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UNI TED STATES OF AMERI CA

NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
MVEETI NG
+ + + + +
ADVI SORY COWM TTEE ON REACTOR SAFEGUARDS
( ACRS)
SUBCOW TTEE ON THERMAL- HYDRAULI C PHENOVENA
+ + + + +
VEDNESDAY,
NOVEMBER 13, 2002
+ 4+ + + +
ROCKVI LLE, MARYLAND
+ 4+ + + +
The Subcommittee nmet at the Nuclear
Regul atory Conmi ssion, Two Wiite Flint North, Room
T2B3, 11545 Rockville Pike, at 8:30 a.m, Dr. G aham
Wal lis, Chairman, presiding.

COW TTEE MEMBERS PRESENT:

GRAHAM B. WALLI S, Chai rman
SANJOY BANERJEE, Consultant
THOVAS S. KRESS, Memnber
FREDERI CK MOODY, Consult ant
VI CTOR H. RANSOM Menber

VIRG L E. SCHROCK, Consultant
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P-ROGEEDI-NGS
(8:30 a.m)

DR WALLIS: The neeting will now cone to
or der.

This is a continuation of the neeting of
t he ACRS Subconmi ttee on Thernmal Hydraul i c Phenonena.

I'm Graham Wallis, Chairman of the
Subconmmi tt ee.

The ot her ACRS nenbers in attendance are
Tom Kress and Victor Ransom ACRS consultants in
attendance ar e Sanj oy Banerj ee, Fred Mbody, and Virgi |
Schr ock.

For today and tonorrow s sessions, the
subconmittee will continue review of the Framatone
ANP- Ri chl and S-RELAPS realistic code version and its
application to PWR | arge break LOCA anal yses.

Portions of this nmeetingw | be closedto
the public for discussion of information considered
proprietary to Framatome ANP-Ri chl and, Incorporated.

And, Jerry, would you pl ease | et us know
when that's the case, when you think it's proprietary
i nformati on?

MR HOLM  Yes.

DR WALLI S: M. Paul Boehnert is the

cogni zant ACRS staff engineer for this neeting.
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The rules for participation in this
neeti ng have been announced as part of the notice of
the neeting previously published in the Federal
Reqgi ster on October 23, 2002.

A transcript of this nmeeting is being
kept, and the transcript will be nade avail able as

stated in the Federal Reqgi ster notice.

It is requested that speakers first
identify thenmsel ves and speak with sufficient clarity
and volume so that they can be readily heard.

We have received no witten comments, nor
requests for tine to nake oral statenents fromnmenbers
of the public.

W will no proceed with the neeting, and
| call upon M. Jerry Hol mfromFramat one ANP-Ri chl and
to begin.

MR. HOLM Good norning. My nane is Jerry
Hol m |' mmanager of product |icensing for Framatone.

Just oneitemof clarification mybe since
the last neeting. W' ve changed the conpany nane.
It's nowjust Framatone ANP. The "Ri chl and” has been
dr opped. That was part of the initial nerger
arrangenent .

Today we're going to talk about the

Framat ome ANP real i stic | arge break LOCA net hodol ogy.
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|"mgoingtostart wwthafairly detail ed presentati on
of the nmoment umequati on which is going to be given by
Ken Carl son.

W need to target to finish this about
m d-afternoon so that we have time for the other
itemns. Then we'll go into the general RELAPS
qguestions, which cane fromDr. Mody. Bob Martinis
going to do that. W' Il talk about sel ection of node
size. Bob Martin is going to do that again.

W wll thengointocritical flowissues.
Ken Carlson is going to present that, and then
statistical analysis by Larry O Dell.

We al so received a request to tal k about
t he force and Rosenow equation correlation, and i f we
have tine, 1'd like to stick that at the end of
today's presentation. |If not, there should be tine
after Larry ODell"'s tonorrow

And t hen t onorrow we' ve got schedul ed for
a summary of the methodol ogy, and Larry O Dell is
going to do that. He's going to go into the
requi rements and capabilities, and then the response
to the request fromthe conmttee, and we're going to
tal k about changes we made to RELAPS5 to create the S-
RELAPS code.

We're going to tal k about assessnent and
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rangi ng paraneters and sensitivity uncertainties.
This is an overview of the entire nethodol ogy. It
will be fairly simlar to the presentation given
previously to the Subcomm ttee, but since we've got a
nunber of new nmenbers, | think it's worth goi ng over
t he informati on again.

Wth that, 1'll turn it over to Ken
Carlson to start the nonmentum equati on.

DR. WALLIS: | should rem nd you that you
have a list of 13 questions from ne, sone of which
have As and Bs and C parts, and you also have a
critique which asks you to respond to. And | think
we're | ooking for answers to these questions.

MR HOLM Right.

DR. WALLIS: Soif you don't present them
then you will have to provide them sone ot her way.

MR. HOLM Hopeful |y we have i ncorpor at ed
those into the presentations. W structured this
presentation intending to respond to those questions,
but we thought it made nore sense to have a nore
functional presentation structure.

DR WALLIS: Yes. Well, | hope it wll
wor k out fine.

Thank you.

VR BOEHNERT: Now, | understand we're
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going to go into closed session; is that correct?

MR, CARLSON:  Yes.

MR. BOEHNERT: GCkay. So anyone here that
is not with Framat ome ANP or doesn't have an agreenent
with them to hear proprietary information, please
| eave the room

And, transcriber, we'll go to closed
session transcript. Thank you.

(Wher eupon, at 8:35a.m, the open neeting
was recessed, to reconvene immediately in closed
session and resume the open neeting at 3:17 p.m)

MR. BOEHNERT: | want to rem nd everybody
we are in open session. So the transcriber should
have an open session transcript.

DR, WALLI S: Whose questions are we
answeri ng now?

PARTI Cl PANT: Dr. Mbody's questions.

DR. WALLIS: Dr. Moody's questions. Ckay.

MR, MARTI N: kay. My name is Robert
Martin. Believe it or not, | work for Framatone ANP.
| can still claimthat for a little bit |onger, as
long as | pay ny check every noney.

Can you hear ne now?

| * maddressi ng Dr. Mbody' s four questions

he sent about a nmonth or so ago. These topics, first
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they are somewhat related: transient discharge of
mass and energy -- |'mjust using your titles here --
propagation flows, forces on piping and structure. |
think in the agenda Lauri e had separated out the | ast
one.

| only have a total of |ike 17 slides
here. So | just stuck it here as one presentation,
but that's the | ast one, sel ection of node sizes, and
for that actually | just pulled out slides froml ast
year, which of course you will hear

DR. WALLIS: | don't think you're goingto
address the third bullet, forces on piping.

MR MARTIN. Yeah. That's --

DR. WALLIS: You're not going to address
it. It says it, but it's not part of --

MR. MARTIN. Basically our answer is -- |
mean, if you want to get to the punch |line ahead of
tinme --

DR. WALLIS: You're not addressing it.

MR, MARTIN. -- we're not addressing it
for realistic LOCA applications --

DR WALLI'S:  Yes.

MR. MARTIN: | guess for LOCA applications
in general, forces on piping --

PARTI Cl PANT: You don't care.
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MR. MARTIN. Yeah, we don't care.

And as far as our regul ar rel oad support,
it'"s not relevant. |If we were building plants |ike
all thetime, this would be inportant, and | guess we
have et hodol ogi es t hat are probably 20 years ol d t hat
they' re collecting dust, and until we start buil di ng
pl ants we probably won't be pulling them up.

That was kind of nmy answer, and that was

DR WALLIS: If you were addressing it,
t hen you' d have a di fferent kind of nmonment umequati on
whi ch had a force fromthe piping, including a normnal
f orce.

MR. MARTIN: And then we'd have to go back
and think about this and prepare for --

DR WALLIS: It would not |ook |Iike what
we heard earlier today.

MR. MARTI N: Yeah, we'd have to prepare it
alittle bit differently.

DR. MOODY: |I'mgoing to assune if they
did address it and had to apply it, they'd do it
right. How s that?

MR, MARTI N: kay. Your question was
this: please describe how the discharge mass flow

rate is obtained for the postul ated instantaneous
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rupture of a long pipe before the quasi-steady
bl omdown rate is reached. The pipe is attached to a
pressure vessel

And then you had some discussion there,
drawi ng on sone early RELAP5 cal culations for this
case, sonmetines as aresult of inflowrates exceedi ng
critical flows, too nuch massing.

Okay. Just a little background. Using
the fine nodalization and small tine steps, RELAPS
codes have denonstrated the ability to mechanistically
capture the choke fl ow phenonenon. | think in Ken's
di scussion Dr. Ransom nade reference to the
cal cul ati ons done in the '80s, and that's kind of what
I'mreferring to here, that that exercise has been
done in the past with RELAP5 codes. It is not what
we' re doi ng now because that would require very fine
nodes and small tine steps.

Well, and as | say in the next sentence,
it's a conplication

To achieve fast execution speed, the
implicit evaluation is wused for those terns
responsi bl e for the soni c wave propagation tine step,
and this allows for a maxinum stable tinme step to
approach the current one.

Ckay. So what do we do? And |I'm not
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going to go into all of the details because that's
really alot of your questions alittle bit later, and
since Ken likes to suffer nore than others, we'l | just
| et himget back up there and be the whipping boy.

But where we go is when the break opens
up, we start doing the calculation just |ike Ken's
tal king about, basically Bernoulli cal cul at ed
vel ociti es and pressures.

There's this Al angir-Li enard-Jones nodel
for subcool ed choke flow that were used to determ ne
the throat pressure and choke velocity, and then |
make here the reference to where it is in the
docunent ati on

Here we're using local conditions, and
when this Bernoul | i cal cul at ed vel ocity exceeds choke
vel ocity, then the velocity just sets.

Now, that still begs your question. You
still have the problemthat you have once upon a tine
early with the calculations, and |I'm going to say,
wel |, yeah, to sonme extent you do.

This figure hereis just taken fromone of
our | arge break anal yses that we've provided for this
nmet hodol ogy submi ssi on, except for you'll never seeit
because it's only for the first 20th of a second.

VWhat we have here is flow rate out the
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break on the pressure vessel side. You can see the

flow rate taken off, and then | have drawn these
vertical lines here to indicate when the junction
choke.

Ckay. You can see it takes of f and then,
wham the nodel kicks in. |t backs off alittle bit,
and then it goes up again.

DR. MOCDY: This is like a liquid line
t hat opens up in that first heavy curve going up with
the Bernoul li flow?

MR, MARTI N: Yeah, 1'Il tell you. The
time step here is .000 --

DR. MOODY: VWhatever it is.

MR MARTIN -- four.

DR MOODY: That's Bernoulli flow?

MR MARTIN.  Bernoulli flow up until --
DR MOODY: O liquid, yeah.

MR. MARTIN: -- up to here and then the

choke nodel cones on. The criteriais nmet and then we
just lock in based on the cal culation of the sonic
cal cul ati on there.

DR MOODY: So that's a --

DR WALLI S: -- type of wave that
propagat es al ong the pipe. You open the break and a

deconpr essi on wave runs down thi s pi pe and cones back
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again. |Is that the nodel ?

MR. MARTIN:  You know, we don't rack that
way, and | can't say that |1've really | ooked at that,
but maybe this --

DR WALLIS: That's not what --

MR MARTIN -- is part of the answer.

DR. WALLIS: No, no, you're not addressing
the sort of acoustic transient in the pipeline.

MR.  MARTI N: No, we're not | ooking at
that. | nean, we're going to say it's in there, and
that's the history of the nunerics, the sonic
conmponent. That's why there's all of the discussion
on, you know, code stability, convergence.

The concern was, you know, you want to go
as fast as you can when you run this. You want to run
it at the Courant choke out Iimt. You don't want to
be stuck here at addressing the sonic -- the wave
propagation fromthese sorts of things, and --

DR. WALLIS: So when you --

MR. MARTIN:. -- the fornul ati on equati on
for --

DR. WALLIS: -- open the break -- when you
open the break --

MR MARTIN -- address that inmplicitly.

DR. WALLI S: When you break open the
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break, does the -- a scan to the long pipe of the
vessel -- does the vessel immediately know that the
break is open? Does the mathematics --

MR, MARTIN. No, it --

DR. WALLIS: -- all along these nodes and
get to the vessel at no tine?

It does propagate from node to node.

MR. MARTI N: Yes. | mean, you'll see
it -- let me explain this slide here a little bit.
This is the vessel side break node pressure. You open
it up here at 2250.

DR, RANSOM That was the origina
pressure, 22507?

MR. MARTIN. That was the steady state
pressure.

DR. RANSOM  kay.

MR. MARTIN. Ckay? And then this opens,
and it inmmedi ately drops.

DR. RANSOM It deconpresses.

MR. MARTIN: And you'll see that. You can
| ook down a little bit farther. This will dissipate.
You won't see this drop. At least nunerically you
won't see that.

Spi n, once that choke nodel cones on you

no | onger see t he downstreampressure effect, and t hen
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it basically resettles, and so there's a period here
of , you know, maybe, let's see, that woul d be ten, 20,
20 time steps before you just rebal ance that.

MR. SCHROCK: What isit that's predicting
this sudden drop in pressure?

MR, MARTIN. Excuse ne?

MR,  SCHROCK: What is it that s
predicting that sudden drop in pressure?

MR. MARTIN. Well, now you're going from

2250 to 14.

MR SCHROCK: Right.

MR. MARTIN. Fourteen, point, seven, and
you know, you're applying basically -- and | don't
want to say nonentum equation -- but basically from
t he Bernoul Ii standpoint you' ve got to bal ance that,
and so air you're sucking right up. So it just

happens to be very rapid.

MR. SCHROCK: But you're treating it as
i nconpressible flow

MR. MARTIN: Inconpressible flow, that's
correct.

PARTI Cl PANT: That's for the first tine
step or so?

MR. SCHROCK: Well, | don't know. That's

why |I' masking hi mwhat it is. Mre than onethingit
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coul d be.
MR MARTI N: Well, | nmean, the vessel

when you open at that break, |I nean, obviously if I'm
going down to 14.7, in which case if this vol une does
not get down that far you would saturate at sone
poi nt .

DR. RANSOM | think you'll findthat it's
not inconpressible, that it's Iiquid, you know, which
is only slightly conpressible, but the nmethods that
are being used there, vyou are propagating a
deconpression wave back into the pipe, and the
reconpression, of course, is when it reaches the
vessel and is reflected back as a conpression wave
again, and then eventually the pressure stabili zes.

DR. BANERJEE: And the m ni num pressure
probably is determ ned by Al angir-Lienard-Jones for
nucl eati on.

DR. RANSOM Right. It's the vapor, you
know, whatever, where vaporization begins.

DR. BANERJEE: Ri ght.

DR. RANSOM O cavitation, you know.

MR,  SCHROCK: See, they did that in a
tube. They use a forced off end of the tube. they
drive the end off the tube very, very rapidly, and

they get a rate of deconpression by the anount of
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force they apply toend plugtodrive it off, and then
they measure the pressure at the tinme they see the
i nci pi ent flashing.

And so how does that enter into what
you've calculated here on this sudden drop in
recovery?

MR MARTIN:.  Well, 1'Il yield a lot of
that to Ken's di scussion at that poi nt because he goes
into nore detail .

MR,  SCHROCK: Wll, that's a little
di fferent than the Jones use of that in a quasi -steady
prediction of the critical floww th subcooled Iiquid
stagnation condition

MR MARTIN  Ckay.

MR, SCHROCK: That's what Jones did,
Abuof f (phonetic) and Jones.

MR MARTIN  Ckay.

DR.  RANSOM Wll, 1 don't know, but
anyway, that's applied as a boundary condition. That
pressure, you know, is then the break pressure. It's
assuned that it can't go | ower than that vaporization
pressure. So it beconmes a boundary condition.

MR.  SCHROCK: But it can go |ower than
t hat vaporization pressure. That's what Al angir and

Li enard neasured
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DR. RANSOM Well, lower than the vapor

pressure, yes. The undershoot is --

MR. SCHROCK: The anount of undershoot.
So is it the Alangir-Lienard that determ nes that
m ni num pressure?

MR. MARTIN: | would say they do not case

(phonetic).

DR CHOW This is Hueimng Chow.

| think that one is really because you
di scharge too much mass. So your pressure -- | nean,

you have a volune, and your flow is too high. So
i nstant aneously you | ost mass. That's why pressureis
brought out. This volune pressure is not a junction
pressure.

MR, MARTIN. | wouldn't say this is rea
necessarily.

DR. CHOWN Yeah, but that's because you're
starting to discharge so nuch nass.

MR,  MARTI N: Ri ght . Maybe what | was
going to get to Mody's question is that other
probl ens that you can probably solve in the old one
are still there, but it really doesn't matter.

DR MOODY: You've protected it.

MR MARTIN: |'mprotected it.

DR MOODY: VYou've limted it so that it
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doesn't go to infinite velocity or --

MR MARTIN:. Right, right. | mean, the
nodel kicks in and prevents it fromgoi ng any further.
Yeah, mybe you have, you know, sone unphysical
response here.

DR. RANSOM But the question is what --

DR MOODY: What nodel kicks in?

DR. RANSOM -- what boundary conditi on or
what nodel do you use?

DR MOODY: Apply then, yeah.

MR MARTIN. Well, at that tine it's the
Al angi r - Li enard- Jones nodel .

DR. RANSOM For the pressure undershoot,
right?

DR CHOW Yeah, for the undershoot.

MR. MARTIN: But you turn around and use
it for the velocity.

DR. RANSOM Right, and you cal cul ate the

velocity that would correspond to that, and if it

exceeds the -- | nean, if that's less than the
velocity, | guess, that you cal cul ated, then you say
it's true.

MR, MARTIN:  Yes.
DR. RANSOM And then apply that as the

boundary condition.
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MR MARTIN It is just pretty al gebraic.

There's not hing special about it.

Anyway, | guess ny point was going to be
the problemis still there. It's just that it doesn't
really matter.

DR. MOODY: Ckay.

DR. RANSOM You feel that vyou do
calculate too great a mass flowrate; is that right?

MR MARTIN  Yeah, initially, but --

DR. RANSOM Too great relative to what?

MR. MARTIN. Well, basically based on the
di scontinuity, | say that because it's not a snooth
result. It cones up above --

DR RANSOM Is it that first peak that

you' re tal ki ng about ?

