
cane from NRR and 34 cane fromresearch. A lot of
di scussi ons and conference calls and RAl responses.

W have about 6 RAIs that are unresol ved
in the sense that they nay beconme open itens in the
DSER. W just issued yesterday a letter to
West i nghouse requesting new test data to support
justification of the nodeling of the entrainnment
process during a snmall break |oca.

CHAl RMAN WALLI'S: Does this include the

| evel swell ?
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DR. SEGALA: | think so, yeah.

CHAI RVAN WALLI S: Because these are all
contributors to carrying liquid out of the vessel.

DR SEGALA: Yes.

CHAI RVAN WALLI S:  And you have to get the
level swell right as well as the entrainnment
presumably. They affect each other. It swells nore
it gets into the hot |eg and can be entrained.

DR. SEGALA: Tonorrow we're going to have
Steve Bajorek fromresearch. He's going to go into
this issue in a lot of detail.

CHAI RMAN WALLI S: W're not going to
di scuss this one today?

DR SEGALA: No.

MR. CORLETTI: Thisis Mke Corletti from
Westi nghouse. CQur presentationthis afternoonw !l be
dealing with the entrai nnent issue.

CHAIl RVAN WALLIS: Soyouw Il bedoingit?

MR CORLETTI: Yes, this afternoon. I
think Dr. Bajorek will be speaking to it tonorrow.
It's the major focus of this neeting, | think.

DR SEGALA: The next issue, potenti al
steamvoids inthe RCSfoll owi ng mai n steamnl i ne br eak.
Initially in the preapplication phase Wstinghouse

didn't provide a main streamine break analysis.
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They provided that in the DCD or their

design certification docunent. The staff issued an
RAI onthe ability of LOFTRANt O eval uate steamvoi ds.
West i nghouse provided a response to that and the
anal ysi s showed that there were no steamvoids. Walt
Jensen is going to discuss this issue this afternoon.

The nonconservati ve boi |l i ng heat transfer
correlation and NOTRUMP at high heat fluxes in the
passi ve RHR heat exchanger. The staff issued an RA
on this. Westinghouse provided a response taking a 50
percent reduction in the passive RHR heat exchange or
heat transfer area. Based onthat, this issueis also
consi dered resol ved and Vlt Jensen will discuss this
in nore detail as well

The potential boron precipitation in the
vessel during long termcooling. The staff issued an
RAI on this. Westinghouse provi ded a response and t he
staff needed nore additional information. | believe
t hat Westinghouse has responded to this item The
staff has not had a chance to review that yet due to
the tim ng.

Concern for core uncovery during small -
break LOCA and perform ng conplete break spectrum
The staff issued an RAlI on this. West i nghouse

responded and addi ti onal break sizes were anal yzed and
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no core uncovery was -- it was shown that no core
uncovery had happened. This one is considered
resol ved.

Except for the first one all the way down
to this one are going to be discussed by Walt Jensen
this afternoon.

MEMBER RANSOM Can | ask a quick
question? Wy is boron deposition in the vessel of
concern?

DR. SEGALA: | think --

DR. LAOS: This is Lanbrose Lois of the
Appl e Systens Branch. There is so nuch water in the
vessel. Wen the long termcooling phase initiates,
the potential is that only steamcan exit the ADS-4
so, therefore, the boron keeps concentrating. If you
assune that the water is cycled only once, then you
have enormous anmount of concentration which wll
solidify and bl ock the circulation of water.

MEMBER RANSOM It seens like if you have
solid boron in the core, it nust nean you have a
saturated m xture.

DR LA S: You do. The theoretical
maxi mumi s about 60, 000 ppmin the water and 35,000 i s
the precipitation limt for those tenperatures.

MEMBER RANSOM At nexi num concentrati on
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why would it matter? |'mnot sure | understand why
this is so significant.

DR LOS: Because when it exceeds 35, 000
ppmthe remaining will precipitate.

MEMBER RANSOM  Yeah, but to nme that woul d
say you still have the maxi mum concentration in the

liquid and so the --

DR. LA S But the anount t hat
precipitates will block the circulation.
CHAI RVAN  WALLI S: It wi || bl ock

circulation of thecircuit. That's what we're worried
about .

MEMBER RANSOM Ch, that's what you're
worried about. | see.

DR. SEGALA: The last item use of the
approved WGOTHI C contai nment evaluation nodel to
address large scale test shortcom ngs. W didn't
issue any RAIs on this. This was addressed in the
design certificationdocunent. Westinghouse devel oped
a conservative nodel and the staff finds this
acceptable. Ed Thromis going to discuss this this
af t er noon.

CHAI RVANWALLI S: |s Westi nghouse goingto
di scuss that?

DR. SEGALA: | think so, yes. The foll ow

NEAL R. GROSS
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on issues, again, are those issues that weren't
identifiedduringthe preapplicationphase. W issued
about 48 RAlIs related to Chapter 15 analysis, both
LOCA and non-LOCA. This is just a sanpling of itens.
Westi nghouse responded satisfactorily to all except
for these few

The feedwater |ine break analysis to
identify limting case. |s the doubl e-ended rupture
alimting break for the feedwater |ine break event.
Tech spec required flow to support adequate flow
m xing in the RCS. The safety analysis assumes RCS
di lution, volume, well m xed during the boron del usi on
event, and is the tech spec m ni mumfl ow adequate for
the well m xing assunption.

The ATWS anal ysistoidentifythelimting
case Westinghouse needs to perform analysis of all
applicable non-LOCA transients to identify the
[imting ATWS case.

Al'l theseissues the staff feels that when
t hey revi ew Westi nghouse' s responses, they think that
these will probably be acceptable and won't be open
itens. W just wanted to give you a feel for sone
other areas that we were |ooking at beyond the
preapplicati on phase.

CHAl RMVAN WALLI S: The | ast one could be
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important, the last bullet. \What happened was that
Westi nghouse did some ATWS analysis and it was not
extensive enough. Is that it?

DR SEGALA: | think so. Summer?

DR SUN. This is Sunmer Sun and |I'm a
react or systemgrange. ATWS anal ysis as presented in
DCDs based on a limted case which is | oss of nornal
feedwater. The basis for selecting limted cases is
based on AP600 sensitivity study and, based on that,
identify that | oss of normal feedwater.

The staff asked them to extend their

sensitivity study for AP1000 and it confirned that the

| oss of normal feedwater is still limted and we are
still waiting for the Westinghouse response on this
RAI .

CHAI RMAN WALLI' S: Thank you.

DR. SEGALA: kay. That concl udes ny
di scussion this norning. The last slide l'mgoingto
di scuss tonorrow afternoon. That will be sort of the
concl udi ng sumrary remarks of where we plan to go in
the future.

CHAI RVAN WALLI S:  Thank you very mnuch.

Mke, it looks as if you' re on next.

MR CORLETTI: Yes.

CHAI RVAN WALLI' S:  You' re keepi ng t he best
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for last? You're not going to talk about liquid
entrai nnent ?

MR. CORLETTI: We are keeping the best for
| ast, or el se we woul d probably never get through the
easy ones, | think.

CHAI RMAN WALLI' S: That's a phot ograph of
a real AP1000?

MEMBER SI EBER  Yes.

MR, CORLETTI : Good nor ni ng. It's a
pl easure to be here today. W' re going to be tal king
-- seeing John's presentation there's a |lot of
simlaritiesintheslides that |'ve prepared. | wll
go through thembut | think maybe I"Il just try to put
where we see the issue.

CHAI RVAN WALLI S: Move right into the
tentacl e i ssues.

MR. CORLETTI: | think these objectives
are pretty much in mnd with what you' re | ooking for.
If you will, just let nme go over where we see our
schedul ed objectives. We have provided our DCD
application and we've gone back and forth on these
RAl s.

We ar e now goi ng t hrough our RAI responses
that the staff found they would I|ike additional

i nformati on. W're in that process of trying to
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revi se our RAl's and provi de suppl emental information.

We are trying to do that this nonth tine
frame to support the staff doing the -- issuing the
DSER in June. CQur goal is really to address all the
open itenms in this DSERto the extent that we can and
to have as few of those going out of the DSER as we
can.

CHAI RVAN WALLI S: That looks a little
tight tonme. | nean, if NRCis going to issue this on
6/ 16, and they will probably be |l ate, then we have to
read it and analyze it and then begi nning of July we
have to wite a letter. |Is this realistic?

DR. SEGALA: This is John Segal a wi t h NRC.
| think we believe this is an aggressive schedul e but
we are putting as nmuch resources towards it totry to
achi eve that.

CHAl RMVAN WALLIS: If you could do it in
5/16, or even 6/1. Gve us sone tinme to study this.
We want to avoid having to study it a week before we
have to nake a deci sion.

DR. SEGALA: | think the draft sections
can be nade avail able to the ACRS at an earlier tine.

CHAI RVAN  WALLI S: Sone of wus have
vacations in June.

MEMBER SI EBER. W don't have a neetingin
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August .

CHAl RVAN WALLI S: Maybe that's al |l pl anned
ahead of tinme. |If there isn't enough tine, then we
won't be able to wite the letter until August.

MEMBER SIEBER:.  There is no neeting in
August .

CHAl RVAN WALLI'S:  There is no neeting in
August. It would be Septenber.

MEMBER KRESS: O probably July.

CHAl RVAN WALLI S: It says July here but if
they don't give us time, if the DSER conmes too | ate,
we won't be ready to wite a letter in June. That's

what |' m sayi ng.

MEMBER KRESS: | see.
MR. CORLETTI: | think it's a good point
and we'll see what we can do to facilitate that.

kay. This was useful then putting up
this schedule slide I think.

CHAl RVAN WALLI S:  Yes.

MR  CORLETTI: Some of the future
neetings, as we said, we had a PRA Subconm ttee. This
i s the Thermal - Hydraul i c Subconmittee. W' re tal king
about an AP1000 subcommittee neeting or neetings. |
guess we are still working on that.

These are sone of the additional issues
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t hat have been identified. | think we should cone
back to this at the end of the two days here to see
are there additional itens that we want to -- that
cones out of this commttee that we would want to

di scuss in these future neetings.

CHAI RMVAN  WALLI S: The last one is
i nteresting, the man-machine interface. |'mnot sure
how we' || resolve it.

MR. CORLETTI: For design certification
essentially it's really not resolved under design
certification. AP1000 simlar to AP600 in the other
certified designs approved this as a future design
acceptance criteria.

CHAI RMAN WALLI S: Are you using fewer
operators than the existing reactor?

MEMBER KRESS: | think that was one of our
maj or issues, was how nany operators that you're
tal ki ng about .

MR, CORLETTI : W are not using fewer
operators than what is allowed by the regul ations,
al t hough we have goals. W designit with those sort
of objectives. As far as our licensing commtnents,
it is not.

MEMBER KRESS: That woul dn't be an issue

then in that case.
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DR. CUMM NS: This is Ed Cumm ns. The

utility requirenments docunent for passive plants said
t hat the passive plants shoul d be able to be operated
by a single operator and a single supervisor. W
support that what is in the design certificationis a
process to determ ne t he requi red nunber of operators,
not a determ nation of the nunber of operators. It's
really a deferral of a process to the COL stage.

MR. CORLETTI: Okay. John went over this.
| think the part | would add will be that in this
phased approach for license, the enphasis of the
precertification reviewreally was the applicability
of the tests that were perfornmed for AP600 t o AP1000.
Were those tests suitable for stealing purposes to be
sufficient for AP1000 |icensing.

Fol Il owi ng that, were the safety anal ysis
codes that were validated to those tests also
appl i cabl e to AP1000 design certification. W wanted
to address that early because we see that as a -- it
can be a significant issue and can del ay the overal
schedule so we wanted to have some certainty going
intolicensing AP1000 t hat we were on solid foundati on
t here.

| think theresults of that generally were

yes, the tests were applicable. W did significant
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scaling studies. W're going to talk a little bit
nore about those this afternoon. We did scaling
studies of the AP600 test and showed how they were
applicable, or not, to AP1000. Identified that nost
of themwere applicable. The one issue that did cone
out of that was the |liquid entrai nment issue.

MEMBER KRESS: Are you going to do any
nore on supporting the range of pie groups that
desi gnates applicability?

MR, CORLETTI: We at Westinghouse have not
done anything nore on that. I think that was
identified in the --

MEMBER KRESS: It was a comment to the
staff.

MR. CORLETTI: Yeah, fromthe ACRS | etter
on the pre-cert, the pre-certification review. I
think it was a comment really not for AP1000.

MEMBER KRESS: It was for the staff to get
ready for all future scaling type events. You're
right. | renenber.

CHAl RMVANWALLI S: The assunpti on seened to
be that if the pipe group was within a factor of 2
everything was fine. This seened to be an article of
faith that a factor of 2 is okay but there is no real

evidence that 2 is better than --
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MR, CORLETTI: O 200. Right. Wat was

the right nunmber. It was the accepted practice and we
continue to use it on 600.

CHAI RVAN WALLIS: It was not rebuffed.
don't know if it's accepted practice. You nade the
argunment, | think, and then it wasn't chall enged.
Isn't that nore description than to say it was
accepted practice?

MR. CORLETTI: Maybe.

DR.  CUWM NS: Ed Cumm ns. In the
certification | believe the NRC and their consultants
used a factor of 3 and we got certification so we sort
of felt that there was sonme informal acceptance of a
factor of 2. Though | think we understand your
comments that the justification of that was not really
provi ded.

CHAI RVAN WALLI'S: 1'd be in real trouble
if I were evaluating the flight of a golf ball and
sai d t he Reynol ds nunber was six tines 10to the fifth
and it actually turned out to be 12 tine 10 to the
fifth, | would have a conplete different answer for
sure.

MEMBER KRESS: Different phenonenon.

CHAl RVAN WALLIS: Different phenonenon.

That's a sinple case. Golf presumably is a sinple
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t hi ng.

MR. CORLETTI: You've never seen ne hit a
gol f ball.

MEMBER RANSOM Wel |, it seens to ne there
are two issues actually and the simlarity argunent
that you don't often hear but one is qualitative
simlarity meani ng the sane phenonenon are basically
there. That generally is this rule from say, a half
to two. You are relatively assured that the same
phenonenon are gover ni ng.

Then the other aspect is quantitative
simlarity which neans you nust have sone neasure of
just how close it really is. It seenms |ike the
argunent here is stuck back on the qualitative
simlarity. | don't know that they have really
answered this question of how quantitatively simlar
are the events.

MEMBER KRESS: The ot her issueis alot of
ti mes the phenonena is not governed by a single pie
group. It may be the conposite of themand each one
of them-- if each one of themis on the |ow side
you're not sure how to add them up, how each
contributes to the phenonenon.

MR, CORLETTI : The key factor in the

integral system performance, he had all these
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conpeting phenonena and you try to design your
facility that every one of them to be one. It's
i npossible to get themall at one.

DR. BANERJEE: Are you goingtovisit this
i ssue of pie groups at all in this presentation?

MR, CORLETTI: No, not really.

DR BANERJEE: So we're going to take it
as a given that this sort of analysis was okay?

MR CORLETTI : Yeah. | think this
comm ttee reviewed that anal ysis as did the NRC under
the precertification review W had not planned on
reopeni ng that i ssue of the scaling. W are going to
focus it onthe entrainment. We will tal k about sonme
scal i ng aspects of entrainnment.

VEMBER KRESS: Sanj oy, our thinking on
that was that the ECCS provisions in AP1000 are so
robust that you al nost al ways keep the core covered.
The cal cul ation for that using the codes does depend
on this pie groups. But the experinents that they
relied on al so showed that you al nost al ways kept it
covered. There's just no way to uncover the core. W
intuitively thought that the process was acceptable
based on that.

CHAI RVAN WALLI S:  What was the pie group

you used for enjoy intuition?
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DR. BANERJEE: There will be sonme pie

groups then that will conme up in the entrainnment
studies. Right?

MR, CORLETTI: Yes.

DR. BANERJEE: So we can discuss it at
t hat poi nt because | guess that is the nost critical
i ssue on core |evel.

MR CORLETTI : Not really the nost

critical issue on core level but it is the |ast

remaining issue that we're discussing. | think
there's -- we feel that it's not the nost critical
i ssue.

DR BANERJEE: If | renenber the AP600
top-down scaling, it really ended up being a group
whi ch dom nat ed t hat det erm ned outfl owfromthe ADS-4
systemand the frictioninthelineleadingin. There
was sort of a balance. |If you didn't get enough, or
got too nmuch outflow, you couldn't get the flow in
because of the friction in the Iline. " m just
t hi nki ng back now. This was |ike five or six years
ago.

MR. CORLETTI: | think we're goingto have
a very detail ed discussion of the phenonena invol ved
in the | RWST i njection phase and the ADS-4 phase. |

think we're going to be able to adequately
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address --

CHAl RVAN  WALLI S: we' || ask these
guestions when you get to that point.

VR.  SNCDDERLY: Chai rman Wl l ace, if |
coul d make a suggestion. This is M ke Snodderly. |
would Iike to -- maybe we coul d ask John Segal a and
the staff if tonmorrow maybe if Steve Bajorek could
gi ve us an update of howthe staff plans to respond to
the ACRS' s | etter because we di d ask specifically how
t hey were going to consi der nodeling of pie groups in
the future and naybe they can give us the status of
that and that nmay be the nore appropriate tinme if
St eve Baj orek briefs us tonorrownorning. John, woul d
t hat be possible? You can get back to us later on
t hat .

DR. BAJOREK: Yeah. Dr. Kress, what |'m
pl anning to do, yes, in tonorrow s neeting where we
have the point where RES is going to talk about its
future actions, | have a few overheads where | woul d
like to tal k about the scaling and how we want to try
to address this issue of .5t02.0. |I'mnot sureit's
going to resolve the issue but | want to present out
t houghts on it and sone of the things that we n ght
want to do in that area

MEMBER KRESS:. Thank you.
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MR. CORLETTI: Okay. This slide is just

really telling you what was included in our
appl i cation. Qur DCD application includes what
traditionally is called the Final Safety Analysis
Report for an Operating Plan, or Standard Safety
Anal ysi s Report.

Al so included the conpl ete PRA, the plant
specific PRA for AP1000 including the technical
speci fications for the plant. | have 20 topical
reports. | think our nunmber's above that. | didn't
update that. You have probably been seeing the flow
of topical reports across your desk

CHAI RVAN WALLI S: Are you giving the staff
your codes to run?

MR. CORLETTI: In the pre-certification
review we had this issue and we have agreed that the
codes that were approved for AP600 and AP1000, we
didn't see the need to do that at that time. W did
say that additional codes that we woul d devel op --

CHAI RVAN WALLI'S: | thought there was a
new negoti ation which occurred between you and the
NRC.

MR. CORLETTI: That is right. Wat we
said is new codes that we devel oped for AP1000, new

applications, we would nake those avail abl e.
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CHAI RVAN WALLI S: Do you get on t he source

code?

MR. CORLETTI: Yes. W have not done it
under this review, Dr. Wallis, but Westinghouse woul d
make it avail abl e.

CHAI RMAN WALLI S: You' re goi ng through
here sort of the things that you' ve done and gi ven t he
staff so | just wanted to know --

MR. CORLETTI: The things we didn't do?
Yes.

CHAI RMVAN WALLIS:  How much in the way of
codes you gave the staff or intend to give the staff.
ldeally | think our position is you should make
everyt hing open and they should be able to run your
codes. Have you reached that point yet?

MR, CORLETTI: | think fundamentally we
don't have a problemw th that.

CHAI RVAN WALLIS:  You don't?

MR, CORLETTI: | think the issue really
was - -

CHAl RMVAN WALLIS: It's just that thelegal
peopl e have a problemwth it?

MR, CORLETTI: No. No. | think so. |
think the issue is that under this review we had

al ready approved the codes so we weren't reopening
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t hat code revi ew and we had conpl eted that under the
precertification review Any new codes that we woul d
devel op for this application we would share with the
staff and for them to run that. | think that is
consi stent wi th what ot her vendors were doi ng as wel | .

CHAl RVAN WALLI' S: | guess what |' mgetting
at is sort of the issue of public confidences
reinforce trenmendously if they can run your codes and
get the same answers that you get.

MR. CORLETTI: Yes. Public confidenceis
al soinstilled when they can get the same answers with
very independent codes.

CHAl RVAN WALLI'S:  That is al so true.

MR. CORLETTI: \Which they have done as
part of this review. | think --

CHAI RVAN WALLIS: | guess we will ask the

staff about that when we get to them

MR, CORLETTI : There is also an ACRS
letter on the pre-certification review. | think in
gener al you endor se t he findi ngs in t he
precertification review from the staff in

West i nghouse' s contenti on.
This just really summari zes our position
on the codes in comng out of the pre-certification

review. Basically we agreed t he AP1000 i ntroduces no
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new phenonmena conpared t o AP600. The separate effects
and integral test were acceptably scal ed.

The i ssue of upper-pl enument rai nnent, and
we're goingto talk alot nore about this today, we do
bel i eve that while it was i nteresting, we believe that
it was a |l ocal effect that was somewhat self-limting
but I think we're going to talk in detail further
about that.

Ve bel i eve t hat addi ti onal code
val i dation, or additional testing, was not required.
W t hought we woul d be able to resolve this issue by
sensitivity cal cul ati ons and anal ysi s and we' re goi ng
to be tal king about that.

MEMBER KRESS: Does this apply to WGOTHI C
al so?

MR, CORLETTI: No. This was really the
COBRA/ TRAC, Westinghouse COBRA/TRAC sensitivity
studi es that we did.

DR.  CARUSC Dr. Wallis, this is Ralph
Caruso fromthe staff. | would like to correct maybe
m si npressi on that may have been | eft by the previous
di scussi on about staff access to the Westinghouse
comput er codes. The staff does not have any
West i nghouse conmputer codes in house at this point.

None of them And has not as far as |'m aware.
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MEMBER KRESS: Have you requested thenf?

DR. CARUSO They have been requested and
t hey have not been provided to us. Thereis currently
under negoti ation an agreenment wi th Westi nghouse for
themto provide the codes to us but that agreenment has
not yet been finalized.

CHAI RVAN WALLI S: So they will not be
avail able by the tinme you' re making the decisions.

MR. CORLETTI: Dr. Wallis, Ral ph, forgive
me for interrupting. They were not requested as part
of the AP1000 design certification review by the
staff.

DR. CARUSO | would disagree, Dr.
Corletti, because they were requested.

MR. CORLETTI: M. Corletti.

DR. CARUSC M. Corletti. Excuse ne.
They were requested by the staff but because of
managenent deci sions, that request was not followed
t hr ough on.

MEMBER KRESS: There was no official
request then.

DR. CARUSO There was a request nmade but
it was not followed through.

MEMBER KRESS: Ckay.

CHAl RMAN WALLI S: There was al etter sent?

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

32
MR.  CORLETTI: This is during the

precertificationreviewwe di scussedthis and that was

t he request.

CHAI RVAN WALLI S: | knew that for sone
time there's been m snegoti ati on going on. | thought
it had been resolved. It's still being done?

MR. CORLETTI : | believe it has been

signed by RCEQ. | thought we had actually signed it.

DR. CARUSC The agreenent has not been
finalized

CHAl RVAN WALLI S:  Ckay.

DR. CUMNS: This is Ed Cunmns. In the
verification reviewwe thought the codes were al ready
approved in AP600 and we believe that position was
endorsed. In the circunstance where the codes are
al ready approved, then we argued that it was not
necessary for the staff to re-reviewor reapprove the
codes for application of AP1000.

CHAI RMAN WALLIS: It's not necessary for
you to hide your codes. There should be no reason why
it can't be open. That's the thing. | nmean, the fact
that you can argue that you have enough basis is no
reason to -- there nust be some ot her reason invol ved
in order to not supply code. Presumably the only

argunment you have there is sone kind of comerci al
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val ue to the code.

DR, CUWM NS: Ri ght . I think the
West i nghouse conpany and the staff are coming to
agreenent on that.

CHAIl RVAN WALLI S: There is no safety i ssue
whi ch i s hel ped by your not providing the code. It
can only do good to provide the code to the staff in
terns of public safety. There's no way | can see t hat
public safety i s enhanced by you not providi ng a code.
| f you have a good argunent, then please nmake it, but
| don't think there's anyway the public safety is
enhanced. It has to be comrercial safety or
West i nghouse or sonething that's at stake.

DR CUM NS: -- Westinghouse is being
resol ved i ndependent |y of this reviewby Westinghouse
and the staff. | think it is essentially resolved.
I n the public nmanagenent sense Westi nghouse paid for
the review and we don't think --

CHAI RVAN WALLI S: Okay. Shoul d we nove on
now?

MEMBER KRESS: We didn't viewour request
as a new review of these codes. It was a new use of
themactual |l y where we were that staff could actually
exerci se themand | ook at them W didn't intend for

it to be a full review and reapproval .
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CHAI RVAN WALLIS: Wl I, the rescue phase

-- we've got to nove out of this, but when you do
supply the codes, then the staff does run them |If
somet hi ng gets reveal ed then, then it m ght conme back
to haunt you.

MR CORLETTI: It was not an issue of --

CHAI RVAN WALLI S:  Ckay.

MR. CORLETTI: This was fromthe letter,
and | think we tal ked about this quite a bit. This
was fromthe NRC s letter on the pre-certification
revi ew. Really talking that the separate effects
interval test prograns are appropriate for use in
support of the analysis. The anal ysis codes val i dated
for the design could be extended to that of the
AP1000. This is fromthe staff letter fromthe pre-
certification review.

The pl ant response duri ng ADS-4 operati on
was rai sed. This is essentially the issue on the
treatment of upper plenum and hot |eg entrainment.
That issue needed to be dealt with during the design
certification.

MEMBER KRESS: There was a questi on about
t he NOTRUWMP nonent um nodel or non- nonent um nodel and
how you dealt with that.

MR CORLETTI : Right. W are going to
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have -- | have a slide on that, but also in our
NOTRUWVP presentation |ater this norning we are going
to address that as well.

MEMBER RANSOM  Maybe you coul d gi ve nme an
answer to a quick question.

MR, CORLETTI: Sure.

MEMBER RANSOM | wonder why do you have
t o have t hi s NOTRUMP code when you' ve got Westi nghouse
COBRA/ TRAC whi ch i s presumabl y nore sophisticated. It
seens like it just makes issues.

MR. CORLETTI: The NOTRUWP code is our
license to approve small-break LOCA. The COBRA/ TRAC
code that we applied, the suppl enental cal cul ati on of
a COBRA/ TRAC code really was a focused cal cul ati on at
the | ower pressure phase of ADR-4 | RWST injection
The COBRA/ TRAC code has not been validated over that
entire range of the condition for small break.

This is a sunmary of the WCAP 15833 whi ch
was our attenpt at resolving the entrai nment issue.
We are going to have about two hours of presentation
this afternoon. | believe that's the one you have
t here.

CHAl RVAN WALLI'S:  That's this one here?

MR CORLETTI: Yes, sir.

CHAl RMAN WALLI'S: That seens to ne to be
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a lot of -- what | was saying when | started this
neeting, alot of stuff brought out of theliterature,
but | didn't see nmuch in the way of validation of
anything. | didn't see conparisons with data in here.

MR. CORLETTI: There actually is asection
where we conpared the predictions of the COBRA/ TRAC
calculation to the tests perforned.

CHAl RVAN WALLI'S:  Maybe you coul d poi nt
those out later on today or tonorrow

MR. CORLETTI: GCkay. And we did a series
of sensitivity studiesreally ained at tryingto range
the -- see the effects on i ncreasing the magnitude of
entrai nnent, both hot leg and upper plenum
entrainnent. Really what we're trying to see can we
see a sensitivity to the overall plant performance?
| think in our conclusions we were not able to see
appreci able difference in overall plant performance.

CHAI RVAN WALLI S:  So what you're going to
do is show us that even if you don't have a very good
nodel, let's take sonme extrenes of a lot of
entrai nnent or not nuch and it doesn't make nuch
di fference because the | evel drops to sone point and
doesn't go any further. |Is that what you' re going to
show us?

MR,  CORLETTI : Essential ly. I think
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anot her aspects of that is the nodels in COBRA/ TRAC

have very high -- already COBRA/ TRAC had very high
entrainment rates with the correlations that they
have. W're going to tal k about the basis for those
nodel s i n COBRA/ TRAC that we use and the anal yti cal
basis for that this afternoon.

CHAI RVAN WALLIS: If I recall, you did a
sensitivity around the Kataoka-Ishii nodel. Right?

MR, CORLETTI: Yes.

CHAl RVAN WALLI S: And you're goingtotalk
about how wel | that nodel applies?

MR. CORLETTI: Yes. W're going to talk
about that nodel and the nodels that are actually in
COBRA/ TRAC and conpare them

CHAI RVAN WALLI S: And you have sone
conmparisons with data to show those nodels are
appl i cabl e?

MR CORLETTI: W have sone conparisons
wi th data. The staff has not found t hose conpari sons,
| believe, to be sufficient. W wll discuss --

CHAI RVAN  WALLI S: Just conpari ng
COBRA/ TRAC t o Kat aoka-Ishii is not the sane thing as
validating it agai nst data.

MR, CORLETTI: Yes.

DR. BANERJEE: Al so, there was a concern,
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if 1l recall, with the AP600 that the OSU facility was

probably the least well-scaled, particularly wth
regard to poor height. At least in the top-down
scal i ng study that was done, there was concern about
that. Have you conpared this data, say, sonething
i ke Rosa 47?

MR. CORLETTI: 1 don't think we agree that
it was the |east scaled facility. | think for high
pressure phase of the transient the SPES facility in
Italy was the best scaled probably. The | ower
pressure phase of the transient OSU was probably the
best scale. Wedidinthe pre-certificationreviewin
our scal i ng report we showed conpari sons t o SPES, OSU,
and Rosa as wel | .

DR. BANERJEE: | was involved with |Idaho
study and our conclusion -- this is nmenory, which
m ght be wong, was that SPES had a probl emw th heat
loss and it was, we thought, not all that typical.
APEX and the OSU facility there was this problemwth
hei ght that we were concerned about. The facility
that was cl osest to being well scaled was the Rosa
facility.

MR CORLETTI: Was this a public NUREG
that you did or was this sonmething that you did for

the --
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DR. BANERJEE: | think so.

MR CORLETTI: Ckay.

DR. BAJOREK: No. This was a NUREG t hat
you had done for the AP600.

DR. BANERJEE: AP600. Yes.

DR. BAJOREK: | think our concl usi ons when
we di d t he i ndependent scal i ng for AP1000 wer e nore or
| ess consistent with that. W think that SPES was
okay for the high pressure periods | eading up to ADS-
4, venting. APEX was good for the |Iong-termcooling
inthe period follow ng that. Rosa may have been the
best overall, but SPESwas alittle bit better for the
early periods, APEX for the | ate periods.

DR BANERJEE: | agree, Steve, but the
i ssue of the | owest core | evel when that was reached,
Rosa was the best scaled. That al so was published as
a paper in Nucl ear Engi neering and Desi gn and gi ven as
a keynote paper at Nuretz which was held at Kyoto so
it's public information.

MR. CORLETTI: |In our scaling report that
we did for AP1000 we did conpare, | believe, sone of
t he key pi e groups of Rosa to AP1000 as well fromthe
Rosa facility. W had independent scaling done by
actually INEL. They had done the scaling before for

AP600.
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They went and did the scaling for AP1000

and provided that in our scaling report. | think it
showed Rosa was adequately scal ed for AP1000 when you
| ook at the pie groups. So what we confirned is that
the confirmatory conclusions that the staff was able
to get from Rosa could also be applied to AP1000.

DR. BANERJEE: Well, | think it's okay if
you show us conparisons with data about whatever
correl ati on you are using.

CHAI RVAN WALLI' S:  This is going to happen
t onor r ow?

MR, CORLETTI : Tonmorrow we're going to
tal k about the scaling of --

CHAI RVAN WALLI S: And we are going to
resolve it tonorrow?

MR. CORLETTI: That's a good objective for
this neeting.

DR. BANERIJEE: The core height has
changed. Right?

MR CORLETTI: Yes, it has.

DR. BANERJEE: So one of the concerns was
the core height scale and that was what as the
problem | think, with OSU.

CHAl RMVAN WALLIS: OSUis actually goingto

be here tonorrow.
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MR. CORLETTI: Yes, they are.

DR BAJOREK: | don't think we would use
anything in APEX for what goes on in the core.

MR CORLETTI: Right.

DR BAJOREK: It wasn't scale for that.
It's too short. In particular, | think they use |like
1-inch dianmeter rods --

DR. BANERIJEE: It was not the best
scaling. Absolutely. That issue of what you are
using to validate this quote needs to be resol ved.

MR. CORLETTI: Okay. | think John spoke to
this. | think Walt is going to speak to this as well
so | don't need to belabor this issue. There was an
issue with the LOFTRAN. | think it really wasn't --
| mean, the issue was and | think the staff concern
was we know LOFTRAN i s the transient anal ysis code.

You' ve beenusing it for avery long tine.
We know it is generally a single-phase code that
allows two phases in the pressurizer and allows two
phases i n the upper head but it's typically not a two-
phase code. The worry was the | arge steamgenerators
that we were going to with the AP1000.

On the main steamine break would the
depressurizati on be so significant that you woul d | ose

subcool i ng and then have questions about whether the
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code was adequate for that.
W did not provide the final analysis

during the pre-certification review. W did provide

that as part of the DCB analysis. | believe the item
is resolved. | think we've provided those results to
the staff.

