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The ACRS net at the Nucl ear Regul atory
Conmi ssion, Two White Flint North, Room T-2B1, 11545
Rockville Pike, at 1:00 p.m, Gaham Willis,
Chai r person, presiding.
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DANA PONERS Menmber
PETER FORD Menber
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P-ROGEEDI-NGS
1:05 p.m

CHAl RVAN WALLI S: The neeting wi || nowcone
to order. This is the neeting of the Subcomm ttee on
Thermal Hydraulic Phenonena. | am G aham Wallis,
Chai rman of the Subconmittee. The other ACRS Menbers
in attendance are: Peter Ford, Tom Kress, and Dana
Powers. For today's neeting, the Subcommttee wll
continue its review of the proposed resolution of
CGeneric Safety Issue (GSI) 185, "Control of
Recriticality Following Small-Break LOCAs in PWRS".

The Subcomrittee wi I | gat her i nformation,
anal yze relevant issues and facts, and formnulate
proposed positions and actions, as appropriate, for
deli beration by the full Conmttee. M. Paul Boehnert
i s the Cogni zant ACRS St aff Engi neer for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on August 21, 2002.

A transcript of this neeting is being
kept, and the transcript will be nade avail able as
stated in the Federal Register Notice. It is requested
t hat speakers first identify thensel ves and speak with

sufficient clarity and volume so that they can be
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readi |y heard.

W have received no witten comments or
requests for tine to make oral statements fromnmenbers
of the public. W will now proceed with the neeting,
and I will call upon Harold Scott, from the NRC s
O fice of Nuclear Regul atory Research, to begin.

MR. SCOTT: Thank you. The sane t eamnmaki ng
t he presentati ons today (audi o gap) will be providing
t he sane thing here at this neeting. | noticed at the
July neeting, you provided a remark about sone thi ngs
besi des water in the reactor, there are neutrons.
W' ve got sonme water guys, and we've got sone neutron
guys. The next page in your hand-out summarizes this
i ssue. Tal ki ng about small-grade LOCAs, which have
probably reduced the high-pressure injection
capability, such that you get steaming in the core.
That steamgoes over i nto steamgenerators. It doesn't
really matter whether it's a once-through steam
generator or recircul ati ng steam generat or

You build up sonme deep boiling water in
the outlet plenum of the steam generator, the cold
leg. I'll show you a picture in alittle bit. Then
after the systemfills up again, natural replacenent
will restart, or the operators mght start a punp.

Now this unborated water goes into the
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core, and causes the reactivity surge.

DR. FORD: One of the things (audi o gap)
is that the (audio gap) deborated water (audio gap).

MR. SCOTT: | haven't seen one either, but
if it's steam it's going to be, you' re saying that
sone boron m ght carry over with steanf

DR. FORD: It's a finite vapor pressure.
It's a finite vapor pressure at these tenperatures.

MR. SCOTT: Oh, okay. We didn't |ook at
t hat .

DR. WALLIS: Well, your reports speak of
near - zer o boron.

MR, SCOTT: Ckay.

DR. PONERS: Well, the question is, how
close to zero are we discussing. If the systens fail
to pull away or pressurize (audi o gap) can't possibly
be nore than about one theoretical plate in the
system and it's not very close to zero.

MR. SCOTT: | would guess that we'll find
out the uncertainties in mxing. W' re going to swap
out the question of whether it's -- what the
concentration is in a so-called unborated slug of
cool ant water.

In your hand-out there's a --

DR. DI AMOND: Davi d D anond of Br ookhaven.
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| have seen those calculations in the past. W
recollection is that (audio gap)

MR. SCOTT: (audio gap) this high-pressure
bl ow out (audi o gap)

DR. POVERS: Dr. Kress, you have done
anal yses in this area. (audio gap) have a negligible
(audi o gap)

DR. KRESS: Well, there is a significant
(audi o gap) cal cul ati ons where you assume the boron
delivery with the steam is carried over at this
pressure (audi o gap) in the (audi o gap) | woul d expect
if you have a significant -- | haven't done t he act ual
cal cul ati on.

DR. PONERS: It is crucially dependent on
what pressure you're operating at.

DR KRESS: Yes, pressure.

DR. POVERS: Vel |, the two aren't
i ndependent there.

MR SCOIT: Are we down at 500 PSI or
(audi o gap)

DR. KRESS: kay, if there's | ow pressure
t hen --

DR POVERS: Vell, let's make sure we
under stand what | ow nmeans. In this case | doubt we're

bel ow the pressurizer relief valve.
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6
MR. SCOTT: In small-break LOCA, under

t hese conditions, yes we are, at the --

DR. PONERS:. You've got the accunul at ors?

DR. KRESS: Under those conditions it may
very well --

DR. POVERS: It may be fairly well
partitioned at that point.

CHAI RPERSON WALLI S: | don't |ike the
vagueness, | would like to have sonme nunbers on | ow
and hi gh and negative (audi o gap)

MR. SCOTT: (audio gap) next (audio gap)
probably nore (audio gap) the next picture in your
hand-out is a raised |oop BNW machine. That one
currently has a hole inits head so it's not running.
This is the lower | oop. And just for clarity purposes,
West i nghouse (audi o gap)

There's anot her (audi o gap) and you can
see there's a cold |l eg (audi o gap) here (audi o gap)
maybe | shoul d (audi o gap)

DR. WALLIS: WwWihy did you do all the
cal cul ati ons on one of these machi nes? They all have,
they all have this problemof eventually they (audio
gap)

MR. SCOIT: Yes, and the mainissue was for

the OTSG pl ants, because they have a | arger vol une.
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The other guys claimthat it's not such a problem
which I'lIl cover later this afternoon.

We have not done any Westinghouse or CE,
we didn't plan to.

DR. WALLIS: Well, then | read in your
report, that | read, that the Westinghouse CDFs are
four tines the BNW? That was surpri sing.

MR SCOTT: The total -- Wien we do this
calculation of prioritization, you have |ike cost
di vi ded by person-remavoi ded. My recollectionit was
two or three times for the Westinghouse CE pl ants,
versus the BNW (audi o gap)

We woul d call (audi o gap)

DR. KRESS: So Westi nghouse CDFs are four
ti mes the BNW?

MR. SCOTT: Well | have the (audi o gap) ny
pi cture here --

DR. KRESS: | don't have t he page, but this
was in the report that | read.

MR. SCOTT: Because this did cone up | ast
time. | think we weren't crisp -- let ne just see if
t he nunbers are here (audi o gap)

DR. WALLIS: The Westinghouse nunber's
bi gger. Four tines as big. It's bigger. (audi o gap) So

the question is why did you concentrate on the BNW
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(audi o gap) avail able (audi o gap)

MR. SCOTT: Yes. W think the -- If we find
out that it's a Ilikely problem for one, the
implication is it's a likely problem for the other
one. O if we could showthere's not a problemfor the
one, then it would not be a problemfor the other.

And that's -- Originally we thought naybe
we coul d showthat. The Westi nghouse st eamgener at or,
t hat we coul d get core enthal pi es sequenti al and t hat
we could do this well enough and that would (audio
gap) for the other reactors (audi o gap)

DR VWALLIS: Well, | don't know, | nean
they're quite different in design. Volunmes are

different, (audio gap) sort of simlar, but (audio

gap)

MR. SCOTT: This is 1x10(-6)?

DR WALLIS: Yes, that's one.

MR. SCOTT: Ckay, then |I'm saying that
there are --

DR. WALLIS: Those are the sanme, but the
CDF nunbers were about four tinmes what Westinghouse.
| mean, you don't have to involve areactivity expert
to see the --

MR. SCOTT: Yes, but we're only | ooki ng at
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9
DR. WALLIS: That's all you're | ooking at?

MR SCOIT: That there are ten tines as
many Westinghouse and CE plants as there are --

DR. WALLI S: Ckay, so they're conparable,
you' re sayi ng?

MR, SCOTT: Yes.

DR. WALLIS: Ckay. (audi o gap)

DR. RANSOM Well, | guess you have to nake
the argunment that this is the worst case situation.

MR. SCOTT: That was probably part of the

DR WALLIS: It wasn't clear to ne that it
was a very good argunent.

MR, SCOTT: Ckay.

DR. WALLI S: Maybe sonmeone can expl ai n t hat
| ater on.

MR. SCOTT: Let nme nention this. This is
t he hi storical background that Bill Vandermnul | en wrot e
in the report he did about two years ago. NRR sent
over a suggestion that because of this question about
the reactivity accidents in high burn-up fuel

The criteria before say (audi o gap) but
the criteria' s still 280 calories per gram W have
information from these test reactors in France, in

Japan, and Russia, that that nunber for high burn-up
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fuel mght be around 100 calories; substantially
| ess. So we need to go back and | ook at these reactors
for this transient, what is the enthal py, and what
would it nowbe if it was 200 cal ori es per gram that
woul d be less than the old limt.

And | also wanted to point out, it was
t hi s high burn-up concern that triggered this. Al so,
the fact that if you run the punp (audio gap) that's
what nost (audi o gap) bunpi ng the punps was going to
give you a larger transient.

Primarily based on interactions with NRR
(audi o gap)

DR. WALLI S: Wl |l the Westinghouse owner's
group didn't do the sanme kind of analysis that --

MR. SCOTT: Well, yes and no. And |'m now
goi ng to have Professor Di Marzo start, and then David
D anond. Maybe it will be confusing if we have -- the
handouts aren't here yet, but we can go get them-- if
| can't answer, I'Il (audio gap) | think they're ready
now i f we can go get them (audio gap)

Do you want to go first? Second? Ckay,
you'll have your slides up here and we'll try to get
t he hand-outs as soon as we can. Let ne answer, the
guestion is about (audi o gap)

DR. WALLI S: You seened to have sonet hi ng
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to go on in BNW they had done anal ysis.