MR. MARTIN: -- and then comes back down,
and of course, it progresses on. You know, |'m not
going to say that 1've quantified, that it's

overshoot. But just based on those two slides.

DR. RANSOM What are you going to do then
to qualify your nodel ?

MR MARTIN:. Well, there's two -- to do an
application, there's a code; there's a nethodol ogy,
and maybe this gets into sonme of what Larry will talk

about tonorrow. That's why we have a CSAU process,
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and a lot of that is where you address what's

i nportant first.

And | think we'll |ook at that and say,
well, this is a break fl ow phenonenon, and we have an
approach for that that we'll go over a little bit

tomorrow. We went over it a lot |ast year.

And sonething like this would be a very
m nor conponent to all of that.

MR SCHROCK: Very m nor what?

MR. MARTIN. So we would sweep it under
t he rug maybe.

MR. SCHROCK: |'msorry. | couldn't quite
under st and what you sai d.

MR MARTIN. At what point?

MR SCHROCK: You saidit would be a m nor
something to that.

MR MARTI N: A mnor component to the
phenonmenon of rate flow

MR, SCHROCK: Ckay.

MR MARTIN.  You know, we have a code
whi ch provides us acertainutility, and the next step
i s engineering the nmethodol ogy on howto use it, and
that's where you have addressed a lot of these
uncertainties, uncertainties in nodel i ng and

uncertainties in phenonena, andthat's why | think the
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CSAU net hodol ogy is very powerful, because it takes
something that's going to be | ess than desirabl e that
will get through a commttee |like this hopefully.

MR.  SCHROCK: | interpreted Fred's
guestion to be an inquiry as to how the flow is
initiated fromthe stagnant condition at the outset,
stagnant with respect to the break, and | guess |
haven't under st ood what your expl anation for that is.

MR. MARTIN. Well, it's all driven by the
| arge pressure drop which then suddenly appears.

MR, SCHROCK: Well, | knowit's driven by
a large pressure drop, but what is done in a
calculation to establish the progression of the
velocity at the discharge --

DR. MOODY: What | think | -- what | think
| heard him say was the very first node after the
break is accelerated by upstream pressure all of a
sudden | ooking at one atnosphere or whatever the
anbient is, and with that DVDT, which showed up in
that first drawi ng or sketch you gave, trace. It goes
up very fast, but when it exceeds the choke fl ow poi nt
of Al angir-Lienard-Jones, that's whenyou artificially
just cut it off and say, "No further. W're goingto
bring this down now "

So you' re tal ki ng about the discharge of
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what's com ng out of that end node, and t he ot her part
of that is what about node number two, node nunber
t hree?

You' re probably just treatingthose all as
i nfl ows and outfl ow nodes so t hat the propagati on may
or may not be real, but at least it's going fromone
node to the next based on your timng step.

You' re controllingthe discharge fl ow, and
so it doesn't exceed anything real.

MR. MARTIN:. The boundary condition to
t hat point.

DR. MOODY: And now, let's see. If you're

on the outside of that, you're concerned about what's

comng into the room to pressurize. If you're
concerned about -- you know, actually with the --
wel |, maybe you're going to get intoit alittle bit

| at er about deconpressi on noving up and novi ng back.
Maybe you're going to discuss that when you cone to
the critical flow, but Virgil has asked about that.

| think what you' ve answered for meis the
di scharge during that first little bit at least is
limted so that you don't over exceed.

MR, MARTIN. Ckay.

MR. SCHROCK: But you're inmagining that

it's calculated as a plug which has a force acti ng on
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it, F equals MA, and you get an accel eration.

DR MOODY: Yeah.

MR. SCHROCK: That gi ves you a vel ocity at
the end of the tine step. It doesn't tell you what
the pressure is there, and the Al angir-Lienard
correlation, the correlation that gave the anount of
pressure undershoot at the inception of flashing.

DR MOODY: Yeah, okay.

MR. SCHROCK: And so | don't know how to
translate that velocity intothe pressure under shoot.

DR. MOCDY: That may be a dangling
guestion. At |east you' ve answered what you do on t he
di scharge. Right or wong it limts the outflow. W
eagerly wait for the rest of the discussion, | guess.

Your concl usion there was what?

MR. MARTIN. It may for a short period of
time over predict the flow You still use small tinme
steps to limted that kind of problem [|'massum ng
you're looking at atinme scale fromzero to 300 or 800
seconds, whatever it happens to be the length of a
transient. You'll never see, you know, the synptom
and a short period of over prediction is
i nconsequential and conservati ve.

And | wouldn't put a lot of stake in

conservati ve because you're tal king about so little
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anyway.

DR. MOODY: | guess the only place that
could be vulnerable is if it was a very | ong pi pe and
it took maybe the order of a second or two for a
pressure wave or deconpression wave to go down and
come back, and maybe it has to do that a few tines
bef ore you get to a steady di scharge critical flowand
whet her or not that m ght be conservative or not,
dependi ng on which side of the fence you're on, |
guess.

DR KRESS: Your equations cal cul ate the
pressure of that first node. Could it be that you set
t hat pressure at this undershoot pressure? |I|s that
t he way that works or do you actually put a cap on the
flow rate?

MR MARTIN. No, it's on the flow

DR KRESS: It's on the flow

MR MARTIN It's not on the pressure.

Ckay. Propagative flows. Please describe
how noving pressure or velocity services can be
tracked by the code. Do they propagate through a
subsystem either as sonic, water hammer, or shock
waves, the <concern being volune, tine average
properties nmade to distort spatial gradients that

drive propagation or pressure wave?
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The statenents on that. Pressure wave
velocities will typically range, and it's -- | ooking
at relap output actually can be quite broad. | just

say below 1,000, although nost of the LOCA
cal cul ati ons spends nost of his tinme before 400, |
guess, nmeters per second.

Most of the RCS |oops are |less than 50
nmeters. So it's noving pretty quick around the | oop.

S- RELAPS simul ates the dynam cs of short
wavel engt h phenonena, pressure raise di sturbances. So
we're not Courant |imted.

No formal effort is made to track
propagati on of pressure waves i n S- RELAP5 because t he
fact that sound C (phonetic) is calculated. So --

DR.  MOODY: If | can translate that, |
guess, into other ternms you'd say that the tine
response of a pipe that breaks is very short conpared
to the tine duration of the transient, overall
transient that you' re trying to analyze. So you can
basically skip over it, and it isn't too inportant.

MR. MARTIN. Right. You know, we don't
really ook at it and don't really seeit. | think a
| ot of these systens are so conplex that after the
initial shock wave you don't see anything. | nmean,

things start reflecting all over the place.
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| did this calculation years ago, and |
t hi nk you can see, you know, sone effect of a pressure
wave |like that, and this is a gravity wave problem
where you have a stack of water up. It's a
hypot heti cal probl emwhere you have a stack of water
up, a stack of water down, and you |l et go and while it
does this bouncing, initially you see this little --
this echo up here, and it corresponds to t hat pressure
di sturbance. It ends up getting anplified. You go
back again, and it starts danping out for that reason
or for other reasons probably.

But that's the only tinme youseeit. [|'ve
seen this. It's been obvious. Qutside of that, you
know, you just can't | ook at the hydraulic paraneters
and recogni ze a pressure wave kind of going through
t here.

DR. MOODY: The little wave |l ength or the
little --

MR. MARTIN. A very short one, and this
one has a relatively | ow sonic wave speed.

DR. RANSOM Is that a stratified fl ow or
what is that?

MR. MARTIN.  Yeah, it's just a pipe.

DR. RANSOM The pipe with stratified --

MR MARTI N: You' ve seen this problem
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before. | did it back when you were there.

DR, RANSOM This is the horizontal
rhononet er (phonetic) problenf

MR, MARTIN:  Yes.

DR. RANSOM So really it's the
propagati on of the void wave back and forth in the
pi pe.

DR. BANERJEE: Si xteen neters per second.
That's a fast voidrate. It's alnost |ike atwo phase
pressure wave, two phase.

MR, SCHROCK: It is two phase.

MR.  MARTI N: Yeah, this is -- mybe I
didn't talk about it. This is the void fractions at
hal f and --

DR. BANERJEE: That's right.

MR MARTIN. So it is.

The Framat one experience, small pressure
di sturbances are inperceptible in plant analysis.
Br eak provi des t he singul ar | arge di sturbance i n LOCAs
and begi ns to danpen when t he choke nodel is applied
qui ck, very early.

The only other tine | can think of when
you m ght see sonething i s when maybe ECC cane on and
you had the cold water com ng and you m ght get an

effect in condensati on.
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Again, | can't pick up on that, but maybe
there's not enough variables in RELAP5 that address
t hat . You know, we always have those in our hip
pocket . It's generally not inportant for LOCA
appl i cati on.

DR. BANERJEE: Is it true always that
t hese pressure waves don't give you effects on core
structures and things? These are not considered
i mportant for LOCA?

MR MARTIN. That's the next one.

DR BANERJEE: | see.

MR. MARTIN: Yeah, it's something | can't
say |'ve previously thought about, you know, at | east
not for a long tinme, but I know a |ot of effort has
gone into looking at water hamer and pressurized
t her noshock.

DR. BANERJEE: They seemto worry about
this in Europe quite a bit.

MR. MARTIN: Yeah, | think the rules in
Europe are a little bit different.

DR. BANERJEE: Yeah.

DR. MOODY: Maybe it would be alittle bit
nore palatable if you say for the transients that are
anal yzed at the S-RELAP5, that your propagation

effects are negligible or nonconsequenti al .
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"' mthinking sone years ago that the NRC
actual ly used one of the RELAP prograns to deterni ne
what happens when a pipe broke within a biol ogical
shi el d. The short side of the break, immediately
steady state or quasi-steady state, critica
di scharge, but the long side of the break, with the
way it was calculated without limted the Bernoull
fall, it shot out of there and t he doggone t hi ng about
-- it reached an overturni ng nonent on t hat bi ol ogi cal
shield, and that, of course, nmade a | ot of eyebrows go
up until it was shown that wait a m nute; that other
side of the pipe, the long side, there was a
propagati on effect that sl owed things down while the
pressur e waves noved around t he bi ol ogi cal shield, and
that's a propagation effect.

And when you bal ance the two, by the tine
t he pressure wave returned fromthe pi pe, the pressure
wave had reached the back side on the biological
shield and was beginning to even up. So it was
nonconsequenti al .

But still it was a case where propagation
effects were inportant. Can we say that there is no
need f or propagation effects thenin whatever S- RELAPS
is going to do?

MR, MARTI N: | think we can say that
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safely.

DR. MOODY: WI Il sone user down the road
ever been tenpted touseit for -- well, maybe you had
better put a big statenent in front.

MR, CARUSCO Dr. Moody, this is Ralph
Caruso fromthe staff.

| believethat this issue usedto known as
an issue called asynmetric LOCA | oads.

DR MOODY: Yeah.

MR. CARUSO. Does that phrasering a bell?

DR MOODY: | think so.

MR. CARUSO It was resol ved when we went
to | eak before break.

DR. MOODY: (kay.

MR. CARUSO That was one of the reasons
why we accepted the | eak before break concept, was to
resol ve the asymretric LOCA | oads i ssue because this
is extrenely difficult to cal cul ate.

There were sone ot her reasons, but based
on acceptance of |eak before break asymetric LOCA
| oads are not consi dered anynore.

Now, someone m ght ask: well, why do we
consi der | arge break LOCAs? And you woul d have to ask
t he Commi ssion that. They acknow edged t hat t here was

a bit of an incongruity in regulations when they did
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t hat .

So we still consider them but we don't
consi der the asymetric LOCA | oads.

MR. MARTIN. And that's basically what
we' re tal ki ng about herew th that, and 1'Il just skip
on over to the selection of the nodes.

To sone extent you brought this up in
Ken's di scussion. |'ll just overviewit here, kind of
enphasi ze the priorities we had in this step.

Pl ease descri be howvari ous node si zes are
sel ected at a given system providing assurance that
t he dom nant phenonena are predi cted, are presented of
t he actual systemresponse bei ng anal yzed. O course
nodal i zati on may nask inportant phenonena.

Okay. This is kind of where we get
into -- we nove beyond code and talk about
nmet hodol ogy, and then |I've t hrown up t hese quotes from
the CSAU bible quantifying reactor safety margins.
The plant nodel nust be nodalized finally enough to
represent both the inportant phenonena and design
characteristics of anuclear power plant, but coarsely
enough to remai n econom cal .

Nurmber two, thus, the preferred pathisto
establ i sh a standard nucl ear power pl ant nodal i zati on

for the subsequent analysis; mnimzes or renoves
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nodal i zati on and the freedomto mani pul ate nodi ng as
a contributor to uncertainty.

MR. BOEHNERT: Excuse ne. Are those
enphases yours or fromthe --

MR. MARTIN. This is fromthe Techni cal
Program G oup.

MR. BCEHNERT: (kay, okay.

MR. MARTIN: That didthis 13 years ago or
what ever .

Ther ef or e, a nodalization selection
procedur e defi nes the m ni rumnodi ng needed to capture
t he i mportant phenonena.

DR, WALLI S: That's interesting. Thi s
fixing the standard nodal i zati on doesn't real ly renove
uncertainty. Wat it does is it renoves flexibility
in prediction. It sinply forces you to use one
nodal i zat i on.

There may be uncertainty associated with
how wel | that represents the real thing.

MR, MARTI N: The idea being that it
woul d - -

DR, WALLIS: It's a fixed uncertainty.

MR. MARTIN. -- nobve the uncertainty to
your analysis, you uncertainty analysis |later.

DR. WALLIS: Yes, but you know, it means
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that you don't actually investigate uncertainty.

MR, MARTI N: Wll, and that's not
completely true either because, you know, |ike has
been said, the result can be very sensitive to howyou
nodal i ze things, and so you want to be careful that
you do a reasonably good job.

DR. WALLIS: | think what's done is to get
a nodalization that drives you to sone extremes so
that you're conservative. It's a departure fromthe
best estimate code. You nodalize so that your PCT is
the maximum rather than doing a whole ot
nodal i zati ons doing a spectrum of PCTs and sayi ng,
"Well, we'll take some sort of average nodalizati on,
and then we'll look at sensitivities about it."

| think the tendency is to say, "Well
| ook at the extrene case and nodalize that one."
Isn't that what's done?

MR. MARTIN. Yeah. You know, again, if
you're fitting this into CSAU type nethodol ogy, al
al ong you've got to be thinking we need to address
uncertainty inparticul ar phenonmena, and i n many cases
you can just go to data and take care of it.

Someti nes, and nmaybe they could test
exanpl es of ECC bypass, it beconmes difficult to get

the right kind of data to cover that, and nodal i zati on
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in this case can be used, you know, to denpbnstrate
it's conservative against the test data because you
have a certain nodalization. It can then be used to
argue that you're covering that uncertainty.

And in fact, that's what we're doing as
far as the ECC pi pe.

DR. WALLI S: -- philosophically about
saying, "Let's just be conservative."

Let's nodalize and get a conservative
result rather than saying let's nodalize different
ways and | ook at a spectrum of results in order to
define that uncertainty. That's a different
phi | osophy.

One is the old, conservative approach.
The new one is perhaps the best estimate wth
uncertainty approach. Sorenobvingnodingis-- you're
essentially saying, "Let's be conservative about

nodi ng based on experi ence, " rather than use nodi ng as
a way of |ooking at uncertainty due to noding.

MR MARTIN:. W do that sonetinmes. You
know, where you can, you want to do best esti mate, but
you know, with [imted data, ultimately | think you
have to show agai nst data that you do okay, and that

really is -- fromthe outside I'm looking at this

stuff. If | see that, you know, one, either you don't

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

557

have any data to support it or that you don't do a
very good j ob agai nst data, then | have no confi dence.

| f you have a situation where you don't
have data or you have linmted data, | nmean, that's --
we have a lot of data out there, but in some cases,
maybe such as these, you have a linmted anmount of
data, and there you m ght want to say, "l'mcovering
t he uncertainty of the fact thereis alimted anpunt
of data in this area by noding up this way."

DR. WALLIS: | think with CFD what you try
to do is you try to nodalize nore finally until it
doesn't mmke any difference anynore. So it's
asynptotical ly approachi ng what you believeis, let's
say, the right answer.

| suspect in this case there are just so
many ganes you can play with how you nodalize
different places. You're not really converging
unannounced on nodalization. There's al ways
uncertainty associated with how you nodali ze.

MR. MARTIN. And again, the downconer is
a good exanple because when you get finer nodes,
you'll get a different answer, and before we talk
about the RAI, so if you have a chance to | ook at that
to sonme extent, but coarse nodes, you have to think,

you know, what does that do. You're nodeling this
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downcomner or this big, round thing, and | have a point
here and a point there and a point there, and that
describes ny azinuthal. Wat's my nean free path from

break or fromintact |oop to broken | oop?

Well, if | have to | eap over a hot |eg,
then it's a bit -- well, the coarse node is shorter
than if you have nore detail. If you have to go

t hrough, you know, six points versus three points, ny
nmean free path is a lot shorter with a coarse node,
and that's why nore water is flying out in the coarser
node.

You've got to think of what do you get
when you nodel |ike you do, and certainly with fine
nodes you get closer to reality.

DR RANSOM |1'd like to make a comment
along those lines. | think that sort of in genera
that |'ve argued against this idea of convergence or
finer and finer nodalizations, ad infinitum wth
these nethods for several reasons, and the nost
fundanental one is these are average nodel s, and sone
people like to |look at them as area average, but in
reality they have their genesis in volune averagi ng
net hods and tine average.

And so all of the paraneters are finite

paranmeters having to dowth things Iike flowregine,
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frictional factors and things |ike that.

So it isn't true that necessarily finer
and finer nodalization nmake nuch sense. |In fact, ny
phi | osophy is that you could go down to as snall as,
say, a pipe dianeter, and that m ght nake sone sense
for axial nodes.

And these kind of studies have been nmade
and t hese do, indeed, nore or | ess converge, but going
alittle bit further to the assessment that evol ved
over the years from application of the Ilaw of
sem scal e and ot her experinents |like that, is you can
see sone of these pl enumnodel s don't make a whol e | ot
of sense from a physical point of view

And so the question could be raise, you
know, how well do they work actually, and so they
applied those to the different experinments and found
nodal i zations that agreed with the data and were
sati sfactory, especially within efficiency, | guess,
in the old days.