There were several issues inthe pre-cert
review on the NOTRUWP. One was the heat transfer
nodel . We have afairly detail ed presentation of that
showi ng conpari son pl ots of the heat transfer nodel in
NOTRUMP conpared to the heat transfer correlation we
devel oped for AP600 and AP1000 based on the test.

Thi s was another issue fromthe pre-cert
which the staff had really not reviewed keyed-up
net hodol ogy under AP600 for core uncovery cases
because we didn't really have core uncovery. The
issue was if you have significant core uncovery we
woul d want torevisit thisissue, if we had sufficient
core uncovery for AP1000.

Qur results for AP1000 are very simlar.
Any Gagnhon is going to be presenting that this
afternoon. There was one case that we didn't really
have uncovery but we had very, very high voids which
inour anal ysis we did a conservative -- assuned above

acertainlevel, |I believe it was over 90 percent, we
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woul d assunme it woul d be uncovered and we did a very
conservative adi abatic heat-up of the fuel rodto show
that even in that case the PCT is well under the
limts.

CHAI RVAN WALLI'S: It has to stop. |If you
have a heat-up, something has to turn it around. What
turns it around? The refilling of the --

MR CORLETTI: Yes. It was a bl owdown
uncovery so it was a very short bl ow down uncovery.

CHAI RVAN WALLI S: I nstead of having that
sort of V where the |level goes down and comes up
again, it actually goes down, uncovers, and then
covers up again.

MR CORLETTI: Yes, sir. Yes, sir.

The momentum flux nodel in NOTRUWMP was
al so an issue. The issue there was the nethodol ogy
t hat was enpl oyed for AP600 acceptable. | think the
staff found that it would be. Westinghouse committed
to do a supplenental calculation with WOBRA/ TRAC
whi ch i s a nore sophi sticated conputer code to show a
rel ative conparison to assess the inpact of our
net hodol ogy. That is also inthat WCAP 15833. W are
going to talk about that |ater.

Wth regards to GOTHI C, | think here for

AP1000 as we reviewed in the pre-cert review, the
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approved nethodology for AP600 was found to be
accept abl e provi ded once we did the final anal ysis the
i mportant scal i ng nunbers were still withintherange.

We had done prelimnary analysis during
t he pre-cert revi ewand showed that we were i n the key
range of the inportant Rayleigh nunbers and G ashof
nunbers. Rick Wight is goingto be speaking to that.
Generally we showed that with our final DCD anal ysis
we were still within our scaling basis for --

CHAI RMVAN WALLI S: Didn't you also do
anal ysis of CFD type?

MR. CORLETTI: Yes, we did. Under the
pre-cert review we showed the m xi ng characteristics
wi th CFD anal ysi s.

MEMBER RANSOM  Was WGOTHI C coupl ed with
t he COBRA/ TRAC code or NOTRUWMP?

MR. CORLETTI: Manually coupled but it's
not |inked. W do not have themlinked. W do take
t he mass of energies either from COBRA/ TRAC or ot her
cal cul ati ons and feed t hemi nto t he GOTHI C cont ai nnent
nodel .

MEMBER RANSOM As the calculation
pr oceeds?

MR. CORLETTI: No, they are not I|inked.

It's not a |link.
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MEMBER RANSOM | ndependent cal cul ati on?

MR, CORLETTI: Yes.

MEMBER RANSOM  How can you do that then
because | thought the source of energy --

MR. CORLETTI: Reiterate. W do them a
couple of tinmes essentially. You're right, it's not
a link.

This i ssues was also -- | think Lanbrose
is going to speak to this. This really wasn't a code
i ssue per se for the pre-cert. It was really a safety
anal ysis results issue. As John nentioned, in PWRs,
and especially for cold-leg breaks in PWRs the | ong-
termboiling in the core, it's postulated that this
goes on for a very, very long that boron could
precipitate in the vessel and could inpact core
cooling if it finds a bl ockage of the core cooling.

W did a series of calculations and
anal ysis where we actually calculate the |long-term
boron concentration in the sunp and in the core. W
t ake the output fromour COBRA/ TRAC LOCA analysis to
get the steamqualities in that cal culation. Wat we
showed for our base case was peak boron concentration
of 5,500 ppmin the core. The boron solubility limt,
as Lanbrose said, is about 3,500 PPM at that

tenperature so we are very far away fromthat.
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We al so do sensitivity studi es to see what
could the quality -- we range the quality and see the
sensitivity. The RAI response asked us to do a
di fferent COBRA/ TRAC anal ysis that was nmaybe sel ect
the way the assunptions that you nade to mnimze
entrai nnent . W did that wth a calculation
COBRA/ TRAC Wi t h a very hi gh cont ai nment back pressure.
Al'l of the val ves opened to mninize the velocitiesto
see if that could have an inpact on that.

| think John had this as unresolved, |
t hi nk, yesterday or the day before. W are hopefu
that our additional RAl response will resolve the
issue. | think Lanbrose hasn't seen that.

CHAI RVMAN WALLI S:  What are your sources of
wat er ? Your | RAST and your CMIs, do they all have the
sane boron concentration?

MR, CORLETTI: No, they don't. The | RW\ST
is borated to about 2,500 ppm |It's refueling water.
The CMI's and the accumul ators are at the hi gher boron
concentration. This is the system arrangenent that
you have | ong-termcore cooling inthe AP1000. You'l
see that you're steaming out the ADS-4 and you're
recircul ation fl owback t hrough t he contai nment recirc
lines. Your teamis concentrating. Your steamis

condensi ng on the contai nnment shell.
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CHAI RVAN WALLI S: As long as it all

recircul ates there can't be a problem

MR CORLETTI: That's right.

CHAI RVAN WALLI S: Where el se would it go?
You woul d have to have a |leak in the contai nnent or
sonet hi ng.

MR. CORLETTI: Yes. The worry is -- |
nmean, there are worries that --

CHAI RVAN WALLI' S:  Hol ding up in parts of
the structure or sonething?

MR CORLETTI: Are you deluding in the
sunmp. Are you concentrating in the core. You can do
t hese -- we do these transfer kind of calculations to
track long-termwi th the range of the concentrations.
Operating plants dothis as well. They do these sorts
of cal cul ati ons.

I n an operating plant they actually have
procedures that in 24 hours they switch connections
fromthe RAjar punps to back flush water through the
core. | think alot of themare going away fromt hat
because in the PRArisk significant it's hard to show
this is a real issue.

CHAI RMAN WALLI S: Now, you have this
recirculation screen. | think we visited that with

AP600 but this has becone a big issue with PWRs and
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debri s.

MR. CORLETTI: Yes. The staff has asked
us questions on that. We have answered those.
Essentially with our passive plant we have very, very
| ow velocities to the screen. |In addition, we have
taken out all fibrous insulation that contributes to
this sunp bl ockage.

W have netal reflective insulation. W
are very robust in that area in regards to our sunp
performance. |I'mwaiting for the staff to tell us.
These were late RAIs so we haven't really discussed
t hem but we think our answers are --

CHAIl RVAN WALLI' S: Didn't you put sonet hi ng
above the screen?

MR. CORLETTI : Yes, a plate above the
screen to prevent things fromfalling on the screen
and bl ocki ng the screen.

MEMBER KRESS: Your ADS-4 val ves that aim
into the containnent, have you ained those in a way
t hat --

MR CORLETTI : Yes, away from anyt hing
that coul d damage. They are actually in the |oop
conmpartnent or the steam generator conpartnent.

MEMBER KRESS: Not a lot of stuff in

t her e.
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MR. CORLETTI: That's right. Because we

are designed to flood, we have to be very careful
about where we put our safety related i nstrunentation
and things that are | ocated bel owthe fl ood | evel have
to be designed to be able to fl ood.

MEMBER RANSOM M ke, could you explain
for me agai n how t he contai nment basically deborates
water and it conmes back into the | RAST and t hen drai ns
back into the core. How do you prevent deborating
core?

MR. CORLETTI: That's another issue. You
have to do your cal cul ati on wi th everythi ng skewed t he
other way. | think that is the mechani smthat occurs.
| think when you do the cal cul ations you don't see
that it -- because of all the born that we start with,
you --

MEMBER RANSOM  How does boron get m xed
back with this deborated water?

MEMBER KRESS: | would say it works the
ot her way, Vic. At relatively high pressures when you
bl ow of f the steamyou' re enriching the water in boron
and the steamis less rich in boron. It will carry
some with it. Then when it condenses the boron may
get left behind but it would take a long tine at

relatively high pressures. At | owpressures you m ght
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be abl e to have a probl emwhere the steamwoul d carry
nore boron with it.

MEMBER RANSOM |' mworried t he ot her way
ar ound. The steam basically condensing on the
cont ai nnent deborates the water.

CHAl RVAN WALLI'S:  But then where is the
boron? 1t's probably in the core.

MR CORLETTI: That's right.

MEMBER RANSOM  How does it get back?

MEMBER KRESS: The steam | eaves. That's
only at relatively high pressures. As the pressure
gets |l ower and | ower you wi || take out nore boron with
the steam |If you're at |low pressure and | ong-term
cooling, there is a possibility of you carrying a
si gni fi cant amount of boron with the steamand then it
ending up on the containment wall. | think that is
the issue you worry about. It would have to be
relatively | ow pressures for that to happen.

MEMBER RANSOM  Also it seems |ike the
boron could wi nd up i n that pool of water surroundi ng
the reactor but not draining back into the reactor
director.

MEMBER KRESS: That may be. That's a
qguestion of distribution.

MR CORLETTI : But have we di scussed it
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enough, or have we answered your question?

MEMBER RANSOM  You' ve done cal cul ati ons
to assure that you do not get a boron pollution?

MR. CORLETTI: O aboron-- that's right.
W ook at it in both -- we have selected the
assunptions in both ways to show that either you do
not concentrate or if you do it the other way, you do
not dil ute.

MEMBER RANSOM Is NRR satisfied with
t hat ?

MR. CORLETTI: | think Lanbrose i s going
to speak to that this afternoon, or this norning.

Lanbr ose?

DR LAOS: This is Lanbrose Lois again
fromReactor Systens. The deboration of the vessel is
acconpl i shed by expel I'i ng wat er out of the vessel. In
t he | ong-termcool i ng phase, of course, you have st eam
goi ng out as the steamtakes sonme water out with it.
If that's the case, then there's no problem |If the
bl ast of the steamis so small, it will not be able to
carry water with it into the contai nnent and then
there's a problem

MEMBER RANSOM  The i ssue | was concer ned
with is the deborated water is being returned to the

react or.
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DR LAS: Yes, it is, because it

continuously circulates through the core for the
cool i ng.

MEMBER RANSOM So it woul d seemli ke you
have a net | oss of boron fromthe core.

DR. LO S: Not unl ess you expel water from
t he vessel

MEMBER RANSOM  Ri ght.

CHAI RVAN WALLI S: Are we goi ng to address
that |ater on?

MR. CORLETTI: We are not planning on a
detail ed presentation on this issue. W can arrange
for that in the future if you would Iike. W could
show you curves from our cal cul ations where we did
that. That is essentially what we do. W | ook at
both the potential for delusion in the core and the
potential for --

CHAI RVAN WALLI'S: | don't think the staff
has reviewed all this so we're going to have to stop.

MEMBER KRESS: The sorry about delusionis
whet her the core can go critical again. 1| don't see
much potential for that.

MR. CORLETTI: That's right. If you' ve
thrown in so nuch nore at the beginning of the event

that you really --
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MEMBER KRESS: It would take a | ong ti ne.

MR. CORLETTI: You can't get there.

CHAI RMAN WALLI S: You' re concentrating
boron really.

MEMBER SI EBER:  Concentrati ng.

VEMBER KRESS: Except in the long-term
cool i ng when you've got the pressure down you are
deluding then. The steamw || carry a significant
amount of boron.

CHAI RVAN WALLI S: But if you leave it
behi nd sonmewhere el se.

MEMBER KRESS: And it will just stay on
t he contai nment walls.

MR. CORLETTI: But in your containnent --
but you remenber we had 500, 000 gall ons of borated
water here which is in the sunp now which is m xing
with the condensation that returns.

MEMBER KRESS: | haven't done the
calculations but ny feeling is that it would take a
long tine to get down to boron concentration you woul d
be worried about.

DR,  BANERIJEE: Wth regard to the
recircul ati on screens, we were shown sone resul ts t hat
even a very small amount of fiber causes a problem

because you get this effect of filtration which
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catches the small particles. To handl e that sone
rat her clever screen designs have been --

MR. CORLETTI: |Inproved screen designs.
Ri ght.

DR BANERJEE: Have you | ooked at this
because this seened |like a real issue when we | ooked
at this problem

MR CORLETTI: W have | ooked at those
screen designs and we could the screen designs that
woul d significantly increase the surface area given
the same kind of footprint. It's not in our base
design but we could use that. | think the staff is
reviewing it.

When you | ook at the amount of fibrous
material we have in our AP1000 because of the
elimnation of that sort of insulation, and you al so
| ook at the very low velocities we have here, the
approach velocities tothe screen, when you cat egori ze
is this an issue or not for AP1000, it didn't appear
tous that it was. | think we woul dn't have a probl em
going to i npl enenti ng t he advance -- the one that |'ve
seen, at least, which is --

DR. BANERJEE: What they do is they have
velocities parallel tothe walls rather than normal to

them They take care of the problem by design
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CHAI RVAN WALLI S: It has to go through

eventual |y, though.

DR. BANERJEE: Well, also there was this
issue that could you separate -- at |east have
redundancy in the screens having two which is
geonetrically at different |ocations.

MR. CORLETTI: This is maybe an i ssue that
if we want to talk about this nobre in our next
neeting, we could show you drawi ngs, the results of
our calculations that we've done. | think it is an
industry issue that's getting a ot of attention and
| think we can show you what we've done. | think
we've tried to address this with design

DR. BANERJEE: You have an opportunity to
take care of the problembefore it occurs.

MR, CORLETTI: Yes.

MEMBER KRESS: And | think our commttee
-- | don't nean to speak for them but in one of the
letters we expressed the opinion that an increased
surface area screen is not a good fix if that's what
you' re tal king about because it takes so little of
this insulation to block even a | arge screen that we
t hought it wasn't the best kind of fix anyway.

MR. CORLETTI: We thought elimnatingthe

fibrous insulation was the best thing.
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MEMBER KRESS: That woul d be a good way to

do it.

MR CORLETTI: That was what we did.

CHAI RVAN WALLI'S: | think our concern was
with the paint fragments all com ng down and fl oati ng
around. They are sort of |ike | eaves. That kind of
material is very bad for screens, too. It doesn't
take many sheets of thin stuff to block up a screen.

MR. CORLETTI: We have | ooked at the paint
that we do use, the paint where they would be
suscepti ble to bl ow-down forces. W've taken care to
make sure we have the safety related paint that is
required. | think these non-safety paints are an
i ssue. They assune they all fall off.

CHAl RVAN WALLI'S:  Unsafety paint.

MR CORLETTI: O non-safety painters.

CHAI RVAN WALLI S: Okay. We shoul d per haps

nove on
MR CORLETTI: This is nore of the same --
CHAI RMVAN WALLI S: This is what you tol d us
al r eady.
MR, CORLETTI: -- of what you heard from
John. W are trying to resolve the issues. | think

John said a couple of these m ght be open. W are

goi ng to keep working hard to resol ve as nany of them
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as we can. | think staff has been accepting our i nput
t here.

| thought this was useful. It is hard,
Dr. Wallis. To do a presentation of the RAIs is to
get a sense of what were the inportant ones and what
wer e t he uni nportant ones. |'Il just touch on sone of
the key ones that we had. If this committee is
interested, before | | eave we can get you t he nunbers
and point you to the ones that tal ked about these
i ssues.

We did increased spectrumfor the small -
break LOCA. We did nore conpl ete spectrumon what we
presented to the staff. W also did additional shut-
down accident analysis. W did a loss of cooling
accident initiated in a |ow power node w thout the
accumul ators to see the robustness of the design for
shutdown. Long-termoperation of the passive RHRto
show it is capable of cooling the plant long term

ATWS anal ysi s. This plant has a very
robust design with regard to ATWS One of the
nmeasur es of acceptance i s unfavorabl e exposure tine.
The anount of core light tine where if you woul d have
an ATWS you woul d actual | y exceed the reactor cooling
system service | evel C pressure.

The acceptance criterias have that to be
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a very |low nunmber. For AP1000 we were essentially
zero, | think, before we submtted our last RAI. W
are not at zero at this tine. W were 99 percent.

| think Summer Sun wanted us to do
addi tional analysis to show not only did we do the
wor st case, but al so can we neet the essentially zero
UET. We are preparing that response. The staff does
not have that but | believe our response will resol ve
t hat issue.

We did significant anount of PRA success
criteria analysis. W discussed alot of that at the
PRA subcomm ttee neeting. The staff had asked for a
mul ti pl e steamgener at or tube rupture anal ysi s as wel |
and we provided that in our RAl response.

And, finally, the | owtenperature over-
pressure analysis. This denonstrates that your cold
tenperature, your Appendix G pressure limts on the
reactor vessel are not exceeded.

CHAI RMAN WALLI S: This nultiple steam
generated tube rupture, is this based on sinply
assum ng that several will break or is it talking
about the mechani snms whereby the next one?

MR. CORLETTI: It assumes that nultiple
ones on an area break and then --

CHAI RVAN WALLI S: That just assunes so
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many break. You don't discuss how they m ght break
si mul t aneousl y.

MR. CORLETTI : No, we don't. W don't
postul ate that. W didn't postulate that as far as to
t hat anal ysis. Well, that summari zes ny presentati on.

CHAI RVAN WALLIS:  You are way ahead of
time here. |I'mwondering if we could nove up one of
the next -- do one of the presenters have a
presentation that m ght take half an hour?

MR. CORLETTI: The next presentation is
t he | arge-break LOCA anal ysis.

CHAl RVAN WALLI S: Woul d that take half an
hour? We could then take a break after that.

MR CORLETTI: | think that's fine.

CHAl RVAN WALLIS: Ckay. Let's do that.

MR CORLETTI: Okay. Very good. Thank
you.

CHAI RMAN WALLI S:  Thank you very mnuch.

DR. KEMPER: Can you hear ne all right?

MEMBER KRESS: The question is how
advanced are you?

DR. KEMPER: Well, you rmay have your own
j udgnent on that coming up. AmIl able to be heard by
everybody? Okay. | amBob Kenmper fromthe LOCA group

at Westinghouse and | wanted to go over sonewhat
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briefly with you the | arge-break LOCA anal ysis that
we' ve done for AP1000.

For AP600 what we did was begin with the
approved | arge-break LOCA best estinmate technol ogy
usi ng WCOBRA/ TRAC. That had been approved for the
three and four |oop Westinghouse operating plants.
Then revi ewed that in the context of the AP600 desi gn.

W concluded that basically it was
acceptable to use it. The main things that showed up
as different in a PIRT investigation were direct
vessel injection feature of the AP600, now AP1000
design. Inthe work that we did for AP600 we did sone
simul ati ons of a CCTF and a UPTF test to denonstrate
code capability for phenonena associ ated with direct
vessel injection during a |arge-break LOCA.

Utimtely, the AP600 methodol ogy was
revi ewed and approved for that purpose in the NUREG
shown. For AP1000 we are just building on that and
usi ng t he sanme nmet hodol ogy to anal yze a plant whichis
basi cally the sanme i n desi gn as AP600. As part of the
approval, the NRCidentified sone limtations on the
nmet hodol ogy which we followed during the AP1000
anal ysi s.

A nunber of these are carryovers fromthe

t hree and four | oop nodel approval concerning natures
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of distributions and ranges and that sort of thing
that are generic. There are a coupl e specific for the
advanced pl ant design i ncl udi ng consi deration of the
effect of core makeup tank or PRHR on the results
obt ai ned during the | arge break anal ysis.

To accommpdate that we did a case
el i m nating the CMI whi ch doesn't really play a factor
of rmuch significance in |arge-break LOCA, and al so
elimnating the PRHR fromthe nodel. 1In either case,
the results were actually less limting.

Large break isreally very simlar inthis
plant to the conventional plant. You have your
doubl ed- ended cold |l eg rupture and the accunul at ors
are the thing providing the inventory necessary to
refill the vessel and recover the core.

This is one of the transients that we did
during the | arge-break LOCA best esti mat e net hodol ogy.
It calls for doing a series of |ike 14 gl obal nodel
cases in which we are varying paraneters such as the
di scharge coefficient of the break and t he resi stance
of the broken nozzle. There are sone sinplifications
that we placed into the advanced plan anal ysis.

CHAI RVAN WALLI' S:  Coul d you showwhere t he
CMIs conme in on this figure?

DR. KEMPER: The CMIs actually --
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CHAI RMAN WALLI S: O the accunul ators.

Just show sone of the key events here.
DR. KEMPER: Ckay. The CMIs conme on when

you get an S signal which is maybe four seconds into

t he event.

CHAI RMAN WALLI S: So they are pretty
early.

DR. KEMPER: They cone on very early and
inject for several seconds of tine. The

depressurization is so great that you then hit the
accunul at or set point. Once the accunul ators beginto
inject the CMIs shut off.

CHAl RVAN  WALLI S: Wen are the
accunul at ors com ng on here?

DR. KEMPER: It woul d be about 10 seconds.
Roughly 10 seconds.

CHAI RVAN WALLI'S: So this heat up between
50 and 120, this is a an adi abatic heat-up?

DR. KEMPER: No, thisis -- well, part of
the tine.

CHAl RVAN WALLI'S: It's an uncovered core.

DR. KEMPER. The core is in essentially
adi abatic heat-up --

CHAI RVAN WALLI S:  Uncover ed.

DR. KEMPER: -- until maybe 70 seconds or
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so on this scale. Then we beginto -- you refill the
| ower pl enum

CHAl RVAN WALLI'S: But it's still on that
track. It's pretty linear. There's about 70 seconds
of Iinear heat-up and then 100 seconds of |inear cool
down. It looks like a very sinple picture.

DR. KEMPER: This is actually nore sinple
than a lot of |large break transients. You have the
bi g break, uncover the core. The AP1000 is equi pped
with capability to drain the upper head liquid very
effectively into the wupper plenum A lot of
Westi nghouse plants don't have wholes in the upper
support plate that permit this draining to occur.
That enabl es you to get a very good cooling from1, 600
odd degrees down to 1,200 or so.

CHAl RVAN WALLI S: This is lightly the
smal | -break LOCA in reverse. In one case you're
worried about uncovering the core as they're com ng
down on sone curve. Then you turn around and go up
again. It doesn't quite uncover

Here you go up on sone heat-up and
something has toturnit around. It's pretty key that
you predict that turnover right. If it went on for
anot her 30 seconds instead of turning around, you

woul d be up in the danger zone. It's pretty inportant
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t hat you predict the turnaround right.

DR. BANERJEE: what's the pressure when
the turnaround is occurring?

DR. KEMPER:  Sonmewhere bel ow 1,000 PSI
It would be going into the tine when the accunul ators
are going to begin injecting.

CHAl RVANWALLI'S: Soit's the accumul ators
that turn around?

DR. KEMPER:  No.

CHAI RMAN WALLI S: They have al ready cone
on.

DR. KEMPER: The accurul ators really turn
around t he second peak t here when t hey provi ded enough
wat er - -

CHAl RVAN WALLI S: That's what | mean, the
second peak.

DR. KEMPER: -- torefill the vessel. The
initial blowdown heat-up is turned around by the
bl ow- down cool i ng.

CHAl RVAN WALLI'S:  That's the second one.
It's the accunul ators. It's the bal ance of water
comng in fromthe accunulators that turns it around
at this elevation.

DR KEMPER  That's correct.

CHAI RVAN WALLI S: Okay. Sothat's what it

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

65

iS.

DR. KEMPER: You essentially have to have
enough accunul ator and water injected to fill the
downconer and refill the core.

CHAl RMVAN  WALLI S: That is a pretty
predictable thing. You' ve got a valve accumnul ated
with pressure and you can predict with a lot of
confi dence how rapidly that water comes out of that
accunul at or .

It's not |ike sone of these | ater events
wher e you' re bal anci ng hydrostatic terns here, there,
and everywhere and a little nore uncertain about just
what the flows are going to be. The accunul ator fl ow
is pretty certain.

DR KEMPER: You've got to get the
pressure right.

CHAI RVAN WALLIS: Right. You' ve got to
get the pressure right.

DR, BANERJEE: That's why it would be
interesting to see what the pressure was |ike.

DR. KEMPER: Vell, the pressure by 30
seconds is down to contai nnent pressure.

CHAI RVAN WALLIS: So it's down to not hi ng
really and the accunul ators are --

DR. BANERJEE: VWhen do the accunul ators
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cone on then?

DR. KEMPER: Roughly about 10 seconds into
t he transi ent when you hit 600, 700 PSI A set point.

DR. BANERJEE: So what's the pressure at
125 seconds or sonet hi ng when the turnaround occurs?
The second turnaround.

DR KEMPER  The second turnaround.

CHAl RVAN WALLI'S: It's contai nment.

DR KEMPER  Contai nment pl us pressure.

CHAIl RVAN  WALLI S: So is that the
accunul ators turning it around or sonething el se?

DR KEMPER It's the accunul ators

CHAI RVAN WALLI S: Just filling up the
vessel. That's all it's doing. It would seemto be
a pretty predictable thing. You depressurize and the
water is squirting in and it's filling up and the
sinmple analysis will probably get you that one.

DR. BANERJEE: So it's taking 120 seconds
or sonet hi ng.

CHAI RVAN WALLI S: Just to fill up the
vessel .

DR. KEMPER: Fill the core high enough
t hat you get good enough cooli ng.

CHAI RVAN WALLI S: The physical things

happening are pretty sinple. It's not as if it's
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subject to alot of uncertainties in the nodeling. Do
a hand cal cul ation. Sanjoy could do it overni ght and
get the same answer.

DR BANERJEE: If | knew the answer.

DR. KEMPER: | would agree this is nore
strai ghtforward than sone of the other events.

CHAI RMAN WALLI S: Ri ght.

MEMBER KRESS: |s this COBRA/ TRAC?

DR. KEMPER: This is COBRA/ TRAC

DR BANERJEE: So it's not due to | RAST
wat er or anything like that?

DR. KEMPER No. Accunul ators are still
i nj ecting.

CHAl RMANWALLI S: The passi ve aspects have
nothing to do with this transient really. This is
just like the classical PWR

DR. KEMPER: Only the ultimate classic
passive system the accunul ator.

CHAI RVAN WALLI S: But that was there
bef or e.

DR. KEMPER: Yes. That's nothing new
here. The result of the calculationis --

CHAI RMAN WALLIS: This is so reassuring
that you have ADS-4 to create a |large-break LOCA in

the other transients.

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

68
DR. KEMPER: That is true. | nean, LOCA

will becone a | arge break eventually.

CHAI RMVAN WALLI S: This suggestion was
made, it seens to me, about 30 years ago that since we
no |onger analyze |arge-break LOCAs, let's make
everything into alarge-break LOCA. Nowit's finally
goi ng to happen.

DR BANERJEE: The BWS foll owed that.

DR. KEMPER | don't necessarily recall
that. | dorecall it being considered blowa hole in
the hot leg to enable the venting.

CHAI RVAN WALLI'S: This is a best estimate
cal cul ati on?

DR. KEMPER: This is a best estimte
cal cul ati on.

CHAl RVANWALLI S: Arealistic calculation.

DR. KEMPER: So then we proceed to
consi der the uncertainties and i dentify peak cl addi ng
tenperature of the 50th percentile and at the 95th
percentil e. W need to neet the 10 CFR 50. 46
regul atory requirenents here for PCT as well as the
cl addi ng oxi dati on both | ocal and core-wi de. The 0.73
percent coul d al so be call ed your core-w de oxi dati on
or hydrogen generati on nunber.

CHAI RMAN  WALLI S: That's the 95th
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percentile as well?

DR. KEMPER: That i s done according to the
net hodol ogy t hat was approved for the three and four
| oop plants. It's really based on a cal cul ati on t hat
exceeds a WCOBRA/ TRAC transient whose cladding
temperatures exceed the 95th percentile PCT val ue.
Then there's a methodol ogy that uses these el evated
tenperatures to identify what the cl addi ng oxi dati on
iS.

MEMBER RANSOM Were these results
gener at ed usi ng a nonparanetric statistical approach?

DR. KEMPER: It uses a response surface
nmet hodol ogy.

MEMBER RANSOM You then go back and
sanmpl e, | guess.

DR. KEMPER. No. |It's done by generating
response surfaces fromvaryi ng nodel paraneters. Then
based onidentifieddistributionsidentifyingwhat the

50 percent val ues are.

CHAl RMVAN WALLI S: Since you're just
filling a vessel froman accurmul ator, it would seem
the uncertainty should be pretty small. Is it the

uncertainty in the heat transfer coefficient that
gi ves you this nunber?

DR. KEMPER: Part of the nethodology isto
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ook at things like ride internal pressure, heat
transfer coefficient onthe fuel rod, and thi ngs such
as this which would be --

CHAl RVAN WALLI'S: In fact, the rods cool
before the | evel gets to themand you' re going to pul
that in there so it's the whole reflood basis of
assunptions cones into play.

DR KEMPER  That's right.

MEMBER Sl EBER: Maybe you can help ne
understand a little bit physically what's going on.
The clad tenperature is a LOCA phenonenon.

DR KEMPER  That's correct.

MEMBER SI EBER:  You' re | ooki ng for the hot
rod and the point on the hot rod where the power
hi story was the highest, which is assum ng parabolic
woul d be sonewhere in the middle. On the other hand,
during a refl ood you have a |l evel that's changi ng the
| ocation of where that hot spot is. Do your codes
actual ly I ook at the fact that the hot spot physically
noves?

DR. KEMPER: In doing one of these
anal ysis we keep track along the length of the rod
where the highest or hottest point is at any
particular point in tinme.

MEMBER S| EBER: Ckay. That will change
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the effect of -- the shape of the curve that you
showed on slide 26. That probably has greater effect
on what the slope and consistency of that curve is
than just how many gallons you're punping in or
pushi ng in.

DR. KEMPER: That's al so a function of the
paper shape that you're assum ng. What we' ve
identified for this plant is a top skewed shape whi ch
isthenost limting and that's what i s anal yzed here.
One sinplificationthat weintroduced for the advanced
pl an anal yses is to do sone shape studi es and use the
boundi ng shape. In our conventional plan anal yses we
sanmpl e power distributions and consider a variety of
t hem and t he uncertainty nethodol ogy.

CHAl RVAN WALLI'S: Sanple in an al eatory
way the tine after refueling. The power profile
changes. Do you sanple that in an aleatory way?

DR KEMPER: Well, the sampling in the
three and four |oop nethodology is froma nunber of
shapes. It's not necessarily tied to a gi ven burnup.
That net hodol ogy does assune maxi numstart energy so
it's early inlife.

CHAI RMAN WALLIS: So if you change your
fuel managenent scheme for this right after you built

it, you would have to redo all the stuff?
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DR. KEMPER: W& woul d have to, | think,

verify the shape that we | ooked at i s bounded. That's
our intent here. That is another reason to go with
what we believe to be a boundi ng shape so that we're
not -- we don't have a distribution based on shapes
that ultimately mght --

CHAl RVANWALLI' S: So there's an addi ti onal
conservatismin this then?

DR KEMPER  Yes, definitely.

CHAl RVAN WALLI S: Besides this 95th
percentile is the fact that you' ve used some ki nd of
what you think is a bounded shape for the power
profile.

DR. KEMPER: Definitely.

MEMBER S| EBER  And there's other factors
t here, too, because you have to make an al | owance for
m sal i gned broads and tilts and things |ike that which
is also built into that cal cul ation

DR BANERJEE: How nuch volume do
accumul ators have conpared to the volume of the
vessel ?

DR. KEMPER: Accunul ators are 2000 cubic
foot tanks and the water | evel nomnal level is 1,700
cubic feet. Wth tw of themthere's |ike 3,400 cubic

feet and that's certainly larger than the | ower part
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of the vessel and the core.

DR BANERJEE: So that would cover the
core, 3,400 cubic feet?

DR. KEMPER  Yeah. "' m t hinki ng maybe
there is 1,200 or 1,500 cubic feet to the hot |eg
elevations in the reactor vessel.

DR. BANERJEE: And roughly how many cubic
feet do you |ose out of a cold | eg break?

DR KEMPER: The initial part of the
transi ent while your accunul ator is injecting and the
pressure is still high you do have bypass and | ose
nost all of the accunulator water at that point in
time. | would guess that it's | ess than 20 percent of
the total water in the accunulators for this plant
t hat woul d bypass during this point.

CHAI RVAN WALLI'S: Well, this shouldn't be
an issue. This is an old PWR analysis and there's
not hi ng new about AP1000 presunably.

DR KEMPER  Yeah. That's --

CHAl RVAN WALLI'S:  Except the CMIs don't
have a role.

DR. KEMPER: CMIs really conme on the first
few seconds but then it's all accurmul ators and they
don't contribute.

So for AP1000 we have perforned a | arge-
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break LOCA anal ysis as we are required to accordingto
the regul ations and foll owed the restrictions that had
been identified by the staff both in ternms of those
carried over from the nmethodology as a whole for
West i nghouse best estinmate | arge-break LOCA. And al so
the AP600 restrictions fromthe SER issued for that
pl ant desi gn.

CHAI RVAN  WALLI S: So you do this
cal cul ated 95th percentile. Presumably there's sone
PCTs you cal cul ate which are higher than that. |Is
that your disparities to get to a distribution and
then cut it off at the 95th percentile?