MR, SCOTT: Yes.

DR. WALLI S: But Westinghouse doesn't seem
t o have done t he sane kind of analysis. |'mpuzzl ed.

MR. SCOTT: Ckay, and they did for AP600,
and conbustion did for CE80, and I'Il pick that up.

DR. WALLIS: Well, how about the existing
pl ant ?

MR. SCOIT: None that | know of.

DR KRESS: It's an issue and they didn't
anal yze it?

MR. SCOIT: Wll, they don't have to
anal yze i ssues.

DR. WALLIS: They don't?

MR SCOIT: It's research.

PARTI CI PANT: It's a power safety issue.

DR. WALLIS: Your safety.

PARTI Cl PANT: BNW had commented -- they
made a presentation, they had done a certain | evel of
wor k whi ch had spurred on a fair amount of creation of
(audi o gap)

DR. WALLI S: | guess what concerns neisif
you' re going to reach a conclusion that this is not an
i ssue for Westinghouse plants, but it could be the

basis for -- when should that be anal yzed?
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PARTI CI PANT: (audi o gap) By t he end of the

af t er noon.

DR KRESS: By the end of the afternoon?

DR. D MARZO Now, what is the rationale
for this idea? The idea is to avoid having to go and
estimate what the (audi o gap) inside the vessel. 1In
t hat sense, the level of involvenent is quite high.
But if we can avoid that, if we can try to pose the
i ssue (audi o gap)

DR. KRESS: Just assume no mixing in the
vessel .

DR. Di MARZO. Now | want to assure you,
something | don't have the slides for this (audi o gap)
get a sense of what we are tal ki ng about. You consi der
(audi o gap) proposed by the owner (audio gap) the
result of that calculation is this. (audio gap)
i ndi cate that under (audio gap) primarily goes down,
fromthat point, sone of it goes around, but thereis
a (audi o gap)

Goi ng down, not up.

DR. WALLIS: What we're | ooking at hereis
a downcomer ?

DR. Di MARZO Down (audi o gap) operationis
(audio gap) this is now cold | eg (audio gap) open,

unwr apped, down (audio gap) and you can (audi o gap)
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the |l evel (audio gap) conmes through (audi o gap)

DR KRESS: We're |l ooking right into the
hot leg inlay?

DR. DI MARZG Right intothe cold I eg out.

DR. KRESS: OCh, it's the cold |eg.

DR WALLIS: It's up there because it's
lighter or sonething?

MR. Di MMARZO No, thisis thetotally sane
condi tion; same wei ghts and everythi ng. Not hi ng under
that cold | eg.

DR KRESS: Wy does it do that?

MR. DI MARZO: That | don't know, but that's
what it does repeatedly. Wat happens actually is
that it shows up -- that region remains such. The
nonentum that carries it around is enough. What
separates the (audio gap) fact that in the downconer
there is an enlargenent, (audio gap) reinforcenent,
penetration of the |eg.

And that is the (audio gap) in other
words, that is the roll-off (audio gap) nunber of
repeat tests (audi o gap)

DR. WALLIS: Is this because it's got a
high velocity, so it spreads out in all directions?

MR. Di MARZG Al |l ki nds of things, but what

I"m trying to say is that there is going to be
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extremely conplex to make scaling out from a huge
scale, a large scale, it's going to be extrenely
conmplex to get the CFD code essentially validated.

DR. WALLI S: The CFD code seens to di sagree
with the --

MR. Di MARZO. Pl ease. But the problemisif
you are going down the road of calculating and
eval uating the i n-vessel, what |I'mtrying to show you
here is that this isn't going to be a very easy, and
| don't know where that road' s going.

DR KRESS: Well, you've got to finesse
t hat probl em

DR. DIMARZO |I'mtrying to say it's not
going to be an easy task.

DR WALLIS: So you're saying that is a
realistic cal cul ation.

MR. DiMARZO First of all, it could be
possible. | don't know how time-consum ng and how
expensi ve that is.

DR KRESS: You woul d nake a --

MR. Di MARZO -- | don't have any i dea what

DR. WALLIS: You want to make a boundi ng
cal cul ati on?

MR DiMARZO So I'mgoing to say, let ne
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talk with -- (audio gap) Wien | take this slide, and
| try to nove it through the entrance of the down
punp. So all I'minterested in essentially are the
pi pes, the steamgenerator and t he pi pes, and the col d
| egs leading to the vessel.

O course we'll see, we'll get a slug and
we'll nove it through.

The key feature of the nodel, keep in m nd
that this is just the nodel. W see that in all the
systens there are two things involved. One is the
punp. (audi o gap) the reasoning for that, here you're
com ng out of the tube, you're borated, actually you
have jets of borated water, therefore this jet wll
m X. This volume, in the end, will be conpletely
m xed. Inlet situation wi |l happenin the punp due to
t he (audi o gap).

DR. WALLI S: You' re saying that vessel
(audi o gap) criticality (audio gap) theory, and here
you have theory with no experinent at all

(audi o gap) dead air on CD (audi o gap) the
| egs you transport, you just nove this bl ocked flow,
and then in those vol unmes you have so-cal | ed back-ni x
(audio gap), which basically nmeans the stean ng
vol une.

And you add those three in. This is the
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transfer function for such a volune. Were C NOT
(audio gap) istheinitial concentration, Clanbdais
t he historical concentration that you can put himin,
and C theta is a function of this tinme, is the
concentration that gets out of the pot. That's just
ol d stuff, mechanical engineering reactor. Soit's a
very sinpl e nodel. Now how do we do it? So, there were
sone tests perfornmed at Maryland a | ong ti nme ago that
basi cal |y had a situation where the systemwas full of
war m wat er. An interesting pictorial so you can
under st and what was done. Systemis full of hot water,
up to a point. Now you are going to introduce, from
t he bottomof the cold |l egs, actually fromhere, cold
wat er, changi ng.

And so you have a | unp of cold water, like
there. But up to the sanme elevation. There is water
above that. There i s warmwat er above that. So that is
away tosinulate the tenperature, asituationlikein
concentration.

It's that accurate in that you have a
transfer to go on, but that's m ne.

DR. KRESS: That assunmes that all the
transfer takes place --

DR. D MARZO Yes, you have a mxing

process, and tenperature is your figure of neasure, as
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opposed to concentrati on.

DR KRESS: The thermal conductivity --

DR. DiMARZO It's a thermal m x, between
-- a slug of cold water and warm wat er above.

CHAI RVAN WALLIS: Now, this black stuff
here, this is --

MR D MARZO Col d water.

CHAI RVAN WALLI S: And cold water fills | egs
and part of the steam generator.

MR. DI MARZGO And part of the steam

gener at or .

CHAl RVAN WALLI'S: On the outside of the
t ube.

MR DiMARZO No. This is inside of the
t ube.

CHAI RVAN WALLI S: Then on the outside of
t he tubes you have the --

MR D MARZO Sane. These are the -- It's
just a --

CHAl RMAN  WALLI S: So, why are you
i ntroduci ng sonething at the bottomthere? Where is
it comng fronf

MR. D MARZO | put something in the cold
legand | let it rise, pushing the warmwater that was

t here up.
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CHAI RVAN WALLIS: So where's it comng

fronf

MR D MARZO. Ch, from a pipe.

CHAI RVAN WALLI'S: No, | nean, in terns of
sinmul ating the reactor.

MR. DI MARZO OCh no, this is to validate
the nodel. And dealing with a --

CHAIl RVAN WALLIS: We aren't simulating a
scenario at all?

MR. DI MARZO We haven't done anythi ng of
that yet. We are saying, | want to nodel the transfer
of a slug with that sinple nodel. So let ne make a
slug in a geonetry that's reasonably close to what

we're dealingw th, and val i date t hat nodel . That's al |

|'m doing. It doesn't have anything to do wth
pressure distinction. It's just a -- You said, this
is just a nodel. | can now make sonme data to show you

that the nodel is sonmewhat reasonabl e.
CHAI RVAN WALLI' S: You're in a place where
you say there is perfect m xing?

MR DiMARZO | put this cold water in,

very gently, and what |'m saying now is that this
wat er here, when | nove it, we'll see, this prong,
we'll see the two-prong m xi ng volune, whilethetail,

whi ch is down back by warner water.
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We'l|l see the outer plenum first, as a
m xi ng vol une, and after that the punp. So, the front
of this slug will go through, just the punps. So it
will be mxed relative to that vol une.

The tail of this slug will go through the
st eam generat or of the plenum and then successively
after the punp. So it will see two stages of mx. All
right?

Now this is sumarized --

CHAI RVAN WALLIS: By "slug" you nean the
slug you injected --

MR Di MARZO. That cold water nark.

DR. POAERS: Now just to be clear. You're
thinking the -- with this sinulation the cold water
represents the borated fuel ?

MR. Di MARZO. Well, you could say that or
you could not. What I'm only trying to say is to
val idate the transfer m xi ng nodel. W could do that
conmpletely in thermal, or we could do that -- You
know, | could do any kind of thing.

"' mjust sinply stating, inthat geonetry,
or in sonething that | ooks |like that geonmetry, let's
see if such a sinple nodel based on very sinple

anal ysis, gives us areasonableresult. That'sall I'm

trying to say.
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There's no relationship to the issue yet.
Okay? I'mjust building nyself a tool to analyze the
nore conplex situation later. This is the conparison
with the data. Now, the front is obviously sharper,
the data is obviously the top, and the line is what
you get out of that nodel.