Now, today we coul d af ford nore nodes. So
that's not quite as big an issue, but then the
phi |l osophy was that if it worked in that case, a
prototypic experiment, you'd better no change it if
you're going to go nodel a plant and, you know

i ncl ude sonet hi ng about the peak clad tenperature.
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And so | think even a CSAU net hodol ogy
spells this out, that the nodalization should be
devel oped at the prototypic experinments and justified
on that basis, and then that same phil osophy used to
nodel the plant.

DR WALLIS: You nean it shoul d be based
on the system experinments.

DR. RANSOM  Yes.

DR. WALLIS: As a scal ed system

DR, RANSOM  Yes.

DR WALLIS: But you don't mean full scale
when you say prototypic.

DR. RANSOM Wwell, if we had full scale,
but unfortunately -- and |I think the uncertainty has
to be, you know, derived fromthose experinments.

DR. WALLI'S: You nmean a scal ed experi nment.
So the APEX - -

DR. RANSOM Semi scal e or LOFT or APEX or
PUVA or any of the other experinents.

DR. BANERJEE: The problem is the idea
that you're putting forward is difficult to apply to
scal e-up since you don't know what is the appropriate
scal i ng paraneters. You have really not done a | ot of
wor k on nondi nensi onal groups with scale.

There is no simlitude theory for these
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things. So the only thing you can appeal to in sone
way is that the results don't change very much with
t he nodal i zati on schene that we've got.

If the results are very sensitive to
nodal i zation, then you've got a whole new set of
paranmet ers whi ch you can adjust, and one coment was
that all he needed was three paraneters, and he coul d
fit anything. And here you've got what? Including
t he nodes about 500 or sonething.

So | don't think that argunent really
hol ds water like --

DR. RANSOM Vell, 1've never heard a
better argunent so far

DR. BANERJEE: Well, the argunent shoul d
be that your nodalization schenmes shoul d not affect
the results very nuch.

DR.  RANSOMV Wll, | think in general
that's --

DR. BANERJEE: You don't have to converge
in the nornmal sense of nathematical convergence, but
nonet hel ess, each tinme you change a nodal subdivide
one, your results change a whole lot and there's
sonmething totally w ong.

DR. RANSOM  Well, | think you' ve even

heard today that small changes in nodalizations have
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not changed the results very much, but | think the
| oss philosophically -- let's say you nodel a T
di fferently when you go fromt he prototypi c experi nent
to the full scale plant safety calculation. |[|'d say
that's kind of dangerous w thout know ng, you know,
what the effect of that nodalization change is.

And in terns of scal e, nowgeonetrically,
of course, the scale is contained within, you know,
the structure of a code. The correlations are based
on Reynol ds nunber, Weber nunber, Prandi al nunber, you
know, on and on, and an attenpt to nmake these things
at least dinensionally independent, and so those
becone the basis of scale.

And | don't know that there's any reason
to believe extrenely suspicious, you know, of the
scal i ng argunent.

DR.  BANERJEE: | think there is. | f
you've got a T junction pulling liquidout of an ADS-4
val ve, and you do this experinment in a one inch pipe
or a four inch pipe, and then you have this huge thing
which is what, 14 or whatever inches it is? | think
t he phenonenon is going to not scale that way, but
t here, agai n, you can exam ne that from say, boundary
| ayer point of viewand see what effect the boundaries

woul d make on that sort of thing.
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You know, there are extremnmes of scal e t hat
certainly you're going to find effects and you're
going to have to be careful.

DR. BANERJEE: | can probably think of ten
exanpl es where you have scaling argunments which need
to be nmade then in a detail ed way and actual |y appli ed
to look at the full scale plant conpared to the
experiments, mybe 20 areas.

DR. RANSOM | don't profess to be an
expert in this area, and a group of experts put
t oget her CSAU, and that seens to be the nethodol ogy
that's being foll owed, you know.

DR BANERJEE: But Graham and | were on
t he peer review group unfortunately.

DR. RANSOM Well, | guess you guys can
explain it then.

DR. WALLIS: The topic is node size and
node scaling. | think scaling is a separate question
fromthe node size.

DR. BANERJEE: Wl |, the nodes, what
you' re saying when Vic says fix it for these
experinents and then hope for the best for the
reactor, the scaleis factor of ten or 20 or sonet hi ng
different in certain areas, you know. So --

DR. WALLIS: | can see if something |ike

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

564

this was scaling. |f what's happening in some device
is, say, being governed by, say, the rate at which
bubbl es can be released fromthe stratified | ayer of
liquid, and so it takes a certain tine; if that
beconmes -- if the scale for that to happenrelativeto
the scale at which things are happening on this big
node size is different when you change the scal e of
the big node, then you' ve got sonething different
happeni ng.

DR. BANERJEE: 1'Il give you a cl assi cal
exanple of this. They were doing small scale
experinents on chemical reactors, which is sonmehow
related to these reactors, and they found that
energency relief was fine.

They went to the big reactors. They
continued to blow up. Okay? And it's a very sinple
reason that was found. It was found that the |eve
swell in asmall reactor when they do this doesn't get
to the vent because the |evel swell depends on how
much liquid there is to begin with, which scales as
ei ght.

But when you go to sonet hi ng 30 feet hi gh,
the level reaches the top and you get two phase
f | owout . It's a very sinple exanple of where the

smal | scal e experinent i s conpl etely wong conpared to
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the full scale stuff.

DR. WALLIS: -- was saying the rate of --
i f you have a small scal e experinment, the bubbles can
detach fromthe liquid layer at a certain rate. |If
you change the scal e of things, things are noving up
nore rapidly. The bubbles can't detach. So you
entrain thembecause these two phenonena don't scal e
t he sanme way.

DR. BANERJEE: Ri ght.

DR. WALLIS: One happens on a scale of a
foot or sonething, and the other one takes the node
and sweeps it up too quickly for the bubbles to
detect. You've got to look at these two effects.
One of them changes the scale and the other one
doesn't. Therefore, there may be a change in scale.

DR. MOODY: | m ssed sonething. W were
tal king about scale, and we were talking about
nodal i zation. How did we nake the transition?

DR. BANERJEE: Well, he was sayi ng you can
fix the scale -- nodalization based on snmall scale
experiments and just carry it over tothe reactor, and
| was argui ng you cannot.

DR. RANSOM Well, there are exanples
where you have to be reasonable. For exanple, in the

ol d Sem scal e experinent, they used a pi pe downconer,
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and you'd say, okay, a pipe was fine for that, and
then you went to a large break LOCA with an annul ar
downconer in a plant, and you'll find that the bypass
isquite different, and so the nodalization has to be
changed.

| nmean, you have to tenper that with sone
reason, | would say. After good scaling argunents, |
think these kinds of things are done, but sone of
t hese things you bring up are a reason for continued
research inthis area that the NRCif they are safety
i ssues shoul d be concerned wth.

DR, MOODY: Is the bottom line scaling
really depends on the application? | don't nean
scal i ng. | nmeant nodalization depends on the
application |argely.

DR. RANSOM | don't know. | think that's
true.

DR. BANERJEE: | nean, in a sense what Vic
was sayi ng was -- | recall what CSAU, the net hodol ogy
was agreed on that this was a good starting point;
that this sort of gives you the right sort of
nodal i zati on because it works sonewhere. W don't
knowwhere, and things arerelatively insensitive, but
t hen you' ve got to | ook at phenonena, you know, which

are highly ranked and nake sure they're properly
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scal ed, you' ve got enough nodal i zati on, and everyt hi ng
is properly docunented.

Now, that's not quite the same thing
that's being said there though.

DR. MOODY: Go back tothe earlier exanple

where he was getting i nmedi ate di scharge out of the

end of a broken pipe. If you had very small nodes or
very large nodes, | think that would be handl ed the
sane way. You still -- in one case a | arge node woul d
take a little longer to get up in the Bernoulli flow

t o exceed the Al angi r-Lienard-Jones criteria, whereas
if you had a very short node, it would just be a
mllisecond or less to get up there, but you would
still I'imt the flow, and you are saying what really
happens in a transi ent sense doesn't natter too nuch.
So we mght as well wuse about any convenient
nodal i zation i n the piping and al so ot her parts of the
system

You mnmust |ook at those and see what's
happening in each part of the system How fine do |
need to know this, sonme property?

MR. MARTIN. Yeah, ultimately there are a
nunmber of neasures when it conmes to how good your
nodal i zation is. At |least, you know, |I did the work,

and I was | ooking for the sensitivity piece as nunber
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one, and if sonmething had -- | nean that's what we're
bei ng neasured on in regul atory space, and you know,
you have to have your priorities.

Now, this next slide here --

DR WALLIS: Well, let's |ook at another
exanpl e in the case of the R BEACON experinents. |If
you have a geonetrically simlar nozzle discharging
critical flow and you go to the big size and you've
got simlar velocities and it takes longer for fluid
to go through those nodes; if there's a relaxation
process which takes a certain tine, then that
relaxationwi |l occur differently relativetothe node
length in the big scale than it does in the snal
scal e.

And so the assunptions you make at one
scal e are not necessarily -- it's like this proposal.
It'sasimlar thing, and | think it was shown i n that
case that the rel axation -- that the nonequilibriumin
the small nozzle is nuch nore |ikely to be inportant
than in a great big nozzle because in a great big
nozzle the fluid has a long time to go through the
nozzle and adjust itself to go through the sane
geonetrical shape, and therefore, the equilibriumis
less in the big nozzle.

So there's a scaling effect on the
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phenonena thensel ves, which isn't captured by just
| egislating that you have the same geonetrically
shaped nodes in the two scal es.

MR. MARTIN: Right, and that's why we have
a rather large suite of assessnents. W did do the
uncertainty analysis on what, a six, eight R BEACON
tests, and they had sonme variation in scale there.
It's now whole scale, and that was where our
certificates cane from but at the sane tine we did do
LOFT, and we did do the Sem scal e t hi ng where it woul d
have a bl owdown, and while that wasn't included in
uncertainty, you can |l ook at that and say, "Well, it
was pretty dammed cl ose,” and you nove on.

Again, and also break |oad is sonething
speci al because we al so arrange break area to address

that portion of the regulation. So it's sonmewhat

uni que.

DR. KRESS: What does that |ast sentence
on that --

MR MARTIN:. Oh, | didn't read the | ast
sent ence.

DR KRESS: Wiat does it nean?
MR. MARTIN.  This procedure starts with
t he anal yst experience i n previ ous code assessnent and

application studies and any docunent nodalization
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st udi es.

Next, nodalization studies are perfornmed
during the sinmulation of separate and integral
effects, code data conparison, and finally, a
derivative process using the nuclear power plant
nodel s is enployed to determ ne sufficiency of the
nucl ear power plant nodel nodalization.

Is that the | ast --

DR KRESS: It's the very |ast sentence.

MR. MARTIN: -- that you have a question
on.

DR KRESS: Yeah.

MR, MARTI N: That's what | call a
shakedown. The nodel shakedown, in the previous code
assessnent, docunentation of what people have done
for, you know, the last 30 years. That's out there
al r eady.

You know, then you can, of course, play
with that nodalization onthe small scal es, you know,
for data, and then |I'mjust saying you can play with
t hat on the bi g scal e because you have ot her things --

DR. KRESS: You're lookingfor sensitivity
on that | ast one there?

MR. MARTIN. Right. You' re al so | ooking,

you know -- that's when you have to pull in the
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drawi ngs of the actual plant you' re actually doing,
and there are structural differences, you know. The
separate and i ntegral tests are sonewhat idealized at
the real plant, and you know we spent a | ot of tine on
upper plenum

You have a certain anmount of asymetry
just structurally that you have to address, and that's
shakedown. You know, you want to address the
i nportant phenonena, again. You know, up there
because of the asynmetry of flow --

DR KRESS: But the problem with the
sentence though is | couldn't figure out how to
determ ne what was neant by sufficiency.

MR MARTI N: Oh, okay. Suf ficiency?
That's an engi neering judgment.

DR. KRESS:. Ckay.

MR. MARTIN. That's budget, too.

DR. KRESS:. Ckay.

MR. MARTI N: But we di d spend an awful | ot
of time and Larry was in ny office. "Are you done
yet ?"

And | woul d say Monday every week.

DR, WALLI S: Engi neering judgment.
Sufficiency is determ ned by engineering judgnent,

which is a very hard thing to quantify.
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MR,  MARTI N It is a hard thing to

quantify when it conmes to --

DR. WALLIS: How do | know how good your
engi neering judgment is?

MR. MARTIN: One of the big things that
focused on was even though it's not nodalization, but
time step sensitivities because that is sonething you
can't play with to sone extent.

And of course, what | ended up doing is |
went down to basically what was atolerablelinmt. As
you know, we run |like 59 cases, and for this to be a
practical nethodol ogy we need to have a turnaround
within a week, you know, throw in the cal cul ati ons,
and so you know, with the three | oop sanpl e probl emwe
had in there, those are taking between three and four
hours to run right now, and you nultiply that by 60
and you get a pretty large nunber, and that's where |
cane out.

But anyway, | played with the tine
sensitivities alittle bit using the sane stati sti cal
approach that we tal k about to quantify, by randomy
varying time steps, to quantify what is, you know, the
certainty related to these tine steps, and to sone
extent that also translates to nodalization because

that's part of it.
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DR. WALLIS: What | think you do is the

foll ow ng. You determne sufficiency of a
nodal i zati on by thinking of ways in which it could be
insufficient and exploring those and satisfying
yoursel f that you haven't found those and that you' ve
resol ved what | ook |ike insufficiencies, and you say
it's now sufficient. That's the way you do it.

We have to sort of rely on your integrity
to explore all of these possible reasonable ways in
which it could be insufficient and then to conclude
that | haven't found any that really nmake it
sufficient. Therefore it's okay.

MR MARTIN:. Well, that woul d cone out of
our PIRT reviewteans. They'd cone out and, you know,
| would stand up there and sonebody Iike Mark
Thor ogood or Larry Hochreiter woul d say, "You can't do
that," or, "Wiy don't you do this?"

The sanme ki nd of formas we have here, and
you know, half the tinme they woul d have a poi nt and go
back and play with it. You know, thisis along tinme
comng to get to this point.

DR WALLI'S:  Yes.

MR. MARTIN. So it has gone through sone
fire to get to this point.

MR. O DELL: This is Larry ODell with
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Fr amat one. | guess | would say, too, that we did
really do quite a fewiterations on that in the CSAU
process because we started with a nodalization that
was put together based on sort of our previous
experience using the code and, you know, industry
experience. W did a series of conparisons of the
pl ant cal cul ations to see how the anal ysis went.

We nodifiedit, the nodalization. Then we
went back, ran a series of assessnents primarily LOFT,
CCTF, UPTF, and FLECHT SEASET experiments covering
ranges of scal es and | ooked at t he nodal i zati on t here,
made nodal i zat i on changes, went back t hrough it agai n.

Sothiswas areal iterative process that,
you know, we ran an awful | ot of cases in this to get
this final nodalization

MR,  MARTI N: Ckay. Just sone of the
necessary conditions that | would apply on
nodal i zat i on. Nunber one, di scrimnate key
structures' characteristics. This is going to the
drawi ngs. You've really got to match the draw ngs
first.

Attain acceptabl e steady state agreenent
with the plant. Okay. There's a ton of art there.
Sone of that is the form |losses, and we have to

val idate those form | osses.
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The reality is that Crane does a really
good job. Crane and IDLECHEK do a really good job,
and there's not a | ot of tweaking that has to go on,
and that's fortunate.

O course, we observed the phenomenon in
this, and that's really the point of your question,
and that's where we apply t he CSU phi | osophy, where we
identify the inportant phenonena and f ocus on t hat and
try to identify what --

DR. WALLIS: That's where scaling m ght
make a difference; that if you' ve got, you know, a
smal | scale, you' ve got nore velocities, and they're
small relative to relative |l oss to bubbles. So the
relative loss to bubbles is inportant. In the big
scal e everyt hi ng scal es up, includingthe velocities.

And maybe the bubble slip is relatively
uni nportant so that the dom nant phenonena have
changed by changing the scales, and this is an
i mportant bullet.

MR MARTI N: It's an inportant bullet.
You know, there's not alot of full scale data, right?
So | guess in many ways the scale you address by
getting the scal e you have, and there is a broad scal e
up there. | mean sonebody scalingto LOFTis a pretty

big range, and there's things in between.
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You can devel op a | ot of confidence by at
| east covering that range, and then if there is full
scal e data, then obviously that goes a | ong way, too.
But | think we've covered that and docunented that
pretty well in EM 2150.

Al ways in the back of my mnd is maintain
reasonabl e conput ati onal econoni cs, and on sone | evel
i ke the downconer nodalization is what it is, you
know, for that reason.

DR. RANSOM How many nodes are you usi ng
in the large break LOCA in total now?

MR MARTIN  Total ?

DR. RANSOM  Yeah.

MR. MARTI N: | can't count it up, but
just look at the core. W have 24 tines the four
rings. There's 100 there. Gosh, probably at |east
doubl e that.

DR. RANSOM  Two hundred nodes?

MR MARTIN.  Two hundred.

DR, RANSOM And that's what, for your
st eam gener at ors?

MR, MARTI N: Yeah. It's probably nore
than 200. It's probably 300 because you multiply it
by, you know, each | oop

DR.  RANSOM Now, those are pretty
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conputationally intensive still?

MR. MARTIN. Yes, they are still. You
know, we're current generation mnus one or two, you
know. We have 200 negahertz machi nes, and you know,
maybe we have a few processors so we can run sone of
t hese parallel, and then we have turf wars on who gets
conputer tine, and that's nornal engi neering
envi ronment .

But you know, the three |oop sanple
probl em we provide is probably the quickest running
we' ve got, and that's unfortunate because | thought
that was the bleeding limt, you know, three and a
hal f hour cal cul ati ons, but we have -- you know, we've
| earned in the | ast year when we address sone of these
| ow cont ai nment pressure i ssues that you can have this
| arge break LOCA go out 1,000 seconds before you get
guench.

And that calculation is taken closer to
si x- pl us hours.

DR. RANSOM  How much?

MR. MARTIN:  Six-plus hours. so it gets
alittle painful, but we're kind of -- you know.

DR. RANSOM And you've got to run 60 of
t hose.

MR.  MARTI N: W've got to, yeah.
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Qovi ously that's what we said we were going to do, and
you know, we'll just charge the customer alittle bit
nore for it.