O are you going to say the nonparanetric
method is to say we'll calculate a | ot of things and
make sure we' ve got a 95 percent confi dence t hat we' ve
got at | east something in 95th percentile and then we
use that value and it may be above or -- it may be way
up above the bound of the 95th percentile if you did
billions of calculations, but at least it's a nunber
you can use.

DR. KEMPER: Well, this nethodol ogy uses
response surfaces and sanpling to identify that. |
bel i eve some of ny col | eagues are goi ng t o be speaki ng
with you hopefully soon about the approach you're

indicating that we are aware one of our conpetitors
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has adopted. That doesn't apply to AP1000.

MEMBER KRESS: Wth the response surface
at 95 percentile neans that 5 percent of the results
are above that nunber.

DR. KEMPER: Five percent are --

CHAI RVAN WALLI'S: That's right. So you do
cal cul ate sone nunbers higher than 2,124,

DR, KEMPER  Yes.

CHAI RVAN WALLI' S:  What's the highest one
you cal cul ated t hen?

DR. KEMPER Really our codes aren't set
up to necessarily identify them

CHAl RVAN WALLI'S:  They have a | oop that
says if it gets over 2,200 --

DR. KEMPER: No, no. They print out the

95th percentile value when you' re doing your Mnte

Carlo sanpling. |'mnot --
CHAI RVAN WALLI S: | guess soneone el se
m ght address that. It's a generic problemw th these

codes and it's a problem with the realistic code
approach i s what are you goi ng to accept as bei ng good
enough statistically.

MEMBER KRESS: | think it's already been
deci ded.

CHAl RVAN WALLI S: I think it's already
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been decided so we can't do anything about it. I
think this conmttee m ght want torevisit that inthe
future generically for all reactors. It's all been
approved so we can't do anything about it.

DR KEMPER | won't argue with that.

MEMBER KRESS: The point is you want to
keep the core cool and this is a conservative nunber
anyway to keep the core cool.

DR KEMPER: So in the way of RAIs our
initial presentation of this material was, |I'll cal
it, rather sparse consistent with sone of what the
operating plants had been providing for their three
and four | oop nmet hodol ogy. They wanted significantly
nore information so we provided that.

Anot her request was to continue running
the | arge grade beyond the time at PCT out beyond the
poi nt the accunul ators are enpty and you have t he CMI's
now providing the injection. They are the source of
injectionuntil suchtinmethat youreachthelowlevel
in the CMI tank to permt |RWST to cone on. e
performed that anal ysis and the injectionis adequate
to mai ntain the core quenched.

CHAI RVAN WALLI S: Maybe this is a good
time to take a break before you nove on to the next

t opi c.
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DR KEMPER |f you think so.

CHAI RVAN WALLIS: | think it is. W'll
take a break. We'Il cone back at 10:30 which w |
bring us back to our original schedule. Okay. W'll
take a break until 10: 30.

(Whereupon, at 10:14 a.m off the record
until 10:33 a.m)

CHAl RVAN WALLI S: Okay. Let's get started
agai n.

DR KEMPER  Bob Kenper speaki ng again.

DR. CARUSO Bob, before you start. Dr.
Wal lis, | had one ot her piece of informationto add to
ny | ast comment about code availability. | determ ned
there is one Westinghouse code that the staff does
have in house. |It's called the Map 5 code. It was
subm tted by an operating reactor |icensee to support
a change i n contai nnent |icensing basi s and we do have
a copy of the source code in-house. That's the only
one |'maware of at this point.

CHAI RVAN WALLI'S: This is not the code
t hat --

DR. CARUSCO | believe it's the Map 5
versi on of that code, yes.

CHAI RVAN WALLI S: The one that we had

consi der abl e questi ons about ?
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DR. CARUSO | believe so, yes.

CHAl RMVAN WALLI'S: I nterns of the handling
of the m xing?

DR CARUSO Yes, | believe so.

CHAI RVAN WALLI S:  And you never cane back
to us with an i nproved expl anati on?

DR. CARUSO | don't want to go there.

DR THROM Dr Wallis, Ed Thromw th the
staff. I'min the group Plant Systens that will be
| ooking at that Map 5.

CHAI RVAN WALLIS: W need to | ook at Map
5 again in this commttee.

DR. THROM Yeah, but we do have -- just
to address the i ssue of code availability, we do have
t he code. W have the source termand we may exerci se
it as necessary.

CHAl RVAN WALLI'S: Ckay. But presumably
this licensee is intending to use it.

DR THROM Yes, and we are still very
early in the stages of the review

CHAI RVAN WALLI S: W need to see t hat code
again. | think our staff will follow up on that.

DR. THROM Yes. Thank you.

CHAl RVAN WALLI'S:  Sorry to interrupt.

DR. KEMPER: Al right. I'"'m going to
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proceed to tal k about | ong-termcooling anal ysis that
we performed for AP1000. As a |large break what we're
doing is applying a nethodology that had been
devel oped and approved for use on AP600. This is
anot her anal ysis that uses our WCOBRA/ TRAC code in a
very much | ess detail ed nodalization and approached
than is used for the | arge-break LOCA event.

In the approval for AP600 the staff did
identify sone limtations for the application. W
have adhered to those doing the AP1000 analysis.
Nodal i zation is the same as it was before so it is
still consistent with the validation cal cul ations that
we did to support the application on AP600.

CHAl RVAN WALLI'S: Did you do sensitivity
studi es on nodal i zati on? The idea that you could fix
a nodal i zation on OSU and then use it for this |arge
scale device is quite a step, if that's what you're
doi ng.

DR. KEMPER That's indeed what was done
for AP600 that we are doing here. In doing OSU they
did i nvestigate sonme things regarding to the code. |
honestly don't recall if they were noting sensitivity
studies as a part of that.

MEMBER RANSOM  You nean you have a | onger

vessel. You didn't use any different nodalization in
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t he vessel than the AP600?

DR. KEMPER: The vessel bel owthe hot | egs
is approximately the sane |l ength. The core is now 14
feet instead of 12 feet. No additional node was used
for that.

MEMBER RANSOM | thought there was a
| onger di stance between the top of the core and the
bott om of the hot |eg.

DR. KEMPER | believe that dinension is
t he sane.

MEMBER RANSOM  That's the sane?

DR. KEMPER Yeah. | think that was the
only thing we wanted to definitely preserve for this.
W took sone volune out of the lower plenum to
accommpdate the additional two feet of active fue
| engt h.

MEMBER RANSOM  How many nodes are used
bet ween the top of the core and the bottomof the hot
| eg?

DR. KEMPER. This is a very coarse node
so there are two nodes within the core and one node
wi thin the upper plenumrange. These transients are
very long duration with slowy changi ng phenonena.
The idea here was to conme up and validate a sinple

nodel that we coul d use and make it feasible to do in
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computer running time space.

MEMBER KRESS: Refresh ny nmenory on the
wi ndow node. What you did was took a windowin tine
and | ooked at the transi ent and t hen extrapol at ed t hat
to some other window in time?

DR. KEMPER Okay. W ndow node was
anot her thing that was inplenented, again, because
these transients are so long. The idea of the wi ndow
node is to focus on the tine of nost interest or the
time of |owest capability of the system

Typically that has been when the | RWST i s
drained down to the point that sunp injection or
contai nnent recircul ati on of water begins. This can
be for some breaks well out there in tine.

The wi ndow node net hodol ogy i s devel oped
and validated against OSU to | ook at that point of
time that you're interested in, specified boundary
conditions for the contai nment pressure, thelevelsin
the I RAST and/or sunp, and tenperatures associ ated
with the Iiquid present there.

Then start with those boundary condi ti ons
and begininitializing the reactor vessel and primary
system with a set of identified initial conditions
t hat were deemned reasonable. Now, this is a boundary

val ue type of problem
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The way we' ve approached it is you runthe
code for a periodof tinme just until it settles out to
its determine condition and overrides the initial
condition that you specified. Then you proceed to
anal yze the transient.

CHAI RVAN  WALLI S: This is long-term
cool i ng?

This is when you have already filled the sunp?

DR KEMPER This is --

CHAI RVAN WALLI'S: The picture we just saw
t hat M ke showed a picture of water everywhere around
the reactor. Is that what is nmeant by l|long-term
cool i ng?

DR. KEMPER  That woul d be during | ong-
term cool i ng.

CHAI RMAN WALLI S:  So nothing exciting is
going to happen. Is it?

DR KEMPER  Probably not if you have
your --

CHAl RVAN  WALLI S: You've got water
everywhere and it's higher than the core and its got
access to the core. The question m ght be can you get
rid of the heat to the environnment?

DR. KEMPER It should be very benign

gi ven that you have properly sized ADS stage 4 val ves
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pass the safety system

CHAl RVAN WALLI'S: That's all over. 1Isn't
it?

DR KEMPER  Still your ADS-4 --

CHAI RVAN WALLI S: Yeah, but it's open.
It's a huge opening.

DR. KEMPER: It's been open for an
extended period of time. You're draining water from
the | RWST and/or recirculating it from containnent.

CHAl RVAN WALLI'S:  And the velocities at
that valve are relatively nodest, aren't they, by
then? O are we still dealing with fairly high flow
rates out of ADS-47?

DR. KEMPER Well, the velocities at the
time of sunp injection, which was the picture M ke
showed, dependi ng on your assunpti ons regardi ng si ngl e
failure of the ADS-4 valve that we would need to
assune.

CHAI RVAN WALLIS: It can't be very high.
It would have a big pressure drop and then you
woul dn't get the water in so there nust be a very | ow
pressure drop for that valve. O is it a fewfeet of
wat er or sonet hi ng?

DR. KEMPER: No. It's a PSI or two. It's

not | arge.
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CHAl RMAN WALLIS: A few feet of water?

DR KEMPER  Yeah.

DR. BANERJEE: Did the OSUtests show any
oscillations in the long ternf

DR KEMPER  There were sone.

DR BANERJEE: Could you explain those?

DR. KEMPER: Well, a lot of effort went
into explaining those. | was not part of that. |
don't think they were considered safety significant.
| know there was sonething that went on in the core
makeup tanks in one of the tests but I"mnot really
famliar with all of what was determ ned fromthat.

MR. CORLETTI: Perhaps tonmorrowDr. Reyes
from Morgan State will be here as will sone of the
ot her people that we have involved with the test
programand we coul d revisit sonme of that question as
far as the oscillatory behavior.

CHAI RMAN WALLI S: So do you think that
behavi or was peculiar to that facility or would it be
expect ed?

MR. CORLETTI: Not necessarily. | think
it's characterized by flood of water and filling up
t he systemand t hen burping out of the ADS val ves and
filling the system and burping out. It is an

oscillatory behavior that you can see. W even see
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sone of that in our calculations for the plant as
wel | .

DR. BAJOREK: Bob, weren't those due to
condensation on the outside shell of the CMI in the
tests and it was condensation i nside the CMI that was
stagnating the fl ow periodically and that was feeding

back on the oscillation

MR. CORLETTI: | think that was associ at ed
wi th one set of oscillations. | think there nmay have
been sonme other things going on, too. | never

personally |l ooked into that to a great extent.

DR. BANERJEE: And your codes nodel this
for this cal cul ation?

MR.  CORLETTI : The codes wll show
behavior of a slug of liquid enters the ADS stage 4
and then you pressurize the system Once that passes
the pressure drops back. That type behavior is
observed in the code |evel

CHAI RVAN WALLI S:  Are you di scussing this
now because this was sone point of issue with the
staff?

MR, CORLETTI: No. Just basically that
we've --

DR, CUMNS: This is Ed Curmins. Maybe

| could give a context to long-term cooling. The
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safety issue or the safety significant question is
that as the | RAST enpties and transitions toinjection
to the sunp you have less driving head and is the
driving head sufficient at that stage to cool the core
with your ADS fl ow.

We had to prove that to the staff and we
used this analysis to prove it to the staff. The
sequence was nodeled in the OSU test and we
benchmar ked the codes agai nst the OSU test and then
predicted the plant.

DR BANERJEE: | guess the issue is
whet her a bubble short of grows and there's liquid
held up in the hot leg in the ADS systemwhich has to
be pushed out. Then this bottle sort of vents and
then starts that process again. |Is there sonething
i ke that happening or is it just the CMI sucking?
There was that, too, wasn't there, that the CM
not i vat ed?

DR. KEMPER: Sl uggi ng of portions of
liquidflowthrough the ADS-4 val ves were observed in
the tests but it was never to an extent that you were
doi ng anything significant to the water inventory.

CHAI RVAN WALLI'S: | think your argunent
has to be that if you get water into the ADS-4 |ine,

there must be water above the core and there is no
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probl em

DR KEMPER  Exactly.

DR. BANERJEE: Well, it could be a grow ng
steam bubbl e. You see, you' ve got stuff there in the
hot leg ADS and you could be growing this until it
breaks through and vents and then it starts again.
That's why |I'masking what is the phenonena? If the
phenonena was sonething different, that's fine, but
what was the basis of this phenonena? Did they see
oscillations in core tenperature?

DR. KEMPER: No, | don't think so, not in
any of the -- nothing significant in ny recollection
occurred in the way of inventory in the vessel during
anyt hi ng that was causi ng these small fluctuations in
pressure.

DR. BANERJEE: Anyway, maybe tonorrow he
could just briefly address it.

MR, CORLETTI: Dr. Wallis, one question
you asked i s when are we presenting this. This is one
of the safety analysis that is in the Chapter 15 of
our DCD and we were providing it.

CHAl RMVAN WALLI'S: But | thought we were
going to go over today the areas where there m ght be
sonme tentacle problens we had to think about.

MR. CORLETTI: The only issue that was
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rai sed by the staff during the pre-cert reviewwas in
addition to this w ndow node that we tal ked about
where we | ooked at key wi ndows, they had asked coul d
we do a continuous transient calculation from the
begi nning of the transient and we did do that.

Sonme of the transients are so slow. W
can't run a 30-day transient that way but we did run
sone that are -- we didrunalimting onein that way
and provided that also to the staff. That was, |
t hi nk, the one issue fromthe pre-cert review

CHAI RVAN WALLI S:  What you're predicting
is that you' ve got this sunp full of water, water
flows into the core, there's a two-phase flowin the
core but what cones out into the ADS-4 |ine is steam

MR, CORLETTI: It's a mxture, yes.

CHAI RVAN WALLI'S: It is a m xture?

MR, CORLETTI: Yes.

CHAI RMAN WALLI S:  So maybe you have to get
t he two-phase flow right.

MR, CORLETTI: Yes, | believe you do.

DR. BANERJEE: It's not steady.

CHAI RMAN WALLIS: It's not steady.

MR, CORLETTI: Inthe oscillatory behavi or
that you arereferring to here on these tests was ki nd

of a filling and venting kind of a long-term
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oper ati on. The other oscillations about the core
makeup tanks and condensing i n the core nakeup t anks,
that's a very early tine. The core makeup tanks
before they start to inject --

CHAl RVAN WALLIS: If the core were to be
dryi ng, you woul dn't get two-phase flow out the ADS-4
line. Wuld you?

MR. CORLETTI: That is correct. \Wen we
do have water in the hot leg, we think this is a good
si gn.

CHAI RMVAN WALLIS: So i f you anal yzed t hat
case where you began to dry-out and showed that you
wer e okay then, maybe you woul dn't need to do all the
ot her worKk.

MR. CORLETTI: That would be a boundi ng
calculation. Yes, | agree with that.

CHAI RVAN WALLIS: | think that woul d be
nore convincing to us if you could show a coupl e of
pi ctures about what's happeni ng and say, "W nake this
boundi ng cal culation and it can't be worse than that

and everything is okay," we can believe it. But when
it's sort of just words Iike this, we don't quite know
what we're | ooking at.

MR, CORLETTI : Maybe, Bob, if you

cont i nue.
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MR. SNODDERLY: |I'msorry. M ke, before

we continue, Dr. Wllis, when we devel oped t he agenda
| thought it woul d be useful for Westinghouse to just
gi ve you an overview of the | arge-break LOCA, small -
break LOCA and the containnent analyses. VWhat we
acconplished in bullet No. 3 was really what the maj or
open issues that were identified during the
preapplication process except for |iquid entrainment
which we're going to do later and to try to gi ve sonme
i dea - -

CHAl RVAN WALLI S:  Four is just areview of
some of the major safety analysis results which were
not subject to RAls.

MR. SNODDERLY: They were subject to RAls
and there may be sone openitens that will be covered,
but I think what | wanted to try to do here was j ust
to provide you an overvi ew of those anal yses.

CHAI RVAN WALLIS: | think it woul d al ways
help this conmttee if instead of getting this
presentation which says, "W did this and everything
is fine," if you could sort of give a better picture
of, "We had to consider these phenonena and this is

what happened. The RAl anal yses were secure,” and so

on.

DR BANERJEE: Well, in particular with
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this the collapsed liquid level is six to eight feet
or eight and a half. That's about 50 percent of the
core roughly. OCh, sorry. You were going to cone to
t hat ?

DR. KEMPER  Yeah. Well, we can cone to
t hat .

CHAl RVAN WALLI' S: Can you j ust keep goi ng
until you get that picture?

MR. SNODDERLY: |'msorry, Bob. Before we
nove on, | hate to interrupt again, Gaham but could
we go back to assist ne in ny notes. Dr. Banerjee's
guestion, | don't know if we clearly answered that
when he asked can COBRA/ TRAC nodel the oscillations
that were seen at the OSUtest. It wasn't clear to nme
whet her they could or they were.

DR KEMPER: Yeah, WCOBRA/ TRAC nodel s
oscillations are conparable to those that occurred in
the test with regard to ADS-4 |iquid and steam fl ow.

MR. SNODDERLY: Thank you. Bob.

DR BANERJEE: And that's docunented in
sonme report?

DR. KEMPER: Yeah, there's a | arge i nch-
t hi ck WCAP about Oregon State University.

DR. BANERJEE: Do you know t hat nunber?

DR. KEMPER: 14776 Rev. 4. GCkay. So the
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one thing with condenses and the tinme since AP600 we
di d have the capability to run a DEDVI |ine break case
fromthe end of the NOTRUW run onward out into the
sump i nj ecti on phase and did not at this point have to
use wi ndow node to do this. This is one of the
results fromthat run. As Dr. Banerjee noted, it's
core collapsed liquid |evel.

CHAl RVAN WALLI'S:  What is times zero on
this plot?

DR. KEMPER Tinmes zero on this would be
t he end of the NOTRUMP run whi ch woul d be 4, 000 second
maybe.

MR CORLETTI: After IRWST injection.

DR. KEMPER: Once the I RAST i s on and has
established itself as a consistent source of input of
water to the vessel

DR. BANERJEE: But this level s
cal cul ated by COBRA/ TRAC?

DR KEMPER: Yes. This is COBRA/ TRAC
result for collapsed liquid |evel

DR BANERJEE: It's a 3-D cal cul ation?

DR. KEMPER No, it's essentially a 1-D
cal cul ati on.

DR. BANERJEE: And this is with the two

nodes or sonething or nore nodes?
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DR. KEMPER: Two nodes in the core.

DR. BANERJEE: If | renenber, you have
some | arge bundl e tests, right? Fourteen-foot bundle

tests and 12-foot bundle tests, @&, G1?

DR KEMPER: There's bl ow-down heat
transfer.

DR. BANERJEE: No, |'m saying boil-up
collapse liquid | evel. Wen do you get dry-out? At

what sort of collapsed liquid |evel s?

DR. KEMPER: Dry-out was not observed
during this phase in any of the AP600 tests at OSU.

DR. BANERJEE: No, no. OSU is not the
sane height. This is a 14-foot bundle. Do you have
tests showing first that you are getting the right
col l apsed liquid I evel s and, second, getting about 50
percent there that you don't have dry-out? The
nunbers are around 30 or 40 percent that you get dry-
out with collapsed liquid |evels.

CHAI RMANWALLI'S: You' re nmeani ng t he | evel
of the two-phase m xture which you' re | ooking for.

DR. BANERJEE: Well, that's where it goes
to. |If you have about 30 percent collapsed liquid
| evel, for sure you get dry-out. At about 40 percent
the jury is out. Maybe you do get dry-out.

CHAI RVAN WALLI' S:  You get two-phase swel |
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that you wet the top of the core.

DR. BANERJEE: And that's a function of
t he height of the core. Actually, it's quite easy to
show anal ytical ly.

CHAl RVAN WALLI'S: There is a situation
here where if you had too little heat produced, you
m ght be worse of f because you m ght actually not so
much swell so you m ght actually dry-out the top.

MEMBER KRESS: |s the 14-foot the top of
t he active core?

DR KEMPER  That's right.

MEMBER KRESS: So your two-node break |ine
is at the seven-foot |evel?

DR KEMPER: That's right. This is the
overall collapse level which is at |ike 60 percent.

CHAl RVAN WALLI S: It's a pretty crude
nodel with two nodes and you'retryingto predict this
| evel .

DR. BANERJEE: And also what's the
validation of this? |If you get things a little bit
wong in terns of flow resistance this could be
dropping so there's an issue of sensitivity as well.

DR KEMPER: There were sone sensitivities
| ooked at in the WCAP that | nentioned earlier

concerning the OSU predictions in terns of
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i mpl enentati on of this nethodol ogy.

DR. BANERJEE: Rem nd nme of the hei ght of
the OSU core.

DR KEMPER: It's three feet. Quarter
scale of 12-foot core so three feet.

DR. BANERIJEE: Do you feel that those
experiments were real ly applicable to a 14-foot core?

DR. KEMPER | woul d say no. Less so than
toa 12-foot core. You're still |ooking at a height-
scaled facility no matter.

DR. BANERJEE: You have experinents which
are with the 14-foot core and a 12-foot core, don't
you, wth bundl es?

DR. KEMPER. |I'mnot really famliar with
14-f oot core.

DR. BANERJEE: Only 12-foot cores? One of
t hese bi g bundl e experi nents for | evel swell, how nmany
feet were they?

DR. KEMPER: They are all ol der
experiments. My recollection of the height would be
12-f oot.

DR. BANERJEE: (kay. So let's say 12-
foot. That's closer than three-foot. How do the --
what did you find in these | evel swell experinments?

| mean, how nuch col |l apsed liquid | evel was required
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to give no dry-out?

DR.  KEMPER: | don't really know the
answer to that.

CHAl RVAN WALLI' S: But you're still having
t wo- phase fl ow out the ADS-4.

DR, KEMPER  Yes.

CHAI RVAN  WALLI S: So what you're
predicting is that this two-phase flowgo all the way
t hrough the core and above it and that's what cooling
it.

DR. KEMPER: Right. You have two-phase
flow.

CHAl RVAN WALLI S: The reasonthis level is
so lowis because you're making a |l ot of steamin the
core.

DR KEMPER: Yeah. You still have
signi ficant decay heat.

DR. BANERJEE: Al so whether it's steady is
important or not. | nean, in the long term Do you
just have a steady boiling with flow out or are you
getting sonme sort of joggi ng phenonena whi ch i s going
back and forth?

I f thereis jogging, hownuch further down
isit going and what is the period? | think those are

t hi ngs whi ch your code can probably calculate but it
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has to be validated agai nst sone database which is
representative. A three-foot core maybe tells you
sonmething but it's not the same as a 14-foot core.

CHAI RVAN WALLIS: Don't you have to get
t he bubble rise velocity or the interfacial drag or
sonething right to do this? Isn't that the key thing
you have to get right to get the level swell?

DR. KEMPER: The interfacial drag woul d be
what you're looking at to get the |evel predictions
good in the vessel in the upper plenum yes.

MEMBER RANSOM Two anal ogi es don't have
enough detail really, I would think. | was going to
ask you does the fuel also only have two axi al nodes,
t he core?

DR KEMPER  That's right.

MEMBER RANSOM  So you have |unped the
upper region and the |l ower regioninto relatively | ow
power type situati on whereas you're m ssing the point
of the highest power where you're nore |ikely to get
dry-out.

MEMBER SI EBER:  That's true.

MEMBER RANSOM | really don't know t hat
you coul d | ook at these ki nd of cal cul ati ons and dr aw
any concl usi on about whet her or not you have seen dry-

out .
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CHAI RVAN WALLI S:  The dry-out that we're

tal ki ng about, | think, is not DMBtype dry-out. It's
just sinply the water doesn't get to the top of the
core. |Is that what you're tal king about ?

MEMBER SI EBER:  Ri ght.

CHAl RVAN WALLI S: Thereisn't water at the
top level of the core so it's just steamcooling and
that m ght take off. | would think this is a sinple
problem and the staff could do some of its own
checking calculations or sonething. Well, it has.
You want to ask the staff? |Is this a problem here?
Are we spending too nmuch tine with it?

DR. BAJOREK: | think it's a valid
guestion. | do kind of question having only two axi al
nodes in the core for this. Now, | think in answer to
t he question, yeah, we have | ooked at this type of
phenonena.

Generally what you find by |ooking at
tests |like QOakridge, the @&, which is a 14-foot
bundle, Gl and, | believe, Theta which | haven't
| ooked at, is that at | ower-type pressures your |evel
swell, which can take like a ratio between your two-
phase | evel and your collapse |level, is about a two
wi th sonme uncertainty.

That woul d say in these cal cul ati ons you
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woul d start expecting dry-out at the top if you got
bel ow about seven feet. Now, it appears that there's
enough level in this one that you're probably not
dryi ng out.

Maybe not by a |arge amount but, there
again, the way that is nodalized you may be cheating
yoursel f of sone |liquid because you aren't getting a
good axial discretionin the void fraction. | nean,
this is saying that you're getting basically a 40
percent void fraction on average in the core.

My guess is without | ooking at the plots,
we' re seeing sonething that's onthe bottomcell of .1
void fraction with sonething fairly high. That is
goi ng across too many fl ow patterns for COBRA/ TRACtoO
really do a good job on

DR. BANERIJEE: Just anot her question
Does COBRA/ TRAC have a drift flux nodel built in to
get the level swell or how does it do it?

DR KEMPER: Well, this is in the COBRA
vessel s where you have representations of interfacia
drag. It's not a drift flux nodel.

DR. BANERJEE: Two flui d?

DR KEMPER  Two fl uid.

DR. BANERJEE: Then how does it get the

| evel swell right? Two fluid nodels are notoriously
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bad at getting level swell right as far as | know.
How does it get the level right?

DR. KEMPER Wl |, again, in the WCAP by
reference that shows that for this application that
was done right. The COBRA/ TRAC expert will be here
this afternoon if you would like to pursue that
further.

DR BANERJEE: Who is the expert?

DR. KEMPER: Dr. Onhkawa.

CHAI RVAN WALLI'S: | think it woul d be good
if they could show nore detail than just this curve.
This doesn't show us nuch.

DR. BANERJEE: Really what is the basis
for the belief in this?

MEMBER RANSOM Wl |, it woul d be hel pful
to see the void fraction profile, too. At |east the
voids in the three different nodes that they have
above the core and the two core.

CHAI RVAN WALLI S: But they are very crude

nodel s.

MEMBER RANSOM  Ch, extrenely.

CHAI RVAN WALLI'S: If you' re worri ed about
whet her it's six or seven or eight feet, | would think

the nodel is too crude to really distinguish that.

MEMBER RANSOM Wl |, standard approachin
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1- D codes use about a one-foot node, you know, so you
woul d have |ike 12 to 14 nodes.

CHAI RVAN WALLI S:  Doesn't your w ndow do
that? Doesn't your wi ndow node use nore nunber nodes
or not?

DR KEMPER:  No.

CHAI RVAN WALLI S: It's so easy to do,
t hough. Just take a | ook at it at one point there and
calculate as it it were steady state. It should be
easy.

DR. BANERJEE: Vell, the only thing I
don't know is whether, first of all, this is right.
Even if it is off by a little bit it doesn't really
matter. If it getsto six foot, for exanple, then you
are going to be drying out a significant part of the
top of the core if it's not eight but six.

CHAI RMVAN WALLIS: It nust depend on the

power | evel. If there's no power at the six-foot
level, it's dried out the rest of the core.
MEMBER S| EBER: It doesn't make any

di fference.

CHAl RVAN WALLIS: If it's avery | ow power
| evel, then the bottomis just water and the top is
dry and heating up.

DR. KEMPER: Yeah.
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CHAl RVAN WALLI'S: It's primarily worse of f

than it was a long tine in the future and you just
don't have enough power to keep the |l evel of the swell
up there. It's all tied up to the ADS-4 flow rate,
pressure drop through that and how nuch that
depr essures.

The whole picture isn't here at all.
Where do we go fromhere? | think sonmeone has to | ook
into it in nore detail because we're not getting
enough det ai |l ed answers here to be reassured. | don't
think we're going to get themright now

MEMBER RANSOM  The other part that is
hel pful is the hear transfer node in each of these
nodes here.

DR. BANERJEE: This is alnpbst a steady
state calculation. Right? Virtually. There's going
to be a cal culation which is al nbst possible to do by
hand.

VEMBER KRESS: Hot water bottle with a
line feeding in.

DR. BANERJEE: As |ong as you know the
resi stance.

MEMBER KRESS: Resistance coming in and
goi ng out.

DR. BANERJEE: The only thingis if you do
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get this oscillatory node of chuggi ng, that needs to
be dealt with, too, toeither explainit or sonething.

MEMBER KRESS: You would have to have
nonment um equations so you couldn't do that by hand
very easy | don't think.

DR. BANERJEE: Very sl ow probably.

MEMBER KRESS: Yeah.

DR. BANERJEE: You mi ght be able to do a
nunber of steady states.

MEMBER KRESS: You mi ght.

CHAI RVAN WALLI S: VWere do we go from
here? Are you guys going to come up wth something
that is nore convincing today or tonorrow or are we
going to ask the staff to look into this with nore
detail? | don't see why you just don't do a 20-node
nodel . Stay the sanme would be trivial to do it.
There's not nuch going on. Wat's the problenf

DR. KEMPER  Well, the original problem
was conputer resources for a very long transient.
That has changed over the years.

CHAl RVAN WALLI'S:  There's a big pool of
water and it's comng in through DVI line right into
a vessel and it's essentially sort of one di nensi onal
flow up through the vessel.

DR.  BANERJEE: It may not be so one
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di mensi onal .

CHAI RMVAN WALLIS: Is it wet at the top or
not ?

MR. CORLETTI: Dr. Vallis, this is Mke
Corletti from Westinghouse. W'Il be talking a | ot
about WCOBRA/ TRACt hi s afternoon and t he nodel s inthe
code. Not on this code but in the other that we have
t hat we' ve done our suppl emental cal culation. | think
t hat maybe we can bri ng sone questions t here about how
this COBRA/ TRAC real ly handled that. Then we can go
from there to see whether we need a future action
after we discuss that this afternoon.

CHAI RVAN WALLI'S: | don't think | ooking at
the nodels in the code is going to help very nuch
You have to | ook at what they are predicting in nore
detai | .

MR. CORLETTI: In our DCD we have quite a
bit nmore plots than this plot here. Al so we can get
wi th Bob and see what i s the best way to present that.

CHAI RVAN WALLI S: Maybe you coul d gi ve Dr.
Bal | enger a honmewor k probl em where you can tell him
sone of these levels and the power |evel and the
resi stance to the ADS-4 valve and he can cone back
tomorrow and say it's okay or it's not.

MR,  CORLETTI : | can give you the
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resi stances.

CHAI RVAN WALLIS: It's not a conplicated
problem That's why it's really puzzling me why you
are saying you are limted by conputer resources. |
could do this overnight it seens to ne with a PC.

DR.  BANERIJEE: You should get an
anal yti cal sol ution.

CHAI RVAN WALLI S: Anal yti cal solution
kay.

MEMBER RANSOM  Anot her question that |
t hi nk woul d be interesting to ask i s when they resi st
crude nodalization and one-dinmensional in a nulti-
di mensi onal code, do they use the sanme constitutive
package for the interface drag?

The fl oor regines are quite different that
you nust use froma 1-Drepresentation versus a nulti -
di mrensi onal that uses the radio distribution across
the core. |Is it the sane constitutive package then
that is being used in COBRA/ TRAC for both of these
cal cul ati ons?

DR. KEMPER: Again, that would be a
question -- if you want to pursueit, | think you need
an expert.

CHAl RVAN WALLI'S: Wl |, suppose we told

you we don't think a two-node nodel is good enough
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Show us somet hing nore detailed. Wuldn't that be a
fair position for us to take? It doesn't have to be
transient. You have quasi-steady state at 2,000 and
8,000 second or sonmething. So where's the details
wi th the quasi-steady state nodel ? Should be able to
do it in a couple of days.

DR. CUMWM NS: Thisis Ed Cunmins. | think
the question is can you use another tool to predict
this result. It doesn't have to be COBRA/ TRAC. It
can be Dr. Banerjee's or Westinghouse's hand
cal cul ation. W can handl e that kind of a question.

CHAl RVAN WALLI S: But not with two nodes.
Two nodes seem nuch too crude for this problem Did
the staff let themget away with two nodes?

Steve, did you let these guys get away
with a two-node nodel for this thing?

DR. BAJOREK: Well, | want to hesitate
because | don't really feel | shoul d be answeri ng your
guestion, but | think the answer is no, you shoul d not
be using a two-node core for something like this.

The reason being, and | think Katsu can
gi ve you nore explanation this afternoon, is that in
subroutine interfere where these interfacial drag
correlations are done, it will break up this core or

this process into several discrete flow patterns.
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Enbedded in those interfacial drag correlations are
RAMS that go between delta al phas of about .2 to .4.