The front is clearly sharper because
you're going only to one m xi ng nodel .

CHAl RMVAN WALLI S: Are you neasuring this at
the outlet fromthe punp?

MR. D MARZO |'m neasuring this at the
downconer inlet.

CHAI RVAN WALLI'S: You didn't show that in
the previous figure. So it's the outlet of the punp?

MR D MARZO But let's face it.

CHAI RVAN WALLI S: When you say it was set
by using electrical --

MR. Di MMARZO. This is atenperature inthe
t ank, okay?

CHAI RVAN WALLI S: So why is the first slug
just that black stuff? | don't understand -- Wy
doesn't it just drive that black stuff up to the top
of the building to start with.

MR. Di MARZO: Thi s t hi ng goes t hrough here,

no mxing at all, it's just a half, a top half
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di stribution up to here. Then it cones in here and
steers that little volume. And through the transfer
function cones out --

CHAl RVAN WALLI'S: What is it mxed with?

MR. Di MARZO It has been cut off, it is
directing warm wat er above it.

CHAl RVAN WALLI S: On, there's anot her water
on top.

MR. D MARZO Yes, yes. This is injected
under the cold water which is displaced up.

CHAl RVAN WALLI S: So t he bl ack stuff is the
injected stuff? | thought it was --

MR. D MARZO Gently inserted --

CHAl RVANWALLI' S: |' msorry, | thought this
was the starting condition you showed us here.

MR. D MARZO. Absol utely.

CHAl RVAN WALLI'S: But it's not.

MR. D MARZO But above it all the white
represents warm wat er .

CHAI RMVAN  WALLIS: So you' ve already
i njected some stuff when you're showi ng this picture?
Yes.

MR. Di MARZO. The systemis full of hot
water. | amputting gently through the cold water in.

CHAI RVAN WALLI'S: And it's filling up from
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t he bottom

MR. D MARZO. And then | nove it.

CHAI RVAN WALLI S: See | didn't understand.
| thought you saidthis was theinitial condition, and
then you started injecting.

MR D MARZO. No, no.

CHAl RVAN WALLI S: No.

MR. DI MARZO. | put that in place, | turn
on the punp. And then | neasure the tenperature
provi ded at the entrance of the punp. That's what you
get. First you see the front come into it. The trunk
has been m xed into the punp only.

Then cones the tail. The tail mxes with
the steam generator of the plenum Because now the
steam generator of the plenumis totally engulfed in
t he so-cal |l ed deborated, or cold water.

CHAI RVAN WALLI S: That's because it's cone
down fromthe steam generator.

MR. Di MARZO. It's coming fromthe steam
generator, and sees now this colder water, but it's
comng intojets, intothat, and m xes. The result of
that is that there's sone m xing.

Then all this mxed front transfers
t hrough the punp, and therefore gets --

CHAI RVAN WALLI S: Ckay, nowlet's get this
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straight. It's fl ow ng because you turned t he punp on.
It's not flow ng because you injected.

MR. DiMARZO Right. And so this is now
saying that as long as you turn on the punp and
everything and the mxing is such and such, this
nodel , this very sinple crude nodel, does a very good
j ob.

DR. KRESS: You had to apply the nodel in
two places?

MR D MARZO. Yes. Two mx --

DR. KRESS: Conbi ne the sol utions of those
t wo.

MR. Di MARZO Renenber that this saturates
conpletely, so there is no information passing from
the front to the tail. Now --

DR. KRESS: Physically, why does the
t enperature go down?

MR D MARZO: Here?

DR KRESS: Yes.

MR. Di MARZO. Because this is all upside
down. We are going cold. If this was in ternms of
tenperature it would look like this. Going up. The
cold water is 20 degrees, the rest is maybe 50 or so.

So this here is 50 and this down here is

20, sonething like that. Ckay? And then all this --
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DR FORD: And it will go up?

MR. DiMARZO It will go up again to
whatever this water mxed with the other water,
what ever that is. Slightly |less than 50, because we
now i ntroduce this --

DR. KRESS: It will eventually approach
t hat .

MR D MARZO Eventual ly.

DR. KRESS: If you've got an infinite
amount of hot water --

MR. Di MARZO Eventually. | neanif it was
all cold water, huge system it would go to 50. Right.
So this is the nodel that |I'mgoing to now use to get
an estimate in the reality.

Way am| doi ng that ? Because t he geonetry
islong, soto speak. It's not that different in scale
since we're only dealing with volune. It's either
fully m xed or zero m xed. So there are no -- how can
| say -- issue associated to partial mx. It's either
all or none.

Soif all that matters is how big is that
volume where all happens. Now one can argue does
clearly all the plant volune m xes or not? And that's
an argunent that remains unvali dated.

DR. FORD: Don't you have a problemw th --
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This is a very sinple nodel.

MR. Di MARZO. Yes.

DR FORD: Applied to a very sinple
geonetry. And it works. Wiy didn't -- See now you're
maki ng the assunption, applying it to a nore conpl ex

MR. D MARZO. Wth downconer | wouldn't
even dare to do this, because downconer is a nuch nore
conpl ex situation, because you have a partial mx
VWhereas this indicates that the steamgenerator of the
pl enumpretty much is all m xed, because you have al
t hese jets com ng out of the tubes.

And t he punp vol une, especially when the
punp dries.

DR. KRESS: Basically, the nodel event is
you have vol une, and you're injecting sone stuff into
it. Each increnent that goes in there instantaneously
gets fully mxed. And that's the basis that you get
t hese transfer functions from

| f you use that and you're fl ow ng out at
the sane rate, a different concentration. So if you
take that you'll get this transfer function.

MR. DI MARZO. And it doesn't work t hat bad.

DR. KRESS:. Yes, that's pretty good.

MR. DI MARZO That's all |'m sayi ng.
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CHAl RMAN WALLI'S: So the black stuff was

cold water?

MR. D MARZG The black stuff was cold
wat er .

CHAl RVAN WALLI'S: So one reason the hot
wat er stayed on top of it was because it was |lighter?

MR. Di MARZO Because it was |ighter,
absol utely.

CHAI RVAN WALLI S: Wi ch doesn't happen wi th
your borated water quite the sane way.

MR Di MARZO. We can see. W have a nunber
of tests in all kinds of situations with salt, and
steam pressure to do --

CHAI RVAN WALLI'S: But your cold-hot is
i nhi biting m xing.

MR. D MARZO Yes, absolutely.

CHAI RVAN WALLIS: Is that realistic in
terms of what the borated water would do?

MR. DI MARZO: It would be like a tube. The
same t hi ng. The col d wat er agai nst t he debor at ed wat er
is like salt water against --

CHAI RVAN WALLI S: So i nthe steamgener at or
t here woul d be nore m xing.

MR D MARZO Yes, so it wuld be

conservati ve.
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CHAl RMAN WALLI S: Wuld it be conservati ve?

MR D MARZO Yes, but there would be
borated water m xing that you --

DR. KRESS: Concerni ng fromthe standpoi nt
of -- he wants to know how much boron is in the tank.

CHAl RVAN WALLI S: So generally theideais
the nore m xi ng you have --

DR. KRESS: The nore boron you' ve got goi ng

CHAl RVAN WALLI S: The | ess conservati ve.

DR. KRESS: No, the nmore mxing is --

MR. D MARZO The nore mixing is |ess
conservative.

DR KRESS: Yes.

CHAI RVAN WALLI S: The wor st t hi ng woul d be
to have no m xi ng.

MR. Di MARZO If it's very sharp, it's
working. As you will see in a mnute. So now, this
doesn't have anything to do with the i ssue. Now we go
into the issue.

CHAI RVAN WALLI S: It doesn't have anyt hi ng
to do with this?

MR. DI MARZG It's just a nodel.

DR. KRESS: Well, it's away of finding out

how nmuch boron is going in.
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MR D MARZO It's a way to deal with --

Because last tinme it was suspi ci ous when we got boron
back at this tine. What is the other group com ng up
W t h?

They conme up with a slug of 22.3 neters
cubed. They come up with a presunption of natura
circulation at arate of 0.2 nmeter cubed percent. They
state, this is how fast the steam can nove through

| show you how they got that. | am not
interested in spending alot of time, neither are you,
because we're going to do a bounding case which is
much worse than that.

But anyway, they build up a scenario for
whi ch they build up a slug, or an initial condition.
And then they proceed to nove it at that rate through
t he vessel. Through the pipe, through everything.

So what do they do? Wll, this is
i nportant, because in a way builds up to higher
evol ved, natural circulation scenario. So, in that
sense, it's interesting.

You've got this break. Ooviously, the
pressure drops down, at CPentry. Now, eventual | y your
HPI injections are deficient conpared to the break
flow, so your inventory drops.

At sone point, you goto two-phase nat ural
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circul ation, which carries over water over the candy
cane, at some point the | evel drops even further, and
it is inpossible for this water to make it through.

At that tinme, BCMinitiates. So you're
basically pouring the water in the basin, generate
vapor, the vapor travels through the candy cane, into
the steam generator. You have a secondary slug
el evation which is above the | evel of the neter.

That as a condensi ng surface exposed, that
vapor condenses on that condensing surface, and
because it's on top of what's there. That is the
mechani sm by which you're going to generate the
debor at ed, and we have to add t he water concentration
on that BWOG and so forth, but we will docunent it.

So you pick up that thing, basically one
hour, | ess than an hour, sonething on the order of one
hour, gets you this deborated.

CHAI RMAN WALLI'S: It would be nice if you
had a figure showing the sort of state of things at
t hat point.

MR. D MARZO | do.

CHAI RVAN WALLI S: Ckay.