(Laughter.)

DR. KRESS: Wth the increased
conmput ati onal capabilities, as conputers get better
and better, that bullet on maintain reasonable
comput ati onal econom cs m ght di sappear sone day. |If
it did, I think it would be worthwhil e thinking about
what Vic Ransomsaid, that there's probably sone node
size where it doesn't nake any sense to go finer than
anyway for other reasons.

Now, what 1'd like to know is what are
those other reasons, and it mght be worthwhile
t hi nki ng about t hat because | think that econom cs may
go away one of these days.

MR. MARTIN: Wasn't there a paper that |
believe Art Shay wote about the lower limt on node
si zes where you nay be unabl e or sonething |ike that?

DR. RANSOM | wrote sone notes up about
12 years ago that argued about this averagi ng, you
know, and what's consistent with the average nodel,
and roughly it's |ike one L over D, and goi ng beyond
that, unless you're treating shocks i n a shock tube or

somet hi ng where you know physically that it can be
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captured by a much smaller control volune, it doesn't
make nuch sense.

And we apply these nethods to things that
involve flow reginmes, for exanple, slugs that even
with the coarse nodalizations they have extend over
nore than one volume, and the physics is not there,
you know, in terns of howdo these fl owregi mes change
and how are they propagated from vol une to vol ume.

| mean, there are a |l ot of areas |ike that
that really are nore uncertain | woul d guess than sone
of the things we're dealingwith. | nean, it's got to
get right, you know, and the onus is on Framatone to
get it right so that it can be understood.

DR. BANERJEE: In the approximation -- |
nmean, | don't really want to argue this because |
think it's fairly clear that you have an
i nterpenetrating conti nuumnodel here. So when you do
that from any other field of polyners or whatever,
this has to go down to a mathematical convergence
equations. There are two fluid equations which are
witten in many fields. This is not the only field,
and they all converge. This is the only field that
they don't, in fact.

And t he reason they don't nost of the tine

is some physics is left out.
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DR. RANSOM well,f or exanple the

nodal i zation studi es that have been made with these
net hods are |ike Edward' s pipe problem vyou know,
fairly sinple things where you go to naybe 1,000 or
2,000 nodes, and indeed, they converge. | nmean,
there's no question about it. They get to the point
where they don't change anynore even probably at 30,
40 to 100 nodes.

But I' mnot sure that makes any sense, and
t hose are, incidentally, down at where the L over Dis
much | ess than what |1'd recomend t hat these thi ngs be
applied to.

DR. BANERJEE: Well, | think they shoul d,
but | eavi ng t hat asi de, the days when you were runni ng
the code and so on, one could defend 300 nodes as
bei ng sort of a computational problem W routinely
run problems with ten to the sixth to ten to the nine
nodes now in some of the big nachines.

DR RANSOM Ri ght.

DR. BANERJEE: Ten to the ni ne, of course,
istheouter |imt, but tento the six is very conmon.

And | don't wunderstand what the big
problemis. CFD people run this all the tinme.

MR. MARTIN: Let me gi ve sone perspective.

W have -- | go to these RELAP5 3D neetings
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occasional ly, and Bettis has been pl ayingw thlinking
RECAP to CFD, and they note basically they' ve done a
| arge break LOCA where they've taken CFD and handl ed
the core with, you know, I'm sure ten to the sixth
order type thing, and then the rest of it is RELAP and
LOCA.

It took themei ght weeks to conplete. So
| think we're still a ways away.

DR. BANERJEE: It depends on how you run
it. The CFD codes are run on clusters. W run CFD
codes on 32 node clusters with 64 processes. They run
fast.

MR. MARTIN. And you get a good deal from
t he manufacturers at universities and stuff.

DR. BANERJEE: You can build a 64 process
cluster for $50,000. 1'Il build you one. Gve nethe
noney.

DR. RANSOM Santa Barbarais ahead of its

time.

(Laughter.)

DR. BANERJEE: It's just |ike nei ghborhood
clusters. [It's not that big a deal.

MR, MARTI N: In time, you know, we'll
i mprove these things. | nmean, we are --

DR. BANERJEE: $So are you runni ng t hese on
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sort of a two gigahertz processors or what?
MR. MARTIN. Two hundred, 200 negahertz.
Vell, like | say, we're current generation m nus one

or two, you know, and these are relatively new

machi nes to ne, and so -- but that cost us 20K, you
know, sonet hi ng. You mght get four heads or
sonething like that, and we still pay 20K for that.

DR. BANERJEE: These machi nes are costing
you 20K?

MR. MARTIN. That's what they charge, you
know, the old conpani es.

DR. BANERJEE: | can go out and buy a PC
whi ch does --

MR. MARTIN:. Yes, we know that. W get
mad every tinme they conme back with a quote, and maybe
one day we'll just nove everything to a PC platform
and do it ourselves, but that's a big effort, too,
because we have our own qualification procedures that
are required.

DR. BANERJEE: So you run these on what
machi nes?

MR MARTIN: On Hew ett- Packard.

DR BANERJEE: Hew ett-Packard what ?

MR MARTIN. K-- it's called K-box. K-

500 or sonething like that.
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DR. BANERJEE: And you can't run themon

a Li nux machi ne?

MR. MARTIN. Qur codes aren't qualified
for Linux rmachi nes, and again, we have our own --

DR BANERJEE: Onh, they're not?

MR MARTIN: -- out own -- | don't know
who actually determnes our qualifications for
platforms, but we got on HP ten-plus years ago, and
that's where we're at, and a migration is not a
trivial task.

DR. BANERJEE: These are not reportableto
machi nes which are |ike Fortran, Linux machi nes?

MR.  MARTI N: W can do -- | nean, you
know, we have enough hacks around. 1've ported to a
Mac, you know. Chow has ported it to Linux, and you
know, we play our ganes at hone, but when we do
production runs, we've got to keep a standard, and
we' ve chosen the Hewl ett-Packard platformfor that

DR. BANERJEE: So the result change when
you run it on different machi nes?

MR. O DELL: No. Thisis Larry O Dell of
Framat one.

DR. BANERJEE: | would really |ike to know
this.

VMR. O DELL: Well, no. It's not a matter
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of the results changi ng. W have a process we have to
go through to qualify the codes, and we nove them
from you know, one conpiler to another conpiler or
one operating systemto another operating system on
the HP, and i f you nove to anot her conputer you end up
having to go through this full qualification process
of a code because we're allowed touse it inlicensing
anal ysi s.

Now, we can just port the code over and
play with it and stuff. That's not an issue, but we
have to go through this qualification process, you
know, in order to have an Appendi x B qualified code,
and that is not a minor process. It's costly, and it
takes a lot of tine to do that.

So there's sone resistance built into the
systemto being able to nove to a code, to another
platformand then use it.

DR BANERJEE: So do the results --

MR. LANDRY: Sanj oy.

DR. BANERJEE: -- or not?

MR. LANDRY: Sanjoy, if | may, this is
Ral ph Landry fromthe staff.

Qur regulations require configuration
control of a licensing code. That neans it nust be

frozen. It's approved for a particular machine,
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particular conpiler. W don't allow changing that
wi t hout rereviewi ng the work of the vendor.

That is not totietheir hands, but it was
i ntended to keep peopl e fromnmaki ng changes in codes
wi t hout our know ng those changes were nade.

Today -- nowthat was witten back in the
m d-'70s. Today you can go out and get a slew of
machi nes, all of them conpilers, and run the codes,
yes. But you're not nai ntaining configuration control
when you do that.

But there has been a history of different
machi nes, whether they are using big ended or little
ended CPUs in giving different results. So a code is
conmpiled and run on a particular platform It's
proven on that platform To change it you have to get
perm ssion, and you have to go through the entire
requal i fication program

So it's not not a matter of whether they
can go out and buy a Linux box for $900 versus an HP
for $20,000. It may cost themnore to requalify the
code to go to that $900 box than to buy another HP
when you consider the cost of what it takes to go
t hrough the QA process.

So we're not trying to tie their hands

withthat. Thisis to maintain control of a code that
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is regul ated under the Code of Federal Regul ations.

DR. BANERJEE: But if they qualified the
code, what is involved, that the code gets the sane
results or that its results change depending on the
pl at f or nf?

MR. LANDRY: There's an enornous --

MR CARUSC It would be like a new
subm ssi on.

MR. LANDRY: There's an enor nous anount of
paper attached to this, The nmanpower, the staff
| oadi ng, the paper work.

MR. CARUSO  The docunentation is just
enor nmous.

DR. BANERJEE: So they're sort of frozen
to one platformor what?

MR. CARUSO Pretty nuch.

MR. LANDRY: When we say a frozen code, we
nmean t hat that code cannot have anyt hi ng changed in it
wi thout notifying the NRC That neans they can't
change a light in the coding without telling us. They
cannot change the conpiler without telling us. | f
they change the platform they have to change the
compi |l er.

DR. BANERJEE: So they're the process of

qualifying this code right now or it's already
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qual i fied?

MR. LANDRY: This code is a frozen code.
W have the version nunber. W have the version
nunbers for the codes that are interfaced within S-
RELAP5, and that defines which platform which
conpi l er, which operating system which we happen to
have one to match up w th.

DR. BANERJEE: But this is a new code,
right, that they're qualifying?

MR. LANDRY: Well, it's the sort of code
that's been under devel opnent for a decade.

DR. BANERJEE: Right, right, but this has
to still be qualified, S-RELAP5?

MR.  LANDRY: They' ve already qualified
before they cone in here.

DR. BANERJEE: It's already qualified?

MR. LANDRY: It has to be. W won't
reviewa copy -- and I'Il tal k about this tonorrow - -
we don't review a code that is not a frozen code. It

must be frozen, and it nust be under configuration
control before we will reviewit.

DR. MOODY: Well, that should solve all of
t he problens really, shouldn't it? If somewhere al ong
the line someone wants to put it on another system

why, then there had better not be any variation in

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

588

answer s because the code is just maki ng
mat hematical -- it's counting stuff.

MR, LANDRY: It's not very easy to nove
the code to different platforns. One of the other
vendors is still running on the VAX, on the VM
platforms, VMS operating system because they don't
want to transfer to UNIX. It's too nmuch trouble.

DR WALLIS: That's truly remarkabl e.

DR. BANERJEE: | didn't know this, This
is a discovery.

(Laughter.)

MR. LANDRY: If | could make one other
conment, we were getting pretty far afield from--

DR WALLI S:  Yes.

MR. LANDRY: -- what Dr. Martin was trying
to tal k about here with nodalization. The CSAU - -

DR WALLIS: I'd like to nove on.

MR. LANDRY: Huh?

DR. WALLIS: I'd like to nove on, but why
don't you see if we can wap up this one?

MR. LANDRY: Can | nake it real quick?

The nodalization concept that was put
forth in CSAU was to try to get a consistency
nodal i zati on approach to the di fferent code nodel ers.

At the tinme CSAU was witten, everybody and their
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brother was using a different concept and different
approach to nodali zati on.

What this was trying to do was to get
everybody to a consistent approach that would be
consi stent with the nodalization that was used on t he
experinment evaluations and experinmental assessnent
pr ogr amns.

The nodal i zati on t hat has been used in the
past, sonebody's wife was using a nodalization on
AP600 of 1200 nodes. W had themrun a sinplified
versi on of that code wi th under 600 nodes and got very
much the same answers.

You can get ridiculous in this, and what
this whole process is trying to do is say put sone
rationality, put some sensibility and put sone
consi stency in the approach you take in nodalizing
experimental progranms and the nucl ear power plant.

MR. MARTIN: You'rereferringto nmy wfe.

DR, WALLIS: Can we go on?

MR. MARTI N: Sure. My last bullet, |
guess we can stop here. We've already hit these
t hi ngs: maintain scalability, inportant; and
accuracy; nunerical stability; and convergence.

And t hen the concl usi ons and you can get

ont o, | guess, the next thing, but initial
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nodal i zation is based on experience. Then we go
revi sed based on plant studies and assessnents, and
then we validated to the performance of fina
assessnents.

That's kind of the end there of that.

DR. KRESS: How would you start out
nodal i zi ng ESBWR?

MR. MARTIN. What do you nean? Qur SWR-
1000 that we've kind of throwmn on the docket here?

DR. KRESS: Yeah. How would you do that?

MR MARTI N: Well, first, there isn't
really a lot of WR experience.

DR. KRESS: Not nuch experience there.

MR. MARTIN. And RELAP5. There is sone.
| believe Brown's Ferry. W do have an ol d Decker
(phonetic) there. So it mght be a beginning. I
can't tell you |I've | ooked at the design.

Probably we start throw ng something
together initially, and we've only got to capture the
phenonmenon, you know.

DR. KRESS: It would probably build on
your experience you've had with the --

MR,  MARTI N: Sure. W have buil ding
experience here. W did EMF-2102, does have a coupl e

of GE tests, you know, 1,000 psi tests, and it's
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touchy-feely in the beginning, and --

DR KRESS: That's where sone tests woul d
be hel pful.

MR. MARTIN: Exactly. Tests are paranount
definitely. No, it will be a tough process, a |ong
process to get that down. You know, the phenonenon
and the question itself is key. In my opinion, you
know, as far as |arge break LOCA and BWRs, the big
pl ayers are break flow, and of course, our treatnent
is pretty broad and it covers a whol e break spectrum
in the same process.

You have heat transfers is inportant, you
know, the inportant one, and ECC bypass i s i nportant,
and t hen everyt hing el se ki nd of tapers off real quick
as being, you know, inportant for this application.

BWR, |'mnot quite so sure you can just
have a few dom nant things and win that way. | nean,
you t al k about the ADS stuff and maybe t he AP600 t est.
You know, that's a phenonenon there.

Qoviously Ralph referred to AP600 work
that my wife worked on in Idaho, and the code didn't
al ways work. More often than not, it didn't get the
right result. There was a | ot of code versions that
we went through, and | would anticipate that we'll do

the same with the BWR work, as well as SWR- 1000 once
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we get down that path.

| mean, it's been ten years, 15 years to
devel op this nethodol ogy, and it won't be trivial to
go to the next step, but we have a | ot of experience
now, and we can build on that and be nore efficient.

VMR O DELL: This is Larry ODell with
Framat one agai n.

| would also say that, you know, our
counterparts i n Germany have been usi ng S-RELAP5 t o do
BWR plants in Germany al ready, and we have been, you
know, interactingwith themin Gernmany to get their at
| east initial nodalizations for these types of plants.

So we're using that pretty nmuch as a
starting point.

DR. BANERJEE: Ral ph, let ne ask you: is
this rule also used for reactor physics codes and
everyt hi ng?

MR. LANDRY: No. Ralph Landry, staff.

Ten CFR 50. 46 applies to | oss of cool ant
acci dent analysis progranms only. It is specifically

witten and applies tolight water cool ed zi rconi umor

Zircal oy clad uranium di oxi de fuel reactors. It's
only for calculating LOCAs. It does not apply to
physi cs.

We have other regulatory guides and
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standard review plans that we use to apply to other
nodel i ng techni ques, physics, transient anal yses, et
cetera. But there's only one Code of Federal
Regul ati ons statement with regard to analysis, and
that is wth LOCA

MR CARUSO | woul d nake t he observation
t hat Appendi x B, the quality assurance standard, has
all of the safety related nethods.

MR HOLM right. Thisis Jerry Holmw th
Framat one.

| would say that it's the Appendix B
requi renents that are maki ng us spend all of this tine
and effort validating the code. Fifty, forty-six
requires that we i nformthe NRC on the LOCA codes. So
that's what we woul d do for LOCA codes.

| woul d change the physics code w thout
telling the NRC, but | still have to validate it under
Appendi x Bif | nove fromone platformto another. So
"1l rerun a whole suite of test cases to verify and
get the same answers.

And we' ve had t he sane experience the NRC
has had, that we' ve noved fromone platform In fact,
we' ve noved fromone conpil er to anot her conpil er and
got different answers. Sonetines we' ve discovered

errors in the conpilers that were provided to us.
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MR CARUSO And there are NRC codes t hat

will give you different answers on different
pl at f or ms.

MR. HOLM So, you know, we have about 160
codes, and we nove fromone platformto another. W
have a very big job ahead of us.

DR. BANERJEE: So they conpile, but they
give you different answers.

MR, CARUSO. G ve you different answers

DR. WALLIS: It's just very strange to ne
because we wi Il have sort of students running fluent
ondifferent platforns for homewor k, and we accept any
of the answers, and we haven't run into probl ens that
we' re dependent on the platformor the conpiler.

MR. CARUSO. There's one NRC code -- |
won't say which one it is -- but it had a standard run
time of 100 seconds with a standard problem and
that's howyou check the installation. Youranit for
100 seconds, and if you got the same answer as the
standard problem then you declared that you had
installed it successfully.

Well, one foreign user decided to run it
past 100 seconds on two different platforns, and the
probl ens diverged.

DR. WALLIS: GCkay. It's an interesting
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wor | d.

(Laughter.)

DR. BANERJEE: It will pose problens.

DR. WALLI S: Can we nove on to the
critical flow nodel? | think these were questions
rai sed by Professor Schrock. s that what you're

going to address now?

MR. CARUSO. Yes. If | may, you have one
slidewithproprietary material onit, andit's a very
smal | piece here. Is it possible for youto just talk
around those nunbers so we don't have to go into
cl osed session?

| nmean, people can | ook at the nunbers.
| s that acceptable to you guys?

DR KRESS: Yes.

MR. CARUSO. Ckay. Let's do that then,
and 1'll make sure that that does not show up in the
open portion of the transcript.

DR. WALLIS: Now, Virgil, since these are
your questions, | think you should have real priority
i n asking them

DR. RANSOM Thank you.

DR. WALLIS: And bei ng satisfied or not by
t he answers.

MR. CARLSON: Yes, and so --
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MR,  SCHROCK: | looked at your first

vi ewgr aph, and | have to conclude for this to make any
sense to ot her people, you need to either paraphrase
or read the question that was put to you.

MR. CARLSON: Right. Yes, | believe that
shoul d have been, | believe, on this slide, and I
apol ogi ze for that.

MR.  SCHROCK: Well, it's a little bit
| engt hy, but sel f-choki ng di scussion as you have it in
three bullets is out of context for the question
posed.

MR, CARLSON: Ch, okay.

MR SCHROCK: So I don't know if you
m sunder stand t he question or --

PARTI Cl PANT: \What is the question?