Now, | think just by doing a nental
cal cul ation on the delta void, what the code has done
inthisis it has junped over a couple of these flow
patterns. You' ve gone from bubbly up to annul ar and
you' ve nushed out everything else in between. The
interfacial drag in those reginmes are drastically
different. Mich higher down on the bubbly and the
slug than it is up in the annul ar.

| think by not having the nodalization
t here, you' ve m ssed several of the bubbly slug churn
pattern which would probably give you or retain a
hi gher froth and nore liquid in the core. | think
that's what you would wind up seeing in a nore
detail ed cal cul ation

Secondly, | think nmaybe what you m ght
want to think about are, | think, sone of the
simul ati ons that were done with the G and | think Gl
and Cakridge to ki nd of showthat COBRA- TRAC does ki nd
of nodel level swell. | think thereis a basis there
but I think you' re going to have to pull that out.

DR. KEMPER: Yeah. Well, as Dr. Bajorek
nmentioned, we have these sinulations. Now, thisis a

no core uncovery situation so it's a different
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condition from sone of these tests that were core
uncovery tests literally.

CHAl RVAN WALLIS: It seens to nme we have
sone new RAl's here and sonehow or the other these 700
RAIs didn't pick up these matters that we're
di scussi ng now.

DR. BAJOREK: | think 440 164 alludes to
t hat .

DR. KEMPER: Well, this is long-term
cooling as opposed to --

CHAI RVAN  WALLI S: This is long-term
cooling. Didyou discuss the long-termcooling issue
with the RAI's? Didyou have this sort of discussion
with themthat we're having now about the two nodes?

DR. BAJOREK: | guess you would have to

ask the NRR reviewer who was doing the long-term

cool i ng.

CHAl RVAN WALLI'S:  Apparently not.

DR LAS: This is Lanbert Lois, Reactor
Syst ens. Wthin that question of the two-node

solution that they proposed, we do have sone
out st andi ng questions regardi ng the nodel that they
used generally in the |ong-term cooling.

CHAl RMAN WALLI S: W just have two

sanpl es. We have |arge-break LOCA and |ong-term
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cooling that we've | ooked at a little bit today. One
of them|ooks as if we have sone inportant questions
about. From a sanple of two, one of them we' ve got
i mportant questions about. If we had a sanple of 50,
| wonder how nany we woul d have inportant questions
about .

DR BANERJEE: Just as a mtter of
i nformation, what is the velocity of the steamand the
hot | eg and through the ADS val ves? This is al nost
at nospheri c pressure.

DR. KEMPER: Ri ght. Now, the velocity
depends on how many val ves you are presum ng to have
open and what conditions. It would be on the order of
100 feet per second. For a single failure case you
coul d be maybe si ze 300 feet per second at sone point
steering this transient.

CHAI RVAN WALLIS: This is in the hot | eg?

DR KEMPER This is in the ADS-4 |ine.

DR BANERJEE: And the hot |eg?

DR. KEMPER: The hot |eg would be | ower
because of its significantly higher area.

CHAI RVAN WALLIS: It's alot less. Wuat's
the area ratio?

DR. KEMPER Let's see. Mybe a factor --

DR. BANERJEE: Two to one. Let's say 50
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to 100.

DR KEMPER. Two and a quarter to one.

CHAI RVAN WALLI S:  And what's the velocity
com ng out of the core?

DR BANERJEE: Top of the core.

CHAI RVAN WALLIS: Steam vel ocity com ng
out of the core.

DR KEMPER  There you have a w de area.

CHAI RVAN WALLIS: Is it one or 10 feet a
second? Twenty? .17

DR. KEMPER: Order of 10 feet per second
| woul d say.

CHAI RVAN WALLI S: So it's reasonably
significant. |It's above the bubble rise quite a bit.
It's probably carrying over liquid. If it's carrying
over |liquid, then double the coreis wet. It seenms to
nme all these answers ought to be there just like this
wi t hout having to dig for them

DR. BANERJEE: But, as Grahamsays, if the
velocities are at 10, 15, 20 feet per second, you are
probably getting droplets com ng out.

CHAl RVAN WALLI'S: No problemat all. You
may have no problem But you may have a probl em at
2, 000 seconds or sonething, or 20,000 seconds. Wen

t he power | evel has gone down, you don't have enough
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velocity to carry the liquid up. This long-term
cooling may be a probl emseveral days later. 1 don't
know. Did you pursue this out nmuch longer in tine?

DR. KEMPER W' ve got a cal cul ation that
was done at 28 days, 30 days.

CHAI RVAN WALLI S: Is this okay 100 days in
time?

DR. KEMPER: The 38-day calculation
assunes low |l evels as well within the contai nment so
it's a mnimumdriving head type of situation. That
case was adequat e.

DR BANERJEE: Wiy is it |ower?

MR. CORLETTI: In 30 days we assuned t hat
there are passive |eaks inside the containment and
that the water actually falls to a lower level. It's
what we call a wall-to-wall flooding case where we
assunme that all the conmpartnents flood to an even
|l evel and that's a reduced |level conpared to the
desi gn basis case earlier.

CHAl RVAN WALLI'S:  When | | ooked at this
figure, what concerned nme right from the start is
you've got a collapsed level that starts out at
something like 7.5 and it slowy goes up to sonet hing
over 8. Then at around 8,000 seconds it starts to

wi ggl e nore and conme down. You woul dn't expect that,
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woul d you?

DR. KEMPER That's when you have reached
the point of mnimm driving head. The TRWBT is
enptied to its Jlevel where you begin self-
recirculation. That's a |lowdriving head situation
and you begin to have warmer water cone that's been
fromthe sunp. Instead of the highly sunp cool water
fromthe | RABT, you are now havi ng war mer water bei ng
injected into the sunp.

CHAI RVAN WALLI S: So it nmakes nore
bubbl es, makes nore steam mnmakes nore voi ds.

DR. KEMPER: You have a little nore
voiding in the core

CHAIl RMANWALLI S: This curvereal ly shoul d
be continued out until the level is 14.

MR, CORLETTI : In the 30-day case, the
wal | -to-wal |l fl ooding case actually shows coll apsed
| evel of about 14 feet.

CHAI RMAN WALLIS: Thirty days?

MR. CORLETTI: Yes. W do this w ndow
node for sone tinme periods in between so this shows
that we're --

CHAl RVAN WALLI S: And it never goes --
does it steadily go up fromeight to 14 or does it go

down part of the tinme?
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MR CORLETTI: This is the w ndow nodes

that we're doing. | believe if you look at the
w ndows that we did --

Bob, do you have an answer to that trend?
Is that the trend? O did we do enough w ndows in
t hat trend?

DR. KEMPER: | woul d expect that to be the
trend but there's no specific calculation done for
AP1000 under that.

CHAl RVMAN WALLI'S: To be reassured about
the safety of this thing, |I would like sort of nore
positive answers.

MR CORLETTI: Yes. | understand.

CHAI RVAN WALLI'S: | thought you guys had
it all sewed up.

MR, CORLETTI: This methodology is the
nmet hodol ogy we did use on AP600 and that we revi ewed
during the pre-cert.

CHAI RVAN WALLI S: | don't really care
about et hodol ogy. | just care about convincing
argunments that this thing isn't going to have any
pr obl ens.

MR, CORLETTI: kay. | understand.

CHAl RVAN WALLI S: That's all | care about.

| only care about approved net hodol ogy and all that
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stuff.

MR.  CORLETTI : | m sunderstood vyour
question. | think --

CHAI RVAN WALLI S: You can always take
refuge i n approved nmet hodol ogy. If |I'mnot convinced
that it's going to work, it doesn't help ne.

DR. BANERJEE: But what is approved for a
12-foot core at a lower par density and different
floor reginmes may not be approved for this.

CHAI RVAN WALLI'S: Ckay. So this is going
to be resolved before you conme before the ful
conmittee? Maybe we have to have anot her subcomm ttee
neeti ng. Maybe there is sonething we're just m ssing
her e.

MR.  SNODDERLY: Graham | think the
nmeani ng i s objective in the sense that we want to try
toidentify issues sothat in the sumrer when we wite
this letter on this draft SER the staff wll have
identified certain open itens.

We woul d confirm and say that they have
identified the proper open itens or issues or they
haven't. This nay be an exanpl e of an area where the
staff is inadequately -- not the staff but the nodels
used for long-termcooling are i nadequate. Maybe we

shoul d use nore than two nodes.
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These types of comments | woul d see goi ng
intothe letter where the staff would either have to
come back and say, "No, we don't think that rises to
the level of an open item"” and they will have to
convi nce us.

CHAI RVAN WALLI S: What concerns nme i s that
we were supposed to focus on sort of the tentacle
i ssues that the staff had problens with with the RAlIs
and all of that. W weren't supposed to discuss this
at all but | understand that M ke said, "Wy don't you
go and review some of these other things." By this
sort of randomy picking this, we seemto have run
into sone major problens already. W wouldn't have
seen it at all unless you happened to present it.

MR, SNODDERLY: VWhat | would like to
suggest iswiththe tine we have we coul d spend a hal f
an hour on the small-break LOCA analysis and then a
hal f hour on the contai nnent anal ysis.

CHAl RVAN WALLI'S: | think we shoul d nove
onto sonething else having identified this as a
problem Let's nove on and see what we get on the
next one. But we're not review ng everything by any
nmeans. This is just a few things. Maybe we shoul d
| ook at the next presentation and see what cones up

with that. Are you ready for another one?
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DR. GAGNON: Good norning. Can you hear

me fine? My nanme is Andre Gagnon and |' mhere to tal k
about the AP1000 small-break LOCA analyses and
NOTRUMP.

First of all, we're going to | ook at sone
of the openitens fromthe pre-certification review
Not all of these were specifically identified by the
NRC but were i ssues that the ACRS al so had related to
NOTRUWP. The first one is the ADS-4 nonmentum fl ux
i ssue. The second issue is the existence of upper
pl enum and hot | eg entrainnent.

The third issue is the passive RHR heat
transfer nodel, what we are doing to account for
nonconservatismin the nuclear boiling correlation.
Next is the noncondensable -- treatnment of
noncondensable gases in the nodeling for the
sinmul ations. The |last issue is the treatnment of core
uncovery.

ADS- 4 nmonmentum flux. The NOTRUMP node
itself does not contain the detail ed nonentum fl ux
nodel . It does not -- it has the standard eval uation
nodel package whi ch does not deal with changes in area
and density. For nost instances for small-break LOCA
the velocities are | ow enough --

CHAl RMVAN WALLI S: This can't be true in
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t he break. The break is all nonentumflux so it mnust
be only inthe pipethat youdoit. Inthe valveit's
al | nmomentum f 1 ux.

DR. GAGNON: And that's treated as
critical flow nodels.

CHAI RVAN WALLI S So your concern i s that
the valve is big enough conpared with the pipe that
the flowvelocity in the pipeis big enough that there
is nonmentum flux in the pipe which needs to be
consi dered i n conpari son with the other pressure drop
t er ns.

DR. GAGNON: And of the paths where this
is an i ssue, ADS-4 was shown to be the bi ggest issue.
ADS-1 to 3 was shown to have a rel atively m nor effect
but ADS-4 was shown to have arelatively | arge effect.
Now, to deal with this --

CHAl RVAN WALLI'S: |'mreal |y puzzl ed. For
40 years or sonething we've been neglecting these
nmonmentum flux terms or sonmething, and now all of a
sudden we have to worry about them It seens to be so
easy to get themright the first tine.

DR,  GAGNON: Anyway, continui ng. To
address the ADS-4 i ssue in the AP600 program what was
done was to utilize an | RAST | evel penalty. That was

a penalty based on scaling argunents and --
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CHAl RVAN WALLI S: That's a very round

about way to do it.

DR GAGNON: Yes, it was.

CHAl RVAN WALLI' S:  Because nmonentumflux is
wrong i n the pi pe so you change the |l evel in the tank?

MEMBER KRESS: Gave you a bigger driving
edge.

DR GAGNON: That's what was done
originally for AP600. Wat was done as part of the
|atter ACRS reviews, if you renenber, Dr. Kress, was
t hat we devel oped t he st and-al one moment umf | ux nodel
to nodel the ADS-4 flow path from the hot leg to
determ ne the effect.

We then conpared that to the | RAST | evel
penalty to show that they were conparable. But what
we are doing in terns of AP1000 is to utilize that
same et hodol ogy which i s the detail ed ADS-4 nmonment um
fl ux nodel to generate a resistance adj ustnent for the
ADS-4 flowto nore directly attack the probl emwhich
is ADS-4 pressure

CHAl RVAN WALLIS: Is this a probleminthe
| ong-termcooling or isthis a problemin earlier part
of the transient?

DR. GAGNON: This is a problem

particularly from the transition from sonic to
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subsoni c.

CHAI RMVAN WALLIS: So it's an earlier part
of the transient.

DR GAGNON:  Yes.

CHAIl RVAN  WALLI S: Through the ADS-4
val ves?

DR GAGNON:  Yes.

DR. BANERJEE: And is that based on steam
fl ow or two-phase flow?

CHAl RVAN WALLI'S:  Two- phase fl ow.

DR. BANERJEE: Two- phase flow? Hi gh
quality?

DR, GAGNON: We actually have run the
nodel fromlow quality to high quality and then do a
regression toget afit and an adjustnent factor. The
adjustnment factor that we came up for AP1000 was
approxi mately 70 percent increase.

CHAI RVAN WALLI S: |I'mnot quite sure. The
way that people often argue about nmonmentum flux is,
“If I get it wong, it doesn't matter because the
nmormentumf | ux t hat comes out of one node goes into the
next one. |If | get too little here, |I pick it upin
the next one."” It also works out inthe end. If you
nodel nmonentum flux in the pressure drop in one node

and you take that nonentumflux to the next one, you
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can get that nonentum fl ux back.

DR GAGNON: But what this is is there's
asingleflowlink wthfluidnodethat represents the
ADS- 4 pi pe and then we nodel the squib valve which is
a break link so there's nothing downstream

CHAl RVAN WALLI'S:  But the nmomentum fl ux
that you have in the pipe, the pressure drop in the
pi pe, you can pick up again in the valve if you take
t he i ncom ng randomflux into the val ve as part of the
nonment um bal ance for the val ve.

DR. BANERJEE: 1t depends how they do the
critical flow cal cul ations.

CHAIl RVAN  WALLI S: Take the incom ng

monment um fl ux - -

DR.  GAGNON: -- based on stagnation
enpat hy.

CHAI RVAN WALLI S: St agnati on enpat hy?
It's not stagnate, though. Is it?

MEMBER RANSOM  Well, is NOTRUW |ike a
tube and tank type of nodel in which the flow from
node to node is really a quasi-study phenonena? You
know, ignore inertia and nonentum flux and just
consi der resistance type fornul a?

DR. GAGNON: Yes. | believe that's true.

MEMBER RANSOM  So you don't even have t he
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accel eration effects in this kind of nodel, |et al one
t he nomentum fl ux part.

CHAl RMVAN WALLI'S: |'"mnot sure | want to
see anot her nonmentum equati on.

DR. BANERJEE: But this is a drift flux

nodel .
CHAI RVAN WALLIS: It'sadrift flux nodel ?
DR GAGNON:  Yes.
CHAI RVAN WALLI S: For EDS pipe at high
vel ocity?

DR. BANERJEE: No, no. You are nodeling
t hat separately. Right?

MEMBER RANSOM This is nodeling the slip
bet ween the phases with drift flux nodel.

CHAI RVAN WALLI'S:  The drift flux nodel
doesn't apply to this sort of situation.

DR GAGNON: Not at the val ve, no.

CHAI RVAN WALLI'S: Not even in the pipe.

DR BANERJEE: At the core it does.

CHAl RVAN WALLI'S:  Yeah, in the core it
m ght but pipe? This is the pressure drop in the ADS-
4 pipeline you' re tal king about?

DR GAGNON:  Yes.

DR. BANERJEE: They have a separ at e nodel .

CHAI RVAN WALLI S:  They have a drift flux
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nodel for that?

DR. BANERJEE: They have a separ at e nodel .

CHAI RMVAN WALLIS: Thisis all, | suppose,
old stuff. This is what you did for AP600?

DR. GAGNON: Yes. What is in the DCD for
AP600 is the I RAST | evel penalty cases. W also ran
the ADS-4 resistance change cases to show that they
wer e conpar abl e. But for AP1000 we went with directly
attacki ng the probl emrather than changi ng sonet hi ng

CHAI RVAN WALLIS: This is all witten up
in some docunent sonewhere?

DR GAGNON: They are in RAlSs.

CHAI RVAN WALLIS: Thisis all inthe RAIs?
VWhat is the actual nunber?

DR. GAGNON: This is an AP600 RAI whichis
RAlI 447.

CHAI RVAN WALLI S: Does t hat gi ve equati ons
and things or is it just talk?

DR GAGNON:  Yes.

CHAI RVAN WALLI S: It gives equations.
Okay. The staff accepted these? Didthe staff accept
t hese?

DR. JENSEN: Yes, the staff has accepted

this.
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CHAI RVAN WALLI'S: Ckay. So if | | ooked at

t hese nonmentum equations | woul d accept them too?

DR JENSEN: | think so. [It's back out
from the nomentum equation what an equival ent
resi stance woul d be.

DR. GAGNON: This was devel oped by M ke
Young in the AP600 and was revi ewed by the ACRS.

CHAl RMVAN  WALLI S: W can't review
everything in detail, though.

DR GAGNON: | don't renenber for sure but
| believe Dr. Schrock --

CHAI RVAN WALLI S: So nomentum flux is
treated as an equival ent resistance in sone way.

DR. BANERJEE: | guess you're integrating
over the whole pipe. R ght?

DR. GAGNON: Yes. The detailed nonentum
fl ux nodel has approxi mately 440 cells sinmulating the
entire piping down through the squid val ves.

DR. BANERJEE: Dr. Watson fatal. That's
not good. And so that adjustment would change
dependi ng on the |l ength of the pipe and so on.

DR, GAGNON: Yes. Yes. And this is
specifically for AP1000.

CHAl RMAN  WALLI S: Is this just a

theoretical calculation or is it related in sone way
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to evidence or data?

DR. GAGNON: It was conpared to data for

Osu.

DR. BANERJEE: | thought they got
sl uggi ng.

DR GAGNON: Well, we're talking early
phase.

CHAI RVAN WALLI S: Ckay. So there's a
compari son and it shows that your new nodel is better
t han the ol d nodel ?

DR, GAGNON:  Yes.

MEMBER RANSOM This could have been
accept ed by NRR and have been benchmar ked agai nst sone
of the scales, some of the classical blow down
experiments and basically accepted as a |icensing
t ool ?

DR. JENSEN: Yes. The code was conpared
to experinmental data primarily in the AP600 review.
It was benchmar ked agai nst a wi de range of data, SPES,
OSU, and the staff accepted the code. Then we | ooked
at the application of the code to AP1000 and had sone
addi ti onal questions. Yes, we believe the code has
been appropriately benchmarked agai nst experi nent al
data wi th the exception of the entrai nment com ng of f

t he ADS-4.
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CHAI RMVAN WALLI S: This code that was

benchmar ked had no nmonentum flux ternms in it?

DR. JENSEN: No. At onetine it did have
nonmentum flux |long ago and Westinghouse for sone
reason took the momentum flux ternms out for the
purpose of reviewing the advanced plants probably
because of | ow pressure problens.

CHAl RVAN WALLI S: What' s been benchmar ked,
this one with the nmomentum flux ternms put back in
agai n?

DR. JENSEN: The one t hat was benchmar ked
agai nst SPES and OSU i s the sane code that is used for
AP1000. 1t does not have nomentum fl ux.

CHAl RVAN WALLI' S:  So what assurance do we
have that these nomentum flux calculations or
corrections are valid?

MR. CORLETTI: | think if we go over the
presentation it will answer that.

CHAI RMAN WALLI S: You'll get to that?
kay. You don't see conparisons with data in here,
though. I'mjust leafing through the slides.

DR. KEMPER For the ADS-4 nonentumf| ux?

CHAI RVAN WALLI S:  Goi ng back to AP600 we
had a | ot of questions about the code and the nore we

| ooked at the code, the nore we said gee whiz. But
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then what eventually convinced the bulk of the
conmttee was the evidence, the conparison with SPES
and so on, saying that, yes, there's all these hocus
pocus in the theory but it works. That's what you
need to do here, too.

MR. CORLETTI: OQur overall approach was we
were going to also benchmark this NOTRUW agai nst
COBRA/ TRAC and show COBRA/ TRAC to the test, which
think Andy is going to get to next.

CHAI RVAN WALLI S:  Those figures show very
different protections by the two codes.

MR. CORLETTI: That's where were are next.

DR. BANERJEE: So there was a point nade
that the nmomentum flux terns were taken out because

you had problens at | ow pressure?

DR. GAGNON: | don't believe that's the
case. | believe at one tinme -- this is all from
menory so don't take this as gospel. Were the code

used to run was on the CDC when you had snall core
menory, large core nmenory and it was a space issue.
At that time the nmomentum flux nodels weren't being
used. They took them out and they have never been
rei nt roduced.

DR. BANERJEE: But with |ow pressure

there's a |l arge change in volunme going fromwater to
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steam Accel eration has to be sonewhat i nportant nore
at | ow pressure than at high pressure so what is the
logic of taking it out at | ow pressure when it was in
at hi gh pressure?

DR. GAGNON: It's been out for a year.

MR CORLETTI: That predates --

DR GAGNON: It's not a recent renoval .

CHAI RVAN WALLIS: Sonetimes it gives yo
probl ens. Momentum flux sonetines gives you
nonphysi cal oscillations.

DR BANERJEE: It's a nonlinear term

DR. GAGNON: Anyway, in order to support
t he m ssi ng pi eces of NOTRUWP, which is basically the
ADS- 4 nmonment umf | ux, or to suppl enent what we' re doi ng
with NOTRUMP which is wusing that detailed ADS-4
momentum flux nodel to calculate a resistance, we
proposed to perform suppl enmentary cal cul ations with
t he COBRA/ TRAC code for the ADS-4 and | RAST i nitiation
phase.

That code does contain the nmomentum fl ux
terms in the nonentum equation. It also contains
upper plenum and hot |eg entrainment nodels which
NOTRUWP does not. It also contains horizontal flow
nodel s, flow regine.

DR. BANERJEE: Was this a 3-D nodel you
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used it with or not for the core in the upper plenunf

DR GAGNON: Yeah. | believe the core
upper plenumis 3-D, yes.

DR BANERJEE: O is it the three-node
nodel that we tal ked about before?

DR. BANERJEE: No, no, no. Thisisinthe
ADS- 4 | RWST phase. Right?

DR GAGNON: Right.

DR. BANERJEE: So you had a det ai | ed nodel
in COBRA/ TRAC for this?

DR. GAGNON: I'Il let Dr. Kenper answer
t hat questi on.

CHAI RVAN WALLI'S: So NOTRUMP has no hot
| eg entrai nment nodels. It just assunes that whatever
qual ity goes in conmes out or sonmething like that?

DR. GAGNON: What is nodel ed i n NOTRUWP i s
t he pi pe dianmeter that is attached to the hot leg is
extended into the hot leg by that pipe dianmeter so
it's rather arbitrary.

CHAI RVAN WALLIS: There's no change in
quality or anything. Watever cones along hot |eg
goes out there.

DR. GAGNON: \Whatever cones along. It's
a circular contact so whatever mxture is in there

will determine what the flow quality will be as a
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function of |evel.

CHAI RVAN WALLI'S: Now you think you have
a nore physical nodel than WCOBRA/ TRAC?

DR. GAGNON: That's correct. We will be
di scussing that nore in detail.

DR. BANERJEE: You're goingtotell usthe
nodel in COBRA/ TRAC | ater?

DR. GAGNON: That will be this afternoon,
yes.

DR. BANERJEE: So how nmany nodes did you
have for the core in rough terns?

MEMBER RANSOM I n the COBRA/ TRAC nodel
for this ADS-4 initiation phase there are four nodes
in the core for this application.

DR. BANERJEE: And then the upper pl enunf

DR. JENSEN: The upper plenumwe actually
| ooked at sensitivity to having one node there and
three nodes there. The sensitivity studies we
per f or med have t hree nodes i n t he upper pl enumregi on.

DR. BANERJEE: kay. And was this all 1-D
or did you do sone 3-D?

DR. JENSEN: There's no radial
representation in here.

CHAl RMAN WALLI S: Ckay. Please go on.

DR. GAGNON: The idea with the
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suppl ement ary COBRA/ TRAC  cal cul ation was to
denonstrate that the adjusted NOTRUW nodel provides
a conservative prediction of the IRWT injection
phase. As part of, | believe -- is that WCAP 158837
| s that the entrainnent?

COBRA/ TRAC conparisons to the NOTRUWP
nodel s or NOTRUMWP si nmul ati ons were performed for the
DEDVI |ine break i nadvertent ADS case. What was shown
was t hat COBRA/ TRAC pr edi cts a nuch hi gher entrai nnment
rate through the ADS-4 fl ow pass than is predicted by
NOT RUMP. W have some curves that wll Dbe
denmonstrated here shortly.

COBRA/ TRAC al so depressurizes nuch nore
rapidly basically because of NOTRUW' s break flow
bl endi ng nodel that restricts flow as it approaches
subsi gn.

CHAI RVAN WALLI S: Howdoes it predict nmuch
greater entrainnent? | thought that NOTRUWP sort of
assumed what goes i n conmes out so there's no nechani sm
for de-entrainnent.

DR GAG\ON: Only when it gets into
contact with the pipe el evation. As the m xture | evel
stays bel ow, the contact elevation --

CHAl RVAN WALLI S: G ves no entrai nment at

all. GCkay. Until you take this pipe and stick it in
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alittle bit further.

DR.  GAGNON: Stick it in kind of Iike
circul ar sideways so as the m xture | evel approaches
t he contact point, it begins to entrain or carry out
[iquid.

DR. BANERJEE: Now, | just want to
understand the physics of this. Wen you take steam
out of a break, the pressure goes down quicker.
Ri ght ?

DR GAGNON:  Um hum

DR. BANERJEE: You take liquid out, it
t akes the mass out and keeps the pressure out. So if
COBRA/ TRAC t akes out |iquid and NOTRUW doesn't, why
does COBRA/ TRAC depressurize nore rapidly?

MEMBER RANSOM COBRA/ TRAC actual | y t akes
out roughly the sane anmount of steambut it's taking
out a lot of liquid with it.

CHAI RMVAN WALLIS:  That should keep the
pressure up because the t wo- phase pressure drops nost
greater than for the steam al one.

DR.  JENSEN: Wll, this goes back to
NOTRUMP has a very conservative nodeling of the flow
rate through the ADS-4 flow paths. Andy nentioned a
blending nodel which is known to be highly

conservati ve.
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DR. BANERJEE: But didn't you adjust the

NOTRUWMP t o a nore real i stic nodel by nodeling this ADS
l[ine in nore detail?

DR GAGNON:  Yes.

DR. BANERJEE: So what you were doing is
you were | ooking at -- you mapped an inlet quality
where you varied it fromlowto high quality. That,
| presune, was the inlet of this ADS-4 |ine.

DR GAGNON:  Yes.

DR. BANERJEE: And then you |unped this
t hi ng i nto sone gross behavi or based on what the inl et
quality was?

DR, GAGNON: Correct.

DR. BANERJEE: So for that |ine, at | east,
you had a realistic nodel. | don't understand the
bl endi ng here. Were is the blending com ng in?

DR. GAGNON: At the choke point which is
at the valve. As it transitions from sonic to
subsonic there is a splind fit that takes it to the
orifice equation.

DR. BANERJEE: Ri ght. | nmean, both
Graham's and nmy point is that if you have two-phase
flow, you should get a bigger pressure drop in
general . Therefore, | don't understand why. The

physi cs doesn't work for ne.
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CHAl RMAN WALLIS: It doesn't matter. It's

an approved code.

DR. BANERJEE: Even if it is approved, |
still have to understand the physics. Why does
COBRA/ TRAC depressurize norerapidly? It doesn't make
any sense to ne.

DR GAGNON: | have no --

MEMBER RANSOM  COBRA/ TRAC does have t he
physi cs and t he representati on of the hot | egs and t he
ADS-4 flow paths. Wth that nodeling, the steamfl ow
rate predicted is conparable to that, or exceeds that
of NOTRUMWP enabl i ng you to depressurize. You al so are
taking the Iiquid out in the COBRA/ TRAC anal ysis with
its entrai nment nodeling.

DR BANERJEE: Right. So let's go back
again. Either COBRA/ TRAC has nore steam comni ng out
t han NOTRUMP, in which case it is understandabl e why
depressurization should be nore rapid. O there is
some nechanism operating that |, for one, don't
understand. So does COBRA/ TRAC take out nore steanf

DR JENSEN:. Well, the steam flows are
about equi val ent.

DR.  BANERJEE: Then why should it
depressurize nore rapidly? If you just do a nmass

bal ance around t he systemw th t he pressure, just |unp
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t he whol e thing together, it should take out the same
amount of steam to a first approximtion and the
pressure should stay the same.

DR. JENSEN. Now, | think one thing is we
are noving energy fromthe systemand the liquid as
wel | .

DR. BANERJEE: Ri ght.

DR JENSEN: Because this is saturated
liquid and there is a significant energy renoval
occurring with the Iiquid.

DR. BANERJEE: kay. That could explain
part of it, but then the pressure drop al so should go
up because you're renoving the liquid. So the back
pressure -- | just don't understand why this should
depressuri ze.

CHAl RVAN WALLI' S:  Conpar abl e steamfl ows
and when you put water in, the pressure has got to be
hi gher .

DR. BANERJEE: Ri ght.

MR. CORLETTI: Thisis Mke Corletti. The
resistance in the NOTRUW ADS-4 |ine has been
artificially increased so you don't have this
i ncreased resistance in the COBRA/ TRAC cal cul ati on.
W have the actual resistance. In the NOTRUWP

cal cul ati on we have an increased resistance in the
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ADS-4 | i ne.

CHAI RVAN WALLIS: | think it's the ADS-4
val ve.

MEMBER RANSOM Wl |, if you | ook ahead to
the plot -- you've got a plot, | think, in the next
sl i de.

CHAl RVAN WALLI S: Maybe we shoul d nove and
| ook at the plot.

MEMBER  RANSOM It shows t hem
depressurizing at about the sanme rate but there's a
transition which occurs at a different point which
assume nust be the transition from sonic flow to
subcritical.

CHAI RVAN WALLIS: Can you explain these
curves here? Wiy are there three curves or four
curves?

DR. GAGNON. Well, this is just the | ow
pressure side.

CHAI RVAN WALLIS: It's magnified?

DR, GAGNON:  Yes.

MEMBER RANSOM One reads to the right and
the other reads to the left.

DR. GAGNON: There's an overlay. Thisis
t he hi gh pressure phase and this is the | ow pressure.

CHAl RVAN WALLI'S: One only stops at --
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DR. GAGNON: One starts at ADS-4.

MEMBER RANSOM  This is what you call a
wi ndow cal cul ation, | guess.

DR GAGNON: Right.

DR BANERIJEE: Again, | mssed the
expl anation. Could you please repeat it? \Wat is
bl ocked here?

DR. GAGNON: Thi s side represents the high
pressure phase, this curve here. | should | abel |eft
side. This is the | ow pressure phase and you can see
-- | mean, there's an overlap of NOTRUW and
COBRA/ TRAC. This is NOTRUW and this is COBRA/ TRAC.

CHAI RVAN WALLI S:  Starting COBRA/ TRAC at
500 seconds.

DR GAGNON: At ADS- 4.

CHAI RVAN WALLIS: It |ooks as if they are
doing the sane thing until --

MEMBER  RANSOM They are j ust
transitioning to a different point.

CHAI RMVAN WALLIS: Oh, | see. So they are
pretty close we would say until --

MEMBER RANSOM  Yeah. They are pretty
close until you get to the region where the NOTRUWP
bl endi ng transition nodel Kkicks in.

DR. BANERJEE: That keeps the pressure
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hi gher ?
GAGNON:  Um hum
BANERJEE: So that's the top curve?

GAGNON:  That's the top curve, yes.

T 3 33

BANERJEE: That's the NOTRUMWP.

MEMBER RANSOM | guess is that a
transition from choking to unchoke flow, | guess.
That knee and the curve.

CHAl RVAN WALLI'S: Is that what it is?

DR GAGNON: Yeah, it has to be.

DR. BANERJEE: So why does the transition
occur | ower i n COBRA/ TRAC si nce you are actual | y using
a detailed nodel for the ADS-4 |ine and NOTRUVWP? The
net hodol ogy you expl ai ned was you - -

DR. GAGNON: Adjust the NOTRUWP, yes.

DR. BANERJEE: You have a very detail ed --
how many nodes did you say, 18 nodes or 100 nodes?

DR GAGNON:  440.

DR BANERJEE: 440.

DR GAGNON: 400 and sone odd.

DR. BANERIJEE: So that's a good
calculation we think. Right? Wy is it different
f rom COBRA/ TRAC?

DR. KEMPER Well, | think, isn't it the

bl endi ng nodel , Andy?

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

138
DR. GAGNON: The bl endi ng nodel is only on

for a short duration and then it's transitioned.

DR. KEMPER Maybe it hasn't been brought
out. In doing the COBRA/ TRAC cal cul ation here we are
trying to get -- what we've done is try to get a
handl e on the better estinmate of the perfornmance of
t he systemand usi ng t he entrai nment nodel i ng present
in that code.