MR D MARZO This is just what they
presented. So I'mgetting to that when | do ny next

sl i de.
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CHAI RVAN  WALLIS:  Well, we have to

vi sual i ze what's goi ng on.

MR. D MARZO Ckay, | will junp ahead.

MR. SCOTT: But there, in order to get to
where he's at now --

MR. Di MARZO: Yes, yes. The maxi numyou can
dois this. You are fielding all that vol ume, roughly
speaki ng, of deborated water. And one can argue how
exactly this level is.

CHAl RMAN WALLIS: So it's the worst it

coul d be.
MR. Di MARZO: That's the worst it coul d be.
DR KRESS: Is that the 23 cubic neters?
MR. D MARZO No, no. That's nuch nore.
That's why --

DR KRESS: That's nuch nore.

MR. Di MARZO. It gets confusing to junp
ahead. If youlet ne gowithny slidesit will be nore
cl ear.

CHAI RVAN WALLI S: No, actually what | was
asking for, was it's nice to have a fi gure showi ng how
t he condensation is happening and | guess, |'m not
sayi ng you have to do it now, it would just be nice
for the presentation to -- we have to visualize how

it's happeni ng.
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MR. Di MARZO. | see. It's sonmewhere. Ckay.

So the secondary slug is roughly speaking at this
el evation here. The primary slug is somewhat bel ow
t hat .

CHAl RVAN WALLI S: Why the | owered loop is
wor se, because you have nore places to collect the
sl ug.

MR. Di MARZO. That goes exactly to your
original question of why this is --

CHAl RVAN WALLIS: Why was it?

VR. Di MARZO: The problem is not
conforming, only to confirm it in any plan. The
problem is that you' ve got the segregated into the
pl an ready. Because in order to nove it, a lot of
ot her things have to happen.

And 1'I'l go back to the original slide and
show you what has to happen before we can nove it. So
inorder toformit it's fine, but then you' ve got to
have a storage place to hold it there, until you are
ready to nove it.

And that limts severely what the inpact
is on your other plants. So now here we go with the
continuation of the scenario that the other group put
f orward.

So at sone poi nt now, the BCMi s fi ni shed,
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you' ve got all this water packed up in that vol une,
you' ve got | ower portion of the primary systemon the
st eam gener at or si de.

And sonet hi ng el se, for which nowthe HPI

injection exceeds the break flow \hatever the

situation is. So you refill. Now, this is very
i mportant.

If yourefill very slowy, you're goingto
mx quite abit. And I'lIl show you exactly how. Let's

assune for sake of argunment that two refills break
past, for sone reason. The bal ance is such that they
break past.

If you refill pretty fast, the core is
goi ng to be so cool ed, because you're dunping inthere
all this cold water. So you're not going to have a
resunption of two-phase natural circul ation

You're going to have a resunption of
si ngl e- phase natural circul ation, because this thing
is so cool. In order to have a resunption of single-
phase natural circulation, the system nust fill
conpletely, to the top

In fact, you also have to intervene and
vent the top of the candy cane in order to have this
thing to start.

CHAl RVAN WALLI'S: Then it spills over the
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t op.

MR. Di MARZO. So that it spills over the
top, but you are raising this deborated, you are
rai sing the borated on the other side, and when they
get together, this thing can start flow ng.

So the deborated i s pi ped, whereas in the
back, borated water. Which in a way is true in this
state. But if we can do this fast enough, that front
could be still pretty sharp.

So, we are advocating a fast transient in
the refill nmode in order to mx the |east anount
possible. So we're trying to constrain this. If you
refill slowy, you may reach the threshold in the
process of refilling.

If you reach separation, you can
potentially go into two-phase flow, nat ur a
circulation resunption. But as soon as the system
starts nmoving in that node, you'll throwcold water in
the systemwhich will quench everything and stop.

And then the process will repeat itself.
So if you want to go slow, the problem you have is
that there's anintermttent stop. It's start and stop
and start and stop, two or three tinmes. And at that
poi nt, once you start noving a slug that way, you'll

Sspeed it.
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Because every tine you chug it up and
down, this thing --

CHAI RVAN WALLI' S: Now, you've given a word
description. Is there sonme correspondi ng anal ytica
description and prediction?

MR. Di MARZO Yes. Sothis -- At the end of
t hat scenari o, once these two steamhave net, and you
are ready to nove the slug in natural circulation,
this is where the slug is.

That's all B&Wwants to do. Let's exam ne
what we have. The cold leg leading to the cold | eg at
t he bottomof the system basically, this portion here
of the coldlegis kind of m xed, and transitions cone
by at that tine.

This i s the steamgenerator | ower pl enum
Then the concentration in the lower portion of the
tube is very low. Then the center portion of the tube
is at this volume. The very front portion of the tube
is at this vol une.

And t hen you have the steamgenerator in
the inlet plenumat this volume. And obviously hereis
t he deborated that is comng infromthe HPlI. So this
is the idea on where the slug is when natural
circul ation decides to resune. kay?

So, let's note the two things. The first
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thing that you note is that this front is quite
sneared, the way they built it. Qur boundi ng case wi ||
be a sharp front, will be top-half distribution.

Second, not all the steam generator is
i nvolved totally wi th deborated, but only a portion of
it. So the total volume of a break event deborated is
22.3 as | said. So it's not the maximum possible
vol ume.

Soinorder topictorially represent this
in the system | used this way. But basically this
dashi ng neans that you don't have full, one hundred
percent fresh water. The only regi on i n which you have
full, fresh water is probably at the bottom of the
st eam generator according to that nodel

And that is not that cold. But you have a
sneared tail, and nost inportant a sneared front, in
their nodel. Now you have seen all these last tineg,
when t hey use some m xi ng vol une t hat t hey have, which
| can't speak for their assunption, they get this to
be what should be used at the entrance of the core.

Okay? They identify it as Framatone. Two
tests were done by David D anond on that. One to check
t he neutronics, and one to see what was going to cone
out of it using this, okay? Using this nodel.

When | use ny ex-vessel m xi ng nodel, not
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accounting for the downconmer m x, which they do, |
cone with a nost severe curve for the sanme exact sl ug.
As you can see, the volunes under the curves are the
sane.

Soit's the sanme slug, just the fact that
m ne is nuch | ess m xed than theirs, because | go only
to those little valleys. And that is the third
cal cul ati on that was done | ast tine.

Al'l this re-calculation showed that in as
far as the neutronics goes, there is no change, in
terns of fuel.

CHAI RVAN WALLIS: So you're saying the
Framatone is a nmeasurenent?

MR. Di MARZGO No. They did some mxing
nodel s that | cannot really understand exactly, but
they are -- and | shoul d not report as to howthey did
t hat .

CHAI RVAN WALLI'S: So nei ther of those two
codes are actually --

MR Di MARZO No.

CHAl RMVAN WALLIS: Yours is a limting
anal ysis of making extreme assunptions?

MR. Di MARZO O just this coolant. Now,
let's nove on. Let's now i magi ne what we could call

the worst possible situation. First of all, let's
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consi der how big the slug would be.

And i nstead of being 22 cubic neters, |
can make a slug of 46 cubic neters. That is a slug
that fits both slots, all the cold legs, and all the
steam generator at that el evation

More t han t hat, you cannot possibly put in
t here, because you have no nmeans of storing it there.
So that is the |argest possible volune that you can
store a slug in.

So | took that. That's a boundi ng case.
There's no way you can put nore water in there
Second, | took the natural circulation flowrate, a
punp that indicates heat, which turns out to be 0.58
neters cubed per second, which is about three tines
faster than what they do.

That , you wll see, is extrenely

i mportant, because when you push the front tube, it's
very inmportant how sharp that front is. So | took the
maxi mum possi bl e lowvelocity that | could find.

Al right. Then | nake two cases. The
first is the usual case. It's the case that in
principle one could conceive. And then | did a very
out | andi sh case, just to make sure it won't fall in

t hat .

DR. KRESS: And the circulation rate,
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that's the amount of steamper second, one percent of
the K heat you produce?

VR. D MARZO That's right. That's
basically what it is. So, formation. The | argest sl ug
that | can possibly formis this volume here. Thereis
no ot her way that | can do nore, because here thereis
an HPlI goi ng on.

W are limted, and so this water can
essentially flow out of here, overflow ng there and
swanpi ng the HPI. So there's no way of doing that. On
top we cannot go, because there cannot be high, too
much, so that's basically capped.

So now, cascade. Now, what do | have to
do. | have to fill the systemvery fast, so that it
becomes liquid salt. | want to do that very fast. Let
me try to explain to you what the situation is here.

You' re going to put nore HPl through this
| ocation. This HPI can basically plug this side and
push this thing up. Correct? So now, you have cold
wat er, col der than this water here, borated water, so
there's no question that it's heavy.

It's got nore salt init, and it's cold.
It's trying to push ahead warnmer water, fresh. So if
you don't do that fast enough, they'll mx. Because

this is buoyant with respect to the other.
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And so they'll inevitably mx. If they
m x, they smear ny front. And they make this job,
| eaving you and your drawings, which is nore
conmplacent. So | don't want to do that. | want to go
fast.

So if | go very fast, | can imgine to
retain that front totally un-m xed. The systemhas to
be so cool at that point, it goes wthout saying.
Because | have to go fast.

So " mpunping inthe systema | ot of cold
water. This has to be a true single-phase natural
circulation, so they've got to neet at the top before

they are converted and can begin and get the flow

goi ng.

If | take that volune and | nove it at the
top, it will fit all up into the tube of the steam
generator. Al right? So that is a realistic
situation.

At | east, you' d have to work very hard to
make it happen in reality, but | nean, consider it.
You can handle it.