MR, CARLSON: Wll, let's see. "A
nunerical conputation of critical flow in pipes,
t herefore, necessarily requires very fine nodalization
as the critical flow | ocation is approached. These
realities are not reflected in S-RELAPS critical flow
nodel , whi ch shoul d be applicable to real geonetries
where friction often plays a role. Please provide a
rationale for answering that . . . nodel in the
context of the above discussion.”

There's also nore discussion about
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convergent nozzle geonmetry and other appropriate
geonetries.

MR,  SCHROCK: Vell, it begins with a
statement that it's based or inspired by the Ransom
Trapp nodel .

MR CARLSON: Right.

MR SCHROCK: Which is a nodel based on
t he assunption of thermal equilibriumslip flow at
constant entropy, and constant entropy assunption
limts the application to convergent nozzles. That's
a key statenent in the preanble to the question.

The geonetry of the break in general is
not a convergent nozzle.

MR. CARLSON. The geonetry of the break --

MR SCHROCK: In order to achieve a
constant entropy fl owyou need t hat specific geonetry.

MR.  CARLSON: wll, | believe the
rati onal e was that the nodel was devel oped assum ng
constant entropy conditions to devel op t he nodel, but
then it is applied at any tine where there is a | arge
pressure difference between an upstream and a
downst r eam node.

And t he process of using that nodel woul d
limt the velocities and considered to be choke or a

choke poi nt where -- and for the critical flow, it was
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assumed that wave propagation i nformati on downstream
does not propagate upstreamto the --

MR, SCHROCK: That's not an issue in ny
guesti on.

MR CARLSON: Right.

MR. SCHROCK: The issue has to do with
what is it that can cause the flowto be accel erated
in the channel. Three --

MR CARLSON: Right.

MR. SCHROCK: -- physical factors that are
i nvol ved are area change, okay, area change --

MR. CARLSON: Friction and vol unme --

MR. SCHROCK: -- high friction and heat
addi ti on.

MR, CARLSON:  Yes.

MR. SCHROCK: And you're ending up with a
statenent down here in which you are saying friction
and heat addition play no role in LOCA. So it's not
consi stent .

MR, CARLSON:  Yes.

MR. SCHROCK: You don't have a convergent
nozzl e.

MR. CARLSON: You don't have a convergent
nozzl e.

MR,  SCHROCK: You do have a change of
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state which noves the fluid towards the point of
choki ng.

MR CARLSON: Yes.

MR. CARLSON: But you don't have an answer
as to what causes that change of state to nove it to
choking. You can't do that in a straight pipeif you
do not have friction or heat addition or both.

MR. CARLSON: Would Dr. Chow like to help
me out on this?

(Laughter.)

MR. CARLSON. The answer i s no, apparently
not .

DR. CHOWN Oiginally what | triedto say,
that the equation |like the constant entropy, that's
for the wave di sturbance, for the -- | nean, basically
that's -- you cannot say that's for the -- renenber
when you derive the sun speed (phonetic)? You al ways
use constant entropy. That's because you are | eadi ng
with wave disturbance for very small distance, very
smal | di stance and no entropy change.

So basically that answers the question
about when you try to provide the wave equation for
t he choke, that's not really the full equation for the
flow. That's the full equation for the wave

di st ur bance.
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So for the wave disturbance, it's a
constant entropy process. Sointerns of the friction
choke, you are tal ki ng about conpression drop. Inthe
gas, you have a long, very long pipe. OCkay? Then
your pressure will be decreased because of friction.

And in this case your pressure is a very,
very long pipe, but that's done like this in the
reactor. We don't get over 300 or 400 | ong pi pe, like
that. GCkay? So --

MR. SCHROCK: Three hundred or 400 what ?

DR. CHOW  Feet, 300 or 400 foot |ong
pipe, like a very, very long pipe. Ckay? That's
basically -- and you have to have a conpression fl ow.
So you have a density change. Basically in order to
be a friction choking, you basically have to have a
very, very long pipe. Along the pipe the pressure
drop-in, and your density for that, the density wl|
be decreased. So because you have constant flow, so
your velocity will increase.

At a certain point youwll reach a choke
poi nt where the speed will be equal to the sun speed
(phonetic). GCkay? So in the conpressible flow, that
exact phenonenon of the friction chokingis there, but
| don't think in the reactor system you can find

account the friction choking at all.
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That' s what probably saysthat it'sreally
in the gas dynam cs. In the reactor system for
exanple, the flowis based with nore i nconpressible.
| don't know that word. There is no idea that
conpressible, | know So you don't have NC
(phonetic) say the density wil| be decreased al ong t he
long pipe like that. so --

MR,  SCHROCK: ["m having difficulty
hearing youwell, and | certainly don't understandthe
poi nt, but I do seemto be hearing that you' re making
some distinction between conpressible flow and sone
other kind of flow that you inmagine exists in the
reactor application. Am]l correct?

DR. CHOW Yeah. |[|'mtalking about --

MR. SCHROCK: The fluid is, in fact, a
conpressible fluid in the two phase state.

DR CHOW Yeah, | understand that.

MR, SCHROCK: Ckay.

DR CHOW Yeah. From choice --

MR. SCHROCK: And all of its behavior is
characterized by the gas dynam cs argunents that are
devel oped in Shapiro's text. It's not as though when
you go to two phase fl owyou' ve created sone di fferent
ki nds of processes that lead to choking. [It's the

sane processes.
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DR. CHOW Yeah, | understand that. [|'m

just --
MR. SCHROCK: And so I'm not able to

under st and what your argument is.

DR. CHOWN Yeah. |1'mtrying to say that
when you depend on your -- in order to have friction
choke, you have to -- pressure have to be decreased

along the pipe. Okay? The pressure --

MR,  SCHROCK: Yes, and in any choking
process, the pressure is decreased along the flow
direction --

DR. CHOWN Yeah, that's right.

MR. SCHROCK: -- as you approach t he poi nt
of choking, and so the issue that | raise is sinply
t hat there are three possi bl e ways that this can occur
i ndependently or in concert that will |ead a one
di mensi onal flow to choking, and those phenonena are
t he change in cross-sectional area, reduction in the
cross-sectional area, the effect of friction, and the
effect of heat addition.

The Ransom Trapp nodel, which is said to
be the basis for the RELAPS critical flow nodel, has
as its initial assunption that the two phase flowis,
in fact, an equilibriumflow with slip and constant

ent r opy.
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But to achi eve constant entropy, you need
area reduction. So you cannot have the approach to
critical flow as described by the Ransom Trapp nodel
for the case of a straight pipe. Okay?

Now, there are a whol e range of geonetric
possibilities from a straight pipe to a convergent
nozzl e, depending on the rate of reduction in the
area. You |look at the Marviken geonetry, and it's
nearly a straight pipe. It's not quite a straight
pi pe, but it's nearly a straight pipe.

You have to have very hi gh mach nunbers as
you come into the discharge pipe in Marviken. It's
not as though you conme in with a | ow mach nunber and
you accelerate to a very high mach nunber at the
outl et of the discharge pipe. Infact, it has to cone
in at a very high -- because there's very little
di stance left for the friction to act, very little
area reduction to drive it to the critical state.

Okay. So inthe real geonetry of a broken
pi pe gui |l | oti ne break presumabl y you have t wo str ai ght
pi pes, short, admittedly short straight pipes, but
they are straight pipes, and in order to get to the
critical state in those straight pipes, you have to
account for it through friction.

DR. WALLIS: Wiy doesn't RELAP do that?
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RELAP has friction and all of that.

DR. RANSOM Let me -- there's a big
m sconcepti on here. The Ransom Trapp nodel was j ust
a nethod of characteristics to derive what is the
choking criterion, you know, V plus or m nus the speed
of sound equal to zero, which is a stationary wave.
And so we cane up with an expression for the speed of
sound that woul d apply.

It's a local criterion. It's not an
integrated criterion that you woul d apply all the way
down a pi pe.

In ternms of what properties that speedis
then based on is the nearest node, you know, the
nearest node to the break. And so in that section,
i ndeed, if thereis heat transfer, area change, it has
to be taken into account there.

And you know, certainly in the classica
sense area change, heat transfer, although Shapiro
only deals with in that section, | think, steady flow
process that like in a rocket nozzle or sonething of
t hat type, but --

MR SCHROCK: Wll, isn't this quasi-
st eady?

DR. RANSOM At that last node it is a

qguasi - st eady.
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MR. SCHROCK: Quasi-steady. So it's not

an issue.

DR. RANSOM It's derived fromtransient
equations. So | don't think there's --

DR. CHOWN Yeah. | nean, in terns of the
code, the code take care of the friction. It is
call ed Adam the friction. So the phenonenon is out.
It may take care if there is their friction there.

So while all they try to say that the
criteriais just only for the wave di sturbance, so --

DR RANSOM You say on the next
vi ewgraph, "Friction and heat additi on nmechani sns are

i mportant for gas dynam cs, but do not play arole in

LOCA. "

DR CHOW \What we --

DR. RANSOM That is absolutely wong.

DR. CHOWN What we try to say, that that's
the -- just we -- basically all of these frictions
still inthere. Ckay? And trying to say in order to

achieve that kind of friction choke defined by the
Shapiro and that kind of classical case, it doesn't
appear inthe from(phonetic). Tryingto say that the
Shapiro, the classical case, to have a friction
constant flowin the sense of that does not appear in

t he actor (phonetic) because you have to have a | ong
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pipe in order to get this friction going down al ong
the pipe. That's all | am saying.

DR. WALLIS: Well, isn't Ransom Trapp j ust
used as the choking criterion?

DR. CHOWN Yeah, just --

DR. WALLI S: Just like M equals one.
You're saying what's the effect if M equals one
criterionthat's usedin Shapiro for boththe friction
and the added heat addition and the area change.

DR. CHOW Yeah, yeah.

DR. WALLIS: It's the same. You use an
isotropic Mequals one as a criterion at the very end
of the pipe no matter how you got there.

DR CHOW Yeah, that's right.

DR. WALLIS: Isn't that what you're doing
her e?

DR CHOW Right.

DR, WALLI S: You're sinply saying no
matter how S-RELAPS gets there, when it gets to the
Ransom Trapp criterion we'll say it's choked even
t hough RELAPS itself isn't running into any ki nd of an
infinite pressure gradient or anything.

So you're inposing a different kind of M
equal s one than RELAPS5 itself would predict, but

you're using that and saying, "Ah, ha, it's choked."
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DR CHOWN Yeah, that's right. That's

right, yeah.

DR. BANERJEE: Is that because the
equat i ons for RELAPS doesn' t contain your
characteristics or what?

DR. RANSOM Well, as you well know, the
equations are ill posed supposedly, and if you | ook at
it in a differential sense, they' ve got conplex
characteristics, but --

DR. BANERJEE: So how did you --

DR.  RANSOM -- what Trapp and 1, we
factored the equations, and we threw away the
i magi nary part of the characteristic groups and t hen
only | ooked at the real part, which was presunably the
real space propagation rate and show that that comes
out to be very near the honbgeneous equilibriumspeed
of sound, and it varies with void fraction, of course,
and you know, the density ratio.

But | don't know. It's an approxinmation.
| mean, it's -- but | haven't seen anything better, |
guess, at this point.

DR WALLI S: So S-RELAPS itself isn't
predicting that there's some kind of critical event
occurring, that you can't get anynore fl owout.

DR. RANSOM Well, generally the i dea was
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that you would Ilet RELAP5 calculate wuntil it
calculated a velocity that exceeded the speed of
sound, and then you'd say, well, this inplied a
boundary condition.

DR. WALLIS: It seens to me the S-RELAPS
m ght itself have sonme characteristics which would
| ead to a prediction of choking before you reach the
Ransom Trapp criteria, in which case you' d be
predicting infinite pressure gradients in that | ast
node - -

DR. RANSOM That's possi bl e.

DR. WALLIS: -- before you've reached t he
Ransom Tr app nodel

| don't know what you do then if Ransom
Trapp is your criterion for choking and you haven't
been abl e to get there because S-RELAP5 won't | et you
get there.

Not taking it away from-- that was the
problem | had here, was if you're inposing a choking
criterion whichdoesn't naturally foll owfromyour own
equations, you could get into sone problens know ng
whi ch one to use under some circunstances.

DR. BANERJEE: Well, but you know that
many people like the French and a | ot of people put

physi cal effects in to nake the characteristics real,
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not artificially, but by addi ng a bubbl e or what ever.

DR. RANSOM Well, | would argue that
their nmethods are as artificial as putting in
nunerical viscosity. | mean, they added things which
were artifacts and --

DR. BANERJEE: -- based on physi cs.

DR,  RANSOM And | have a paper 1've
witten that goes into that subject, but what you show
is they artificially stabilize the solution |ong
before you'd see stabilization as a result of, say,
t ur bul ent phenonena and, you know, t he real dissi pated
mechani sns.

So it's as artificial as --

DR. BANERJEE: Well, w thout arguingthat,
you know, that's a very detail ed argunment. The issue
woul d be nore whether inposing sonmething on the
outside when it doesn't arise naturally in the
equations mght lead to certain -- well, we know t hat
it leads to sonetimes on physi cal effects when you try
to choke things.

For exanple, if your choking went above
t he sound speed of the honbgeneous equili brium node
and the situation is such that the fl ows were cl osely
coupl ed, you'd get choking in the pipe at nultiple

poi nts per haps.

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

610
DR. RANSOM That physical |y coul d happen.

And in fact, when we originally did this, we used to
al | ow checki ng for choking at every point within the
pi pe, and | think over tinme they' ve gotten away from
doing that because it tended to cause a lot of
nunerical difficulty, you know, choking, unchoking,
choki ng, and unchoki ng type of thing.

And |I'm not sure 1'd recomend that
because, in general, in the LOCA type of problem you
know where it chokes, you know, at the exit.

DR MOODY: Let ne try to help.

DR.  RANSOM O unless there's a
contraction upstream sonmewhere where it m ght choke
like Virgil has brought up.

DR, MOCDY: But going back to Virgil's
ori ginal concern, I think the thing he was aski ng was,
first of all, choke flow, constant entropy flow,
critical flow at the end of a converging nozzle
enabl es you to go froma stagnation condition to a
state of mach equals one for whatever kind of fluid
you' re usi ng.

And, in fact, that can happen anywhere,
can't it? In a pipe where you take the [ ocal
stagnati on pressure, which may have experienced a | ot

of friction |l oss along the way and come up with a nmach
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of one, and how RELAP may do it -- | know how Shapiro
does it. He integrates over a pipe with friction
setting as a boundary condi tion the mach equal s one at
the exit and then determ ning what |length pipe is
going to take you from stagnation state to that
condi ti on.

DR WALLIS: But he's very lucky in that
the mach one is also inherent in the equations he's
using. So he's goingtofindit one way or the other.

Here we' ve got t he equati ons t hat are used
not being consistent with the nach one Ransom Trapp
nodel .

DR. RANSOM You've got pressure --

DR WALLI S: O it could be the Mdod
nodel , for instance. Any node

DR RANSOM Any nodel .

DR. WALLIS: Any nodel which is not S-
RELAPS.

(Laughter.)

DR.  MOCDY: But you do have pressure
velocity, and density varying along the pipe by
friction, and at some point your pressure, velocity,
and density are going to reach a state where the sound
speed which is a function of pressure and density wi ||

mat ch the velocity.
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DR. WALLIS: Then it predicts that PDZ is

infinite, and you can't get any further.

DR MOODY: Ckay. That's a standing
pressure --

DR WALLIS: | think we're concerned that
S- RELAP5 mi ght predict DPDZ as infinite in a way which
is inconsistent with Ransom Trapp, and whi ch one do
you pick. Isn't that part of the probl embeing rai sed
her e?

DR MOODY: Excuse ne?

(Laughter.)

DR. MOODY: | didn't follow your --

DR, WALLIS: On.

DR. MOODY: Well, | think your concern was
real, and just piecing together sone of the things
t hat have been said, it sounds to ne |ike you' re not
assum ng i sentropi c (phonetic) flowthroughtheentire
pi pe.

DR, WALLI'S: No, no.

DR. MOODY: That's the condition for sound
speed, is DPD rho or constant entropy, right?

DR. WALLIS: Right, at local condition.

DR. MOODY: But that | ocal condition means
the local entropy, which may have been really

butchered up by friction all the way down the pipe.
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MR. SCHROCK: Yeah. Well, your rationale

is, to answer my own question, that they used the
Ransom Trapp nodel only as a characterization of
choki ng based on | ocal conditions.

DR CHOW That's right. That's right.

MR. SCHROCK: And then the code has to
cal cul ate the approach to that. | think there's sone
difficulties in the nunerical work which is done in
approaching the critical point.

DR. CHOWN | think your question probably
is that when you do that, you have a |l ong pipe, very
| ong pi pe, and you nmay have a choking point, whichis
actually before the choke --

MR. SCHROCK: Well, you have a very | ong
node just upstreamof the | ocation where the gradi ent
is extrenely strong, and so how you can establish any
degree of accuracy in that conputation is a problem

DR. CHOW Yeah, we don't have a very,
very | ong node, and basically you have a few hundred
feet, you know, to adhere --

MR, SCHROCK: Are you di sagreei ng, G ahan?

DR. WALLIS: | just think they can't have
a |l ong node. They nust have some fine nodi ng near the
critical --

MR. SCHROCK: No, they don't.
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DR WALLIS: They don't?

MR SCHROCK: They don't.

Well, what is your noding in the
assessnent cal cul ations? On Marviken | think you' ve
got about three nodes in the discharge pipe.

MR,  SCHROCK: If you plot the pressure
profile --

DR. CHOW -- about five, | think, five or
si x nodes under di scharge pipe.

MR SCHROCK:  You think what?

DR. CHOW Yeah, the Marviken is actually
choking in the throat, in the nozzle, not in the
di scharge pi pe. They have a very | ong di scharge pi pe,
and choking i s not happening on the discharge pipe.

MR, SCHROCK: Well, | think you need to
show t he Marvi ken geonetry again if you're going to
tal k about a throat. It goes into a section whichis
straight, and then it goes into a section which is
smal | constriction, very small constriction, and then
it has a section of divergence; is that correct?

DR CHOW The vessel --

MR. SCHROCK: And the variations are al
very gentl e.

DR CHOW Yeah.

MR.  SCHROCK: Very little change, very
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little change, not very different from a straight
pi pe.