NOTRUWP is intended to be a conservative
calculation for |icensing purposes so what Andy has
for his resistances are boundi ng resi stances accor di ng
to the plant design paraneters. The COBRA/ TRAC
cal cul ati on i s based on expect ed or nom nal resistance
in the ADS-4 flow paths. That m ght explain the
guestion you rai sed before about pressure.

CHAl RMVAN WALLI'S:  Can we nove on to sone
of the other predictions here? W' ve spent forever on
this one. | think we need the whole picture.

DR BANERJEE: Then we can come back to
this.

CHAI RVAN WALLI S:  Then we can cone back to
this one if you want to. W can't spend all day.
This one is so dramatic you' re losing a |l ot nore water
t han the other case.

DR. GAGNON: That's correct.
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CHAI RVAN WALLI'S:  The nunber we're | osing

here, the difference is sonething |ike 50,000 pounds
and 800 seconds, the difference between the two
predi ctions.

DR. GAGNON: Ri ght. Roughly 50, 000 pounds
out of that path.

CHAl RVAN WALLI'S: Then if we | ook at the
core inventory, the one after this one --

DR GAGNON: This is the other slide.

CHAl RVAN WALLI'S: This is the other slide
whi ch, again, tal ks about tens of thousands of pounds
of water difference. Yet, when you cone to the vessel
inventory, it does make nmuch difference. Vhat
happened to this 50,000 pounds of water we [ ost with
COBRA/ TRAC? \Where did it conme fron? Didit all get
injected or something? Did nore get injected?

DR GAGNON: Well, yeah. It's getting
| RAST injection nmuch sooner than NOTRUWP i s.

CHAI RVAN WALLI S:  Ah. So anot her 30, 000
pounds i njected fromsonmewhere but bal ance the extra
we | ost.

DR, GAGNON:  Yes.

DR. BANERJEE: But then it becones very
critical to get the pressure right. Right?

CHAI RVAN WALLIS:  Yes. If you had I ost
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all that water and then your pressure hadn't cone
down, you would be in real trouble.

DR GAGNON: Ri ght . It would be very
uncover ed.

CHAI RVAN WALLIS: So if we're saying that
by |l osing that water the pressure shoul d have stayed
up. Then you would be in real trouble. | nean, if
you're losing nore water, generally a valve get
bl ocked by the water so you lose less steam It's
hard to believe. 1t doesn't nake sense in terns of
our appreciation of the physics.

DR. BANERJEE: So you're back to that old
curve.

CHAI RVAN WALLI S: Here we have anot her
thing we don't understand.

DR. GAGNON: |s the break fl ownodel going
to be explained this afternoon? The COBRA/ TRAC break
fl ow nodel ?

DR. KEMPER: That nmay be. You can maybe
help me with sone of this, Sandy. That may i ndeed be
possible. Thistransient isactuallyincritical flow
for the large majority of the COBRA/ TRAC transi ent up
until the time when you get -- certainly up to the
time in which | RAST injection begins to occur.

The nodeling there in COBRA/ TRACis, |1l
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call it, a small break LOCA type of critical flow
nodel in which upstream conditions are used to
identify the critical flowthrough a restriction such
as an ADS-4 valve. That's the COBRA/ TRAC criti cal
fl ow nodel . NOTRUWP has its critical flow nodel and
then it goes into this blending nodel and takes it
fromthere.

DR. BANERJEE: When does the bl ending
nodel operate inthis? | don't fully get the idea of
what the blending nodel is but is that witten up
somewher e?

DR GAGNON: VYes. It's in WCAP 14807 Rev.

5.

DR BANERJEE: 14?

DR. GAGNON: 14807 Rev. 5. 1t's section
2.13.

CHAl RVAN WALLI'S: | don't knowif we need
to look at all these nodels. It's just the fact that

if you've got all this extra water goi ng out, the same
anount of steamfl ow, you' ve got to have nore pressure
draw. You're sayingthere was sonething so artificial
about NOTRUWP t hat we should really forget about it
and just believe this other one, WCT.

DR. BANERJEE: | don't think you should

reach that conclusion because they have nmade a very
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detai | ed nodel of the ADS-4 |ine fromwhat you' ve said
f or NOTRUMP.

DR. GAGNON: Well, it's adjusted based on
a detail ed nodel

DR.  BANERJEE: But what is different
bet ween COBRA/ TRAC and NOTRUMP woul d be quality at the
entrance to that |ine. Ri ght? Because, in fact,
since you' ve got a detailed nodel for the ADS-4 |ine
i n NOTRUWP, it's probably doi ng better t han COBRA/ TRAC
because COBRA/ TRAC probably doesn't have a detail ed
nodel with 140 or 440 nodes. R ght?

DR, GAGNON: | am not aware --

DR. BANERJEE: Wiat am | to sort of
conclude from this? That the nodel with your 440
nodes is probably pretty good. Right?

DR. GAGNON: Yes, | woul d have to say so.

DR. BANERJEE: Probably better than the
COBRA/ TRAC nodel . Yes or no?

DR.  GAGNON: For that nodeling | would
have to say | would think it has to be.

DR. BANERJEE: Right. So the only issue
then is the quality right of the inlet or not. Now,
if there is nore entrainnent, which means that
COBRA/ TRAC has higher quality comng in -- |ower

quality coming in, you would expect a pressure drop
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and | ess steamto flow out.

Therefore, what is puzzling about the
whol e thing is why are you getting | ower pressure in
COBRA/ TRAC and that's the whole thing that's all ow ng
| RWST to cone in earlier. The increased mass | o0ss
makes sense because of entrainment. You are feeding
it with a lower quality of the inlet. But what
doesn't meke sense is why the pressure conmes down
faster. That's really the issue.

CHAl RVAN WALLI S: I f we junp ahead to your
slide 44, it's even nore critical here. The pressure
with one prediction at 2,000 is sonething |ike 400
psi . The other one is down to 100. Tr enmendous
di fference.

DR. GAGNON: Now, this is the right-hand
scale. This is --

CHAI RVAN WALLI'S: |I'm sorry. Those two
there. Ckay. That's a big pressure conmpared wth
what the | RABT had so that's inportant. The pressure
of psi there is -- oh, there's a false origin.

DR BANERJEE: It's 30 and 25 or
somet hi ng.

CHAl RVAN WALLI S: It's a false origin.
That's what confuses ne.

DR. GAGNON: Yes.
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CHAI RVAN WALLIS: Okay. Wy did you do

t hat ?

DR. BANERJEE: But still 5 psi is a few
feet of water. R ght?

CHAI RVAN WALLI'S: So we're tal king about
25 versus 35 or sonething. But thenif I |look at the
integrated water flow, though, and, say, figure 323
whi ch goes with this, |'ve got a huge anobunt of water
com ng out with WCT and al nost not hing wi th NOTRUMWP.

DR. GAGNON: Correct. This is for the
i nadvertent EDS case.

CHAl RVAN WALLI S: These are bothrealistic
codes?

DR. GAGNON: Wwell, it was intended to be
Appendi x K based. It's not best estimate.

CHAI RVAN WALLIS: But it doesn't matter
here. They are both trying the nodel of physics.

DR. BANERJEE: | guess the thing is very
del i cate. If the pressure doesn't cone down fast
enough and you get water out, you hang up the pressure
and then the IRWT didn't come in. That was the
bal ance that | renenber was the issue in AP600 as
wel | .

When we di d sonme hand cal cul ati ons we j ust

used a honogeneous nodel for the discharge and it
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still didn't give a large -- you can do this problem
by hand. In fact, we did it by hand just to meke
sure. It didn't give alarge tine of core unrecovery
or anyt hi ng.

It just went back if | remenber that.
Here it shoul d be possible to do the sane thing. The
honbgeneous equi l i briumoutflowis avery conservative
outflow It will tend to keep the pressure up and
| ose mass.

DR. GAGNON: That's what's being done with
t hat detailed nmomentum fl ex nodel that uses the HCM
nodel .

DR. BANERJEE: Right. In which case that
is a believable sort of bound, if you Ilike. \hat
happens in that case? Does the core uncover?

DR GAGNON: No, the core does not
uncover .

DR BANERJEE: | see.

CHAI RVAN WALLIS: Is that the NOTRUWP?

DR GAGNON: It calibrates that factor.

DR BANERJEE: | see.

DR. GAGNON: | RWBT injection is del ayed.
There's a veritable injection gap between CMI and
| RWST but it is smaller than what was predicted for

AP600. The AP1000 desi gn has shortened that injection
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gap period.

CHAI RVAN WALLI S: Usually you show you
make di fferent assunptions. Yes, the pressure stays
up nore or you |lose nore mass but the actual core
uncovery is okay. That's one thing |'ve seen in the
past. Here you seemto have a problem where you're
| osing mass after keeping the pressure up.

DR. GAGNON: The pressure i s com ng down
in this case.

CHAI RMAN WALLIS: In this case it's okay
then. Okay. That's right. One is conpensating for
t he ot her and we' re sayi ng how can that be because of
t he characteristics of the two-phrase fl owthroughthe
valve. That's right.

DR. GAGNON: And to --

CHAI RVAN WALLI'S: This is a key part. The
key part of AP600 and AP1000, the whol e key part of
t his passive systemis you' ve got to depressurize the
| RAGT. You' ve got to depressurize without | osing too
much mass. The whole key to the operation of the
system

DR. GAGNON: Correct.

CHAI RVAN WALLI S: It |ooks here as if
you' ve got such trenendous changes when you change t he

codes that we wonder how much reliance we can put on
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t he results.

MR CORLETTI: There are ot her differences
inthe calculations as well as just the differences in
the codes. Maybe one was done with a conservative
decay versus the 79 decay heat.

DR KEMPER:  No.

MR. CORLETTI: Are they the sane?

DR. KEMPER  They both have decay heat.
The ADS-4 resistance is a nomnal nunber in
COBRA/ TRAC, whereas it's bounded i n NOTRUWP. | think
the main difference is probably the WOBRA/ TRAC
prediction. It's critical flowor choke flowall the
way until |RWST injection occurs. The choke fl ow
nodel is really the main actor in ternms of the
WCOBRA/ TRAC predi cti on.

CHAI RVAN WALLI S: Do we have any staff
prediction to put onthis plot? Has the staff nmade an
i ndependent cal cul ati on of sone of these transients?

DR.  JENSEN: Yes. The staff has
calculated a lot with these transients. | didn't
bring a plot of the pressure versus time but in
general RELAP will depressurize faster than NOTRUWP
and the | RABT i nj ection occurs then nuch earlier than
NOTRUMP predicts.

CHAI RVAN WALLI'S:  So RELAP probably | oses

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

148

nore water but gets the pressure down so | RAST cones
on.

DR. JENSEN: Well, the way | see this, Dr.
Wallis, the way it seens to ne the pressure com ng
down quickly causes the IRWST to inject earlier
putting nore water in the core. The water then fl ows
to the core and out into the upper plenumand out of
the hot |egs and out of the ADS-4.

Because the IRWST flow is greater, then
this causes nore water to be, in effect, punped wth
t he ADS-4. Wth the IRWT it's the driving force
giving the water and that's the reason there's nore
water in the ADS-4 for WCOBRA/ TRAC than there is for
NOTRUMP because there's just nore water there.

CHAI RVAN WALLIS: As long as you've got
pressure down enough so that the IRAST is injecting.

DR. JENSEN. Yes, sir. That's inportant.

CHAI RVAN WALLIS:  What is that pressure
| evel where it begins to inject? Can we put that
sonmehow on these figures?

DR. GAGNON: For -- | don't remenber what
it is. | think it's around 28 psi.

CHAl RVAN WALLI S: 287

DR GAGNON: | believe.

CHAI RMAN WALLIS: So it's right between
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t hese two predictions here. One of themis predicting
t hat you get alot IRAST. The other one is predicting
t hat you get none of it.

DR GAGNON:  Until nuch later in tine.

CHAI RVAN WALLI'S:  Until rmuch later. It
seens to me this is a case where | would think that
the staff would have to run a lot of its own
cal cul ati ons because there's so much | ack of certainty
her e.

This is really a case where the staff
ought to be running your codes since it appears you
can tweak the codes by putting in various assunptions
about whatever m xi ng or howlong the pipeis that you
stick in fromthe side and so on

DR. BANERJEE: Let me ask the question
about the NOTRUWP. The 440 node cal cul ation for the
ADS-4 | i ne, was that assum ng honpgenous flowin that
line?

DR. GAGNON: Yes. They al so | ooked at the
i mpact of slip and honogeneous was determned to be

the nost restricted.

CHAl RVAN WALLI'S:  Well, | shoul d include
as a nenber of the technically informed public, 1've
got three calcul ations. I'"ve got WCT, |[|'ve got
NOTRUWP, and |'ve got RELAP. It's clear the
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difficulty nodeling with physics because they all
predict quitedifferent thingsinthis particular tine
period. Yet, the answer in terns of vessel inventory
and core uncovery is sort of the sane.

If I had three codes which are all very
poor approximations to the real physics, yet the
answers say it's safe, does that give ne a good
feeling or not? | would Iike to have a code which is
a good approxi mation of real physics really if |I'm
going to make a decision. |'mnot quite sure where |
am and these three codes have very different
predi ctions.

DR. BANERJEE: Well, one way would be to
keep the pressure fromNOTRUW and the mass | oss from

CHAl RVAN WALLI S:  You coul d do that. You
coul d probably put in enough assunptions to make t hat
happen. You could take the worse case from
everything. Take the worse part of the RELAP code,
too, and use that and still show that the mass
i nventory is okay.

DR. GAGNON: W actually sensitivities in
AP600 where we played around with that contact
di aneter to have entrai nment anyti me there was a | evel

in the hot |eg.
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CHAl RMAN WALLI S: | ' ve fol | owed AP600 not

from this commttee but from outside and what
concerned nme was t hat t he mass vessel inventory curves
evol ved over tinme as the codes were -- somet hi ng was
done with the codes so the thing did better and better
as tinme went on.

DR. BANERJEE: Di d you do any compari sons
with ROSA at this phase?

DR GAGNON:  No.

DR BANERJEE: Because in the AP600, |
don't know if Westinghouse did any conparisons, but
AP600 t he ROSAresults were real |y t he best scal ed for
t hi s phase between | RAWST and ADS-4. |f you didn't do
any, did the staff do any which were relevant to this
cal cul ati on?

DR. GAGNON: They did that. | believe
t hey benchmar ked.

DR. BANERJEE: Did you benchmark things
agai nst ROSA for this case?

DR, JENSEN: For AP600 the staff did
benchmar k RELAP agai nst ROSA so we did.

DR. BANERJEE: But the problem if |
recall, was that RELAP went into sone vicious
oscil l ati ons and not hi ng useful canme out of it. Aml

right or wong on that?
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DR. JENSEN: | | ooked at those reports.

| don't renmenber any vicious oscillations but I think
t he code ran.

DR. BANERJEE: VWhat happened was t hat
there was an oscillation due to the | ow pressure and
there was a vaporization flip-flop that was goi ng on
which didn't allow a stable calculation or, if there
was one, it was hard to believe. Mybe Steve could
comrent or sonebody el se on this.

DR. BAJOREK: That was wel | before ny tine
with the staff. Over the break | can go up. Thereis
an adequacy report that was done for RELAP in
conparison to numerous experinents. | think it was
SPES, ROSA, and APEX. | can find sonme of that out but
| don't remenber

CHAl RVAN WALLI'S:  Let's | ook back at the
big picture here. Wth the old PWRs we had nore
active systens working. This is supposed to be a
better design because it's now passive. Nature takes
care of it. Yet, | don't think with the old PWRs
you' ve got such trenendous di fferences in predictions
dependi ng on whi ch code you use.

It seenms to ne there' s sone uncertaintyin
nodel ing the physics. It's becoming nmuch nore

i mportant with these passive designs so that going to
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a passi ve desi gn buys you sonet hing. Then the gravity
i s always going to be switched off. You' ve nowgot to
be nuch nore careful about how you analyze what's
happeni ng.

DR. BANERJEE: In general w th energency
relief systens of this type, whichis essentially what
you have, l|ack of vapor disengagenent gives you the
Wor se scenario. Now, this is basically like a
chem cal plant so it behaves the same way. |[|f you

don't di sengage t he vapor, you get the worse pressure

because --

CHAl RVAN WALLI'S:  You take out a |ot of
mass.

DR. BANERJEE: Yeah, take out a |lot of
mass.

CHAl RVAN WALLI S: Keep the pressure up.

DR BANERJEE: NOTRUWP is nore or |ess
doi ng that.

CHAI RVAN WALLI S:  And honpgeneous nodel s
were even worse. There is some HCM in honbgeneous,
you sai d.

DR. BANERJEE: So that --

CHAl RVAN WALLI S: It's worse except it has

this anomaly about water flow

DR. BANERJEE: That has to be resol ved.
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Assum ng that can be resol ved, that sort of gives you
a bound of pressure.

CHAl RVAN WALLI'S:  Well, it seens to ne
that the arguments have to be better presented then.

MEMBER KRESS: Aml correct inrenmenbering
t hat your Chapter 15 analysis did not invoke any of
your active systems?

DR. GAGNON: That's correct.

MEMBER KRESS: It was all just passive.
In reality you would have active systens that you
woul d turn on under these circunstances?

DR GAGNON:  Yes, we did.

MEMBER KRESS: Just not taking credit.

DR.  GAGNON: W don't take credit for
those. W |ook at those in the PRA

MEMBER KRESS: They are part of the PRA
because it's reality and PRAs are supposed to be
reality.

DR,  GAGNON: They are designed to
conmpl ement. Actually, sometinmes they are the first
| evel of defense, or core makeup tanks which are high
pressure injection. W have nakeup punps that are
very much |ike the high-head injection punps.

CHAI RVAN WALLIS: \Where are we in your

presentation? | see in the overall schedule it says
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| ar ge- break LOCA, snall-break LOCA and contai nnent,
and then we go to lunch. There seens to be alot nore
stuff.

DR. GAGNON: There's a | ot of sinulations
of conparisons between AP600 and AP1000 for various
simul ati ons such as 2-inch cold | eg break D, DVI, and
10-i nch cold | eg break.

CHAI RMVAN WALLIS: That was supposed to
have been gone through this norning?

MR. CORLETTI: Thisisinformationthat's
in the Chapter 15 of the DCD. | don't know that we
have a specific issue with it. W were providing it
for your information

CHAI RMAN WALLI S: I just wondered for
anything in particular we ought to focus on in that.

DR.  GAGNON: | don't believe there is
anyt hi ng.

CHAI RVAN WALLIS: | think the thing that
concerns ne i s you've got two things we've focused on
and we had a |lot of questions about them Do you
fol ks have anything el se that we are likely to have a
| ot of questions?

DR BANERJEE: Noncondensabl es.

CHAI RVAN WALLI S: Well, AP600 results are

presumably going to | ook |ike AP1000. |Is there any
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pl ace where there is a significant difference?

DR GAGNON:  No.

CHAI RVAN WALLI S: ADS stage 4 integrated
flows?

DR. GAGNON: ADS-4's size is considerably
| arger for AP1000.

CHAI RVAN WALLIS: Al right.

DR GAGNON: You woul d expect it to
behave --

CHAl RVAN  WALLI S: Expect it to be
different.

DR. GAGNON: Therefore, IRWST i s actually
coming on earlier for AP1000 than it did for --

CHAl RMVAN WALLI S: I njection line mass
flows there's a bigger pipe?

DR.  GAGNON: That's correct. The
resi stances have been -- resistances and |ine sizes
have been changed.

CHAI RVAN WALLIS: So all of those things
are what you woul d expect.

DR. GAGNON: Correct.

MR, CORLETTI : Per haps when the staff
makes their presentation if any issues cone out of
that in covering this subject area, we coul d cone back

to this. | think in general we see this as issues
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that aren't -- we don't see issues here and this is
pretty nmuch what we first presented in the DCD.

CHAI RMVAN WALLI S: So this package 1'm
| ooki ng through here, is this what you i ntended to go
t hr ough thi s norning?

DR GAGNON:  Yes, sir.

CHAIl RMAN WALLIS: That's it?

DR GAGNON:  Yes, sir.

CHAI RVAN WALLI S: Then there wll be
anot her package this afternoon?

DR GAGNON:  Yes, sir.

CHAI RVAN WALLI S: Ckay. Can you just sort
of flip through this by, say, 12: 30 or sonething so we
can then go to lunch then or is it best to take a
break now? Maybe it's best to take a break now. W
can conme back and flip through this ourselves and
decide if we want to ask you anyt hi ng about anyt hing
el se.

DR. BANERJEE: | just have one question.
I f you normalize the ADS outfl ows by power do they
| ook about the sane? This plant is roughly 1,100
nmegawatts el ectric versus 600 negawatts for the ot her
plant. Do the ADS outflows |ook about the sane in
that ratio?

VR CORLETTI : Yeah, we have done
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conparisons with the ADS-4 a si ze | arger t han AP600 on
t he power basis.

CHAI RVAN WALLI'S: It | ooks about the sane
ratio.

MR. CORLETTI : The area of the power
ratio, | think, is larger for AP1000.

DR GAGNON: That's described in the --

CHAl RVAN WALLI'S:  And the sanme with the
DVI line flow rate? |Is that about the same ratio
there? It looks like it if | could find it again.
The injection line mass fl ow.

MR  CORLETTI : There's a difference
between the size of the pipes and the actual
performance in the transient. When we sized the
pipes, we tried to size them larger on the power
basi s. In transient behavior it doesn't always --
it's not always the sanme because pictures are
different, tenperatures are different.

DR. BANERJEE: So that's for the DVI |ine.
What about the piping and the resistances after the
core? How do they scale to the ADS-4 |ine?

DR. GAGNON: Fromli ke the top of the core
into the hot |eg?

DR. BANERJEE: Through the hot leg to the

ADS- 4.
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MR. CORLETTI: We have higher velocities

in our hot Ieg. W did not change the hot |Ieg
dianeter so it is the sane

DR GAGNON: The upper internals --

MR. CORLETTI: The upper internalstendto
be the sane. Part of the reason why the entrai nnent
issue is the steamvelocity is higher for AP1000 than
APG0O0.

DR. BANERJEE: By a factor of 2 roughly
t here.

MR CORLETTI: 1.75.

CHAI RMVAN WALLIS: So it's a higher power
| evel but when we | ook at sonething |like systemnass
i nventory, we should be thinking is it about the same
vessel ?

MR,  CORLETTI : The vessel is |larger
because we nade --

CHAI RVAN WALLI' S:  So you woul d expect the
mass inventory to be higher. 1In fact, it's |ower.

DR. GAGNON: AP1000 shoul d be hi gher.

CHAl RMVAN WALLI S: Well, not in, say, slide
69. The AP600 systeminventory is higher.

DR BANERJEE: So the vessel volune is
dropped to the sane. Is that it?

VEMBER KRESS: Yeah, but the steam
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generator is bigger

MR CORLETTI: Pressurizers.

DR. GAGNON: Right. This systeminventory
curve is nore than just --

CHAI RMVAN WALLI'S: Slide 69. Even so, you
woul d expect 1000 to have nore water in it.

MEMBER KRESS: Look at tinmes zero.

DR. GAGNON: Tinmes zero AP1000 does have
nore wat er.

CHAI RVAN WALLI' S:  Yeah, but between 1, 000
and 3,000 it has |ess water.

MEMBER KRESS: Yeah, but that's the
dynam c.

CHAI RVAN WALLI S: Vell, | think we're
going to take a lunch break and we'll cone back and
ask questions about this. W probably need to hear
sonet hi ng about cont ai nment fromyou after | unch since
t here were sone questions rai sed about that by one of
our menbers. | don't knowif he's going to be here or
not .

MR, CORLETTI: | was told he wasn't goi ng
to be here.

CHAl RVAN WALLI'S: | fear he's vani shed.

MR. CORLETTI: We have the answers to his

qguestions in our presentation material.
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CHAl RVAN WALLI'S:  Anyway, | think we are

saturated wi th what we' ve been doi ng this norning and
it's time to take a break. Take a break until 1:15
and then we'll continue.

(Whereupon, at 12:21 p.m off the record

for lunch to reconvene at 1:15 p.m)
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AAF-T-EERNOON S-E-S-S1-ON
1: 20 p. m

CHAI RVAN WALLI S:  Are there any questi ons?
| wasn't sure | could find anythi ng here whi ch was an
i ssue that we need to spend sone tinme with, unless ny
col | eagues want to pick up anything between where we
left off and Slide 82. W have alittle tinme to | ook
at these if you haven't done so before. Any questions
we want to rai se on any of these matters or can we go
right to the containnment?

O course, no newphenonena wer e observed,
because you put no new phenonena into the anal ysis.
It's really not a very good concl usi on.

DR. CUMM NS: | think sonmetines --
calculate flow regines that are suggestive of
phenonena.

CHAl RVAN WALLI S: What you really nmeanis
no new sort of events. Phenonmena, to nme, means sl ug
fl ow or any other flow or condensation. They are the
same phenonena. They are assumed. [It's just that
there are no new surprises in the outputs fromthe
code.

DR CORLETTI: That's true.

CHAI RVAN WALLI S:  So can we nove on t hen?

DR. CORLETTI: Yes. Qur next speaker is
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Rick Wight. He is going to talk about the

cont ai nnent anal ysi s.

CHAl RVAN WALLIS: Wew || start with Slide
84, and we will continue at this pace, since you've
done 36 slides in five mnutes.

DR. WRI GHT: CGood afternoon. M nane is
Rick Wight, and | work for Passive Pl ant Engi neering
on the AP-1000. Before that, | worked on AP-600, and
| am going to talk about the containment analysis
wor K.

From the pre-certification review, the
open item we had was that Westinghouse needs to
perform contai nnment analysis with eval uati on nodel,
appropri at e bondi ng condi ti ons to ensure t hat t he mass
and heat transfer correlations remain valid for the
AP- 1000 desi gn.

As a result of this, we issued these two
reports. One was the AP-1000 contai nnent eval uati on
nodel , and then the DCD anal ysi s, which shows how t he
anal ysi s was done.

CHAI RVAN WALLI'S: How can you show t hat
mass and heat transfer correl ati ons remai ned valid by
doi ng an eval uati on nodel ?

DR. WRI GHT: Ckay. What we can do, and

"1l showa Vu-Graph alittle bit later on, is to take
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a | ook at the range di nensi onl ess paraneters that were
studied inthe test programand showthat the anal ysis
results give di mensi onl ess paraneters that are within
t he range of the test data.

CHAl RVAN WALLI S:  Next ?

DR WRIGHT: Okay. This is the noding
di agram -- woul d you say it |ooked Iike a m |k churn
-- for the AP-600. Basically, the differences between
AP- 600 and the AP-1000: The containment diameter is
the same. The height has been has been increased
about 25 1/2 feet, and the change in the nodali zation
was to add one extra |layer of nodes and to increase
the air flow paths on the outside by one node on the
downconer side and on the riser side.

CHAI RVAN  WALLI S: Now these are
cylindrically symetric?

DR WRI GHT: Cylindrically synmetric,

that's right. It's an actually symetric nodel. The
nodalization -- this is done with lunp paraneter
nodes, which are -- Basically, they are nodes wth

flow paths. Okay?

GOTHIC has the «capability of doing
di stributed parameter or, when we did the sensitivity
studies in AP-600, we found that the results were

sim | ar between the | unp paraneter and the di stri buted
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parameter, and the lunp paraneter is a lot nore
efficient torun alot of cases with. So, basically,
what we did was to do the | unp paraneter for both AP-
600 and AP-1000.

CHAI RVAN WALLI S: If I have a plunme or
sonething in here, | don't really see why the flow
pat h shoul d have any axis symmetry. | think it m ght
wel | be a turnover with the fl ow goi ng up one si de and

com ng down the other.

DR WRIGHT: |I'msorry, Dr. Vallis. I
m sunder st ood. This is not actually a symetric
nodel. I1t's a three-dinensional nodel, but --

CHAl RVAN WALLI'S: So there are nodes in
t he ot her di nensions?

DR. WRIGHT: That's exactly right. This
isjust looking at it in 2-D. But if you look at it,
it is symmetric the way the nodalizationis. But if
you have, you know, your rel eases fromthis node here

CHAI RVAN WALLIS: So there are 12 pieces
of pie or something?

DR WRI GHT: Basically, vyes, that's
exactly right.

MEMBER RANSOM  How many circunferenti al

nodes are there then?
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DR WRIGHT: | think this one has eight.

|"msorry, I'mmessing you up here. What should | be
hitting when | do this? kay, good.

Yes, there's eight circunferential nodes.
Basically, what these are corresponding to is that
there are wet and dry sections on the outside of the
contai nnent wall. So we have an equal nunber of wet
and dry nodes that are connected to nodes on the
i nside of the containnent wall.

So, basically, by going with eight, we
have four and four all the way around. So you get a
certai n anount of, you know, this symmetry fromthat.

MEMBER RANSOM  What do you nean, eight
wet and dry? You nean that the fall over the outside
doesn't cover the entire --

DR. WRIGHT: That's right. There is the
provision for putting on water at different flow
rates. For very high flowrates, you can get up to 90
percent. Well, we credit 90 percent, but actually the
test showed 100 percent coverage. At |ower flow
rates, you get |ess coverage.

The result of that is we have to have the
capability in the code to nodel both the dry heat
transfer and the wet heat transfer on the outside of

t he cont ai nment shell.
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Anyway, the next step is to get the
bondi ng condi tions right, and to do t hat we cal cul at ed
t he mass and energy rel eases for both the main steam
line break and for the LOCA. The main steam |line
break -- we used a code called LOFTRAN to | ook at
doubl e-ended steam line ruptures at different power
| evel s, and we found that 30 percent was the limting
power level, if you |ooked at the integrated energy
out of the steamli ne.

The LOCA rel eases are cal cul ated for both
t he doubl e-ended hotl eg break and doubl e-ended col d
| eg break, and assuned at 101 percent power. The
nmet hodol ogy i s the sane as what is described i n WCAP-
15846.

Due to the | arger RCS and st eamgener at or
vol unes, the energy was rel eased at a different rate.
It takes a little longer to rel ease the energy from
the RCS netal and the steamgenerator than it did for
AP-600. So probably the only difference between the
net hodol ogy for the LOCAM&Es is this change intimng
for the release of the energy from the steam
generators and fromthe RCS netal.

As a check, we did a conparison to
WCOBRA/ TRAC where we ran WCOBRA/ TRAC out to see what

the mass and energy releases would be, and we are
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significantly higher in the nmethods that we used to
get the LOCA mass and energy releases than what
COBRA/ TRAC says.

For the LOCA, which is really the only
time that the water that is put on the outside of
cont ai nnent becones i nportant -- okay? -- for the LOCA
calculations, we also do an iterative approach to
determ ne what the evaporation [imted PCS flow is.
This is the flow that is put on the top of the
cont ai nnent done, and it flows down the outside.

There was some concern that, if you put
too much water on, then the water that runs off the
bottomw Il take away heat. So to be conservative,
what we did was to run a calculation, put all the
water on fromthe design of the passive contai nment
cool i ng systemtank, and got the answers, used t he wet
evaporative heat flux to come up wi th what t he maxi num
anount of water that could be evaporated is.

I n the case at the begi nning of the event
where you are putting on the nost water, a |ot of
times it's a lot less water that can be evaporated
t han what you are putting on. |In other words, a | ot
nore of it is comng off the bottom

So we do an iteration to change the water

application rate to only put on enough water so that
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everything is evaporated by the tinme it gets to the
bott om What it results in us having to do is a
coupl e of these WBOTHI Cruns, and that was part of the
design certification process for AP-600.

There was sone question as to whether or
not the code could handle water running off. So in
order to take that out of the play, we conservatively
reduced the anpunt of water we applied to only that
that is going to be evaporat ed.

Now |l ate in the transient after the peak
is reached for the LOCA, we cut the water down. For
the longer term there's less water, and it is
acconpl i shed by standpipes in the tank at the top of
t he contai nnent .

For the case where there is |less water
bei ng put on, generally we don't have to throw any
wat er away, because it all evaporates by the tine it
gets to the bottom

CHAI RMAN WALLI'S: Thisis only for alarge
break LOCA?

DR. WRIGHT: That's correct. This is the
only timeit really cones into play. The other events
are nore of an adiabatic flow down, and the peak is
reached very early and then drops off.

VMEMBER RANSOM Well, what is done on t he
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actual situation? How is the water distribution
control | ed?

DR WRIGHT: Basically, there is a big
tank on top of the shield building, and inside that
tank are standpipes. Wien you first open the
i solation valve, the maxi num anount of water, both
from the head of the water inside the tank and the
fact that all the standpipes are contributing, is
dunped on top of the containnent.

Now t hat goes on for about the first 5,000
seconds, | think it is. [|'lIl have to | ook and see.
| haven't |ooked at the PCS for a while. But after
that tine, you have al ready reached your peak

Usual |y for the peak pressure we find it
i s about anywhere froml1, 000 t o 1500 seconds after the
initiation of alarge cold | eg break. Oay? Then we
cut down the amount of water we have to -- What
happens i s t he wat er conmes down. Obvi ously, your head
drops off, but then you start to uncover these
st andpi pes, and you get less flow. So you get these
step changes that occur

MEMBER RANSOM So this is all pre-
progranmed t hen?

DR, WWRI GHT:  Yes.

MEMBER RANSOM  Just one val ve that you
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open .