CHAI RMAN WALLIS: Well, actually, it's
fillingfrom-- the HPl isfillinginbothdirections.

MR Di MARZO Yes, but --

CHAI RVAN WALLI S: So t he sl ug doesn't have
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to go all the way to the top of the steam generator?

MR. Di MARZO. Yes, because gravity starts
-- the two |l evel has to come up at the sane | evel. At
the same -- This is a new tube, until you get to the
top. You can't have it unbal anced, because how do you
hol d that --

CHAI RVAN WALLI S: But maybe I'mfilling up
faster on the reactor side, so it comes over the top.

MR. Di MARZO: You fill fromhere. It's like
you fill a Utube. Doesn't matter where you fill the
U tube, the two levels are the sane.

CHAI RMAN WALLI'S: | see what you nean.

MR. D MARZO. You have sone slight
di fference i n neasurenents of tenperature, okay, but
that's all you can get.

CHAI RVAN WALLI S: No voi ds anywher e. Except
at the top.

MR. Di MARZO: No voi ds anywhere. Except at
the top. But you're neant to, condensing. Soit's got
to go down that way. If | do that, that's call ed Case
A, and | then have to pass the slug through the steam
generator of the plenum where it can m x, and then
t hrough two punps.

The curve that I'mdealing with is this

curve here. The solid curve. This curve has about 70
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ppm per second dropped. From the initial 3500 ppm
you' re dropping at the rate of 70 ppmper second. Keep
that nunber in mnd just for reference.

Let me do now an outline the shapes. Just
to say that, you know, we don't want to know anyt hi ng,
it's the maxi mum possible thing. Let's imagine that
for some reason, and frankly speaking being
experimental it's sinple to know how to do this.

You have the front of the slug passing at
the beginning in this situation. This cannot be,
because inevitably this heavier water will mx with
this lighter water.

So | don't really know how to make this
happen (1), (2) | don't really know how to meke
natural circul ation happen, because | have a void at
t he top.

CHAI RVAN WALLIS: But this is extrene,
because now it can't mx in the |ower plenumof the
st eam gener at or ?

MR D MARZO. Right. But this is nore
extreme, because | only account for the punp. But
realize that | cannot do this. W would be hard-
pressed to do t he experi nent, because you can't doit.

CHAI RVAN WALLIS: But vyou can still

visualize it as an extrenme case.
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MR. Di MARZO. Very extreme. | wouldcall it

outl andi sh because it doesn't have nuch of a
practicality in actually doingit. | realize it's an
experi nment .

CHAI RVAN WALLI'S: But it's very useful to
have a limting case.

MR. DI MARZO. Exactly. So that caseis Case
A-- is Case B. W go from 70 ppm per second to 150
ppm per second dropping in that so-called experinent
of the mnd. Al right?

Both these experinents, the natura
circulation would be handl ed by Dave Di anond in the
forum for circulation. Now let's switch gear. And
let's say, what about if | punmp?

| f you punp, you have a trenendous degree
of freedom Because you can punp any tine you want.
You can go there, switch this thing on, any tinme you
decide. So there is no limtation on where the slug
shoul d be at that point.

The wor st possible caseis if the slugis
somewher e before the punp, so that the front goes only
to the punp, and the tail goes to the back. That's the
case we're going to exam ne.

W' re going to take a very benign punp.

The sl ug bottomis only 28 neters cubed, as opposed to
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46 nmeters cubed, whichis the maxinum So it's a very
small -- it's a rather small sl ug.

CHAl RVAN WALLI'S: Wiy is it smaller?

MR. Di MARZO. Just maki ng t he schedul e, see
we are already in trouble right there. So |I'm just
pi cki ng a case.

CHAl RMVAN WALLIS: Ch no, it's got to be
smal| for a reason

DR. KRESS: Well if it already gives you a
problem why worry about a bi gger one?

MR. Di MARZO. |'mjust trying to show you
a case, and | am showing you that we really are in
trouble right there. So punmping is out of the
gquestion. If you want to make a bigger slug --

CHAI RVAN WALLI S: Ckay, soif it were 46 it
woul d be worse.

MR. D MARZO Exactly.

CHAI RVAN WALLI' S: | t hought you were goi ng
to show us you didn't have a probl em

MR. Di MARZO. No, it's not going to happen
like that. The second thing |'mdoing is |I'malready
trying -- identifying that there's aslug stuck inthe
punp.

And |'m saying, when everything is said

and done, the speed to which all the slug goes through
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t he vessel is past the steady straight speed for the

punp. This is absolutely no concern. Very, very

benign. 1t'll go nmuch faster than that.
Okay? Now in spite of all this, | mean
with all these nodifications, | still have to account

for one thing, that when I --

CHAIl RVANVWALLI S: So the reality m ght wel |
be worse --

MR. Di MARZO. Wbrse. There is no problem
making it worse, okay? But when you start the punp,
you draw water fromthe other leg. There is an inter-
leg circulation that you have to account for.

Now, |' mmaki ng t he assunption that what's
drawn fromthis leg and mxed wththislegistotally
borated. That's al so non-conservative, because in the
reality it will draw fromthe discharge of the first
| eg.

Soit shouldbealittleless borated than
what you think. So that's another mtigating
assunption. So at the end of the day | come up with
this.

W are dealing now with 1500 ppm per
second drop. One order of nmagnitude |larger than the
wor st concei vabl e case in natural circulation. And

this is not extrene at all. It's very, very benign.
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But that gives you an i dea of what type of
a drop you can afford before getting into trouble. So
now | give it to David D amond, who's going to give
you t he consequences t hat you' ve done sone fuel damage
in your punps.

So Case Ais, again, the maxi mum sl ug at
the maximumflowrate with the reasonabl e assunpti on
as to where it is and howit noves. The second Case B
is that, what | call, outlandish case, because it's
kind of a fignent of ny inmagination worst case.

And then the | ast case is going to be the
punp case.

CHAl RVAN WALLIS: But the punp case,
whereas in the previous case you said you' re naking
some extreme assunptions, in the punp case --

MR. Di MARZO: Very benign.

CHAI RVAN WALLI S: You' re doi ng benign, so
you woul d change your phil osophy a bit.

MR. D MARZO | could make it nmuch worse.
Doesn't change the ends. If it's worse and it works,
it still works.

CHAI RVAN VALLI S: Andtheonly tinethat it
had any experi nent versus observati on was a very early
Uni versity of Maryl and experinent.

MR. Di MMARZO. When they did the vessel.
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Now, to make do, we tried to do additiona
experiments. We used your facility to have a blind
check of that nodel

Unfortunately, year 1000 canme in that
process, and basically the facility was not avail abl e
anynore to do that thing. W can go back and do nore
of that, but then --

CHAl RVAN WALLI S: Why don't they just run
RELAP or sonething |i ke that and see what it predicts?

DR KRESS: No, we wouldn't --

CHAI RVAN WALLI S: Wiy not ?

DR. KRESS: RELAP doesn't know how to m x

CHAl RVAN WALLIS: Well, RELAP is relied
upon for other situations. | nean, it's so bad that
it's hopeless for this purpose?

DR. KRESS.: RELAP is --

MR. SCOTT: There's paper intheliterature
that Kent State did for Westinghouse AP600 pl ant, and
t hey found that they had to use a so-cal |l ed hi gh order
sal ute tracki ng nodel, whi ch RELAP doesn't have, so --

MR D MARZO It's as if you have to
replace, soit's a --

CHAI RVAN WALLI S: RELAP does track boron,

doesn't it?
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MR. SCOIT: Yes it does, but this is noving

beyond a couple of neters. Anyway, David.

MR. Di MARZO. And then I'll cone back up
for the concl usion.

CHAl RVAN WALLI'S: It gives ne alittle bit
of an uneasy feeling. | nean, you have to devel op your
own ad hoc anal yses for this because there's no code
whi ch is capable of doing it.

I's that right?

MR. DI AMOND: You need a turbul ence nodel
to answer that m xing, which RELAP doesn't have.

CHAl RVAN WALLIS: Well the CFD you did
charge it and agree with experinents before --

MR. Di MARZO No, the CFD was about the
vessel .

CHAI RVAN WALLI S: | know, but, well you did
try --

MR. D MARZO. W coul d do a CFD about the
pi pes, that's okay. W didn't do that.

CHAI RVAN WALLIS: Well, if it didn't agree
with the vessel, why would it be useful?

MR. Di MARZO The point i s when sonebody's
si mpl e nodel worked --

CHAI RVAN WALLI S: So we shoul d maybe t hr ow

away covers and do sinple nodels every tine?
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DR. KRESS: Well, there's alot to be said

for that.

MR. DI AMOND: Anot her key player in that
type of work is Jose Narnbauch, who just got up and
wal ked out. But he devel oped the rem x code, whichis
a special application code for trees.

CHAl RVAN WALLI'S: This is the field --

DR. KRESS:. That goes a way back, yes.

MR, DI AMOND: Yes.

DR. KRESS:. That goes way back.

MR. DI AMOND: Yes. Anyway, before | answer
-- or before | continue along the sane |ines as Marino
was starting on, and show you the results using those
new curves that Marino has gener at ed.

Let me go back to the presentation that |
made i n June, and | et me showthe [ ast slide fromthat
presentation so you renmenber a little bit about what
| was tal king about at that tine.

| had showed sonme conparisons of our
cal cul ati ons, which are based on a PARCS/ RELAPS nodel ,
so it's a three-di nensional neutronics nodel. And |
had showed those in conparison with the B&W Omers’
G oup cal cul ati ons, which were a point nodel

And we saw that the 3-D anal ysis gives a

| ower inmaging deposition relative to point kinetics.
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W also showed that the evolution of the energy
deposition for the boron dilution event i s much sl ower
than the rod ejection accident, which is the design
basis reactivity accident.