DR. CHOWN That's right, yeah, and in
this case --

MR.  SCHROCK: And if it's not very
different froma straight pipe, thenit does nean that
you're cal culating on the | ast node upstream of the
point of choking over a very wde range of
t hernodynam c conditions, a very wde range of
t her nrodynam ¢ conditions, and you're not going to
capture the condition at the m ninmumarea point with
very satisfactory accuracy.

DR CHOW Vell, it nmeans that the
choki ng, where there is actual choke in the nozzleis
-- that's what internms of that we don't know where is
actual choke in the -- we just basically say that
apply the choking criteria at another pipe. Sothat's
what, and so we did calculate fromthe base to the
di scharge pipe to the nozzle. These all -- everything
is calculate at that, and you are tal ki ng about maybe
t he choking will occur in sone other place other than
t he nozzle, but | don't think that's --

MR. SCHROCK: | don't think | said that.
| haven't tal ked about choki ng occurring at sone pl ace

ot her than a nozzle. What |'msaying is that Marviken
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geonetry has very Ilittle area change from the
beginning to the outlet. GCkay?

DR. CHOWN That's not -- the vessel is
quite big. Then the discharging pipe, soin therm
that is not really true. You have a big vessel, then
you have a discharging pipe. Then the discharging
pi pe and not the nozzle is about the same, but from
t he base to t he di schargi ng pi peis probably different
ar ea.

MR. SCHROCK: COkay. | think we're getting
nowhere with this one.

DR, WALLI S: Yeah, |'m puzzled, too,
because it nentions the Ransom Trapp nodel and then
there's sone kind of another enpirical criterion in
this equation 520, and then there's sonething about
settingthe apparent mass coefficient toinfinity, and
then there's the honbgeneous equilibrium node
i nvoked.

These are all different nodels for
choki ng.

MR. CARLSON:. Right. It's --

DR. WALLIS: |I'm not sure which one is
bei ng used.

MR. CARLSON: Well, we should have put in

t he questions and then the response would be --
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WALLI'S: That's right.

CARLSON: Yes.

WALLIS: A bit clearer there.

2 3 3 3

CARLSON: So | guess the special case
for subcool ed upstreamstagnati on states i s treated by
our methods developed by Abdaf, Jones and W
(phonetic) for fl owconvergi ng nozzles. Inthis case,
flashing inception is thought to occur at the throat
and pressure bel ow the saturation pressure.

Pressure is predicated by a critical
correlation by Al angi r and Li enhard, and nodi fications
due to Jones. The S-RELAPS docunentation is unclear.

Question A, how does Jones define A in
equati on 5227

Well, of course, | don't have --

MR. SCHROCK: I n S-RELAPS it appears to
depend upon nodi ng choi ce.

MR CARLSON: Right.

MR. SCHROCK: It's part of the question
actual ly.

MR. CARLSON: | can't see. | can't read
this.

Let's see. Theliquidfluidat the throat
is calculated as 524, and | think --

MR, SCHROCK: If you keep going down --
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MR. CARLSON:. Yeah, yeah. \What you're

referring to is the A Jones supply.

MR SCHROCK: That's right.

MR. CARLSON: Ckay. And | think Jones
describes it as the upstreamfl ow area, and we set it
to the volune flow area, what we refer to as the
volume flow area that's at the center of the vol unme
| engt h.

DR. WALLIS: It's at the center of the
vol une | engt h?

MR. CARLSON: Well, it's thecenter. It's
the -- the area i s constant throughout the volunme, and
so whatever you define to be the volune flow area
is --

MR. SCHROCK: When you say Jones defined
it as the upstreamflowarea, with reference to what?
The experinment of Al angir and Lienhard?

MR. CARLSON: | believe it was to the
throat. | believe it was to the throat.

DR WALLIS: Well, there's an At over --

MR.  SCHROCK: The throat is in the
nunerator, At divided by A

MR. CARLSON: Right. And so --

MR. SCHROCK: See, Alangir and Lienhard

did this in a straight pipe and used an expl osive
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charge to blow the end off a straight pipe very
rapidly so that they would get a very high rate of
deconpr essi on.

So | | ooked at your nunerical work, and
then | | ooked back at this equation, and | couldn't
under stand how you match what you're doing in your
nunerical work with what Jones had here.

And then it raised the questionin my mnd
what did Jones nmean by A He's got an At, which
presumably nmeans throat, and then there's an A

MR. CARLSON: Vll, | believe Jones
defined A as the upstreamflow of --

MR. SCHROCK: Upstreamin what geonetry?

MR. CARLSON: In ternms of a converging or

the -- well, he assunes a conver gi ng/ di ver gi ng nozzl e,
and so the area at the -- the unscripted areais said
to be the -- the interest area.

MR. SCHROCK: So you're tal king about the
interpretation that Jones described this in terns of
the geonetry of the Brookhaven experinents in
convergent/di vergent nozzles, whichis different from
Al amgi r and Li enhard.

DR WALLIS: But if | have a small --

MR CARLSON: | wasn't aware of that.

DR. WALLIS: -- break in a big pipe, |I've

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

620

got a 30 inch pipe and I've got atwo inch holeinit.
Is At two inches and A 30 inches?

MR, CARLSON:  Yes.

DR. WALLIS: That's a huge area change.

MR, CARLSON: Is that right? |Is that
right?

PARTI Cl PANT:  Yes.

MR. SCHROCK: Well, if you use the |arge
break guillotine break of cold leg, for exanple
you're going to have no change in the area.

MR. CARLSON: That's right.

DR WALLIS: So that's one.

MR SCHROCK: So that term essentially
washes out.

DR WALLIS: It's one. At over Ais one.

MR, CARLSON: |s one.

MR SCHROCK: It's one.

MR, CARLSON:. Well, in the large break
LOCA there's a break spectrumthat is run, and this
woul d vary fromone to --

MR SCHROCK: But when | |ook at your
nunerical solution, | conclude that what you' re goi ng
to substituteinthere, ingeneral, is goingto depend
upon the nodi ng choice --

MR. CARLSON: That's right.
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MR. SCHROCK: -- that you've nade for the

application to your critical flow problem

MR CARLSON: That's right.

MR SCHROCK: And so how does that rel ate
to what Jones did, and howis it justified?

MR. CARLSON: Well, if | was nore fam li ar
wi th what Jones did. Dr. Chow, would you help ne
address this, please?

DR CHOW | think the A is actually
upstream of the nozzle area. So basically the Ais
the other requirenment to the RELAP5, the 480 and
upstream you know, nozzle, and the At is the area of
nozzle, |owest area of nozzle.

MR. SCHROCK: Well, since you' ve thought
that it's related to Jones' experiments in convergent
and divergent nozzles, it would seem that upstream
area is essentially undefined.

DR. CHON One, seventy-five is the area
of the upstreamflowarea. Wiy is it undefined? It's
just the wupstream of the nozzle. Basically --
basically, in the additive, that's the area that --
because area of the nozzle, that's basically --

MR CARLSON: Well, | assunme that Jones
wote the area as a small distance upstream of the

throat as maybe an entrance effect or an entrance

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

622

ar ea.

MR, SCHROCK: A smal | distance upstreamof
the throat either putsit in the convergent part of it
or upstream of the --

MR. CARLSON: Upstream of the converging
section woul d be the entrance to the nozzle. | think
there was a termthat | thought he was | ooking for,
that VADX, which is in 5.23, and he was expecting a
certain range where this was the area change wth
respect to distance fromthe entrance or the throat
entrance to actually what the throat area was, but
anyway, | think that was --

DR. WALLIS: This depressurization rate
| ooks a bit odd, too.

MR. CARLSON: Thisis the depressurization
rate, yes.

DR. WALLIS: this is the rate at which a
given piece of fluid is changing its pressure as it
flows through the nozzle. It's not the rate at which
the systemis depressurizing. You're looking at a
pi ece of fluid and saying, "Howrapidly is it changing
its pressure?”

MR. CARLSON: Right.

MR  SCHROCK: O how rapidly the

under shoot . | ' msure that's what --
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DR. WALLIS: This is an approxi mation for

MR, CARLSON:  Yes.

DR. WALLIS: Well, where do we go from
her e?

MR. SCHROCK: | guess nove on to the next
guesti on.

DR WALLIS: What's the next question?

MR. CARLSON: All right. Question A that
was S- RELAPS appears to begin on a noding choice,
Pl ease expl ain equation 5.23. Wy does the text say
this is the wuse of Pascals per second rather than
units required in the Alangir and Lienhard
correl ati on?

Note that no units are specified intermns
on the right-hand side of the equation of 5.23
Pl ease show that S-RELAP5 uses consistent units.

| think this was the termthat you had in
question, and it's the units of Pascals per second,
and this is just, you know, it was converted in --

DR WALLIS: Is that what Jones said it
shoul d be, Pascals per second?

MR, SCHROCK: It's not Jones' choice.
It's Alangir and Lienhard.

DR, WALLI S: Well, they have a funny
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equati on.

MR. SCHROCK: They have a dinensional
relationship, and it requires specific units.

MR, CARLSON:  Yes.

MR SCHROCK: And those units were not
Pascal s per second.

MR. CARLSON: They were sone of that nega
at nospheres per second.

MR SCHROCK: Right.

MR, CARLSON: And | think that was
converted to Pascal s per second to use fromthe code.

MR, SCHROCK: Wel |, that's very dangerous.
| don't know that you've used it consistently then
because, as | just said, the Al angir/Lienhard
correlation is not dinensionless. It's a di nensional
rel ationship, and it requires those specific units,
not any others, nega Pascal s per second.

MR. CARLSON: Mega Pascals. On, okay.

MR. SCHROCK: So | suspect then that you
do not use consistent units.

DR, WALLIS: Well, mega Pascal s per second
isamlliontinmes Pascal per second. Have you got an
error of a mllion?

MR. SCHROCK: Mega at nospher es per second.

MR. CARLSON: Mega at nospher es.
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MR. SCHROCK: Even nore than a mllion.

MR CARLSON: Well, yeah.

MR SCHROCK: Yeah.

MR. CARLSON:. Well, actually that's a nega
times -- well, the internal units of Pascal

MR, SCHROCK: Ch, cone on. You can't play
fast and | oose with --

MR CARLSON: |'mnot trying to.

MR, SCHROCK: Are your units consistent in
t he code?

MR. CARLSON: And the answer is yes.

VMR, O DELL: | think -- I think --

MR, SCHROCK: Not if you've used in that
equati on Pascal s per second.

MR, O DELL: No, | think what the
st at enent neans about proper unit conversi on has done
inthe coding, basically it has converted to the nmega
at nospheres  per second where they've got the --
unfortunately on the previous slide shows that that
term-- acknow edges that termwas i n mega at nospheres
per second, and the statenment there on the viewgraph
is that the proper unit conversion is done in the
codi ng.

And | think if you go back to our code

verification where we went through that, that was one
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of the things that was being checked in the code
verification process, was to make sure that we were
using these things in the proper --

DR. WALLIS: So you had to |look at the
coding and see if there's a suitable factor in there.

VMR, O DELL: Ri ght .

DR. WALLIS: Wth a nega at nosphere, it's
ten to the 11th Pascal ? You get a factor of ten to
the 11th? Sonmet hi ng.

MR. CARLSON: Everything in the code is
converted to Pascal s.

DR. WALLIS: So someone has | ooked at the
actual lines in the code and found that there is
conversion of units in there sonewhere?

MR O DELL: Yes, in the verification
process we went through the actual coding on these
nodel s to make sure that in fact we're using them
properly.

DR, WALLI S: That's the difficulty the
reader has. The reader reads the docunentation and
sees sone units there and what's actually encoded
m ght be sonet hing el se, but he has no way of checking
that without |ooking at the source code.

MR. CARLSON: That's true.

MR. O DELL: That's true.
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DR. WALLI S: And this is true of many

correl ati ons. Many heat transfer correlations are
witten in weird units, and you have to convert them
to your code units hopefully.

MR CARLSON: Well, we --

MR. SCHROCK: So the answer is that you' ve

checked it and you assure us that the units are

correct.

MR,  CARLSON: | personally have not
checked it, but other -- it has been checked.

MR. O DELL: It's been checked in the

code verification process.

MR, SCHROCK: Ckay.

DR WALLIS: Can we nove on then?

MR SCHROCK: Yeah.

MR. CARLSON: Let's see. Equation 5.25
and 5.26. This factor depends on the systemgeonetry
and nodi ng choice. Explain the basis for these
equati ons, the background and reasons for arbitrary
choi ces, 5.26 and 5. 27.

Five, twenty-six and --

DR. WALLIS: It would really help if we
had Section 5. 1| don't know how nuch progress we can
make wi t hout knowing to what use this is put.

MR. CARLSON:. Section 5, equationb5. 26, is
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-- well, Section 5.25, | don't happen to have that.

MR SCHROCK: 1t's usedinthe calculation
of sigma.

MR CARLSON: Ch, there it is.

MR SCHROCK: O Alangir and Lienhard's
correl ation.

DR. WALLIS: ©Ch, it's used, okay, in the
si gma.

MR CARLSON: Yeah, all right.

DR. WALLIS: Is this what Lienhard told
you to do or did you just nake an assunption? This is
your assunption that seened reasonable. |s that what
it is?

MR, CARLSON:  Yes.

DR WALLI S: It may be okay. | can't
really tell w thout |ooking at data or sonmething to
see if it works.

MR. O DELL: And in fact, you know, in
the process of going through the Mrviken test, |
nmean, we have gone through the Marviken test wth
t hese nodel s and determ ned, you know, a bias, which
was one as | recall, and | don't recall what the
uncertainty was, but in the application of these, we
have done conpari sons, you know, to the Marvi ken tests

to determne the bias and uncertainty for the flow
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MR SCHROCK: Well, there is in the

net hodol ogy a need to determ ne the depressurization
rate in the experinent, and to do that you use an
equati on whi ch appears to depend upon t he nodi ng, and
so presumably you' d get a different depressurization
rate if you used a different noding. |If you used a
di fferent depressurizationrate, thecriterionfor the
onset of flashing would be changed.

Soit all comes out inthe assessnent, but
there are too many things involved in the assessnent.
To begin with, the Mrvi ken experiment itself has a
conmplicationthat thereis flashingwthinthe vessel,
and you know only what RELAP tells you about what the
void fraction is entering the flow channel.

MR CARLSON: Right.

MR, SCHROCK: Ckay, and that's determ ned
by RELAP. It's not determ ned by experinent.

MR CARLSON: Right.

MR SCHROCK: You have no independent
check on that. So there's an uncertainty there.

Then you need thi s depressuri zationrate,
which is -- well, I"'msorry I"'mmxing that with the
| ater probl em of saturated bl ondown.

MR, CARLSON:  Yes.

DR. CHOWN This is Huei m ng Chow.
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| think that in ternms of R-BEACON they

don't -- they really have neasurenent of the pressure
and the tenperature at the di scharge, at just in front
of the pipe. So you cannot say we don't have any
informati on about the step in front of the nozzle.
They have menti oned.

So i n our cal cul ati on, we have to conpare
the tenperature and the pressure in the form of
nozzle. So we did have data on that. So basically it
sai d we have to continue cal cul ation fromthe base to
the -- before the nozzle that stays about the sanme as
t he experinent. So they did have nmeasurenent data in
there. So it's no say they don't have neasurenent
dat a.

And t hey used t he sane ki nd of equationin
t he exact extent. | mean, this equation basically the
Moni ca (phonetic) approach nmenti oned. The only t hing,
the only choice that you have, you have the vol une
area; you have junction area. That's only choice.
You define it in the code to get the approachnent.
What's that? The area changi ng nature.

So this is an approach nenti oned, and how
good is that conpared to the experinent data?

That's all | can say.

MR, SCHROCK: Ckay. Wuld you go ahead?
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MR. CARLSON: Moving on --

DR. WALLIS: Are you going to answer all
of the questions that Dr. Schrock has here?

MR. CARLSON: If Dr. Schrock wants me to.
There's a whol e string of them

DR WALLIS: Well, I'mnot sure we have
time to do that. | think all we're going here is
establishing your credibility. Maybe we should | ook
at the questions which are nost relevant for
establishing credibility of your approach rather than
everyt hi ng. I think nost of us are going to be
completely lost with all of these wi thout seei ng what
t he equations actually are.

Vel |, howabout sonethinglikethis, using
HEM whi ch nysteriously obtained fromchoke but then
applied to slip equilibriumcalcul ations?

MR. CARLSON: Pardon ne?

DR. WALLIS: Wi ch one of these questions
do you think we ought to focus on in order to get an
idea as to whether these fol ks know what they're
doing? Do we need to go through every one of thenf

MR, CARLSON: No.

DR. WALLIS: Should we require a witten
reply or somnething or what?

VR CARLSON: In the --
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MR SCHROCK: Let's take the one in the

m ddl e of the second page. Equation 5.28 is said to
be obtained from equation 2.85 wth gravity and
friction omtted, and this is said to be done for
clarity and the derivationto follow, but the omtted
terms "friction" and "gravity" are in the code.

Nothing is said here about -- it's ny
parenthetic note that nothing is said about the
flashing term which is also commtted in that
equati on.

DR WALLIS: And what is equation 5.28
representing?

MR. CARLSON: Five, twenty-eight, that is
the sinplified steady state.

MR, SCHROCK: Five, twenty-eight is a
sinplified nmomentum equati on.

DR WALLIS: Ch, dear.

(Laughter.)

MR. CARLSON: Yeah, that's what | thought
when | first saw that.

MR.  SCHROCK: Sinplified steady state
nonment um equat i on.

DR. BANERJEE: Bernoulli's question would
al so be choki ng.

MR. CARLSON. Right, and --
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MR. SCHROCK: No phase change accounted

for.

MR. CARLSON. Well, the phase change is
accounted for, woul d probably be -- well, is accounted
for in the void fraction.

MR. SCHROCK: | don't know. |'m]l ooking
at equation 5.28, which is on page 5-14 --

MR CARLSON: Right.

SCHROCK: -- of Rev. 4.

CARLSON:  Right.

2 3 3

SCHROCK: It has none of these |ast
three terns.

MR. CARLSON: That's right, and t hese were
just added to conplete, to satisfy your question that
coul d have been in --

MR.  SCHROCK: My question is about the
equation 5.28 that's in the report.

MR, CARLSON:  Yes.