DR. WRI GHT: You don't do anything. You
just wal k away. There's provisions after so many days
to be able to pipe water back up to the top so that
you can, you know, cool indefinitely.

CHAl RVAN WALLI S: So this conmes on
sonetinme after the LOCA is initiated?

DR WRIGHT: That's right. There is a
hi gh pressure signal in containnent, and that causes
a valve to -- isolation valve to open, and it just
pretty nmuch does it all by itself.

CHAl RVAN WALLI S: That's what i s happeni ng
here, sonething like this peak here?

DR. WRIGHT: Yes. That's exactly right.
In this particular case, this is the containnent
response for the main steamline break. Wat we found
when we did the tests for AP-600 was that there was a
ti me del ay between when we got the signal and when we
got fully developed flow on the outside of the
cont ai nnent .

Very conservatively, we take that entire
tinme delay and say there is no water at all until we
get to the poi nt where we know we have fully devel oped
fl ow on the outside.

So for the case of steam!line break, the
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peak occurs before you even get areal effect fromthe
wat er cooling on the outside. So the thing that
really mtigates the steam line break is the
containment volune and the heat sinks inside
cont ai nnent .

Wien we did the design for AP-1000, we
used the team line break as the limting case and
basically designed the volume to give us the --

CHAI RVAN WALLI S: So what turns this
around?

DR. WRI GHT: What turns this around is the
fact that there is only so nuch energy that you can
rel ease. The decay heat doesn't conme out during the
mai n steaml i ne break. Basically, what happens is you
get the bl owdown of the secondary side and the steam
generators. When that is gone, really there is
not hing else left, and you have the decay off.

Now this rate of decay is determ ned by
the water put on the outside. If you didn't have
water on the outside, it would still decay, but it
woul d cone down at |ess of a sl ope.

CHAI RVAN WALLI S: So you don't real |l y need
this water on the outside --

DR. WRI GHT: Not for the steaml i ne break.

W' ve done calcul ations that show that for a steam
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line break and for the hotleg break that we can use
air cooling, and it works just fine.

The nore interesting one is cold leg
break, and for this case what you find is that there
is asmll peak associated with the initial bl owdown.
You can't see it really well because of the -- You can
just see alittle bit of a job right there in the |og
scal e, but the second peak i s the one that occurs from
the rel ease of energy in the primary system both the
st eam generator energy and the energy from the RCS
met al mask.

For this case, we wind up with a peak
pressure of 55.4 psig and, if you conpare it to the
steamline, the steamline is the limting case.

Li ke | said, we ran the same case with the
WCOBRA/ TRAC M&Es, and we found that the peak was far
| ower for those M&Es. So we think the net hodol ogy we
are using for the nass and energy rel eases for the
LOCA is very, very conservative.

CHAI RVAN  WALLI S: Now what is the
mechani sm of heat transfer to this water that is
flow ng down the outside? Is it actually boiling or
is it evaporating?

DR. WRIGHT: No, it's evaporating. The

temperature of the shell where it's wetted is al ways
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bel ow 212.

CHAl RVAN WALLI S: Bel owt he boi |l i ng poi nt.

DR, WWRI GHT:  Yes.

CHAl RVAN WALLI S: At nospheric pressure.

DR. WRIGHT: That's right. This is the
contai nnent response for the hotleg break, and it
| ooks a lot |like the -- You can see, thetinme scaleis
very, very short here. W reached the peak just as
t he bl owdown occurs, and thenit's just a | ong decay-
off after.

DR. BANERJEE: The evaporation goes into
an air streanf

DR. WRIGHT: That's right. That's right.
Basi cal |y, what happens is that there is a buoyancy
i nduced flow there coming up this annulus just from
the fact it's being heated up, and also it's gaining
wat er vapor fromthe evaporation, and t he conbi nati on
of the air cooling on the places where there is no
water fil mand t he evaporation, whichis primarily the
bi ggest source of heat renobval -- those two things
combi ne to give you the total energy that is dunped to
t he environnent.

DR. BANERJEE; So how do you cal cul ate t he
evaporation rate? |s that based on a mass transfer

coefficient?
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DR, WRI GHT: Yes. It's a Reynolds

anal ogy. | have the correlations. One of the things
Dr. Powers asked us to bring were the heat transfer
correl ations that are used in the annulus for the air
flow, and then what is used as a Reynol ds anal ogy to
come up with what the mass transfer is. So --

| n answeri ng your question earlier, these
are t he di nensi onl ess paraneters that were -- triedto
scal e these to get the correct test condition, sothat
when we were able to conpare the test results to the
WGEOTHI C resul ts back i n AP-600, we were able to cover
of f the range of dinensionless paraneters.

You can see that, for the Reynolds
nunber/ G- ashof numnber Prandt|l nunber, we were within
t he range of the best data that we used for --

CHAI RVAN WALLI S:  Now what do you nean by
ri ser and downconer in this context?

DR. WRI GHT: Okay. There is basically --
The way this works, the inlets are around the top of
the building. So the air actually conmes in here, goes
down a downconer portion whichis -- Really, it's not
heated, but it is heated. 1In other words, there's
heat transfer com ng across radially.

CHAI RVAN WALLIS: So this is just for the

air side.
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DR. WRIGHT: That's right.

CHAI RVAN WALLI'S: It's not talking about
what's happening inside the --

DR WRI GHT: That's exactly right.
Basically --

CHAl RVAN WALLIS: -- tal king about the
i nsi de contai nment ?

DR. WRI GHT: I nside contai nment, we pretty
much rely on the WGOTHI C correl ations that are fairly
wel | known. There's the condensation -- Really, the
dom nant nmechani smfor heat transfer onthe insideis
condensation of steamal ong the wall, and GOTHI C has
the -- if | can renenber, the Chen correlation, |
think, is what we use. | forget offhand, Dr. Vllis,
but --

CHAI RMVAN WALLIS: Well, | assune you set
up some circulationthat isreally -- It's really the
Reynol ds nunber that cones --

DR. WRIGHT: That's right.

CHAl RVAN WALLI'S: -- the heat transfer,
not the G ashof nunber.

DR WRIGHT: Well, in a sense it is a
natural circulation problem but since the -- you
know, it's a big building.

CHAl RMVAN WALLIS: No, but it's just the
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actual circulation of the -- the velocity of the air
itself, not the local boundary air in the G ashof
nunber that governs.

DR. WRIGHT: That's right. That's exactly
right.

CHAI RVAN WALLI S:  The Grashof nunber may
get it started, but then --

DR, V\RI GHT: Then it goes. Yes, as a
matter of fact, when we did the testing for the AP-
600, obviously, we didn't build a building that was
300 feet high. So we had to put a fan in the top of
the air flowpath in order to drawthe air up at what
we knew woul d be prototypic velocities, because there
is just no way you could get that wth natural
convecti on.

CHAI RVAN WALLI S: It's a big chimey.
What sort of velocity did you get?

DR. WRI GHT: On the order of about 12 feet
per second i nside the annulus. The outsideis fairly
wi de, but the inside annulus is 12 inches. That's the
di stance between the air baffle and the contai nnent
shell. So |I think, you know, all the cal cul ations
that we did and all the testing that we | ooked at, it
was about 12 feet per second.

CHAI RMAN WALLIS: So this isn't enough to
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produce significant drag on the water?

DR. WRIGHT: No, | don't think that they
saw nmuch of that in the tests that were done. W did
the test with a plexiglass baffle. So you could
actually stand there and watch and see what was
happening to the water film and it didn't seemlike
it did much -- It didn't strip off very nuch.

DR. BANERJEE: So nost of the heat is
really going into the evaporated water.

DR, WWRI GHT:  Yes.

DR. BANERIJEE: To the latent heat of
vapori zati on.

DR. WRI GHT: Yes, exactly. That's exactly

right.

DR. BANERJEE: O herw se, the velocity is
too | ow.

DR. WRIGHT: Right. The velocity is too
| ow. AS a matter of fact, if we -- W did

cal cul ati ons where we assuned that we didn't have the
wat er avail able, and we get mnuch hi gher flows, nuch
hi gher vel ociti es.
MEMBER KRESS: So is your annulus
partition in the circunferential direction at all?
DR. WRIGHT: No, not at all.

MEMBER KRESS: It's an annul us all the way
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around?

DR. WRIGHT: It's an annulus all the way
around. There are supports that provide the stand-of f
between the baffle and the contai nnent, but there is
no partitions per se.

MEMBER KRESS: So if you had it dry, and
you built out these high air velocities, you m ght
have some nore trouble putting the water in, because
it would bl owaway as you try to get into the annul us.

DR. WRIGHT: Well, actually, the way it
works is that the water is applied right on the very
top of the done.

MEMBER KRESS: The water is al ready there.

DR. WRI GHT: There's a big bucket on top
of the done, and it's allowed to fill up that bucket
and overflow, and at two points around the top of the
donme there are weirs that redistribute the water
because if you pour all the water on one side, it may
all just go down one side. So they have these weirs
set up to redistribute the water

So by the tinme you get past the spring-
line of the done, it's fairly uniformdistribution.

MEMBER KRESS: But the air is going all
the tine.

DR. WRIGHT: The air would be going all
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the tine, except that -- | think his question was, if
you had a situation where you couldn't get the water
on and you got the air go on really, really good --

MEMBER KRESS: Hi s questionistheair is
going all the tine, but the containment is dry. So |
suppose they go up there pretty fast.

DR WRI GHT: Well, no. Let's consider the
case where you have a -- an acci dent occurs. You have
a break inside containnment. GCkay? You have a high
pressure signal. That opens up your water. Nothing
is heated up yet. | nean, the --

MEMBER KRESS: Cont ai nnent is pretty col d.

DR WRIGHT: It's cold. It's cold, and
not hi ng has actual | y happened. So you basi cally have,
you know, a good flow of water going on, and then
slow y the tenperature of the contai nment shell cones
up until you get to the point where --

CHAI RVAN WALLI S: | was just asking a
hypot heti cal question. |If you had it dry and turned
the water on later, you mght have nobre trouble
getting it to fl ow down.

DR WRIGHT: | would say that m ght be
true, except for the way they put the water on. They
have a pi pe that comes strai ght down i nto a bucket on

the very top. So what you are saying is true. The
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air would be coming up through this annulus pretty
qui ck and woul d basically bypass the top of the done
and go straight up into the chi mey.

CHAl RVAN WALLI'S: It m ght make a pool .

DR. BANERJEE: You woul d have a CCFL on a
grand scal e.

DR. WRIGHT: Grand scale, that's right.
The other thing, too, is you --

MEMBER KRESS: Thr ee-di nensi onal effects.
That's why | asked the question.

DR. WRI GHT: | wouldn't want to borrowit.

CHAI RVAN WALLIS: So if | drive by an AP-
1000 and | see a big steam plume coming off the top,
| know it's had a LOCA?

DR. WRIGHT: | would say you're probably
right. Yeah, the tests that were run were pretty
i mpressive when they would turn these thing s--

CHAl RVAN WALLI S: This figure onthe front
here have a big steam pl une?

DR. WRIGHT: That's the cooling tower.

DR. BANERJEE; |If the water didn't go on,
is there some calculations to see if the air could
renove all the heat?

DR. WRI GHT: Yes. What we found i n AP-600

with air-only cooling, we were -- CGbviously, we can't
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stay wit hin the desi gn pressure of contai nnent, but we
were able to stay within the ultimte yield strength
of contai nment. So basically make the case that, for
no water, we could still survive.

| don't know -- Howdid it end up, M ke,
with AP-1000? | know it was touchy.

DR. CORLETTI: You shoul d have st opped one
sentence before that. That was good. That was a good
answer .

DR.  BANERJEE: He knew what the next
guestion woul d be.

DR. CORLETTI: Seriously, that was what we
showed in our PRA analysis. The way they do this,
there's like a one percent probability that it woul d
be exceeded, but it was, by and | arge, shown that it
was - -

DR. BANERJEE: For the AP-1000, which is
-- what? -- less surface area for units of power, you
woul d exceed the yield strength probably. Right?

DR WRI GHT: | think that's what the
cal cul ati on showed, yes, but it takes a long tinme.

DR CORLETTI: WE have a thicker
cont ai nnent shell and hi gher design pressure.

DR. WRI GHT: Yes, the design pressure is

hi gher, but | think the conbination of the design
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pressure being higher wasn't quite enough. | nean,
you've got to go out, you know, hours, 150 hours or
sonething like that, before you creep up to the
pressure where, you know, you would break the
cont ai nnent .

MEMBER S| EBER: VWhat outside air
tenperature and humdity did you assune?

DR.  WRI GHT: Wel |, on our design
cal cul ati ons, we assuned | i ke 120 degrees, 120 degrees
for the air tenperature, 120 degrees for the water in
the top of the --

MEMBER SI EBER: That's pretty hot.

DR. WRIGHT: That's hot.

MEMBER SIEBER |t's Texas.

DR. BANERJEE: So is it limted by the
heat renoval capacity of the air or the heat transfer
coefficient?

DR. WRIGHT: That's a good question. |
honestly don't know offhand. 1'd have to | ook at --

CHAI RVAN WALLI S: | woul d t hi nk you woul d
be limted by the air flow rate, just to carry it
away.

DR. WRI GHT: Yes, that could very well --

CHAI RMAN WALLI S: It's a huge area for

heat transfer.
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DR. VRl GHT: Yes.

DR BANERJEE: It's not obvi ous.

DR. WRIGHT: It's not. It's not. That's
a good questi on.

MEMBER KRESS: You don't have any
provisions to vent the contai nnent, do you?

DR. CORLETTI: W do have provisions in
our severe accident nmanagenent strategies.

MEMBER KRESS: You have t o open up a val ve
or sonet hi ng?

DR CORLETTI: Yes.

DR, WRIGHT: As a design basis guy, |I'm
not al | owed.

MEMBER KRESS: No, no, | understand. |
under st and.

CHAl RVAN WALLI'S:  How big is the annul us
space the air goes through?

DR.  WRI GHT: The annulus space is 12
i nches wi de.

CHAl RVAN WALLI S:  Twel ve inches w de?

DR. WRI GHT: One hundred thirty-five feet
is the contai nment di aneter.

CHAI RMVAN WALLIS: So it's just 12 i nches?

DR WRI GHT: Twel ve inches.

CHAl RMVAN WALLI S: How nuch does the
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cont ai nnent swell when you pressurize it?

DR WRIGHT: | don't know. M ke?

DR. CORLETTI; |It's about one inch.

CHAI RVAN WALLIS: One inch?

DR BANERJEE: The heat capacity of air.

CHAl RVAN WALLI'S: But it's a big L over D
So it's going to be pretty nmuch an equilibrium heat
exchanger.

DR, WRI GHT: kay.

MEMBER KRESS: Do you worry about this
annul us being offset alittle bit soit's narrower on
one side than it is on the other?

DR. WRIGHT: | don't think at those | ow
air velocities it woul d make all that nmuch di fference.
| think, you know, it's still domnated by the
evaporation. | guess if youcouldget it down to |ike
one i nch on one side and 23 i nches on the ot her side,
maybe that could be, you know, a limt. But
personal ly, |'ve never done a cal cul ation to see, but

MEMBER KRESS: To see if the offset would
affect the heat transfer nuch?

DR WRIGHT: | don't really -- 1 can't see
how it woul d.

CHAI RVAN WALLIS: So it's the buoyancy of
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the air that gets this flow goi ng?

DR WRIGHT: Yes, that's right.

CHAI RVAN WALLI'S: And if you have Texas
air at 120, and then you' ve got water which is, for
sone reason, not so hot, you could actually have the
i nside colder than the outside. |If you had enough
water cooling the -- for a while, you would have a
sl i de backwards.

DR, WRIGHT: Well, in that case, though,
you woul d still be heating the water.

CHAl RVAN WALLI'S:  Oh, you're heating the
water, yes, but the air flow --

DR. WRI GHT: Ri ght, but at some poi nt that
woul d turn around. It just depends on -- \Wen you
first turn the water on, the shell is still cold.

CHAI RMVAN WALLI'S: Soif you turn the water
on, the air flow probably goes the other way. The
water drags it down, and it goes the other way.

DR. WRI GHT: It probably could, yes. Yes.

But what you have happen is that the water -- | nean,
gravity is going to nake the water go downhill all the
time. So we haven't been having a problem there.

Eventual |l y, it shoul d be sel f-conmpensati ng, because as
t he contai nment shell heats up, the air is going to

heat up, and it's going to get the air flow started
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right about the time you need to start taking heat
away.

CHAI RVAN WALLI S: If it gets stagnant,
it's going to get even hotter. So it's going to have
nor e buoyancy.

DR. WRIGHT: That's right. That's right.

DR.  BANERJEE: What's the maxi num
tenperature rise in the air with the water there?

DR WRIGHT: Wth the water there?

DR BANERJEE: Yes, the evaporation.

DR. WRIGHT: | don't know of f hand, but |
know for a fact it never comes out, you know --

DR BANERJEE: It's not huge, right?

DR WRIGHT: No, it's not very high.

DR. BANERJEE: Because otherw se your
vel ocities woul d be greater.

DR. WRIGHT: Be too high, that's right.

CHAI RVAN WALLI S: So does it get saturated
when it conmes out, the air?

DR. WRIGHT: The air? It gets saturated
fromthe standpoint of relative humdity, yes.

DR. BANERJEE: \Whatever tenperature it's
at .

DR WRI GHT: Whatever it's at is 100

percent .
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DR. BANERIJEE: Have you done tests on

t hi s?

DR, WWRI GHT:  Yes.

DR. BANERJEE: At what scale were these
tests done?

DR V\RI GHT: The scale for AP600 was
1/12th. Okay? That was a 1-12 vol une.

DR BANERJEE: The hei ght?

DR, WRI GHT: The height was -- you're
going to make ne think now. The height -- | know,
| ooking at the test facility, the height was maybe
about 35-40 feet. So when you | ooked at that conpared
with the -- this is, what, 220 feet. That's why we
had to use the fans in order to get the air flow up.

That particular test was the nore
prototypic. The other test we did was tall and thin.
This one was to look at both inside and outside
cont ai nnent phenonena. So we made it prototypic from
a L over D, height over diameter ratio, but not from
a-- couldn't nmake it full height.

Actually did sonme testing at full height
tolook at the water distribution system but that was
unheated. So that's not --

DR. BANERJEE: Now did you do tall and

thin, as you said --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

189

DR, WWRI GHT:  Yes.

DR BANERJEE: -- with heating?

DR, WWRI GHT:  Yes.

DR BANERJEE: And what did that show?

Did the air velocities cone out to be what vyou
cal cul at ed?

DR. WRIGHT: Once again, we used -- It
wasn't tall enough to be full height. So we had to
use a fan on the top in order to get --

DR BANERJEE: How tall was it?

DR, WRI GHT: Oh, maybe about the sane
hei ght as the other one. It was about 40 feet at the
nost .

DR. BANERJEE: All you really need is a
sector -- right? -- alittle segnent two feet wide
with a flat wall. You don't need a curved wall,
because this is like the earth.

DR. WRI GHT: Right.

DR. BANERJEE: So your experinment was you
l et water down a heated flat wall of sone sort?

DR. WRIGHT: We did alab scal e experi nent
that was a heated flat plate. That was the first one
we did, and then the second one we did was this |ong,
thin, but it was full -- One of the things we wanted

to do was do sonme steamdistribution. It was just a
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better way to | ook at that.

Then the last test we did, we called it
our large scale test. This was to |ook at the heat
si nks inside contai nnent, how they affect these. W
ran sone transient tests with that facility. W did
a nunmber of things. W did some dry tests with that
facility to see what the -- We actual ly did some tests
wi t hout the fan on, just to see what the flowrates --
or what we could get.

CHAI RVAN WALLI'S: Nowdid all these things
agree with the theory? D d all the data agree with
t he theory?

DR, WWRI GHT:  Yes.

CHAI RVAN WALLI S: | would think it's a
pretty sinple problem

DR WRIGHT: It's pretty sinple.

CHAI RMAN WALLI'S:  As | ong as you get your
heat and mass transfer coefficients right.

DR. WRI GHT: Right. That's exactly right.
| will show you -- | nean, they cone right out of
Hol eman' s heat transfer book, you know. W use --
Sorry if anybody el se has a heat transfer book that |
didn't use.

CHAI RVAN WALLIS: But it's just initial

nunber versus --
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DR. WRI GHT: That's right, initial nunber

-- It's a round nunber, depending --

CHAl RVAN WALLI S: The mass transfer is the
St ant on nunber or whatever.

DR. WRIGHT: That's exactly right. So
it's pretty straightforward. As a matter of fact, Dr.
Power s asked us sone questi ons about the correl ati ons.
These last two slides really talk to his questions.

He asked about the air cooling annul us.
Basically, like | said before, we use what we call
stacks, wet and dry. Al they are, are volunes
connected by flowpaths with friction and forml osses
to correspond to the inlet, the outlet. There's a
turning vein at the bottomof this thing, you know,
t he chi mmey and what - not .

The fl owcharacteristics for the fl owpath
were determ ned from test data. W set up a 1/6
scal e, 14 degree segnment, and did the -- you know,
come up with what the |osses were, and then we
i ncreased those 30 percent for AP600. So the sane
| osses were used in AP1000 with the exception of the
fact that we have a |l onger fl ow path. So we have nore

CHAI RVAN WALLI S: Did you use a snooth

wall for the water-air interface?
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DR. WRI GHT: No. What we used was a -- W

used a prototypic wall where we used t he pai nt, and we
used the worst --

CHAI RVAN WALLI'S: No. | nean the surface
of the water. See, the water as it comes down the
wal | forms waves. That will increase the friction,
presumably, on the air.

DR, V\RI GHT: No. This particul ar
experiment was done dry.

CHAl RVAN WALLI S: Wl |, the theory assunes
a snmooth interface?

DR WRI GHT: It had a -- whatever the
manuf actured --

CHAI RVAN WALLI' S:  Srmoot h on the water-air
i nterface.

DR WRIGHT: Yes, | think it does.

CHAl RVAN WALLI S: It assunmes a snooth
i nterface.

DR. WRIGHT: Well, what we use is a -- W
have i ncreased the | osses arbitrarily by 30 percent to
account for any of the uncertainties that we don't
know.

DR. BANERJEE: But you have experi nents.
Ri ght ?

DR. WRI GHT: W have experinents, but we
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don't nmeasure what the air flowis. You know what |
Mean?

DR. BANERJEE: You didn't have anenonet er
to measure that?

DR. VWRI GHT: We had di fferent pl aces where
we could take the air velocity, and we had the fan
telling us what the CFMs were, but it wasn't really
set up to do the sort of thing you're doing.

DR. BANERJEE: You didn't measure any
pressures in the top and the botton?

DR. WRIGHT: We didn't use those tests to
do the | oss coefficients.

CHAl RVAN WALLI'S:  What a pity. What did
you do? Wiat did you use?

DR. BANERJEE: Do you have the data?

DR, W\RI GHT: You probably could back
somet hi ng out of that.

DR. BANERJEE: Wat did you neasure?

DR. WRI GHT: What we wer e neasuring nostly
was the conditions -- Well, for the | arge scal e test,
we neasured the conditions inside. Okay? And we were
| ooki ng at tenperatures and pressures inside, and we
had t her nocoupl es all over the place to see what the
distribution was of the noncondensabl e gases i nsi de.

CHAl RMAN WALLI'S: That's not what we are
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t al ki ng about here.
DR WRI GHT:  No.

CHAI RVAN WALLI S: We're tal ki ng about t he

DR, W\RI GHT: We're talking about the
out si de.

CHAl RVAN WALLI'S: -- the friction between
the water and the air.

DR WRIGHT: Yes. | don't think we have
anyt hing that would be up to your --

CHAl RVAN WALLI'S:  Well, | don't know if
it's up to ny standards or not. | just want to know,
is it relevant for this problen?

DR. WRI GHT: But | think so. | think that
the tests that were done to get the | oss coefficients,
if you increased it, you know, by 30 percent, you
probably cover over anything that you would get from
wavi ness on the outside. | don't know.

DR. BANERJEE: It depends on t he Reynol ds
nunber, because if it's a fully rough wall w th waves
on it, you mght have a friction factor of .005 or
something. If it was a smooth wall, it would actually
go down to .001.

CHAI RMVAN WALLI S: If you have a snooth

wat er surface, it would go down, but then when you
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devel op waves on the water surface, go up again. And
you probably will have waves.

DR. WRIGHT: | think you would have to,
yes.

CHAI RVAN WALLI S: Go to anypl ace where
t hey have | arge sheets of water flow ng down a wall,
you get waves.

DR. BANERJEE: The wall at the airport in
Zurich, you see it.

DR. WRI GHT: We have novies of the tests
t hat were done, and you can see -- what is it, |am nar
waves com ng down the outside of this thing. Doesn't
seem to be -- O course, we didn't have the fan
running. So | don't know how affected by the air fl ow
it would be.

CHAI RVAN WALLI' S:  Probabl y not very nuch,
because it's a |l ow velocity.

DR. WRIGHT: Right. That's exactly right.

MEMBER RANSOM | wonder if you woul dn't
get some entrai nnent.

CHAl RVAN WALLI'S: | think the velocities
are so | ow.

DR. BANERJEE: It's too |ow It's
evaporating, isn't it? The reason it's lowis the

evaporation is keeping the air cooled. Sothereisn't
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much of a tenperature difference --

DR. VRl GHT: To really bring it up.
That's exactly right.

DR. BANERJEE: So you get arelatively |l ow
vel ocity.

DR WRIGHT: If you have the -- If the
water is off, it goes fast, a |ot higher.

CHAI RVAN WALLI S:  Soneone has put up here
-- | mean H 3 should be H 4, and H 4 shoul d be H 3.

DR. WRIGHT: Ch, that's nmy fault. You're
right. That's bad cutting and pasti ng.

DR BANERJEE: | assune that's -- M Adans
is for turbulent-free convection. Right?

DR WRIGHT: That's for turbulent-free.
It must be. Yes, you're right.

DR. BANERIJEE: If it's not, then --
because the G ashof nunber is fairly high.

DR WRIGHT: Yes, the G ashof nunber is
real high.

CHAl RVAN WALLI S: Typically, you' ve got a
third, and the dinension disappears from the
correl ation.

DR WRI GHT: | took the dinension out.
Yes, |'ve got these wong.

CHAI RVAN WALLIS: | think forced is going
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to go, isn't it?

DR. BANERJEE: Wiere is the link scale in
your Grashof nunber?

DR. WRIGHT: Was it the link scale? |
took it out.

CHAI RVAN WALLI S: It disappears. I t
di sappears because you have L-cubed --

DR. VARl GHT: Yes, it's L-cubed in the
G ashof nunber and L in the neutral nunber.

CHAI RVAN WALLI S:  Thi s nunber di sappears.

DR. WRI GHT: Anyway, this is sinple heat
transfer 101.

CHAIl RVAN WALLI S: That's assumngthereis
no effect of the water.

DR. WRIGHT: That's right.

VEMBER KRESS: Now, you take this sane
Col burn forced convection equation and use the
Reynol ds anal ogy to get the evaporation rate?

DR WRI GHT: Exactly right, yes.

DR. BANERJEE: O course, that is not for
a rough wall .

MEMBER KRESS: That's for smooth wall,
yes. That's well devel oped flow, turbulent, snpoth
wal | ?

DR. WRI GHT: Right.
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CHAl RMAN WALLI S: And what's the water?

The water is a uniformtenperature assuned to be?

DR WRIGHT: It is a applied at a uniform
t enper at ur e. There is -- Wen you are at hot
conditions it takes a certain anount of flow you
know, di stance traveled in order to go fromsubcool ed
to saturated or close to where --

CHAI RVAN WALLIS: Wl I, do you cal cul ate
the water surface tenperature?

DR. WRI GHT: The water surface t enperature
is calculated, yes. It's part of --

CHAI RMVAN WALLI S: Because it's
evaporatively cool ed.

DR WRIGHT: That's right.

CHAI RVAN WALLIS: It's going to be quite
alot less than the wall tenperature.

DR WRIGHT: Right. That's right.

CHAI RMVAN WALLIS: So what do you do with
the falling filn? Are you going to show us a picture
of how you anal yzed the falling filnf

DR. WRIGHT: | can't, because that's ny
 ast slide.

CHAl RVAN WALLI'S:  These are trivial, but
calculating the mss transfer and the actual

tenperature of the interface may be trickier.
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DR WRIGHT: Ckay. The way the filmis

done is that you have discrete axial -- it's not
axial, really; it's two-di nension, but you can think
about it in terns of falling down the side fromthe
dome down to the bottom

Basical ly, they take what goes into the
node fromabove at whatever tenperature it's at, adds
the heat transfer coming out of the wall at that
particular time for that time step, and based on that
and whatever the correlations are, you wnd up
evaporating so nuch of that water. So that by the
time you get to the next step, you put in that mnuch
| ess water into the next step.

CHAI RVAN WALLI' S:  How nuch you evapor at e
is a mass transfer phenonenon. It depends on the
temperature of the interface.

DR. WRI GHT: Right.

CHAI RMVAN WALLI S: Do you calculate a
temperature of the interface somehow?

DR. WRICGHT: Yes. It's calculated as the
code is going through its --

CHAl RVAN WALLI'S:  And this has all been
checked by the staff, and they gave you an A for the
anal ysi s?

DR. V\RI GHT: W got our design
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certification for AP600 based on this. Yes. Sone of
the things I showed you before about how we had to go
through the iteration to reduce the water flow were
fromcoments fromthe staff aski ng, you know, is your
code able to account for the fact that you have this
wat er that you are not using. How are you going to
convi nce us that that water i s not somehowt aki ng away
nore heat than we think it is and, rather than do
that, we'd say, well, we'll just rerun the case after
an iteration and take that water away, so everything
we put on gets evaporat ed.

MEMBER KRESS: Now as the flow goes up
t hrough the annul us, it i s picking up nore and nore of
wat er and getting nore and nore saturated. At sonme
poi nt the mass transfer due to evaporation will cut
of f.

DR. WRIGHT: That's right.

MEMBER KRESS: Now you deal with that by
di viding the annulus into --

DR, VRl GHT: You're right, into axial
nodes, yes. That's right.

CHAI RVAN WALLI S: It doesn't cut off
unless -- It just warns up nore then.

DR WRIGHT: It warns up nore. You w nd

up getting --
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MEMBER  KRESS: Could change the

saturation.

DR WRIGHT: You'll get the saturation.

MEMBER KRESS: It reaches saturation and
will cut off there.

DR. WRIGHT: But it goes the other way,
too. | mean, the hottest part of the containment is
at the bottom you know.

MEMBER KRESS: Now where does -- |'mnot
famliar with how you conmbine free and forced
conviction by using this cubed and one-third |aw.
Wiere does that cone fronf

DR. WRI GHT: That was one of the -- during
AP600 -- I'mtal king. Wsn't me. This was sonet hing
that cane out of the literature for how to -- and
basically, this only cones into play when you are
close to the transition between forced and free
convecti on.

| think what Dr. Wallis was saying is

true. | nean, when you get further out, when you get
a well developed situation, you are basically
dom nated, and this will nake sure you are doni nated

by the forced convection in this equation.
MEMBER KRESS: There probably is an

enpi ri cal relationship rather than based on
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fundamentals. Let's ask Sanjoy. In the m xed region
where you have both forced and free, where does that
equati on cone fronf

DR BANERJEE: | don't know.

DR. WRI GHT: We found a paper. | can get
that for you, if you'd I|ike.

CHAl RMAN WALLI S: | don't think it
matters.

MEMBER KRESS: |t probably doesn't matter,
because you are in forced convection nost of the tinme
effectively.

MEMBER RANSOM A nore conservative
approach is just take the maxi num fl ow.

MEMBER KRESS: Well, that would be one
way, or to take the m ninmum

CHAI RMVAN WALLI S: Take t he bi gger one, and
forget about H 3. Just take H 4.

DR.  BANERJEE: The three one, if I'm
right, is for a nonbounded fl ow.

DR. VARl GHT: Just on the outside of a
bui l ding wi thout any wall.

CHAI RVAN WALLI S: It's not really very
appropri ate.

DR BANERJEE: Not appropriate.

DR WRIGHT: Well, it depends on whet her
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the size of the annulus is big conmpared with the
boundary | ayer.

DR. BANERJEE: In this case, it's not
likely to be, because you have just a 12 i nch annul us,
and this is like --

DR. WRIGHT: His thermal boundary |ayer
keeps getting bigger.

CHAI RVAN WALLI S: Well, | don't knowif we
are going to make anynore progress here. |If we were
going to dig into this, we would have to | ook at all
the details of your heat and mass transfer. | don't
know i f we want to do that or not.

DR. BANERJEE: The nore interesting case
is the wevaporation case and how you do that
cal cul ati on.

CHAI RVAN WALLI'S: Oh, yes, it is. Yes, it

MEMBER RANSOM  Wel |, they should use a
driving potential as just the vapor pressure of the
water filmto the partial pressure of water vapor on
the air flow.

MEMBER KRESS: If they were using a
Reynol ds anal ogy, that's what you woul d do.

MEMBER RANSOM And you can't go any

further than saturating the air stream
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DR. BANERJEE: Well, the issue really is

that the water, | guess, can get to the wall
t emper at ur e.

DR, WRI GHT: The wall tenperature, in
theory. | mean, the evaporation should cool it. So
you'l | have a radiant across the film

DR. BANERJEE: So how did you do that
cal cul ati on? That was what we were di scussing.

CHAI RMVANWALLI S: You nean t he t enperature
distribution on the filn?