And what we discussed also is the fact
that thermal hydraulic feedback limts the fuel
ent hal py during the boron dilution accident, and that
was for the cases that we |ooked at at that tine,
which were the natural circulation cases with the
original curves that Marino had generated.

In those cases, the initial enthalpy
increase was the less than twenty-five calories per
gram which is rather small in terns of fuel damage.
We saw a void formation during those events.

It was sporadi c. D& m ght be possible in
nore severe cases, and you'll see that a little bit
nore in the cases that I'm going to show. W also
not ed t hat we have nade conpari sons with a conpletely
i ndependent code package.

| ndependent i n the neutronics aspects, and
that's the BARS/ RELAP five code, and the conpari sons
| claimed were good, although I didn't show any.

CHAl RVAN WALLI S: Just a second, how did
you get to this point?

MR. DI AMOND: RELAP is no good for the
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m xi ng anal ysis. Where we used RELAP is just for the
sinmple boron transport and the thermal hydraulic
conditions in the core after the restart of the
natural circulation or punp.

The questions that had arisen earlier
where we nentioned that we could think about
refinements, where extensions of the analysis had to
do with mxing in the core.

The core is represented as a series of
paral l el channels with no m xi ng, and obvi ously PWRs
have m xi ng. W assuned that the boron concentration
was uniform over the radial direction in the core
initially, at least at the core inlet.

And of course, there may be radial or
azi mut hal non-uniformties because we're only tal ki ng
about one | oop being inpacted and therefore the slug
is coming in fromone side.

And we noted at that tine that we had not
turned on the punp in our calculations, that these
were natural circulations. So that was where we had
gotten to last tinme, and the material that | spoke
about last tinme is included in the hand-out that you
have t oday.

So, if you think of sonething that, "GCee,

Di anobnd said that last tinme," it's in that hand-out
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and you can check on that. And that also has ny
sl i des, which di scuss t he net hodol ogy t hat we use, and
t he reactor nodel.

And I'm not going to repeat that
information I'mgoing to get right to the results.

MR. SCOIT: It's in the second hand-out?
You have two --

MR. DI AMOND: One i s dated June 26, and one
is dated today, it's called Part Two.

CHAI RVAN WALLI S: Part Two has no date on

MR. DI AMOND: Septenber 9 is the date on

CHAI RVAN WALLI S: What's Part Three goi ng
to show us?

VR. DI AMOND: All right. So the
cal cul ati ons that we're going total k about today, the
first calculationis the start of the single punp wth
the dilution as expl ained by Marino just alittle bit
earlier.

And what that is going to showis a very
fast reactivity insertion relative to natural
circulation. And then the two natural circulation
cases that |I'mgoing to show, those don't show as a

slower insertion, but it's a larger reactivity
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insertion relative to the previous case that |
expl ai ned.

And that's because in this case the boron
concentration goes all the way down t o about zero ppm
in the previous case we only went down to about 250
ppm

CHAI RVAN WALLI S: So your concl usi ons have
changed since the last neeting we had? The | ast
neeting seened to be reassuring, but not nuch energy
was deposited in the fuel

MR. DI AMOND: That's correct.

CHAI RVAN WALLI S: Since then, after sone
prodding, it says, "Well, what we've done after the
ACR Subconmittee neeting." He nust have redid his
cal cul ati ons or | ooked at sone nore linmting cases and
then you analyzed them and now the story is al
different fromwhat it was.

MR. DI AMOND: The story really isn't very
di fferent.

CHAl RMAN WALLI'S: It's not --

MR. Di MARZO Let nme -- It was not that we
only did the calculations with the conditions nore
severe. So it's a conclusion where | did nore severe
cases. At that point we did connect.

MR DI AMOND: But we had di scussed these
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cases last tinme, and | think that everything that we
said Jlast tinme was just confirnmed by these
cal cul ati ons.

So | don't think that our concl usi ons have
changed, but | think we have nore information nowto
base those conclusions on. So first I will show the
results fromthe natural circulation curves.

These are the curves that Marino just
showed. | want to point out that the time, our tine
starts at 100 seconds. This is actually after hours
into the small break LOCA for the purpose of the
cal culations that |I'm about to show you today.

The boron dilution starts at 100 seconds,
and as you see, Curve A takes about 75 seconds, Curve
B about 50 seconds, to go from2500 down to about zero
ppm

DR. KRESS: Do these cal cul ations prove
your build-up of xenon in the core?

MR. DI AMOND: You nean prior to the --
KRESS: Prior to the injection.

DI AMOND: No, they do not.

KRESS: So that's a conservati ve.

2 3 3 3

DI AMOND: Yes. It would --
CHAl RMAN WALLI'S: How much is that xenon

worth in ternms of reactivity?
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DR. KRESS: He said it was hours, that's

quite a bit.

MR. DI AMOND: Yes, there is a lot of xenon
t hat does build up, and that tends to poi son the core
nor e.

CHAl RVAN WALLI S: That' s been i gnor ed here?

MR. DI AMOND: Yes. Well, this is based on
just having the equilibriumxenon remain as constant.

CHAl RVAN WALLI S: But that's not realistic,
isit?

MR. DI AMOND: Yes, there is build-up of
xenon, which tends to reduce the reactivity in the
core. That's true.

CHAI RVAN WALLI'S: Well, would it make any
di fference to your concl usion?

MR. DIAMOND: No, | don't think it would,
and | think that what's inportant here is that, not
only do you have the build-up of xenon, but you al so
have the insertion of all of the control rods in the
core.

So you have many, nmany dol | ars of negati ve
reactivity at the core.

CHAI RVAN WALLI S: The surprising thingis
you need the boron. In other words, the control rods

alone won't do it in the start-up cycle.

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

55
MR DI AMOND: You nmean to shut down?

CHAl RVAN WALLI S: Yes.

MR. DI AMOND: But you do have the boron. |
nmean, the HPI has been on. You' ve got 2500 ppm of
boron in the core.

CHAl RVAN WALLIS: W're really worried
about boron dilution, and desi gns of the control rods
al one shutting down.

MR. DI AMOND: Yes, but --

DR KRESS: That point was made in the
report originally, when you nade the cycle, and even
with this dilution comng in, you're still checking.

CHAI RVAN WALLI S: Andit's a |l onger period
for the Westinghouse reactors.

MR. DI AMOND: Yes. Right, sure, in an
endl ess cycle you don't have boron in there, soit's
-- Yes, sothe first curve | wanted to show was power
versus time, and it happens to be for the Curve A --
|"msorry, this is actually a Curve B scenari o.

One that takes place in about 50 seconds,
where dilution takes place i n about 50 seconds. | just
wanted to first point out that --

DR KRESS: It's m slabel ed there?

MR. DIAMOND: |I'msorry? It's m sl abel ed?

Yes.

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

56
CHAI RVMAN WALLIS: It should be B?

MR. DIAMOND: It should be B. That's the
faster line. You're starting out here fromabout 10°
percent power, and quite a bit shut down. This
acci dent has been going on for a long tinme, and the
reactor is shut down.

Bt u then, because of the boron dilution,
it cones all the way up quite a few orders of
magni tude to above 100 percent of rate of power. And
"1l show the --

CHAl RVAN WALLI S: Next curve shows six
times rate of power?

MR, DI AMOND: Yes.

CHAl RVAN WALLI S: Sounds like a dramatic
event .

MR. DI AMOND: This shows the result on a
linear scale for both Curve A and Curve B. And the
only difference really, or the nost significant
difference that | see, is the fact that the Curve B
occurs faster.

That's the one that's at a sonewhat faster
rate than Curve A But essentially what you see is
that, with the exception of a nunmber of spikes above
100 percent, the power is going up and down in the

range between zero and 100 percent, until such time as
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t he boron sl ug has noved out of the core, and the core
has shut down agai n.

CHAI RVAN WALLI'S: Now the inplication --
Sorry.

DR KRESS: Excuse ne. What causes the
spi kes?

MR. DI AMOND: Wel |, the spikes -- 1'"l1 show
you what causes the spi kes. The spi kes are caused by
the interaction of all the different reactivity
effects.

DR. KRESS: But those are feedback spi kes.

MR. DI AMOND: Yes, exactly. This is the
sane plot, only thetime-scaleis reducedsothat it's
spread out and you can see the shape of these spikes.
And as | say, sone of them are quite sharp and the
others are really not too sharp, on the order of
seconds.

| should say the width of themis --

CHAI RVAN WALLI S: The mar ks are at A and B,
and the sort of idea was that the conditions woul d be
sonewhere i n between the two, or are these two extrene
cases, or?

VR. DMARZO A is extrene. B is
outlandish. In other words B is sonmething | can

i magi ne doi ng.
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CHAl RMAN WALLI S: Yes, but then with al

t hese --

MR DMARZO B is a fignent of ny
i magi nati on.

CHAI RVAN WALLIS: But with all these
oscillations and |arge power bursts and -- | just
wonder if someone else couldn't dreamup a Curve C,
whi ch was no nore outlandi sh than yours, which gave
nore dramati c power bursts.

MR. DI AMOND: Well, the punp on will | ook
alittle different.

CHAl RVAN WALLI S: Yes.

MR. DI AMOND: But the point is that from
the neutronic response, there's not nmuch of a
di fference between Curve A and Curve B.

CHAI RVAN WALLI S: Just one's larger than
t he ot her.

MR. DI AMOND. Ri ght.

CHAl RVAN WALLI S: The peak is different.