MR. SCHROCK: Not the equation that's on
t he board.

MR. CARLSON: Right, about the flashing
term and |I'm assum ng, you know, when you say that
the flashing termis not in the 5.28, | believe --

MR SCHROCK: Let ne read the conplete

questi on.
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MR CARLSON: Sinplify --

MR. SCHROCK: Equation 5.28 is said to be
obtai ned fromequation 2. 85 with gravity and friction
omtted, and this is said to be done for clarity and
the derivation to follow, but the omtted terns,
"friction" and "gravity," are in the code.

So it's saying that the code contains
sonething that's not in this equation. Thi s
sinplified formis used to establish suitabl e average
val ues of rho-al pha products used in the numerical
i ntegration.

MR CARLSON: Right.

MR. SCHROCK: Ckay. Please explain how
this works when friction and flashing are included.

MR CARLSON: Expl ai ni ng how - -

MR. SCHROCK: You go through this strange
gyration --

MR. CARLSON: This is the questionthat's
in the code. | mean that's, | think, what part of
your question was.

DR. WALLIS: Soit doesn't have a fl ashi ng
ternf

MR  CARLSON: But it doesn't have a
flashing termon it. GCkay? And what | assuned you

nmean by flashing is that you' re tal ki ng about a mass

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

635

transfer term

DR, WALLIS: It's gamma, G VF1, SVGterm
which is in 2. 85.

MR CARLSON: Right.

DR WALLIS: Except that in choking that
change of phase is inportant.

MR.  CARLSON: And when it's equal
velocity, that particular termis not there.

DR. WALLI S: If it's honpbgeneous
equi i briunf

MR. CARLSON: Yeah, for a honbgeneous fl ow
or honogeneous equilibrium

MR. SCHROCK: Well, wait a mnute. In
honbgeneous equi li briumnodel, flashing occurs, nmass
transfer.

DR. BANERJEE: The flashing termis very
i mportant.

MR,  CARLSON: | have a hard tinme -- |
don't understand what you nmean by the flashing term

DR BANERJEE: Gamme.

MR. CARLSON: Gamma? Gamma in the
nonent umequati on i s basically the mass generated, the
mass generation rate, and it's applied as a nass
transfer due to or nonentumdue to mass transfer, and

it wasn't applied in this assunption or in this
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equati on because we're assum ng equal velocity. So
t her e woul d be no nonment umtransfer between t he phases
if there was flashing, that is, condensation or
evapor ati on.

MR, SCHROCK: Well, equal velocity sinply
means that the Iiquid and vapor are novi ng at the sane
speed.

MR. CARLSON: That's right.

MR. SCHROCK: But both of their speeds are
changi ng, and one of the contributing factorstotheir
changi ng speed is the fact that sone of the |iquid may
be evaporating or in the high quality region may be
condensi ng.

MR. CARLSON: Yes, but we -- but that
flashing term like | say, well, it was not applied.
It was assuned that it wasn't needed for equal
vel ocity.

MR, SCHROCK: Well, you've gone through
sone strange things to establish what you regard as

sui t abl e average val ues of the product of al pha tines

rho --
MR CARLSON: Yes.
MR. SCHROCK: -- in the |ast half node --
MR, CARLSON:  Yes.
MR. SCHROCK: -- upstream of the point
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of --

MR CARLSON: Right.

DR WALLIS: The al pha-rho?

MR. SCHROCK: What |'ve asked you to do
here is to explain how this works. What is the

significance of those average val ues? Wy are they
going to serve adequately when, in fact, you have

friction and you have flashing involved in the

process?

Friction and gravity.

MR. CARLSON: Is this -- I'mnot sure what
terms you're referring to. | think you're referring

to the adjustnents to density fromthe center to the
t hr oat .

DR. BANERJEE: | think it's sinpler than
t hat .

MR.  SCHROCK: | guess you need to read
your own report because what you've done in this
report is to develop a rationale for how you wll
choose average val ues --

MR, CARLSON:  Yes.

MR. SCHROCK: -- for integration purposes
of the product of rho times al pha. GCkay? And to do
that, you've used only a part of the problem You

haven't used t he whol e problem M question then can
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be restated as: why do those average val ues serve
adequately when the entire problem is considered
rather than a part of the problenf?

DR. WALLIS: I'mnot sure that --

MR.  SCHROCK: I"'mtrying to figure out
what you're saying in this docunent, and | can't. |
can't understand what it's doing.

MR. CARLSON. Dr. Chow, can you get --

DR. CHON | think these just nonentum
equations. These exactly the nonmentum equation and
t he sum nonent um equati on, except that for the nass
transfer termis not there. But these, they will be
just quasi-steady state integral from the boring
center to the junction.

MR, SCHROCK: Ckay.

DR. CHOWN Yeah, you can't use the -- in
order to get a LOCA condition, you have to determ ne
the state, equation or state of the junction. Okay?
And it is just a steady state integration fromthe
boring center to the junction.

And during this integral part, | nean, we
al ways assuned t hat vapori zati on occurs at the end of
i ntegration, not in between integration, and even in
our vol une center, the vaporizationis associatedw th

vol une center. W never say that when doing all of
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this integration of mass difference. W never say
that in the past we have a vaporization. W say at
this end of the vaporization, we have so nuch
vapori zation, at the other end so nmuch vapori zati on.

So just around the past we don't consi der
t he vaporization. That's all it says.

MR. CARLSON: But you'rereally just doing
the integration from the south center just to the
t hr oat .

DR CHOW To the throat.

MR. CARLSON. And this is the repl acenent
of the nomentum equation; is that correct?

DR. CHOW Yeah, yeah.

MR, CARLSON:  Yes.

DR. CHOWN  Because that RELAP5 doesn't
solve the equation of state at the junction, and
that's why these state i s needed.

MR,  CARLSON: This is, again, that
linearization or that integration. If you get a
better property for alpha, rho at the throat --

DR. CHOW Yeah, at the throat, yeah,
that's it, and --

MR. CARLSON: What we found was that when
we | ooked or conpare RELAP5 to, say, honpbgeneous

equi |l i briumtabl e val ues generated fromRELAP4 t hat we
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had maybe not quite the correct nmass flow that, say,
RELAP4 woul d predict for HEM So we included a
correction term for the densities so that we get
exactly what HEM specifies under stagnation
condi tions.

We assune that there's no change in state
or fromthe center to the throat. W only assune t hat
t here was a change in pressure going fromthe center,
cell center pressure to the throat pressure, and it
turns out and we assume there's no slip in that
assunption or the slip didn't change, and that
assunpti on was not necessarily sufficient. So we had
to go in and make an adjustnment to how the density
changes fromthe center to the throat.

DR. CHOW | see your question about
friction is explained in the next one, in the
integration fromthe volume center to the floor, the
al pha | ower factor.

PARTI Cl PANT:  No, no, no.

DR. CHOWN On approachment by the vol une
center value. Ckay?

So basically the al pha and the DFif daily
use of vol une center val ue, and because we can see t he
friction, this is very short distance. So the

frictionandthe gravitational force, the contribution
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very small. The nomentumcontribution is nmuch, mnuch
nore dom nant.

So that's why the different approach
mentioned used for the friction terns.

DR. WALLI'S: So you're | ooki ng at the note
just beside the choking point where gravity and
friction really don't play nuch of a role?

DR. CHOWN Yeah, we just --

DR. WALLI S: You're just accelerating
everyt hi ng?

DR. CHOWN Yeah, we just only half cell,
only half cell, because we don't have any junction
property. That's why we have to do this half cel
i ntegration

DR. MOODY: Maybe |'mnot necessarily for
havi ng any confusion, but | just wondered in the |line
bel ow t he equati on you say, well, certainly when you
add the two equations, the mass transfer term the
nmonment umtransfer fromvapori zati on cancels. Then you
say the termis not present due to the assunption of
equal velocity.

| think that termcancel s anyway, doesn't
it? And yet you've got two velocities in that
equation. I'ma little confused. Wy are they not

reduced to one value like V? If they're equal, is it
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necessary to keep them separate |ike that?

MR. CARLSON: Not really. W thought for
clarity possibly.

DR MOODY: Ckay. Then you could
essentially factor out the D by DX or V squared from
the | eft-hand side.

DR WALLI S: So you're assum ng these
velocities are equal ?

MR. CARLSON: Well, this is for the HEM
critical flow W would |leave the two velocities
there if we were going to do two phase critical flow

DR. MOODY: O HEM? If it's honbgeneous,
they are both traveling at the sane velocity.

MR. CARLSON: Right, but the same coding
i s used for another nodel option, that is, to not use
a --

DR. MOODY: Ckay. That's just the way the
code woul d change.

MR. CARLSON: That's just the way t he code
wor ks. We shoul d have factored it out because they're
equal .

DR, MOODY: | just want to be sure |
under st and what you' ve got, and so, yeah, they are the
same val ue velocity in the HEM nodel on both sides of

the equation. Vf is equal to Vg.
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MR. CARLSON: Yes.

DR MOODY: kay. Thank you.

DR WALLIS: Well, Virgil, what did you
want to do? Should we -- |I'm wondering how | ong we
should spend on these questions, if it would be
fruitful in our responses.

MR. SCHROCK: | think the docunentationis
extrenely unclear about that is done and how it's
justified.

DR WALLI S: So it's a big like the
nonent um story.

MR. SCHROCK: The questions that | raised
coul d have been answered i n a nore reasonabl e way, and
| don't think we're getting at --

MR. CARLSON: | apol ogi ze.

MR SCHROCK: -- reasonable answers tothe
guestions. So --

DR WALLIS: Shall we drop the --

MR, SCHROCK: I'mwillingtoleaveit that
' mnot satisfied wth that section.

DR, WALLI S: Al right. We drop the
critical flow thing. | would like to get to the
statistical matters, but | do think we should have a
break before we do that.

Can we take a break until quarter till
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six, if everyone can stay for the statistical
resolution, which | notice doesn't have nany
transparenci es, but may still require sone di scussi on?

What is | think very interesting and

before we get to that is | thought that you had a very
i nteresting graph of PCT versus percent oxidation,
whi ch showed they were very closely correl ated. That
was a useful piece of information for me. | don't
knowif you' re going to showthat in the presentation,
but if we can find it in the break, that would be
useful, 1 think.

Let's cone back at quarter to six.

(Wher eupon, the foregoing matter went off

the record at 5:36 p.m and went back on

the record at 5:47 p.m)

DR WALLI'S: Let's cone back i nto session.

MR. O DELL: Okay. What | would talk
about qui ckly here was basically the statistical issue
t hat canme up during the review of the nmethodol ogy and
what the ultimate resolution of that issue was.

The issue canme up during the review was
that the NRC request, report to PCT maxi mum nodal
oxidation and the total oxidation as a joint
probability statenent.

In the original proposed realistic |arge
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break LOCA net hodol ogy, we reported an i ndi vi dual 95-
95 val ue for each of the criteria; PCT, maxi numnoda
oxi dation and total oxidation, and we never nade any
kind of a joint probability statement with respect to
the three criteria.

DR. WALLIS: Now, can | get clear what
you're saying here? In order to satisfy these three
criteria, you need to have enough code runs so that
you can get 95-95 value for all three. That's what's
nmeant by joint probability, not just --

VMR, O DELL: Ri ght .

DR. WALLIS: -- how many do you need to
get either one or the other or the other. | mean, you
need 59 nmaybe to get PCT if that's all you care about,
and you need 59 to get total oxidation if that's al
you care about.

But if you want to get both of themwth
this 95 percent certainty, then you mght need a
di fferent nunber of runs.

MR, O DELL: Exactly.

DR. WALLIS: That's what you nmean by this
joint probability question.

MR. O DELL: Right. The resolution of
this is based on Regulatory @uide 1.157, which

i ndicates that the revised Paragraph 50.46(a)(1)(i)
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requires that it be shown wi th a high probability that
none of the criteria of Paragraph 50.46 wll be
exceeded and is not limted to the peak cladding
tenperature criterion.

However, since the other criteria are
strongly dependent on peak cladding tenperature
explicit consideration of the probability exceeding
the other criteria may not be required if it can be
denonstrat ed that neeting the temperature criterion at
the 95 percent probability Jlevel insures with an
equal or greater probability that the other criteria
wi Il not be exceeded.

So this basically allows youtoreport the
95- 95 PCT and t he associ at ed oxi dati on wi th that 95-95
PCT case.

DR. WALLIS: This is very different from
requiring you to have this 95 percent probability
level withall three of the criteria, which this seens
to give you a way out if you can show getting the PCT
wi th 95 percent probability and assures that the ot her
criteria will be net with greater probability.

MR, O DELL: Ri ght .

DR WALLI S: In which case you have to
| ook at how these different criteria are correl ated.

MR. CARLSON: Exactly. And you know, we
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did that, and unfortunately I don't have the slides
for that particul ar one, but what has been agreed is
t hat we woul d change our met hodol ogy t o anmend pr oposed
nmet hodol ogy to only report the 95-95 PCT case and its
associ ated maxi num total oxidation and total
oxi dat i on.

DR. KRESS: Now, howwi || you denonstrate
though that that neets the criteria of the high
probability to neet the other two?

MR. O DELL: Well, we've gone t hrough and
| ooked at a series of cases, includingthethreeloop,
four |oop, and then we | ook the three | oop case and
ran the power up inthe three loop casetodriveit to
a PCT of around 2,200. So we have a series of cases,
and what | do have in the way of sone back-up figures,
this shows -- and unfortunately this one doesn't have
the high tenperature ones. W ran sone up to where
they're a little over 2,200.

But what we were trying to showin this
particular slideisthisisthefrequency distribution
that we got on PCT fromour cases that we ran. Okay?
And if you |l ook at --

DR. RANSOM How rmany i ndependent
variables went into this, | nean, that you varied

statistically?
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MR. O DELL: | think there's 39 roughly,

somet hi ng; sonmewhere around 35 to 40.

DR. RANSOM Are they listed somewhere
where a list of all the ones and their associ ated
frequency distribution that you use?

MR O DELL: That's provided in the
sanpl e problemon the four |loop in EM-2103.

DR. RANSOM And that's in the
docunent ation that we have?

MR O DELL: Yes.

DR. RANSOM  Which volunme is that?

MR. BCEHNERT: Larry, | notice that stuff
islabeledproprietary. | assunme we're tal king around
t he nunbers because we are i n open session, and | just
wanted to rem nd everyone of that.

MR. O DELL: But, anyway, what this was
showing is the distribution of PCIs fromthe cases,
and indicating, you know, we're up in the high
tenperature range there, approaching the 2, 200.

And then if you look at that in
conjunction -- and | guess that one was the three | oop
PCT, and here's four | oop PCT case --

DR KRESS: Are all of these with 59 runs?

MR. O DELL: Yes, these cases are for

actually the sanple problens that we've provided in
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the docunentation, and it shows, again, the
tenperature distribution for the PCT versus the
frequency of the calculation in the 59 cases.

DR. RANSOM How many cal cul ati ons were
made to establish that?

MR O DELL: The 59 cal cul ati ons.

DR. RANSOM Fifty-nine. So that canme out
of the 59 cal cul ations?

VR, O DELL: right.

DR WALLIS: And the 59 is an assurance
that you've actually captured the 95th percentile.

VR, O DELL: Ri ght .

DR WALLI S: Just looking at that, it
| ooks as if you're sort of in the 95th percentile,
just sketching out a probable distribution roughly.

VMR, O DELL: Ri ght .

DR WALLI S: But there could be sone
values in the tail up to 1850 or whatever presumably.

MR. O DELL: Right. | nean, 95-95 is a
five percent probability that you --

DR. RANSOM Wl |, in your net hodol ogy, do
you have a way of tracing back what paraneters were
nost i nfluential and the change, | nean, in causing --

MR. O DELL: Yeah. W go through and

produce scatter plots. Gkay? And one of the points
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in some of those scatter plots is if you |look at the
scatter plot, you can see the ones that actually show
a trend, and then the ones that don't show a trend.

The ones where you can physically see a
trend within those scatter plots are the dom nant,
i nportant paraneter, and --

DR RANSOM VWhat were those dom nant
paraneters in the | arge break LOCA?

MR O DELL: Wll, the break size is
important. The heat transfer is one of the inportant
paranet ers.

DR. RANSOM Heat transfer and --

MR. O DELL: Heat powers and axi al shapes
bei ng used, particularly the axial shape.

MR. SCHROCK: One of the requirenents is
that you find what is the worst break size, and so
once you have found what you think is the worst break
size, then shouldn't this statistical eval uation hold
that fixed and look at all of the other variations
i nstead?

MR, O DELL: the way we've treated the
break sizes, we've treated this statistically. Ckay?
We go through and we randomy vary the break size
t hr oughout the --

MR. SCHROCK: Yeah, but my point is that
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that seenms to be inconsistent with the Appendix K
requi renent that you study a spectrumof break sizes
and determ ne the worst case, and so you're sort of
m xi ng the spectrumof break sizes with the statistics
of the code prediction for a given break size based on
ot her variations.

MR. O DELL: Right, and | understand in
t he Appendi x K the way that they've handl ed t he break
spectrumissue is that they do, in fact, run a set of
break sizes in determning the limting break. Okay?
They report that then as basically your limting break
PCT, but they're running all of the cal cul ati ons on
all of the break sizes in a determnistic fashion to
find that. So once you find the limted break in an
Appendi x K anal ysi s, you basically have the limting
cal cul ati on.

In the statistical analysis, we're
treating the break size as one of the statistical
paraneters, and we're varying that along with the
ot her paraneters, but not --

MR. SCHROCK: But | would think that once
you' ve established what the limting break size is,
that you would then | ook at the uncertainty in the
prediction at that break size.

MR. O DELL: The problem --
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MR.  SCHROCK: And that's what you're

trying to address statistically now, isn't it?

MR O DELL: Wll, the problem wth
trying to do that is what exactly is the val ues you
use for the other paraneters, the other strong
paraneters. Okay?

| nean is it a top P taxing (phonetic)
shape that | run through all of that, and how do |
know whi ch one | select?  Ckay?

In order to do what you're requesting, |
ei ther have to be able to do a deternministic anal ysis
i n sone fashi on where | set again, you know, basically
doi ng Appendi x Ktype calculationtofindthelimting
break and t hen vary everythi ng around that. You know,
that's not as sinple a calculation froma stati sti cal
perspective as it first appears because what is the
l[imting break relative to all the other paraneters
you' re varying?