DR BANERJEE: Even | ess detailed than
t hat . | nmean, did you just do a one-di nensional
cal cul ati on?

DR. WRIGHT: Yes. It's a one-dinensional
radial calculation to find out what the tenperature
distributionis. Usethe filmsurface tenperature to
drive the -- you know, get the thernodynam c
properties to do the mass transfer and heat transfer
cal cul ati ons.

MEMBER KRESS: Then you would have to
iterate on that.

DR WRI GHT:  No.

MEMBER KRESS: You woul dn't?

DR WRIGHT: No. | don't think the --

DR. BANERJEE: Isit witten up sonewhere?
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DR WRIGHT: It is. ITis. It'sinthis

WCAP t hat describes the --

DR BANERJEE: What nunber?

DR WRIGHT: | have it right here.

CHAI RMVAN WALLI S: Shall we assign Dr.
Banerjee to reviewit? W don't all need to do it.

DR. BANERJEE: W need a very deep revi ew.

DR. WRIGHT: It's on the first page here.
It's WCAP- 15846.

MEMBER RANSOM Is it possible for us to
get copies of that?

CHAl RVAN WALLI S: We can get all this. W
coul d spend a whole |l ot of time reviewing all of this.

MEMBER RANSOM 1'd just like to take a
| ook at it at hone.

DR, WRIGHT: 1-5-8-4-6, and then --

CHAI RVAN WALLI S: So we've got to nmke
sure that Dr. Banerjee has a copy, and he can give us
t he eval uation. Sounded like the analysis of a
cool i ng tower.

DR. BANERJEE: W have it. M ke has this?

DR. WRIGHT: M ke shoul d have that, yes.

CHAI RMAN WALLI S: Mke will get him a
copy.

DR. WRI GHT: Ckay. That's all | have. |If
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t here's anynore questions? Thank you very nuch.

CHAI RVAN WALLIS: It sounds reasonabl e,
but wi thout the details, we can't really give it an
eval uati on.

VEMBER S| EBER: But it is not conplex
ei t her.

CHAI RVAN WALLI S:  Shoul dn't be conpl ex,
but who knows?

MEMBER SI EBER:  Yes, you never do.

CHAl RVAN WALLI S: Depends what they
actually did withit. Let's nove onto the next. W
are going to nove back to the staff now Is that the
plan? Maybe the staff can catch us up on a bit of
time, but it's not a requirenent.

DR. SEGALA: Thi s is John Segal a fromNRC.
Qur first speaker is going to be Walt Jensen. He is
going to discuss sone of the pre-application issues.

CHAl RMVAN WALLI'S: Can we concentrate on
the technical matters rather than a | ot of history?

DR. JENSEN: Yes, sir. That's what we'l|
do. | didn't think you would be very interested in
that after discussions this norning.

Before | start, | did look up the
qualification for the qualification runs during AP600

on RELAP5 against the ROSA test, and that's in | NEL

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

207
report 96/ 0400. They concluded -- | |ooked at this

during lunch, and they | ooked at a doubl e-ended DB ai r
I ine break, anong others, and they declare they did a
pretty good job. So | would just like to add that
before | start.

kay. | am going to talk about how we
cl osed sone of the at |east challengi ng open issues
fromthe preapplication review, and | amnot going to
talk about entrainment nor containnent. So,
basically, with LOFTRAN and NOTRUWP are what | | ooked
at, LOFTRAN bei ng t he transi ent anal ysi s code whi ch we
al so do steamline breaks with, and NOTRUWP bei ng t he
smal | break LOCA code.

Briefly, what our reviewconsi sted of: W
| ooked at the reviewfor AP600, the nmjor differences
bet ween AP600 and AP1000, | ooked at the scaling which
we asked Research to help us with. W reviewed the
user standards for preparing the input, and we
perfornmed i ndependent audit cal cul ati ons with RELAP.

CHAl RVAN WALLI S: Now those would be
i nteresting.

DR. JENSEN: We will get tothat. LOFTRAN
-- thisistheissuewith the steamline break, and we
are concerned about voids in the reactor cool ant

system and LOFTRAN has a honbgeneous nodel. So it

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

208

avoi ds the current and t he cool ant system They would
not col | ect and bl ock natural circul ation flow, and so
the code real |l y woul dn't be appropriate for | ooki ng at
condi ti ons whet her | oops becane sat ur at ed.

West i nghouse did the cal cul ation. The
| oops remai ned subcooled. The CMI did not begin to
drain. So that issue was closed.

CHAl RVAN WALLI'S: How does RELAP handl e
something like entrainment into the ADS fall 1ine?

DR JENSEN: It has aflowreginme mp. It
calcul ates entrainment inthe core. It uses, | Think,
a Zuber drift flux nodel with which it backs out
i nterphasial drag coefficients, and it then passes
that entrained liquid into the upper plenumand then
out the hotl egs.

RELAP pretty nuch showed t he hotl egs t o be
in an annular mst flow regine. So it just was
carrying everything out the ADS4. So that's what
RELAP woul d do.

MEMBER RANSOM Yes, with one exception,
that if you were to predict stratified flow in that
|l eg, why then there is a nodel in it for entrainnent
or, depending on whether it is on the top of the |leg
or the bottomor the side, it will either pull vapor

t hrough or, in the case of ADS-4, | guess entrained
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iquid, providedyouare predictingstratifiedflowto
exi st .

DR JENSEN: That's true.

MEMBER RANSOM If that's annul ar flow,
i ke you' re saying, why then the m xture will go out
t he break.

CHAIl RVAN WALLIS: well, if it doesn't go
out the break, where does it go. And if it's com ng
into the hotleg and sone of the liquid doesn't go out
t he break, where does it go? It cones back out the
hot | eg agai n?

DR. JENSEN: 1In what | was | ooki ng at, the
flow-- all the liquid on the hot |let went out ADS-4
with a lower velocity than the steam flow in the
hot | eg.

CHAl RVAN WALLI' S:  But none of it was de-
entrained in the hotleg at all?

DR. JENSEN:. As Dr. Ransomsays, there was
sone stratification. W assumed that there was a
single failure in one of the ADS-4 valves --
Westi nghouse did -- and in the side it only had one
ADS coming off the hotleg. There was sone
stratification on that side.

CHAI RMAN WALLIS: | guess we get to ask

sonmeone el se about this entrai nment, because if you
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have de-entrai nnent inthe hotl eg, then presumably the
water has to run back into the vessel in
countercurrent flow along the bottom of the hotl eg.
|s that the water that doesn't go out the break that
does that?

DR.  JENSEN: | would presunme it does.
Li ke I say, nost of the water went out the ADS.

CHAI RVAN WALLI'S: | don't know t hat RELAP
woul d nodel that then. RELAP may be carrying
everyt hi ng out the break, because it has to because of
the way the code is set up

DR. BANERJEE: But it can handle
countercurrent flow Right?

MEMBER RANSOM It can handl e what ?

DR BANERJEE: Countercurrent flow

MEMBER RANSOM  Ch, yes, countercurrent
[iquid vapor flow

CHAI RVAN WALLI S: But does it have a
mechani smfor de-entraining into that countercurrent
fl ow?

MEMBER RANSOM | think that would only
occur if you are in stratified flow. In stratified
flow, then you have to have a void --

CHAI RMVAN WALLI S: How did you get into

stratified flow? You' ve got to get the water com ng
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fromsonewhere to get stratified flow.

DR. JENSEN. The vel ocities were very | ow,
| believe.

CHAI RVAN WALLIS: Coming in as droplets,
they got to settle out sonehow.

DR. BANERJEE; Has to de-entrain.

CHAl RVAN WALLI'S: Wl |, sonmeone is going
to tell us all about what happens in this
entrai nnent/de-entrai nment? Maybe Westinghouse is
going to tell wus.

DR. JENSEN: And Dr. Bajorek is going to
tal k about it, | guess, tonorrow.

CHAI RVAN WALLI S:  Ckay.

DR. BANERJEE: Com ng back to this drift-
flux correlation being used to back out the
interphasial drag, | don't remenber if Zuber's
correl ati on had sonme change inthedrift velocity with
flow regine fromthe bubbly to the churn

CHAI RVAN WALLI S: | think it does. It
does.

DR BANERJEE: It does, doesn't it. So
how does it handl e that?

DR. JENSEN: | don't know. | don't know
t he answer to that.

MEMBER RANSOM | can give you a clue, |
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guess. It only uses it in the core on the vertica
regime, and it uses the EPRI correlation to back it
out, and horizontal conmponents, you do not use the
drift-flux.

DR. BANERJEE: Right. | realizethat. So
it doesn't use the Zuber then. 1t uses -- That makes
nore sense.

CHAI RVAN WALLI S: Chexel | e- Larouche or
sonet hi ng

DR. BANERJEE: That at | east doesn't take
account of flow regines.

MEMBER RANSOM  No. It's all enbedded
withinit.

DR BANERJEE: All enbedded within it.

MEMBER RANSOM  Ri ght. | think it's a
full range.

DR JENSEN: Wll, let's nmove on to
NOTRUMP t hen.

CHAI RVAN WALLI S: You see, we get al
t hese slides of bullets and words. W al nost never

get a slide which shows a picture of what happens

anywher e.

DR. JENSEN. I'mcoming to that.

CHAI RVAN WALLIS: Okay. Well, it's just
going to be outputs fromcodes. It's not going to be
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here's what happened.

DR. JENSEN: Well, hopefully, it will be
what -- It's what the code says will happen.

CHAl RVAN WALLI'S:  Yes, but then | still
don't get a picture about is the code representing
this countercurrent flow or this de-entrainnent or
this -- | need sone sort of a picture of the vessel on
t he pi pe and sayi ng, now where does the water go, and
inwhat formisit. Maybe we'll get to that sonetine.
That would hel p a | ot anyway.

It may be RELAP -- W all know that these
codes can predict something, but it may well be that
they are based on a physics which isn't what is
actual Iy happening. That's one of the major concerns
that | think we have.

DR JENSEN:. W are |ooking forward to
seei ng sone of the new OSU test data.

CHAI RVAN WALLI S: That's the sane probl em
we have with them They have a theory which is based
on the particul ars of a conceptual cranial nodel which
has nothing to do with what we see in the picture of
the flowreginme. So that's the sane kind of problem
t here.

DR. JENSEN. We woul d agree that RELAP

isn'"t any better benchmarked as far as predicting
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entrai nnent out of ADS-4 than the Westinghouse codes
are.

DR. BANERJEE: But suppose you've got
steamflowing with some drops along the hotleg. Now
the ADS-4 line is at an angle to this. The steam
turns the corner, and the water keeps goi ng straight.
Does the code take that into account?

| nmean, Gaham is looking for a de-
entrai nnent nechani sm

CHAI RVAN WALLIS: It goes up, and it goes
up and cones back fromthe steam generator.

DR BANERJEE: Right, and it cones as a
sl ug.

CHAI RMAN WALLIS: It nay conme back as a
sl ug, yes.

DR. BANERJEE: And then what happens?

DR. JENSEN: | didn't see any slugs. Like
| say, it was nostly annular m st.

CHAI RMAN WALLIS: This was in the theory,

not inthereality. W sawslugs, though, at OSU. So

DR. BANERJEE: But what rel ati on does this
have to these OSU experinents?
DR. JENSEN: | think the part that you are

nostly concerned with is the latter part of the
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anal ysis where the fl owi n ADS-4 becones subsoni c, and
inthe earlier parts perhaps we don't have that nuch
of a problem But basically, | would Ilike to showyou
what we've predicted, and this is all tentative on
tests shown at OSU. But this is what we have now, and
t he code has been benchmarked agai nst data fromthe
AP600 test, and it did a pretty good job.

We don't think that that data is really
completely applicable to AP1000, but that's still
open.

MEMBER RANSOM Vell, | guess in your
defense, you are nodeling AP1000. You are not
nodel ing the APEX facility, | guess. Right?

DR. JENSEN. That's true. W have not
nodel ed the revised APEX facility with RELAP, of
cour se.

MEMBER RANSOM It woul d be interestingto

see what you get in that event. Maybe they will talk

about that tomorrow. | don't know.

CHAI RVAN WALLIS: Well, | think we m ght
agree --

DR. BAJOREK: Well, let me -- I'msorry.
Well, let ne try to clarify just alittle bit. You

are tal king about getting an annular m st in RELAP.

What you focused on was the double-ended DVI |ine
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case.

I n that case, you have high water |evels
inthe hotleg for a relatively brief period of tine.
Then when t he ADS-4 does open, everything flushes out
and, because of the low water level in the inner
vessel , droplets which are entrained come out at high
velocity. Most of that is swept i mredi ately out the
ADS- 4.

Now | think the mechanismin the code for
de-entrai nment really cones fromthe phase separation
nodel with the branch line. It is going to use the
nodel by Schrock to take a | ook at the gas fl ow goi ng
up into that branch line, andit's going to say, hey,
only give me so nuch water. Anything elseis goingto
be | eft behind.

That will stay thereuntil thelevel cones
up, and that nodel were to entrain enough to satisfy
that correlation

Now I think what Dr. Wallis is going to
poi nt out very clearly tonorrowwhen we start | ooking
at the nechani snms of hotleg entrainment is that these
codes, be it RELAP or anything else we would want
throwat it, really isn't picking up this newtype of
flow pattern that's seen in the hotleg where we get

not really a horizontal stratified flow but some
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oscillatory slugging that is feeding the entrai nnent.
But what RELAP is predicting right now, and | think
what Walt is trying to point out in his flow patter,
one, is indicative of a DBl |line case where we don't
have a real |level in that hotleg for very nuch of the
time and that what is left is benchmarked on how nmuch
t he Schrock correl ati on or the phase separati on nodel
allows it to take out at any one tine. There's not
much there in those sinulations.

MEMBER RANSOM Even a Schrock correl ation
probably is only going to differentiate if you have
stratifying.

DR. BAJOREK; Not al ways. Now | woul d
have to go back and |ook at the flow pattern map,
because what these maps tend to do is assume that it
woul d be all, let's say, the Schrock correlationin a
hori zontal stratified reginme. However, it wll take
part of that and ranmp it into the other regines.

So by inposing that correlation, you are
al so affecting what goes on in annular mst and in
some of these others. So there is a very close
rel ati onship between what it's trying to entrain or
de-entrain and these flow patterns.

CHAI RVAN WALLI S: Tonmorrow someone is

goi ng to actually show phot ographs and draw pi ctures
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of where the liquid -- where the steamis in this
hot| eg and how we predict the various fl ows of the two
phases in the various parts or are we just going to
get words agai n?

DR. BAJOREK: No, | actually have a novie
that | can show you, if you would |ike. But what we
would like to try to do tonorrow is talk about the
mechani sms and how the staff has tried to bound what
may be going on at this branch line, and see its
effect on the inner vessel mxture |evel.

DR. BANERIJEE: Steve, did you see any
oscillations in the discharge in ROSA?

DR BAJOREK: Yes. | checked that, and
t he adequacy report that | took a look at, and only
briefly, did characterize ROSA as being fair |ooking
at these oscillations. There were fairly significant
oscillations lateinthe snall break andinto the |long
term cool i ng.

I n APEX t here were oscill ations that were
relatively high frequency, and the concern was these
hi gh frequenci es weren't bei ng pi cked up by the data
acquisition system So it tended to be alittle bit
snoot her . But there were sone fairly significant
oscillations in ROSA.

DR. BANERJEE: | seemto renenber that.
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Right. dearly, RELAP didn't pick that up.

CHAl RMAN  WALLI S: Vel |, I t hi nk
Westinghouse is going to say it doesn't nmke any
difference. Once the |l evel goes belowthe hotleg, it
doesn't matter. Isn't that going to be the approach?

DR BANERJEE: You don't know that.

CHAI RVAN WALLI'S: They don't know that,
because we haven't got a picture of what happens yet.

DR. JENSEN. Dr. Banerjee is correct. In
these runs we did not show any oscillations in the
hotleg flow with RELAP. This was a very short
interval. W didn't run it out very nuch past the
time that the | RWST started to inject, but inthe tine
we did run it there weren't any oscillations.

CHAI RVAN WALLIS: And the key question
here is going to be, once the |evel goes bel ow the
hotl eg, once there is sort of two-phase level in the
vessel, if there is such a thing, goes below the
hotl eg, then the nethod of getting liquid through the
ADS fall line has to be droplet entrainnent fromthe
vessel .

The question has to be: Do all the drops
that get entrained in the vessel go out the ADS fall
line or do some of themget de-entrai ned or keep goi ng

strai ght and cone back al ong the floor of the hotleg
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and go back to the vessel again?
| ve never real ly seen that explained. Is

someone going to explain that to nme soneti nme?

DR, JENSEN: | hope you will get your
answer. | hope youw Il get it tonorrow, perhaps this
af t er noon.

CHAI RMAN  WALLI S: You guys are the
experts, though. You're the guys who have been

examining this with a m croscope.

DR JENSEN: | could |ook and see what
RELAP predicted, but I don't think --

CHAI RMVAN WALLI S: It doesn't help ne.
kay. What's the reality? 1 don't know.

DR. JENSEN. All right. Well, this slide
just says that entrainnent is unresol ved.

CHAI RVAN WALLI S:  That sounds |i ke a good
concl usi on.

DR JENSEN: But the PRHR heat transfer
issue is resolved with Westinghouse.

CHAI RMVAN WALLIS: This is by them being
conservati ve enough, you accepted it?

DR. JENSEN: Yes, and they conpared it
wth --

CHAI RVAN WALLIS: Wth data.

DR. JENSEN: Indirectly with data. This
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one says we asked themto run a nunber of different
break sizes, and particularly hotleg sizes, because
the hotleg is located at a | ower elevation than the
cold | egs, and they had not run those at first. So we
asked themto go back and | ook at the hotl eg.

That doesn't show any core uncovery
either. So there wasn't any need to do any heat-up
cal cul ati ons except for the one that they did for the
ten-inch break where they got the high void fraction
during the early blowmown when they got flow
stagnation for this ten-inch cold | eg break

Now this is -- There's sone data here
that's kind of a junble, but these are all the audit
calculations that the staff ran. This blip here in
the purple is the ten-inch break. This is the early
fl ow stagnati on. West i nghouse assuned adiabatic
heating during this time, and they calculated a
t enperat ure of 1300- and- sonet hi ng.

RELAP di dn't cal cul ate any core uncovery.
The break that --

DR. BANERJEE: Wi ch is which again?

DR. JENSEN. Can you not read that? The
purple is the ten-inch break. The bl ack at the bottom
is the doubl e-ended DB out-Iline break. RELAP says

this is the worst case.
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CHAl RVAN WALLI'S: I T predicts acore | evel

of 30 percent at tinmes?

DR.  JENSEN: It | ooks |ike about 30
percent, and it blips down Ilike at 28 percent.
Sonebody m ght say, well, isn't -- this is pretty

hi ghly voi ded. Yes, it is pretty highly voided,
right. When they benchmarked RELAP agai nst sone
bl owdown tests, a FLECHT SECET test, it blew nore
wat er out of the test facility than the data showed.
The voi d fracti ons were hi gher, and hey concl uded t hat
the interphasial drag coefficients were too high in
RELAP, which is probably true.

DR. BANERJEE: So does this nmean there is
core uncovery then, that 30 percent |evel?

DR JENSEN. It mght. But, renenber,
RELAP has bl own out too nmuch water. 1t has blown this
water with t he sane nodels, with the sane i nterphasi al
dr ag.

CHAI RVAN WALLI'S: So this is an extrene

case, but is it predicting core uncovery?

DR. JENSEN: No, sir, it's not. 1'mgoing
to show you --

MEMBER RANSOM That would be the
question. |s there any heat-up of the core?

CHAl RMAN WALLI'S: Even with this extrene
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case of RELAP, there is still no --

DR. JENSEN: No core uncovery and no core
heat - up.

DR. BANERJEE: So the 30 percent between,
sa, 1000 and 1500 seconds or sonething is the black
line?

DR JENSEN: The bl ack Iine.

DR. BANERJEE: That doesn't lead to -- and
it hangs around below 40 percent for a long, |ong
time. Right? A few thousand seconds?

DR. JENSEN: Yes. This tinme is between
ADS- 4 actuation and | RWST injection. This is the
mnimumin all these curves.

DR. BANERJEE: Right. GOkay, so the bl ack
line then is bel ow 40 percent fromabout 1000 seconds
to, as far as ny eye can see, 3000-o0dd seconds.

DR JENSEN: Yes.

CHAI RVAN WALLI S: There's still enough
wat er there?

DR. BANERJEE: How does it -- | nean, if
you base that on a | evel swell, that 30 percent woul d
gi ve you dryout of the top.

CHAl RMAN  WALLI S: A very high void
fraction, | think.

MEMBER RANSOM Wl |, how nany nodes were
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in the core?

DR. JENSEN: There were nine, nineinthe
RELAP core.

MEMBER RANSOM And this is just coll apse.
So the water presumably is somehow distri buted.

DR. BANERIJEE: But when you do bundle
experinments with collapsed |evel below about 50
percent with a 14-foot hei ght, 12-foot hei ght, you dry
out the top of the bundle.

MEMBER RANSOM | don't know.

DR. BANERJEE: 1 think so. Can you answer
t hat ?

DR, JENSEN: | can just say it was
benchmar ked agai nst FLECHT SECET, and it worked pretty
well with a little bit higher voided than the test
was.

DR BANERJEE: g1, 927

DR.  JENSEN: RELAP, to ny know edge,
wasn't benchmar ked agai nst t hose. NOTRUWP was agai nst
the g2 test.

DR. BANERJEE: What did those tests show
for a collapsed liquid |evel of 50 percent and | ess?
| " mjust tal ki ng about the experinments. Forget RELAP.

DR JENSEN: | don't know.

DR. BANERJEE: | think they showed dryout.

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

225

Maybe sonmebody el se can answer that question. So when
you've got a collapsed liquid |level of 40 percent,
t hat woul d suggest you' ve got dryout. | mean, |'mnot
saying whether RELAP is conservative or not
conservative. You keep going back to that. | don't
know if it is or not. |'mjust asking.

DR. JENSEN: What | would say is that it's
entrained too nuch liquid. It's carried this liquid
out of the system out at the ADS-4, and this liquid
is |ost. Had there been a |ower anount of
entrai nnent, a |lower drag between the phases, the --

CHAl RMVAN  WALLI S: But it's also
nonconservative nowin the pool swell, becauseif it's
got too nuch entrai nnent, too nuch drag, it's carrying
up some of this liquid higher than it should and,
therefore, it's wetting the top of the core in a way
t hat shouldn't happen, if it were nore realistic and
it's interfacial drag.

So it's got -- It works both ways. You
carry out too much, but then you carry up too nuch.

DR. BANERJEE: You cool too much at the
t op.

CHAI RVAN WALLI'S:  You cook too nuch. So
it's not clear that it is conservative.

MEMBER RANSOM These tenperatures you
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show in the back -- are those the maxi mum hott est
point in the core?

DR JENSEN: Yes. These are for the
doubl e-ended DVI |ine break.

CHAl RVAN WALLI'S: Well, whereisthis void
fraction? This says core void fraction. |Is this at
the top or where?

DR. JENSEN: At the top. The dark lineis
at the top, and the lighter line is in the m ddle.

DR.  BANERIJEE: VWiich ones do they
correspond to here?

DR JENSEN: This is the doubl e-ended DVI
i ne break.

CHAI RVAN WALLI'S: So it's carrying off a
| ot of water to the top, although the level isreally
very low. It's still able to carry it up.

DR. JENSEN. That's what the code says.
W think thisis the worst case. Fortunately, thisis
the one of the first --

CHAI RVAN WALLIS: |If you took the RELAP
col | apsed | evel and sone ot her i nt er phasi al drag nodel
whi ch was not so conservative, you mght well findit
dried out.

MEMBER RANSOM Wel |, actually, his | ast

slide shows it is drying out. A little between 2000
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and 1500 seconds you are getting nonentary dryouts in
RELAP, and you can see that in the void fractions
here, too. They are going to one, basically.

DR. JENSEN: You can see it also in the
core heat-up where, when it dries out, it gets these
l[ittle whiskers. This is the next slide. | have two
peak clad tenperatures. W have a hot rod in RELAP
with a little higher peaking factor.

This hot rod, however, | nust say, is
| ocated in an average cool ant channel. So it doesn't
have its own channel, but it gives the effect of -- It
shows you what a little higher heat flux mght do.

CHAI RVAN WALLIS: Tiny little blips. Now
what woul d happen if you brought in Westinghouse's
cal cul ati ons on top of your RELAP s? That woul d give
us sone kind of a -- sonething to conpare with.

DR. JENSEN:. If | had Westi nghouse' s code,
| could have run it, and then | could have applied
that data and put it on top of RELAP.

CHAI RMAN WALLI S: But didn't they do
cal cul ati ons of the sanme transient?

DR. JENSEN:. Yes, they did, and if they
woul d showyou the void fractions that they cal cul at ed
usi ng NOTRUWP, t hey woul d | ook very nuch |i ke t he ones

| have wi th RELAP.
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CHAI RVAN WALLIS: Did they calcul ate at

the | evel, the percent core | evel that you showed us,
t he purple curve?

DR BANERJEE: And the bl ack one.

CHAl RVAN WALLI'S:  What woul d theirs | ook
like for the purple and the black curves?
| don't have an equival ent curve from Westi nghouse.

CHAI RVAN WALLI S: Didn't they have --
D dn't you guys have a percent core | evel for DVI line
breaks? Could you get us that now or tonorrow?

DR. BANERJEE: 1Is it in the package?

CHAI RMAN WALLI' S: VWhere do we | ook in the

packet ?

MEMBER RANSOM Wi ch slide?

DR. GAGNON: This is Andy Gagnhon. For the
DVI line break, two-phase mxture level is on Slide
75.

CHAI RVAN WALLI'S:  That's one of those we
ski pped over.

DR, GAGNON:  Yes.

CHAI RMAN WALLIS: Well, I'"mglad we cane
back to it.

DR, GAGNON: It was at 14.7 psi
cont ai nnent and - -

CHAl RMAN WALLI'S: The m xture |l evel is 26
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feet?

DR. BANERJEE: VWhat does that mean in
terms of core |level, though?

DR. GAGNON: That neans it's up in the
upper plenum The core is covered, not a coll apsed
| evel .

CHAI RMVAN WALLIS: It's not a collapsed.
Do you have a coll apsed | evel ?

DR GAGNON: No, | don't have that here.

DR. BANERJEE: So if you go back to the
col | apsed | evel there, at 30 percent -- sorry, bel ow
40 percent for 2000 seconds roughly, will you see the
sane thing?

DR GAGNON: | would have to | ook.

CHAl RVAN WALLI'S: If this m xture level is
up in the upper plenum like this, then there's a
di sengagenent and it is all vapor above that. |s that
right?

DR GAGNON: Yes. That's correct.

CHAI RMVAN WALLI'S: So these are droplets
t hat are bounci ng around in the upper plenumor what
isit? Wat is in the upper plenumbetween 20 and 26
feet?

DR. GAGNON: Between 20 and 26 feet? It

is actually a lower void fraction --
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CHAI RVAN WALLIS: It's like a fluidized

bell of droplets, and thenit's just di sengaged above
that? 1Is that what --

DR GAGNON: It is phase separation

CHAI RMAN WALLIS: So it's droplets.

DR CARUSO. The void fraction is |ess
t han one.

CHAI RVAN WALLI S: Yes, but isit droplets.
What do | envisage is happening here? There's the
core. Then there's a whole | ot of droplets bouncing
around above it, and above that there is a region
where there are no droplets, and it's steam

DR GAGNON: St eam

CHAI RVAN WALLI S: | s that what this means?
| don't really care what the code predicts. | want to
get sonme idea of what is reality here. So is that
your interpretation of this?

DR. GAGNON: Yes. |It's actually a | ower
void fraction -- and NOTRUW predicts a |ower void
fraction in the upper plenumthanis inthe top of the
core.

CHAI RVAN WALLI'S: | don't understand how
a code does this. The only reason these droplets are
t here i s because presumabl y t hey have sone vel ocity at

the bottom and they' ve got atrajectory, and they go
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up and then they turn around or sonething, isn't it?
Are they suspended upinthere like a fluidized bed or
what ? How do they di sengage? How do you get a | evel

like this? |s that where the hotleg is? Is that why

DR. GAGNON: That is actually the hotl eg
el evation there.

CHAI RVAN WALLI S: So you are decreei ng by
t he way you nodalize that they can't get above there.
It's not physics.

MEMBER RANSOM  Excuse nme. Wiere is the
hotl eg? What el evation on that plot?

DR. BANERJEE: What's the top of the core?

CHAl RVAN WALLI'S:  The dotted |ine.

MEMBER RANSOM  That's about 19.

CHAI RVAN WALLI S:  So we' ve got seven feet
or somet hi ng t wo- phase, and above that it's dry, just
steam above that? That's where the hotleg is?

DR. WRI GHT: Si x feet above the top of the
core.

CHAl RMVAN WALLIS: The hotleg is -- The
bottom of the hotleg is six feet above? This is the
m ddl e of the hotleg or sonething |ike that.

MEMBER RANSOM  \WWere? \Were is it?

CHAI RMAN WALLIS: So that's why there is
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a level there.

MEMBER RANSOM |s that the answer? It's
about 26 feet now?

DR. BANERIJEE: It depends on how they
stratify. Does your code allow stratification in
vertical nodes?

DR GAGNON: Yes, it does.

DR. BANERJEE: Ckay. So that probably is
t he hotl eg then.

DR GAGNON:  Yes.

CHAI RMAN  WALLI S: And what is your
velocity? W didn't seemto see if it's possible to
have droplets up thereor it's just an artifact of the
code.

DR BANERJEE: | don't think so, if that
is the hotleg and it allows vertical stratification.

CHAI RVAN WALLI S: But then there is
not hi ng al | owed above that. Above that is just a dead
space of steam presumably.

DR. BANERJEE: All the steamgoes out to
t he hotl eg.

CHAI RVAN WALLI S: So this doesn't hel p us.
It doesn't help us to conpare with RELAP. But you
could ask for that, couldn't you? Can you show us

that tonorrow? Can you show us sonething that woul d
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conpare with the purple and bl ack curves?

DR. CORLETTI: W could show -- Andy, do
we have the void fraction avail abl e?

CHAI RVAN WALLI' S:  To conpare with what we
see here. Presumably, the staff conpared it w th what

you had. Maybe not.

DR. CORLETTI: | think we have the void
fraction.

CHAl RVAN WALLI'S: Do you have this?

DR CORLETTI: | don't believe -- Do we
have core collapse level. | do not believe that we

have core coll apse level with us.

CHAI RVAN WALLI S: Can't you get soneone to
FAX it to you?

DR. CORLETTI: W can try that, yes.

CHAI RVAN WALLI S: WI1l you please get
sonmeone to FAX it to you?

DR CORLETTI: Yes.

CHAI RVAN WALLIS: And will you showit to
us tomorrow? Did you say yes?

DR CORLETTI: Yes.

DR. JENSEN. I'll give you a copy of ny
curve, M ke.

DR. BANERJEE: Now before you nove on from

this curve, | want to go back to this issue of
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coll apsed liquid | evel. There are experinents which
are available at these pressures with bundles with
different collapsed liquid |evels.

Now t hey are under conditions which are
very simlar tothis. So did you take a | ook and see
whet her they got dryout at the top or not?

DR.  JENSEN: I looked to see how
West i nghouse' s code conpared to the experinments, and
West i nghouse benchmar ked NOTRUVP agai nst t heir 14-f oot
g2 tests, and they were conservative. They dried out
sooner than the data did.

DR. BANERJEE: Right, but NOTRUWP is al so
showing a liquid level above the core for this
coll apsed liquid | evel or whatever.

DR. JENSEN: And they have a very high
void fraction simlar to RELAP.

DR. BANERJEE: Now | guess we will have to
resolve this tonorrow when they show their void
fraction curves, but if | renmenber, with the 30-40
percent coverage, there was significant dryout at the
top of the bundle. Mybe we can ask Westinghouse.
When t hey had 30 to 40 percent col lapsed liquid | evel,
was there dryout at the top of the bundl e? Somebody?

DR, CORLETTI : W will have to get an

answer to that. Are you asking fromthe tests when we
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val i dat ed NOTRUWMP? Yes. See, | don't believe we know
t hat here, but we can get you that information.

DR. BAJOREK: Well, | think you can | ook
at the g2 and your g1 experinents and get an answer at
| ow pressure. At higher pressures, fromlike the Gak
Ri dge tests, a col |l apsed | evel around 30 or 40 percent
woul d have had uncovery at the top. Now those are at
hi gher pressure.

At | ower pressure you woul d expect nore
frothing, a little bit higher. | think the
appropriate place to |l ook at g1, g2 in the FAVA seri es
of tests to try to get a handle on that |evel swell.

Now from FLECHT SECET, which isn't
directly applicable, because they are reflood
experiments, but they were done at |ow pressure, if
you take a | ook at those tests, the |l evel swell, two-
phase | evel over coll apsed | evel, was about 1.5, 1.6,
1.7. That ratio, based on the 30 or 40 percent, woul d
suggest that there woul d be sone uncovery at the top.

So at the very least, it is got to be
pretty close to the point of core uncovery, and |

think all of the codes are showing that. RELAP with

a void 90 percent. | think NOTRUMP we saw at one
point voids 90 percent or greater. COBRA/ TRAC
likewi se -- | think they were 90-95 percent.
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Now we have put our an RAl asking for sone
clarification on these high voids and howthey rel ate
to the nodalization and the radial discretionin the
core. Even though your average cells across this
| arge core are at 90-95 percent, can you rul e out the
possibility of having |l ocalized regions |ike the hot
assenbly at 1.0 and heating up, while others are at a
| ower void fraction?