MR DI AMOND: From the point of view of
devel opi ng those two curves, the thinking was quite
different, but the results are very simlar. Now in
order to explainthese results, you do have to | ook at
t he conponent reactivities.

And this shows the boron reactivity and
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the total reactivity. The boron reactivity -- again,
we're starting from2100 seconds -- it goes up to about
ten dollar addition.

Soit iscertainly asignificant anount of
reactivity that's being added. Just like in a boiling
wat er reactor, when you go from full power, and we
have 40 percent void fraction to |ow power, zero
percent void fraction, there's a large reactivity
di spl ay.

Al'l right. 1'Il probably shouldn't have
said. It will confuse the issue. But the thingis that
the total reactivity, the thing that is driving the
gl obal power during this event is very snall.

It just goes above a dol | ar over here, and
then it oscillates quite a bit. And it's causing al
of those power spikes that we saw initially. And of
course, the reason that the total is low, and the
reason that it is erratic, is because of the fuel
tenperature, and especially the noderator feedback.

CHAI RVAN WALLI S: Does the void fraction
make any difference? Are you making voids in this?

MR. DI AMOND: Yes. And that's exactly why
you get these spi kes here. This is due to the creation
and col | apse of voids throughout the core.

CHAl RMAN WALLIS: So it shuts itself down?
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MR DI AMOND: That's correct.

CHAl RVAN WALLI S: That goes then to the
other interpretationwhich | thinkisincorrect, which
woul d be that sinceatiny bit of reactivity gives you
t hese spi kes, if you are certain about this reactivity
you can get nuch bi gger spikes.

But the reason -- the know edgeabl e way to
reasonis if we didget norereactivity, it would shut
itself down in voids, isn't it?

MR. DI AMOND: Yes. You've hit upon a very
i nportant point here, and that is that the inherent
characteristic of these water reactors, |ow enriched
water reactors, is that they have a large fuel
t enper at ure and noderator tenperature feedback

Now - -

CHAI RVAN WALLI' S: And voi ds, the voids are
not there.

MR. DI AMOND: Yes, and when | say noder at or
f eedback - -

CHAl RVAN WALLI'S: Ch, voids are in there?

MR. DI AMOND: Yes. | nean, posted density
and tenmperature effect. So it's the conpetition
bet ween the feedback and the boron which causes the
power to spike |ike that.

And if we then | ook, we focus in on the
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fuel rod, and we |ook at the pellet-average fuel
ent hal py t hroughout the reactor as a function of tine.
And we | ook at the place in the reactor where that
fuel enthalpy is at its peak, then we get this curve
her e.

And again, there's not too much of a
difference between Case A and Case B. There's an
initial rise -- this initial rise caused by that
initial power spike. And a little plateau here, and
t hen eventually a value which is the peak val ue.

And a bunch of oscillations as you get
peak transfer.

CHAI RVAN WALLI'S: This is different from
the 37 or whatever it was we had |ast tine.

MR. DI AMOND: Actually, it's simlar. And
| et ne take the sane curve and let's zoomin on it and
| ook at the first 20 second period, from 120 to 140
seconds.

So thisis the exact same curves, the sane
quantity that | just showed. It's the peak pellet-
average fuel enthalpy. And if we ook -- Well, let's
| ook at this one first, Curve B.

The initial enthal py riseis only about 15
cal ories per gram And then the enthal py rise is nuch

sl ower, and naybe there's a total of -- when you reach
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this plateau, maybe it's 25, 30 cal ories per gram

The point is that if you' re worried about
rapi d energy deposition, you're really worried about
this region here. And that enthal py riseis really not
significant.

Now, what happens eventually is that you
get up to about 100 calories per gram That's the
maxi nument hal py ri se. But even at that | evel, evenif
it occurred rapidly -- Well, at that level, you
woul dn't be worried about fuel granms as yet.

But anyway, the point is that this is
occurring only after a very long period of tinme. This
is at 132 seconds. So | think what's nost significant
isthisinitial increase, which isn't nuch different
than what | described using the original core and
di lution curves that we had for the | ast neeting.

Now, and I'lIl showthe difference in the
punp-start caseinamnute, but I al so wanted to show
void fraction, because --

CHAl RVAN WALLI'S: Well, | think for the
record |I'd like to report that our nenber Victor
Ransom has j oi ned us.

DR. RANSOM Sorry for being |ate.

CHAl RVAN WALLI S: Excuse ne.

MR. SCOTT: Let ne say sonmething. If the
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100 calories per gram because that takes several
seconds to get there, would not be the sane as these
reactivity transients that go to 100.

MR. DI AMOND: That's correct.

MR SCOTT: And take 20, 30 m|liseconds.
So we m ght not get the damage, even in high burn-up
fuel .

MR. DI AMOND: Wel |, the point isthe danage
at that point mght be acceptable, kind of, fuel
damage, and not danmage that woul d be associated with
fuel fragnentation or dispersal.

This is a curve of the maxi num void
fraction, looking at the void fraction at all of the
positions withinthe core at which the cal cul ati on was
carried out, with RELAP, | shoul d add.

And of course this is the |ocus of many
i ndi vi dual positions that have highvoidfraction, and
one such position here at the bottomof the core, at
a particular thermal hydraulic channel is shown here,
in order to showthat the void fraction at any gi ven
| ocati on doesn't stay up at 80 percent.

It's really growing and collapsing
sporadi cally. So you have this chuggi ng situation, so
to speak.

CHAl RMAN WALLI S: Whereabouts in that
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picture is the maxi numfuel pellet enthal py? This is
Curve A?

MR. DI AMOND: Yes, this is Curve A which
was | ater than 132.

CHAl RVAN WALLI'S: Ch, it's about 145 or
sonet hi ng?

MR. DI AMOND: Ckay, so | guess that was at
this point here.

CHAI RVAN WALLI'S: So it's in there.

MR. DI AMOND: Yes, and then things Kkick
t hr ough.

CHAl RVAN WALLI S: So after that, do we care
much? What if there's another peak |later on?

MR. DIAMOND: Well, we don't even care
about --

CHAI RMAN WALLIS: There's another peak
later on it kind of follows that.

MR. DI AMOND: We don't even care about
this. I nean, don't forget, this core has been boiling
for hours. So the fact that you're getting sone void
fraction here seens to ne --

CHAl RMAN WALLIS: But Di Marzo actually
chilled it with his cold water com ng rushing in.

MR. DI AMOND: Well, it's true that the

water here -- we're at low, nuch | ower pressure and
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temperature when this boiling takes place. The
condi ti ons here are supposed to be on the order of six
nega- pascal s, and about 400 --

CHAI RVAN WALLI S: Yes, what | was observi ng
was t hat these peaks in void fraction, the one around
145 and then the rise up to 160, those track pretty
well the rapid rise in fuel enthal py as well.

So what's happening is it's heating up,
and very rapidly, soon after that it makes voids.

MR, DI AMOND: Yes.

CHAI RMAN WALLI S: So the voids track the
power .

MR. DI AMOND: Wl |, yes, except the thing
about voids too is that they transport up the channel
as well. Soit's conplicated by the transport and the
generati on

CHAI RVAN WALLI S: Yes, but in the initial
sudden surge of energy, they aren't cooled much in
t hat peri od.

MR. DIAMOND: No, not intheinitial stage.
So, ny results fromthese cases are listed here. The
first is that it's inportant to remenber that the
total reactivity additionis always nuch | ess thanthe
driving factor, which is the boron dilution. That's

i mportant.
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The fuel and noderator reactivity feedback

are very inportant. And the PWR, also in the PAR The

initial increase in the peak fuel enthal py -- and by
"initial increase” |'m talking about in the first
second -- is about 15 to 25 cal ories per gram

Fromthe point of view of fuel damage is
not i nconsequenti al. The peak fuel enthal py duringthe
entire transient isinthe range of 90 to 100 cal ori es
per gram

And agai n, though, that peak fuel enthal py
occurs slowy and therefore we're not tal king about
catastrophi c fuel damage here. The void fraction is
hi gh enough to expect DNB.

But if so, it would not be different than
during the earlier portion.

CHAI RVAN WALLI S: Wbul dn't that change t he
peak fuel enthal py, the DNB?

MR DI AMOND: Yes. You nmean because of the
heat transfer? Yes, one feeds back on the other. But
that's taken into account in --

CHAl RVAN WALLI' S: | n RELAP?

MR. DI AMOND: In the guidelines, yes.

CHAI RVAN WALLI S: So does t he code predi ct
DNB?

MR DI AMOND: The code will predict what
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heat transfer pictured, yes.

CHAI RVAN WALLI S: Does it predict DNB for
this case?

MR. DI AMOND: Ch, does it predict it for
this case? Well, then you have to nonitor the DNB
ratio, and we did not nonitor that.

CHAI RVAN WALLI S: So you say hi gh enough to
expect, and a curi ous person woul d ask, "Well, did you
get it?"

MR, DI AMOND: Yes. Ckay.

CHAI RVAN WALLIS: You're tantalizing us,
because we don't know whether you got it or not.

MR. DI AMOND: Yes, and |'m sorry, but |
don't have that.

CHAl RVAN WALLI S: Maybe by later in the
week you can tell us.

DR FORD: Could |I ask a question?

MR. DI AMOND: Certainly.

DR. FORD: You essentially conme out with a
correl ati on between the neasured peak fuel enthalpy
and the calculated rate of boron loss during the
transient. |s that correct?

The rate of boron | oss fromthe University
of Maryl and cal cul ations are not calibrated into the

data. Is that correct? So are we intentionally in a
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situation where we' re just scaring oursel ves, because
we don't have a calibrated rate of boron loss that's
cal cul ated -- calibrated.