So the only real way to treat the break
size in a statistical methodology is to, in fact,
include that as one of the statistical paraneters.

DR. RANSOM \What was the range of break
sizes that you consi dered?

MR, O DELL: "1l go through that

tomorrow when | go through the overall nethodol ogy,
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but we | ooked at both, you know, split break froma
ten percent up to a 1.0 and doubl e ended guillotines
fromthe 1.0 up to a 2.0.

DR. KRESS: Now, you don't ascribe any
significance to this distribution?

MR O DELL: Not with 59 cases. Ckay?

DR. KRESS: | nean, it just happened to be
the way it turned out with 59 cases, right? But you
probably ascribe some significance to that 1,700
t hi ng.

MR, O DELL: Right. | mean, what you're
-- there's basically three cal cul ations that gave us
the tenperatures in that 1,700 or the range here that
we're reporting around the 1, 700.

DR. WALLI'S: And you're binning here. So
it could be --

VMR, O DELL: Exactly.

DR. WALLIS: -- adifferent binning m ght
put sone in the 1,650, 1,750.

VMR, O DELL: Ri ght .

DR. WALLIS: Those three points m ght be
spreading to three.

VR, O DELL: Yeah

DR. WALLIS: It's an interesting idea to

put in the break sizes the statistical problem
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DR. KRESS: Yeabh.

DR WALLI S: I think that may be
justified.

MR. O DELL: It makes an interesting
approach to a statistical analysis if you don't.

DR WALLIS: Yes, it does.

DR. KRESS:. That may i npact the ranges and
di stribution of the other paraneters.

MR. O DELL: Potentially. Potentiallyit
coul d, yes.

DR. WALLIS: | think that makes sense. W
can then begin to argue about whether the 95-95 is
good enough because it depends onif you're | ooki ng at
all of thesethingsin astatistical way. Howcertain
do we really need to be?

There's nothing magic in nmy m nd about 95
percent .

MR. O DELL: Vell, the 95 percent
obviously is the one that was pi cked because it shows
up in the reg. guide as being the --

DR. WALLIS: How certain you want to be
nmust depend on the risk and consequence and things
like that, the risk of being wong. |'mnot sure that
the staff has really worked out a good rationale for

95- 95. It sounded good at the tinme, but now it's
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goi ng to be used perhaps for a nore i nportant deci sion
maki ng process that nore thought needs to be given to
what it shoul d be.

DR. KRESS: |t depends on what you want to
use it for.

DR WALLIS: That's right.

MR. O DELL: Now, these are the same 59
runs.

MR. O DELL: Right. These are the sane
59 runs, again, at three peak | ocal oxidation, and as
you can see, they're all clustered down here for those
59 cases where the criteria, 17 percent criteria,
they're significantly away fromthat criteria.

DR. WALLI S: And if I'm betting 1,000
bucks on on the outlook from RELAP, | mght be
satisfiedw th a 95-95 percent certainty of not | osing
it all or sonething.

But if I"'mrisking ny life, | mght want
to have a 99-99. It depends on what's at stake
doesn't it?

DR. KRESS: That's a good questi on.

VMR, O DELL: Vell, that's true.

DR KRESS: But that | ooks |ike sufficient
justification to say that this is captured in 95 PCT

MR, O DELL: Ri ght, and again --
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DR. KRESS: The same thing on the total

oxi dat i on.

MR. O DELL: Yeah, and if you | ook the
four | oop again confirnms the sane sort of analysis.

DR, WALLI S: Well, what's peak |oca
oxidation criterion in the regul ation?

MR O DELL: Sevent een percent.

DR. WALLIS: Way over there.

DR KRESS: Yeah. Now, |'m not sure
that's way over there because | don't know what your
scale is.

MR. O DELL: Well, it basically goes from
zero to 17, and we do have sone --

PARTI CI PANT: It's a linear scale.

DR KRESS: It's linear.

MR. O DELL: Yeah. We have sone cases,
you know, where we didn't get any oxi dati on on sone of
the | ower tenperature cases.

MR HOLM This is Jerry Holm

| think one of the things we | ooked at is
if you |l ook at the standard devi ati on of that, and we
realize it's not normal, but just as a figure of
nerit, that top peak there is 30 standard devi ati ons
away fromthe criteria.

DR. WALLI S: Wll, the 95-95 as an
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estimate here woul d be around one.

PARTI Cl PANTS:  Yes.

DR, WALLI S: Whereas you're out 17.
You're way far away fromthe criteria.

VMR, O DELL: Ri ght .

DR. WALLIS: So | think that you m ght
have a really good argunent here.

DR KRESS: M ght have a really good
argunent .

MR O DELL: And, again, |'ve got the
sane set of slides showing for the three | oop total
core oxidation. Again, for the total core oxidation
the limt is one percent, and we're back in here
around the .05 percent, and seeing basically a result
for the four |oop.

W chose, again, the criteria of one
percent and back in here around .03 on this particul ar
transient.

DR. KRESS: Now, the only reason this
wor ks out is because of the strong correl ation.

MR, O DELL: Because of the strong
correl ation.

DR WALLI S: But also it's nore than
strong correl ation. | nmean, it also shows that no

matt er what you have for peak cl ad tenperature, all of
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t hese ot her paraneters are so | ow --

DR KRESS: That's right

DR WALLI S: -- that wth enornous
certainty they're going to be way far away fromthe
criteria.

DR. KRESS: Yeah, it's nore than just the
correl ation.

MR. BCEHNERT: Larry, I'll need copies of
t hose slides for the record.

MR, O DELL: Ckay.

DR. WALLIS: Yeah, | think they're very

i nteresting. Good to end the day on a persuasive

argunent .

DR. RANSOM M. Chairman, |I' massignedto
Bill Nutt, and there were sone aspects of this. He
made nore than 59 runs. Wy is that? Less

conservative?

And he said he has sone slides that he
woul dn't mnd discussing if you want to take a few
m nut es.

DR, WALLIS: | would agree to that if it
doesn't take too | ong.

Wul d you like to do that?

MR NUTT: Sure.

DR. WALLI S: It's nmuch easier to
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understand data than it is these Als and AZs.

MR, NUTT: Well, it depends if you have
t he abstract mind, right? Which, by the way, | don't.
Andy and | were sitting there, "What's a real good
concrete exanple of what |I'mtal king about here?"

That neans -- can you hear ne okay?

MR. BOEHNERT: Identify yourself for the
record, please.

MR NUTT: This is Bill Nutt from
Framat one.

And actually |I've presented these slides
to you before. So | guess |'d better put ny gl asses
down here because they' |l get in the way.

DR. WALLIS: Did you present themor did
they cone back in a --

MR NUTT: | think | presented them one.

DR WALLIS: -- RAI reply to the --

MR. NUTT: These were back-up slides once
for when we -- well, suppose soneone did ask this
question, and | think we did at one poi nt when Uri was
aski ng questions during a neeting, and |"'mnot sure it
was in front of the ACRS. It nay have been in front
of the staff, and we presented this question.

And what | did was this. | didalittle

sanpling test. | took a normal distribution. I
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actual |y did this Wi th sever al di fferent
distributions. 1'll just talk about the normal.

| took a normal distribution that has an
upper 95 percent |imt of 275 so | could go back and
say standard devi ati on of 167 and, you know, a nean of
zero.

Then | cal cul ated t he upper 95-95 using a
nonpar anetric approach for sanple sizes from 59 to
410. So | take 59 and | say, you know, what's the top
one, and | do this 2,000 tines.

Then | cal cul ate the nunber of tines that
that fraction was below the 95-95 I|limt, the
probability it was belowthe 95 1imt, the ten percent
change, you know, that it was bel ow the 95 percent
[imt, and so on.

And | did this. Then |I renoved one step
inside, and I'd say, okay, nowlet nme take the second
point inand I'll do 92 cases, and | did those 2,000
times. So I'm getting ny frequency with which |
exceed ny limt. OCkay?

So that's what shows up on this picture.

Now, if we | ook at this curve, this is 59.
The interesting thing is all of them come to five
percent, right? Because it is 95-95. So they all go

to five percent.
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But if | had 59 points, you see, thereis
a reasonabl e chance that | could be clear up there,
whi ch would be at 450 rather than the 275 that we
sai d.

And don't take t hese nunbers too seriously
because if | had used a uniform distribution, this
picture would | ook the same, but the scale would b
conmpressed. Okay? So the actual val ues are dependent
on distribution.

But the conclusion here, if | take 59,
right, if |I take 93, this inproves quite a bit. M
probability of ever getting over 400 has all of a
sudden gotten a lot smaller, right?

And by the time | get uptol thinkit's
410 points where | can take the 13th point in, the
chances of ne getting nore than 50 above nmy -- you
know, of having nmy sanple that | select as nmy 95-95,
nmy chance of having it be over 300 are really very,
very slim

DR. WALLI'S: So what is the probability on
the axis there? The probability of what?

MR. NUTT: OCh, this is the probability
that the nunber that you pick as the 95-95 will be
here. Gkay? So you all can take your sanple and say

| got a sanple. \What's --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

662
DR KRESS: Wen in reality it's really

down t here.

MR NUTT: Here's the real one, and
there's a five percent change it will be here, but
what's the chance that 1'Il pick that val ue as ny 95?

DR. KRESS: Which coul d happen.

MR. NUTT: Wi ch could happen.

DR KRESS: In any given run.

MR. NUTT: Yeah. So one basically says
all | get when | take nore points is | don't really
i mprove the 95-95 point, right? It's still a 95-95.
That's all.

But what happens is | tend to get rid of
t he possibility of having one of those flyers way out
t here.

Now, as you sawfromthe data that we have
taken, we're not getting alot of flyers. W took one
corrupt -- | think if we take the one at -- we did one
set of cases that went to 2274, had sanme sets of
plots, but sinceit wasn't QAed we didn't put it in a
pi cture.

DR WALLIS: It depends a bit on the shape
of the tail of the distribution.

MR. NUTT: Yes. And when you get up and

you take off in the nmetal water reaction, it |leans a

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

663

little bit nore out, and you do tend to get them
spr ead.

When we did the case that had 2274, there
was -- as a highest PCT -- there weren't any others up
there. It was up there by itself, but when you step
down, you know, in the 2100s, there was anot her one,
but in this one we had a 100 degree spread in it.

I n these cases that we | ooked out where we
were down lower, they're all stacked in closer
because, you know, the upper tail on that distribution
is not so high.

Do you know what |'m thinking, what |'m
referring to?

DR. RANSOM | think | do.

MR. NUTT: Yeah, if you --

DR. RANSOM To the fact that if you take
nore cases and run nore sanples, you'll actually
i ncrease your chances of getting one of the higher
values out in the 90 -- beyond the 95th percentile.

MR NUTT: And if | allow nyself to nove
i nside now, that scatter out there in the tail, |'m
moving further inside, and | have |ess chance of
getting out in that tail.

But what does happen when you get up

closer -- and the tail doesn't really exist too nuch
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at these lower -- the tail is not too wi de at these
| ower pieces, but the tail can get |arger when your
distribution gets really skewed, you know, because
sone cases Will hit runaway netal water, and they'l|
pop way up here, and others won't.

So i nstead of what | ooks cl ose to a nor nal
di stribution, you start tolean a little bit higher,
but we've taken it up to 2274 on a 95-95, which is
probably -- we'll never submt anythinglike that, you
know, and it still |ooped. You know, the concl usions
that Larry presented were, you know, still wvalid,
still | ooked very much the sane.

But it did also have -- the 2274 was
basically al nost an outlier. Had we done nore cases,
we m ght have been able to reduce that. GCkay?

DR. KRESS: Now, as you increase the
nunber of runs, your output distribution that you
could plot cones closer and closer to the real.

MR NUTT: Yes.

DR, KRESS: So you have additional
information you could use to say whether or not
that -- you've got a higher probability of getting
t hose nunbers, but you had nore information. You
could use that to maybe rule it out or something --

MR. NUTT: Yes.
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DR. KRESS: -- because you're getting
closer to the real distribution.

MR. NUTT: Yes. You're payi ng nore noney,
and you're getting a better answer. It is a very bad
way to get a distribution.

DR. KRESS: Yeah, it's not a good way.

MR NUTT: If | wanted the distribution,
and I think | was | ooki ng at response servi ces because
that's a better way to get a distribution.

DR. KRESS: Yeah, it woul d be nuch better.

MR. NUTT: You know, you have virtually
i ke a one over square root of N

DR KRESS: Yeah. So it's 10,000 runs or
sonmet hing |ike that.

MR, NUTT: ©Ch, yeah. It's ridicul ous.

DR. WALLIS: But if you had it, then you
could ook at it and say, "Ah." The 2,200 is the
point -- is the 99.9 percent percentile --

MR NUTT: Right.

DR. WALLIS: -- beyond that. You could
actual ly nmake that.

MR NUTT: but the problem with the
response service i s the biggest error they make i s out
on the tails, and so if you're |ooking out on the

tail, that's where the biggest error is in the
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response services.

Response services are really good in the
m ddl e. So | like to use them when |'m doing
statistical work; | like to use themin the m ddl e of
a process where | put sonething else on the end to
finish it up and be nore accurate because they're a
little bad on the tails. GCkay?

DR. RANSOM By a response surface, you
mean you woul d just do paranetric runs and construct
a surface for the PCT as a function of all the
i ndependent vari abl es.

MR NUTT: Exactly. |"d run a set of
constructed variations in each of the paranmeters
desi gned, you know, to get rid of all of the --
designed to give ne a sufficient nunber of points to
fit a polynom al of sonme Kkind. Usually it's a
pol ynom al . A pol ynom al of sone ki nd over, you know,
say over the --

DR. RANSOM But woul d that require nore
than the 59 runs that you're making to do this froma
statistical point of view?

MR NUTT: If | do three variables, no.
But, see, we're doing 40, 39, and | think sonme of
those are multiple variables. So | think the rea

nunber i s higher than 39, and we're actually treating
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anything. We're treating anythingthat we coul d think
of that had any contribution to the | arge break LOCA.

DR. RANSOM Have you | ooked into all --
some people are proposing linearized nmethods for
response surface.

MR NUTT: I don't like linearized
nmet hods. Linearized nethods are equi val ent of a root
sumsquares, and a root sumsquares i s okay as | ong as
two t hi ngs occur: one, normal distribution; and, two,
you add or subtract.

| f you don't add or subtract, they're not
valid, and if they're not normal distributions,
t hey' re meani ngl ess. They'restill valid, but they're
meani ngl ess.

(Laughter.)

MR. NUTT: No, | nmean, you could still get
a valid calculation of the standard deviation if you
add or subtract, but if your distribution is not a
normal distribution, what do you do with the standard
devi ation?

DR. KRESS: That's right.

MR NUTT: Yeah, it doesn't do you any
good. So okay?

DR. KRESS: That was very interesting.

MR NUTT: M. Ransom does that answer
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your questions?

DR. RANSOM Yeah. Can | get copies of
t he slides?

MR. NUTT: Sure. |1'Il give themto Jerry
and he'll nake sure.

DR WALLIS: Do you have a wite-up?

DR BANERJEE: What are these slides?

DR KRESS: Oh, that's to show how wel |
correl ated the peak clad tenperature is to the total
oxi dat i on.

VMR, O DELL: This is Larry O Dell.

In those particular slides there, we
didn't have clear ones, but what they show, as |
mentioned, we ran three sets, and we drove the
tenperatures up to 23-sonething. That shows all of
t hose cases.

MR, NUTT: | f you would notice, | think
you woul d notice | was about to make the sane point,
that there is a 2,274 degree case in there, and |
think you can see that the |ocal oxidations and the
core wi de oxidations still behave very well.

DR. WALLIS: | think sonething is wong
with the fit being the crosses. The fit should be a
curve, shouldn't it?

MR NUTT: The reason that that's done
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that way is that particular fit was afit where | fit
it wwith the PCT and with the | ocal oxidation, and the
| ocal oxidation is a random vari abl e.

So if you nmake a nice, neat pol ynom al on
a random variable, it doesn't plot very well as a
ni ce, straight line.

If I plot it purely as -- if | do core
wi de oxi dation purely as a function of PCT only, and
you can do ALMOST as well, and later on | did it to
get it, then you get a nice, snooth curver because
this is a nice, snooth function.

And all those really are is step-w se
I i near segnments just to show you, you know, where the
nean goes.

DR. WALLI S: So there are really two
argunments you use. One is that these variables are
correlated so that if you know one of the extrenes,
you shoul d know t he ot her one.

And the other is that the PCT is far
closer toits criterion than the other one. The total
oxidation criterion is off the map.

MR. NUTT: Exactly. In fact, | think
was nentioning to soneone the other day that this
really is, too, and | think it's an inportant point,

and 1'mgoing to repeat your point because | think it
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is inportant.

| think there's two things that we
denonstrate. One, that if you neet PCT, if you can
nmeet the PCT criterion, there's no possibility that
you'll fail either of the oxidation criteria.

Secondly, because they're very highly
correlated, if you take the highest PCT case and
report the oxidation fromit, that those two oxidation
nunbers are very cl ose t o bei ng t he maxi numoxi dati on.

DR. WALLIS: Al the 95th percentile.

MR. NUTT: Right, sir. They're very high
probability. So sinply taking one case and reporting
both answers is quite sufficient, but again, it takes
the two reasons together.

DR. WALLI'S: Now, do you want us to -- is
there a matter of debate between you and the staff or
are you agreed to this?

MR NUTT: The staff is here.

MR.  LANDRY: The staff accepts that
argument. You'll hear nore about this tonorrow, but
| --

DR WALLIS: We will hear about it?

MR. LANDRY: As far as | know. | don't
have ny statistical person here.

DR. WALLI S: W'll have a statistical
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expert here tonorrow?

MR.  LANDRY: But as far as | know, he
accepts this argunent.

DR WALLI S: He accepts this argunent.
That is remarkabl e.

Okay. Anything el setoday? Anything el se
today? The probability of our getting to dinner is
i ncreasi ng.

DR KRESS: |Is that 95 percent?

DR. RANSOM Now, what ki nd of statisti cal
nethod are we going to use to select where we're
goi ng?

DR KRESS: A random wal k.

DR WALLIS: Shall we cone off the record
at this point since we're getting a little erratic?
Yes?

Thank you very nuch

(Wher eupon, at 6:18 p. m, the neeting was

adj our ned.)
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