CHAI RMAN WALLI S: If we [ook at Figure
Slide 43 that they gave us, this says DE DVI, doubl e-
ended DVI line break, and sone vessel nmmss inventory
i n pounds mass, and it starts off with around 160, 000.
It's presumably a full vessel. Then it goes down to
about 80, 000, presunmably a hal f-enpty vessel.

This would seemto be the sane transient
t hat you show us in your purple curve. |Is that true?

DR JENSEN: | don't have that.

CHAI RVAN WALLI' S:  Thi s thing here that we
saw t hi's norning

DR. JENSEN. So this is atnospheric back
pressure.

CHAI RMVAN VWALLI S: Ri ght. So there is
somet hi ng di fferent about the back pressure.

DR WRIGHT: Alittle bit.

CHAl RVAN WALLI S: Doesn't nmake nmuch
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di fference?

DR. WRIGHT: Alittle positive effect of
back pressure.

CHAl RVAN WALLI'S:  So what | conclude is
that RELAP is predicting a lot less liquid in the
vessel than they are predicting, and it is predicting
a m ni rumoccurring after 1000 seconds, whereas theirs
seem to have settled down after about 600 or
sonet hi ng

There's a big difference between your
purple curve and Figure 316 Westinghouse, which is
really the sanme thing, |I think. It's the sane plot.

DR. JENSEN: The purple curveis a 10-inch

br eak.
CHAl RVAN WALLI'S:  Which is the DVI |ine?
DR. JENSEN: The bl ack one.
CHAl RVAN WALLI S: The bl ack? Well, that's
the same thing. |It's worse.

DR. BANERJEE: It is, in fact, staying at
the lowinventory for alonger tine. Right? | guess,
i f you believe the inventory, which nay be wong, what
that neans in terns of uncovery or dryout at the top
really needs to be understood nore clearly. The
cal cul ati ons you have here are probably very sensitive

t o what heat transfer correl ati on has been used and so
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on.

Sowith avoidfraction of over 90 percent
or 95 percent, as you have here, it's not so clear
t hat your tenperatures will be so benign as you show
in the next slide.

CHAl RVAN WALLI'S: | just wonder how you
make a deci si on when you see your -- You run RELAP as
a check, you know, as independent check by the staff
on RELAP, and you find you are predicting that you got
about half as nmuch water in there as Westinghouse is
predi cting.

Now do you do with that? How do you use
this to make a regul atory deci si on?

DR JENSEN: We felt that -- At |east, |
felt that we were getting about the sane results as
West i nghouse, because we |ooked at their void
fractions in the core, and they were about the sane as
we were cal cul ating.

Then we | ooked at Westinghouse's anal ysi s
of the level swell test, and they did a pretty good
job. They did noding studies in the core. They ran
up to --

CHAl RMAN WALLIS: So their anal ysis was
much better than yours. |s that what you concl uded?

DR. JENSEN: Well, I'msaying that, bottom
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line, it's the sane. They both showed the core to be
cover ed.

CHAI RVAN WALLI S:  Yes, but you've got two
anal yses which indeed tell us so different, and they
both show everything is all right. | wonder --

MEMBER RANSOM | don't think they are two
different views. If you |look at the inventory, they
have 50 percent with COBRA/ TRAC, and he's getting 40
percent with --

CHAl RVAN WALLI S: He's getting 28 percent
as a mnimum he said there.

DR JENSEN: This is just the core. W've
got -- We have water in the |ower plenum W' ve got
water in the downconer. | think maybe -- | don't know
we can draw any conclusions about what's in the
vessel, but | --

CHAI RVAN WALLI S: No, |'m just saying,
here is what |ooks like a key paraneter from two
different codes, which is --

DR. BANERJEE: Well, you don't know t hat
that is the sane.

CHAl RVAN WALLI'S:  That code is this one.

DR. GAGNON: Excuse ne, Dr. Wallis. The
vessel inventory that you see from NOTRUWP there is

t ot al vessel . In other words, that includes
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downconer, |ower plenum not just the core.

CHAI RVAN WALLI S:  But when it's hal fway,
isn"t it about halfway through the core?

DR GAGNON: There is still considerable
I evel in the downconer.

CHAl RVAN WALLI'S: Yes, but it's hal fway in
t he downconer, too. So --

DR. BANERJEE: What does that nean in
terms of core inventory? Is it 50 percent or 30
percent ?

DR GAGNON: | got to look at that.

DR. CUW NS: | don't think we think they
are simlar, we are conparing simlar measurenents,
and | think that we'll try to get sone simlar
nmeasur ement by tonorrow.

CHAl RVAN WALLI'S: Ckay. And everything
may becone cl ear.

DR CUM NS: Yes.

CHAl RVAN WALLI S: But | just wonder,
what's the rationale -- If it turns out they are very
different, you ve got two codes that predict very
different vessel nmss inventories, and yet the
conclusion is that the heat transfer is fine at the
top of the core.

Now what should we do wth that
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information? Should we say everything is fine or
should we say, well, you know, one of these key
paranmeters is way off in the prediction. Two codes
are predicting two very different things. W' re not
sati sfi ed.

DR. JENSEN: Actually, our philosophy is
to base our deci sions on what the applicant’'s code is
cal cul ati ng unl ess we see sonet hi ng that | ooks vastly
di fferent. | haven't |ooked at the core collapsed
| evel from Westinghouse. Perhaps | shoul d have, but
| did ook at the things | did look at. It |ooked

fairly simlar.

DR. CORLETTI: | guess one comment | woul d
just like to introduce -- Walt, in your cal cul ations
of heat-up, | mean, do you see anything approaching

PCP, any regulatory limts as far as core heat-up, and
maybe is that worth nmentioning here in that regard?

DR. JENSEN: You can. This is the hi ghest
tenmperature that | cal cul at ed.

DR. BANERJEE: That depends on what heat
transfer nodel you use. At 95 percent void, it's not
clear that that should be the tenperature. | nean, it
j ust depends on what factor you put in.

DR. CARUSO Well, Dr. Banerjee, | think

one of the points that's been |eft out of here -- \Wen
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we make t hese deci sions, we | ook at the cal cul ati ons,
the code that is developed by Westinghouse. Ve
consi der the assessnment work. W consider the code
that we have and how it has been assessed, and our
code, RELAP5, has been assessed agai nst a | arge nunber
of these experinents, and the heat transfer packages
that Walt is using are ones that have been determ ned
to be appropriate for these conditions.

That's why he uses that code. Now he
doesn't redo his assessnent every tinme he usesit. He
is using a code that was assessed for AP600, and his
prof essional judgnment is that the conditions are
simlar enough that he can continue to use it.

He hasn't gone back and redone all of his
assessnment work. \Westinghouse is trying to make the
sane case for their codes for AP1000. What we are
doing in the regulatory space is meking a judgment
based on the work he did for AP600 -- he was one of
t he principal analysts for AP600. So he | ooked at a
| ot of the codes for AP600. He |ooked at how t hey
were applied He |l ooked at howthey were assessed, the
test data they were assessed agai nst, how well they
di d agai nst that test data.

He <considered all of that, and he

considered then that his code was assessed agai nst
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ot her data, was assessed agai nst sone of the sane

dat a. He considered his professional judgnment in
analyzing a lot of reactors over -- how nmany years,
Walt, 30 years? -- 30 years, and he made a deci sion.

DR. BANERJEE: Right. Let ne ask -- There
is this set of data which is very close to these --
There is experimental data which is very close to
these conditions where | asked a straightforward
question, did they show dryout or not.

DR CARUSO And the answer is we don't
know, because we don't have that, you know, right at
t he top of our head about whether they showed dryout.
What he | ooked at was void fraction, and that's what
he considers in his judgnment to be the inportant
paraneter to consider. So he |l ooked at void fraction.

We can maybe find those experinents and

determ ne what the tenperatures were, yes, but the

guestion you asked was, wel |, what do we do, how do we
make these deci sions. This is how we nmake the
deci si ons.

CHAI RVAN WALLI'S: I'mtrying to think of

sone anal ogy, because this is a strange world of
nucl ear safety, and so any ot her situation | can think
of where |'ve got an analogy -- and | only give you

one, because it's all | can think of at the nonent.
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W are analyzing sonething |ike the
Brooklyn Bridge, and we are going to say how many
people can stand on it at one tinme wthout it
breaking. There's two elenments. One anal ysis says,
oh, | predict that it's safe. | predict that the
cabl e stretched by one percent, but the deck is stiff,
and so t he whol e thing only goes down by 10 feet, and
it doesn't break.

Anot her anal yst cones al ong and says, oh,
|'ve done a different analysis, and ny prediction is
t hat the cabl es actually stretch by five percent, but
|'ve got a conpensating error sonewhere else in the
deck stiffness which predicts that the bridge only
goes down by eight feet, and it doesn't break.

Nowis this a basis for maki ng a deci si on?

DR. CARUSO Well, it's interesting you
bring this up, because | just finished reading a book
about the Brooklyn Bridge, and there were actually
techni cal disagreenents about that exact subject,
about whether it would hold up.

What they did was they went out and they
nmeasured it as it was being built, and you can neasure
it.

CHAI RVAN WALLIS: But you can't do that

with these reactors.
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DR. CARUSO That's the problemw th these

reactors. You can't -- Luckily, we don't have any
real data.

CHAI RVAN WALLI'S: If | wantedto bereally
secure, | would want to see the two codes predict the
same key paraneters.

DR. CARUSO And that's why you have the
code --

CHAl RVAN WALLI'S:  Like this |evel

DR. CARUSO. That's why you have t he codes
assessed against test data. Test data in the RCSA
facility, test data in the SPES facility, and that's
why we have an O fice of Research to go off and do
this sort of assessnent work for us, and sone very
smart people at | aboratories and universities --

CHAl RVAN WALLI S: Well, nodels of the
Brookl yn Bridge beingtestedinthelab. 1| still have
to face the fact that two conpetent people using
conpet ent codes predi ct sonet hing very di fferent about
t he details of what happens.

DR. CARUSO |I'm not sure they are that
different. That's the point I'mtrying to make. |'m
not sure they are actually that different, because as
Walt said, he | ooked at void fractions, and the void

fractions that he saw were reasonably cl ose.
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CHAI RVAN WALLI S:  Yes, but we are going to

see this tonorrow

DR CARUSO W need to put this all on
the sane plot, because they have given us sone RAlIs
with COBRA/ TRAC on there, and if | recall, the
coll apsed levels were on the order of 30 or 40
percent .

CHAI RVAN WALLI'S: But it was 30 percent?
Okay. We are going to see that then. W are goingto
see that tonmorrow. They are going to save us --

MEMBER RANSOM | think part of the
probl em here is you see a very inconplete picture.
You know, you can't just |ook at, say, collapsed core
| evel and draw any concl usion. You need to know what
the void fraction distribution |ooks |ike, what the
heat transfer coefficientsareinthe different parts,
in order to cone to any concl usion.

CHAI RVAN WALLI S: | can draw a |ot of
concl usions. |f RELAP predicts 30 percent and NOTRUVP
predicts 70 percent, there's amjor differenceinthe
amount of water in there.

MEMBER RANSOM Wl |, | guess |' mnot sure
they do, but that's quite a bit.

CHAI RVAN WALLI'S:  Then | have to sonmehow

rationalize ny acceptance of this kind of |evel of
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uncertai nty about a najor problem

DR. BANERJEE: Maybe what we need t onorrow
is a conparison of what you see here and, say
COBRA/ TRAC which, as you say, my or nay nota be
different -- it may be very simlar -- and the void
fractions and the tenperatures, and ideally, what
actual experiments with a 14-foot core showed, because
t hose experinments have been done.

DR.  JENSEN: Westinghouse did present
t hose i n their NOTRUWP t opi cal for AP600, and they did
a pretty good j ob.

DR. BANERIJEE: Vel l, NOTRUW may be a
little bit off, because in the sense that you are
showi ng a 30 percent |level here to 40 percent, which
is what Steve says COBRA/TRAC is show ng. My
i mpression from | ooking at the NOTRUW results are
that they are showi ng a higher level, but that's just
an inpression until we see that in general. Ckay,
tomorrow we will know exactly.

In any case, we have experinments at 30
percent, 40 percent collapsed liquid |level. So there
is not that nuch anbiguity here. W actually can see
what the tenperatures were.

CHAI RVAN WALLI S: Di d APEX ever get so | ow

in collapsed | evel ?
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DR. BANERJEE: APEXis atiny little code.

CHAl RVAN WALLI'S:  Yes, but it's one of
these. |1t's supposed to node AP600. | don't remenber
it getting -- Well, nost of these transients here get
down to about 30 percent. AlIl your colors get down to
about 30 percent or so.

DR. JENSEN: Yes, that's the interesting
part. No matter where the break is and what size it
is, the result is always about the sane.

CHAI RVAN WALLI'S: Well, | thinkin APEX - -
|"'m just going fromnenory. | don't renenber this
happeni ng so nmuch, that all the transients went down
to -- | don't think they went down to such a |ow
| evel .

DR. JENSEN: Again, it's possible RELAPis
not quite right here. It has too much drag between
t he phases, and I'mnot here to say it is.

CHAI RVAN WALLI S: Wl I, we shoul d probably
nove on

DR. JENSEN. Well, let nme flash ny | ast
slide up here very quickly.

DR CUMWMNS: This is Eric Cunmns. It
seens to ne that the slide we have not paid attention
to is the slide that's there where the highest

tenmperature is the tenperature at the start of the
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accident, and all tenperatures of the core are | ower
than that after the start of the accident. That
shoul d be fairly conforting, we think.

CHAI RVAN  WALLI S: This one |ooks
conforting here.

DR.  BANERJEE: If it agrees wth
experi ment .

DR. JENSEN: That's inmportant. And this
is ny last slide. Well, it is really Lanbrose's
slide, and it says that the -- One additional issue we
rai sed during the preapplication review was we were
worried about the boron precipitation in the core
during the long term cooling, and this would be
because perhaps there would be separation in the
react or system and the steamwoul d be transferred out
of the ADS over the long term and water not flow to
t he vessel

Since thereis no hotleginjectioninthe
AP1000, as there is in operating plants, we are
worried about |long term boron precipitation in the
core, and we are awai ti ng sone additional information
from Westi nghouse to resolve this issue.

CHAIl RMVAN WALLIS: So if you take all the
boron that was originally in all the water and put it

inthe core and take the core with the anbunt of water
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that you think is in there, then you get way above
this 35,000 pounds per mllion or whatever it is ?

DR LOS: Yes, sir. About 69, 000.

CHAl RVAN WALLIS: So the limting caseis
obvi ousl y bad.

DR. LA S: Yes, sir. However, this
norning | was i nformed that some nore i nformati on has
been provided to us, but | didn't have a chance to
| ook at it.

CHAl RVAN WALLI'S: | would think that, as
you keep putting water in with boron init, you keep
t aki ng steamout wi thout boroninit. Eventually, all
the boron is going to end up in the core.

DR LAOS It did. It did.

CHAI RVAN WALLI S: And it's bound to
precipitate.

DR LAOS: That's right. Exactly.

CHAl RVAN WALLI'S:  You go on distilling
| ong enough, it's bound to happen.

DR. LOS: And the only way to avoi d t hat
is to expel sone --

CHAl RVAN WALLI'S: Carry out sone water.

DR. LA S Carry out sone water.
Preci sel y.

CHAI RMAN WALLI'S: Which is hard t o do when
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you are in long termcooling. There isn't nuch flow
of steam

DR LOS: Well, that is correct, and one
of the initial statenents in the first submttal was
that this state of long term cooling can go on
forever. | asked Westinghouse to determ ne the point
where t he functions of | ong termcooling, as descri bed
inthe initial stage, are no |onger valid.

For exanple, the extrenely | ow ADS st eam
velocity -- Unfortunately, | don't have a response yet
to that question.

MEMBER KRESS: Whien you are boiling away
forever on long term cooling, you actually don't
concentrate the boron. You take it out with the
steam | think you guys better rethink that and go
back and | ook at your distillation cal cul ations.

The boron will actually go out with the
steamat |owpressures. It's a function of pressure.

DR. LAOS: Yes, you're absolutely right.
The pressure | evel was very low, and fromwhat | read
in the properties of boron, it seens that it does
precipitate, crystallizes in the bottom and really
you don't have to take -- to have the entire anmount of
boron into the vessel. A portion of that will start

doi ng damage, and beyond that is irrel evant.
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CHAI RMVAN WALLI'S: So there i s boron vapor

com ng out with the steanf
MEMBER KRESS: Yes.
DR LAOS: But by that tine, the boron
that was crystallized al ready had done damage.
MEMBER KRESS: Yes. It's a matter of how

| ong are you at high pressure and how are you at | ow

pressure,
DR, LOS: Fromthereon, it'sirrelevant.
MEMBER KRESS: [It's not just the carryout
of the |iquid. It could cone out with the steam

That was ny point.

CHAI RVAN WALLI S: So this is still an
unresol ved i ssue then?

DR. LOS: For the tinme being, yes, until
| have a chance to | ook at the additional information
whi ch was provi ded today.

CHAI RMVAN WALLI S: So Westinghouse is
providing you with information today?

DR LAOS: Yes, sir. Wll, it arrived
this norning. | didn't have a chance to look at it.

CHAl RVAN WALLI S: Are they going to
present it to us tonorrow?

DR LAOS: |If I have an opportunity to

| ook at it, we may.
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DR. CORLETTI: Dr. Wallis, thisis sone of

the information that | presented this norning in
regards to the boron precipitation.

CHAl RVAN WALLI'S:  Not much detail.

DR. CORLETTI: No. | think -- W think we
have resolved it with the cal cul ati ons and anal ysi s
t hat we've done, and | think, if we want to get into
the details --

CHAI RVAN WALLI S: If we were to have
anot her Thermal Hydraulics Subconmttee neeting on
AP1000, this could be one of the things we could take
up.

DR CORLETTI: Yes.

CHAI RVAN WALLIS: Al right. And we may,
after today and tonorrow, decide we have enough
i ssues, we want to have another neeting with you.

DR. BANERJEE: You know, | saw sone -- and
| think many of us saw sone cal cul ati ons supporting
the use of RELAP5, a version of it, for this PTS

anal ysi s whi ch was conpared to t he AP600 and ROSA and

stuff.

| s this the same versi on of RELAP5 you are
usi ng?

DR. JENSEN: This is the |l atest version of
RELAPS.
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DR. BANERJEE: They had sone nunber ganma

sonething. | can't renenber.

DR. JENSEN: This is beyond gamma. This
is 3.3 as released, | think it was last -- about a
year ago, |last spring.

DR BAJOREK: It's 3.2.2 and 3.3 account
for some relatively mnor updates. | think, for al
practical purposes, the PTS version of this and the
3.3 are about the sane.

MEMBER RANSOM | know they've only got
one guy working onit. So there's very little change
goi ng on.

DR.  JENSEN: That concludes ny talk,
unl ess there are any questi ons.

CHAI RVAN WALLIS: Well, let's nove on to
t he next one. There's another staff presentation, |
under st and.

DR. SEGALA: Yes. Qur next speaker is Ed
Throm from Plant Systens Branch, talking about
WGOTHI C.

MR. THROM  Good afternoon. As pointed
out, ny nanme is Ed Throm |I'mwth the Plant Systens
Branch. W are reviewi ng the WSOTHI C application to
t he AP1000.

| was also the reviewer who reviewed
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WGEOTHI C for the AP600. So |'ve been i nvol ved with t he

program for nmany, nany years.

I n consideration of tine, on this second
slide here, this is information you have seen before.
This is basically a track record of docunentation.
GOTHI C i s used for DBAs. The WCAP has been nmenti oned.
Qur initial evaluation was presented in the NUREG

Basi cal |y, what we have done in
contai nnent space is developed a conservative
eval uation nodel and things that are done in the
nodeling to address the lunp paraneter network,
circulation stratification. The PCS flowin heat and
mass transfers have al | been done in very conservative
f ashi on.

CHAI RVAN WALLIS: What is PCS agai n?

VMR THROM The passive contai nment
cool i ng system

CHAl RVAN WALLI'S: It's the part, though,
on the outside in the air?

MR THROM Yes. It's the water com ng
down to cool the situation.

Thi s has al ready been done before. During
Phase Il we | ooked at the difference in the AP600,
AP1000, and basically determ ned there were no new

phenonena t hat needed to be incorporated into any of
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t he anal ytical nodels.

As Westinghouse presented earlier, when
you | ook at the di nensionl ess nunbers and | ook at the
mass and heat transfer correl ati ons, you find out that
when you are doing the cal cul ati on, you are using the
correlations withinthe ranges for which thereis test
data that denonstrates they are applicable.

The open i ssue was we real | y wanted to see
t he anal ysi s done consi stent with t he eval uati on nodel
and all of those conponents that we had determ ned
wer e applicable to the AP600. The initial cal cul ation
Westi nghouse did back in Decenmber 2001, different
nodal i zation, different assunptions -- it would have
been very difficult for us to kind of revisit the
whole review and relook at the potential to redo
nodal i zati on st udi es on how nany cl i nes, which is what
they call their heat transfer package, would be
necessary to concl ude that we still understood t he way
t he code was behavi ng and nodeling the systemto the
extent that we could feel confortable that we were
havi ng a conservative eval uation.

MEMBER RANSOM  What is the evaporative
fl ow nodel ?

MR,  THROM West i nghouse tal ked about

t hat .
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VEMBER RANSOM That was the iteration

t hey tal ked about ?

MR THROM Thisis theiteration, right.
There was a question early on. It dealt with some of
t he characteristics of what the fil mm ght be. There
wer e sone potential concerns with the nunerics in the
code about what woul d happen with the excess water.

So when they do the analysis, they only
credit that anobunt of water that can actually be
evaporated so it becones aniterative calculation. If
the code is calculating water comng off the bottom
clinme, they will go back and redo the analysis with a
| ower water flow rate, such that over the course of
the transient there is none of
this excess water to contend with, either fromthe
potential numerical issue with the code or it
addresses sonme of the concerns in whether the fil mhas
a little bit of waviness to it. It kind of
conpensates for the correlation that is being used.

So that was how we ki nd of resol ved that
i ssue.

So the bottomlien is they are doing the
anal ysis the way we expected to see it done. The
cal cul ati ons are based on t he approved net hodol ogi es,

and the nmass and energies are being calculated
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consistent with the standard review plan, which is a
very conservative nmethod for treating contai nment.

They have i ncorporated in that WCAP- 15846
a Section 14 which describes the net hodol ogy for the
way the mass and energies are calculated. They do
show t he compari son to WSOTHI C, and you can basically
determ ne t hat, when cont ai nnent performance anal yses
are done, the mss and energies release the
contai nnent at a very high rate over a nuch shorter
period of time and, of course, you get |ess inpact
fromthe heat structures as you do the cal cul ation.
So it is very conservative.

MEMBER KRESS: What woul d you have done i f
margin to the time pressure turned out to be slightly
above the 60?

DR. THROM If it becane slightly above,
we would be in a negotiation sonewhere. Right now,
t he acceptance criteriais basically below. One could
argue in the |l egal perspective --

MEMBER KRESS: There is no required
mar gi n?

DR. THROM No. Basically, if you |l ook at
the standard review plan and  basically the
interpretation of the Conmi ssion's requirenents, itis

| ess than at the operating |license stage.
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So what is built into the AP600, AP1000

program is what we call [ITAC, initial test and
acceptance criteria program which neans they will go
inwhen the plants are built. They will actually dunp
t he PCCS wat er and verify that the fl ow coverage they
are using in the analysis are correct, that the flow
rates are correct. They will verify that all the heat
structures that they are taking credit for in the
anal ysis are there, and the PCS will be periodically
checked to make sure that it is performng.

MEMBER KRESS: That's all under the | TAC?

DR. THROM That is -- Yes. Again, this
is-- Normally, if | were doing a construction permt,
| woul d be | ooking for about a ten percent margin at
this particular stage. So in order to nmake sure that
the as-built is okay, and these calculations are
representative of the as-built, we have the | TAC part
of the new Part 52 |icensing which says we identify
all of those systemfeatures and conponents that are
i mportant to our understandi ng of the |licensing basis,
and they are validated prior to operation.

CHAl RVAN WALLI S: Now what is CONTAI N2
cal cul ati ons?

DR. THROM [I'mgoing to get to those.

CHAI RVAN WALLI S:  You did that.
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DR THROM  Yes.

MEMBER RANSOM Coul d | ask you one ot her
guestion about WGEOTHI C, though. Do they have a
carryover factor for how nmuch water is entrained and
carried out w thout being evaporated?

DR THROM In --

MEMBER RANSOM  And here |' mthinking this
thing is no different than any cooling tower, and we
all know that you get water -- sone carryover
invariably in a cooling tower.

DR. THROM | don't think they do, but I
don't think we've really | ooked at that as far as --
| don't think we envision any real entrainnment of
droplets into the air stream

MEMBER RANSOM What would prevent
entrainnent in a case like that when you drop water
down a cooling tower and you get entrai nnment?

DR. BROMN: | woul d think a cooling tower
normal |y has got a fan at the top and --

MEMBER RANSOM  No, |'mthi nking natur al
draft, you know, parabolic type.

DR. BROMN: |If you |l ook at our vel ocities,
if you |l ook at |ike sone of the scaling nunbers, the
velocities and things are very low. | don't think

they are anywhere near the type of thing you're
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t hi nking of with a cooling tower.

MEMBER RANSOM No, you got a simlar
hei ght .

DR. BROMN: | know, but we still have --
Wth the path going down there, | think that, if you
| ook at the annulus there and you actually cal cul ate
the velocities, they are not really that --

DR. THROM Two things. The bucket that
is above the containment is in the chimey area, and
t he chimey is huge.

DR. BROMN: It's huge. It's very, very
bi g.

DR. THROM The velocities are very, very
| ow.

DR. BROMN. Right.

DR THROM You fill a bucket. The bucket
isvery closetothe containment. Soit's not |ike we
are trying to dunp water down the sides. It's being

di stributed through a weir system to run down the

si des.

MEMBER RANSOM  Runni ng over the sides,
right?

DR. THROM Right, and there is a
distribution system to do that. As | indicated

earlier this norning, you want to nake sure that you
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are gettingarelatively uniformand good di stribution
of the water.

Soit's not really like dropping it into
this updraft.

MEMBER RANSOM Wel |, | think you are, as
a mtter of fact, and even in a cooling tower you
don't want to entrain water. | nmean, you woul d rat her
recover all the water, because that's what you're
after, isto cool off the water by evaporation and use
it in the condenser.

So entrai nnent there hurts just as nuch as
it would in a case like this, but | would be very
curious to know what the entrainment is like in a
structure of that type conpared to this one, whichis
assum ng no entrai nnent.

MEMBER KRESS: |'m not sure entrai nnent
hurts you in this case.

MEMBER RANSOM It sure as hell does.

MEMBER KRESS: Well, small droplets,
you're going to get the heat transfer between the
droplets and the air before it ever gets carried out
t he top, and you want to cool down the air. Unless it
gets carried out the top --

MEMBER RANSOM Wl |, that's what | woul d

assune.
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CHAI RMAN WALLI'S:  You don't want to cool

down the air. You want to cool down the shell

MEMBER KRESS: Well, if you cool down the
air, then the heat transfer between the air and the
shell is enhanced. You cool down the shell

DR. BROMWN. Dr. Kress, you will renenber
from AP600, the other thing to keep in mnd, that
typically our peak pressure occurs when you | ook at
that relative to where we really need the PCS, that
really the majority of the heat and mass transfer is
really typically done on the internal heat sinks and
t he vol une.

Those are still a lot of the predom nant,
and the PCSis really hel ping us to keep the pressure
down, once we get it down there, keeping it [ong term
to stay down there. W are not really relying upon it
to turn over the peak pressure.

So when you put it in that context, you
reali ze that how |l arge of an annul us space that this
really is, and those velocities, you realize that it
is really not addressing the problemw th | ooking at
peak or design pressure. It'sreally nore of an issue
of how much you allow the pressure to recover after
you have turned it over

VMEMBER RANSOM Well, even if you had
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carryover, it is only going to affect how !l ong before
you are going to have to resupply some water.

DR. BROWN: Well, admttedly, we waste a
| ot of water inthis whenwe initially deluge and dunp
it over there. Really, the problemagain, likeinthe
internal, isreally nore of a probl emof excess water
rat her than not enough water.

CHAI RVAN WALLI S:  So CONTAI N cal cul ati ons
were things that you ran?

DR. THROM Yes. Actually --

CHAI RMVAN WALLIS: In this case, you got
t he same answer that Westinghouse did.

DR THROM Yes, which --

DR CUMWNS: | think in the other case
al so.

CHAl RVAN WALLI S: Wi ch i s ny expectati on.

DR. THROM Yes. Put the overhead up. |
was hopi ng to have the LOCA eval uati on done by t oday,
but we couldn't get it done. So | only have the main
steam | ine break.

For the reference, when we tal k about the
tiertwoinformation, that's the current anal ysi s t hat
West i nghouse says this cal cul ati on, when we indicate
with bias. |If you renenber, |ast year al nbst a year

ago, when we were doi ng our scoping cal culations with
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contai nnent, at that point we were not adding in al ot
of the conservative features |like reducing the mass
and heat transfer nultipliers and turning off heat
sinks below the deck to conpensate for issues on
circulation, stratification.

So the Ofice of Research has been
assisting us with this effort, and these are their
cal cul ati ons.

CHAl RVAN WALLI S: These are sort of
bounding. The realistic CONTAIN woul d be | ower than
this, if youdidn't turn off those heat sinks and al
t hat .

DR. THROM Yes. Yes. |In containnment you
do three things essentially when you |look at the
West i nghouse nodel. Nunber one, you woul d have very
conservati ve mass and energi es, and then actual ly the
second part is all -- The second part is the initial
conditions that you assune for the calculation are
done to maxim ze the prediction of pressure.

You look at a high initial internal
pressure, initially a high tenperature. You | ook at
hi gh tenperatures for the PCCS water and the air fl ow.
So that there tends to be a conservative aspect, but
that is used to denobnstrate that your Ilimting

condi tions for operation are neeting your desi gn base.
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In other words, when they say | can
operate containment up to 120 degrees, this analysis
shows that | have a high reliability or confidence
that the containment pressure will not exceed the
desi gn basi s.

CHAl RVAN  WALLI S: So this is a
conservative type approach. If you had done a
realistic analysis, you mght well get sonething nuch
| ower, but you would then need to have uncertainty
bounds and you woul d have to eval uate --

DR THROM Right, which we typically
don't. Based on what | have seen to date, ny
guesstimation is that the conservative aspects of the
mass and heat transfer nmultipliers, turning off heat
sinks is worth two psi.

CHAl RVAN WALLI'S:  That's not nuch.

DR. THROM No. No. |If you also | ook at
the initial conditions, if you run the case with a
nore nom nal expected environnmental and contai nment
condi ti ons, you woul d probably get about another two
psi .

When you | ook at the mass and energy, |
t hi nk Westi nghouse has an analysis. | don't renenber

if the analysis is in Chapter 14, but if you | ook at
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realistic mass and energy, you alnmost - - you' Il wal k
away fromthe situation.

That's where | Dbelieve nobst of the
conservatism is, and that is been the stay of the
licensing framework for the last 40 years, 1is
basically the mass and energy is done in a very
conservative manner.

As a matter of fact, during the AP600 I
researched at an anal ysis where they coupl ed CONTAI N
to RELAP5, and basically what you see for that
situation where there is an inportance in the
coupling, the second peak i n the performance of the AP
plants is very domnated by what we do in the
eval uati on nodel .

CHAI RVAN WALLI S: | think we sawthis eons
ago, it seens now.

DR, THROM  Yes.

CHAI RVAN WALLI S:  And t hi s was reassuri ng,
that when you did couple these codes, you got a
consi derably | ower pressure.

DR. THROM Yes. Yes. And the reason we
have this effort fromResearch assisting us is because
there is an effort at Research to start |ooking at
coupling. | think they are going to try and couple

TRACM wi th CONTAIN for the AP1000. It's somet hing

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

268

t hey are doi ng.

So we are benefitting. They benefit from
the work we started by getting nost of the AP1000
contai nnent nodel done when we were doing the
preapplication review. Nowthey are kind of paying us
back i n ki nd by assisting us with rmaki ng sure t he deck
is of quality and it will eventually be used in this
programt hat they have to | ook at future capabilities
to do coupl ed cal cul ati ons.

CHAl RVAN WALLI S: It looks as if there
isn't a problem with contai nment. There is not a
probl em wi th cont ai nnent .

DR THROM  No.

CHAl RVAN WALLI'S:  And we coul d probably,
on a good note, take a break.

DR, THROM  Yes.

MEMBER KRESS: \What happens at 1000 to
turn it around?

DR. THROM That's when the generators
dried out. There's no nore mass and energy goi ng in.
Now t he heat structures are able to start condensing
t he steam

CHAl RVAN WALLI'S:  The source is switched
of f.

DR. THROM Your source is switched off,
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yes.
CHAI RVAN WALLI S: Can we t ake a break then
until 3:30, and we will nove back to t he Westi nghouse
presentation after that.
(Wher eupon, the foregoing matter went off
the record at 3:22 p.m and went back on the record at

3:37 p.m)
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