MR. DI AMOND: Yes, that's correct. That's
correct and that's why it seens |i ke we keep going to
nore and nore extrene cases, and, towt, I'mgoingto
show you the next extreme case, which has the punp
com ng out.

DR. FORD: |'msorry to junp ahead of you.
You're right, so as far as the rate of boron | oss the
hi gh fuel enthal py.

MR, DI AMOND: Yes.

DR FORD: So does that not tell us
communal |y that the big urgency to calibrate are
verified by thermal hydraulic cal cul ati ons.

MR. DI AMOND: Unl ess you're satisfied by
all the circunstantial evidence which keeps show ng
t hat you have to keep pushi ng your assunptions to nore
and nore conservative values to get to that point
where you're rate of dilution is high enough.

| mean, my personal opinion is that we
keep pushing. The licensee said one thing, and we
pushed way beyond that and we're still having trouble
getting to a severe accident.

And i n the next case we'll get cl oser, but
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at the cost of going to | ower and | ower probability.

DR. FORD: But you go to higher and hi gher
burn-up fuel s? Doesn't the urgency becone that nuch
greater?

MR. DI AMOND: Well, when we | ook at this,
or at |l east when | look at this, I"'mlooking at it in
terms of what we'd expect those limts to be for high
burn-up fuel.

CHAI RVAN WALLIS: Well, | think when we
| ooked at actual data for high burn-up fuel, there's
very littleof it. And it was not that concl usive that
you coul d draw a |i ne and say above 100 K, because you
weren't al ways.

MR. DI AVOND: Ri ght.

CHAI RVAN WALLIS: And so there's sone
uncertainty there. Wiat you seemto be saying is that
you cannot rule out the kind of energy deposition
whi ch coul d gi ve you a col umtm wi th hi gh burn-up fuel.

MR DIAMOND: No, no. | don't seemto be
saying that, | am saying that.

CHAl RMVAN WALLI'S: You are, you have said
t hat .

MR. DIAMOND: Or no, | will say that in the
next two mnutes when | show the punp start case.

CHAI RVAN WALLI S: You are about to say it.
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Isn't that true here too? Isn't 100 cal ori es per gram
is not -- doesn't rule out damage to high burn-up
fuel, does it?

MR. DI AMOND: No. At this rate of addition,
| think not, no. | don't think that --

CHAI RVAN WALLI'S: Are there sone criteria
which say rate of addition and tell the deposition
under t he LOCAs of acceptabl e condi ti ons or sonet hi ng?

MR DIAMOND: In ny mnd, there is.

CHAI RVAN WALLI S: Your m nd?

MR. DI AMOND: Yes. | would defer to fuel
behavi or experts, but this type of energy deposition
i s of concern when there's no opportunity for the CLAD
to come to equilibriumwth the pellet.

It's a sudden jolt to the CLAD. And in
this case it's not a sudden jolt, it's happeni ng over
90 seconds, and therefore -- However, the definitive
answer to that ought to cone fromthe fuel behavior
person.

MR, SCOTIT: But David, | think when you
enter the next set too, but go back to this one. You
have channels that have high burn-up fuel, and
channel s that have medi um burn-up fuel.

And are not these high 90 cal ories per

gram one of the | ow burn-up fuel ?
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MR. DI AMOND: Yes. No. Yes, thisis for the

| ow burn-up fuel, right. That happens to be -- the
particul ar designthat we're | ooki ng at, the B&W t hey
had put their control rods in the higher burn-up fuel,
and therefore, since as | say, all the control rods
areinsertedinthis particular case, the hi gh burn-up
assenblies don't have the high power because that's
where the control rods are.

And the |low burn-up assenblies are the
ones that are getting all the high fuel energy
deposition and high void fractions, etcetera. Ckay. So
now let's take a | ook at the punp restart case.

Again, this is the curve that Marino
showed earlier. And |'ve just plotted it here against
the case fromlast tinme. And you can see that the --
And again, we're starting at 100 seconds.

The boron event is over on the order of 20
seconds.

CHAI RVAN WALLIS: What's this 25 percent
figure?

MR. DI AMOND: That is the punp rate based
on the analysis that Marino did. Were he non-
conservatively assuned that there was a ranp-up of the
punp rate, so that we were looking at a fractiona

punp rate, rather than conplete insertion.
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|"msorry, conplete, 100 percent flow.

MR. Di MARZO Yes. The reason why | put it
much higher. It's nuch worse.

CHAI RVAN WALLIS: It's worse? So why did
you choose the 25 percent, it seens sonewhat
arbitrary.

MR. D MARZO | just picked a case which
seened to performbetter withtheinsertion. Sol said
t hi s percent has nothing wong. So it was by all neans
a non-conservative esti nate. And when | gor cones to ne
and says we arereally in trouble there, we coul d push
it worse, but the answer woul dn't change.

W would still have --

CHAl RVAN WALLI S: See, that's what | found
real trouble with. Because your A and B curves, these

are out | andi sh, extreme cases. Nowwhen you' re | ooki ng

at the bunp punp, you say, "Well, I will not |ook at
the extreme case. |'I|l | ook at a 25 percent,"” when it
coul d be 100.

So you're telling a sonewhat different
story. That's going to -- Soneone's got a cost to
whoever's eval uati ng.

MR. D MARZO Yes, but there are two
stories. One story is natural circulation. W want to

tell you that no matter what you do with natural
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circul ati on we have no problem

So we went and forced the RCP on in order
to make that case. On the punp, as soon as we start
with somet hing close to the --

CHAI RVAN  WALLIS: You run into real
troubl e.

MR DiMARZO Imediately we are in
troubl e.

CHAI RVAN WALLI S: So you burn up t he punp.

MR. Di MARZO So there i s no point in going
into extrene.

CHAl RVAN WALLI S: | see.

MR. Di MMARZO. W are only throwi ng our
hands up in the air |like this.

CHAI RMAN WALLIS: So that needs to get
across to the audience.

DR KRESS: What is 25 percent, |ike one
punp starting?

MR. Di MARZO. No, no, it's a quarter of
one.

MR. SCOTT: Renenber, the punmp is off, and
it has to start. Well, we've only got, Ilike, 20
seconds? It can't possibly get up to very high speed
in 20 seconds.

MR D MARZO W don't | ook towards that
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kind of a range, but the programis the fluid isn't
going to punp.

CHAI RVAN WALLI' S: But you don't know how
fast it starts? Why don't you put in what it really
does?

MR. D MARZO: | don't know what the fluid
does. You know, you have fluid in the whole room The
punp will go up to speed in 20 seconds. That doesn't
say that the fluid --

CHAl RVAN WALLI'S: | would think the fluid
was punped pretty quickly. Ch you nmean a nonentum
equation has to be used? W found a case, Dana, where
t he noment umequat i on mat t er s? When you bunp t he punp,
how rapidly you speed up the fluid.

DR. POVERS: Understand, | cone frombeing
trained by Ivan Patton. There was the Big Bang, and
everyt hing el se was the nonmentum equati on.

MR DIAMOND: All right, well this shows
the resulting power onalogarithmc scale, simlar to
the results that | showed earlier. Except that now
everything's happening in about 20 seconds.

And this is the boron dilution curve that
| just showed, and this is the power which comes up
to, well, quite a bit higher than 100 percent power,

but duration is rmuch shorter.
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CHAI RVAN WALLI'S: It | ooks |ike sonething

over -- It looks |ike 2000 percent or sonething.

MR DIAMOND: Well, we'll take a | ook.

CHAI RVAN WALLI' S: You' re goi ng to show us.

MR. DI AMOND: Wel |, actually, this doesn't
go all the way to the --

CHAl RVAN WALLIS: What is it?

MR. DIAMOND: |'m not sure, maybe you're
right. It could -- maybe it is 2000. The thing is, |
never | ook at these, because | don't find themto be
i nteresting.

What's really inportant is the integral,
the energy that --

CHAl RVAN WALLI S: But it's still dramati c,
and soneone, a nenber of the public who wanted t o make
a point could say, "Look, it's 20 tines."

MR. DI AMOND: Yes, right, so, okay, you're
right, this keeps going up here. But | wanted to show
-- zoomin and show you what the oscillations |ook
l'i ke.

And here there's only a few oscillations
because this is the boron dilution and you' re al ready
com ng back up to high boron concentration. As the
slug exits through the core.

CHAI RMVAN WALLI'S: So you're at 100 percent
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power or over?

MR, DI AMOND: Yes.

CHAl RVAN WALLI'S: So quite a few seconds.

MR. DIAMOND: That's right. In this case,
remenber before | pointed out that you were really --
nost of the tinme you were between zero and 100 per cent
power, with a couple of occasional spikes.

But here, the significant energy being
deposited, it's above 100 percent nominal. So we do
have a different situationw th the punp start. And if
we | ook at again the |ocal pellet average enthal py,
t he general behavior is simlar.

That is, we have an initial junp and then
it continues torise, plateau-ing at several -- well,
not even a plateau at several points.

DR. KRESS: That's still cooling off a
little bit, by the fluid? It's not nuch cooling.
Because that's al nost the strength --

MR. DIAMOND: That'sright. It's partially
-- The cooling of the fuel is one effect. The
di fferent power spi kes is another effect. Don't forget
now that [I'm showing sonething that 1is the
congl oner at e.

So you have spati al |l y dependent behavi or.

| "' m showi ng the peak val ue.
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DR. POAERS: Can you give us sone idea of

where this is happeni ng?

MR. DI AMOND: Yes, thisis happeninginthe
bottom of the core, because it's the bottom of the
core that sees that slug first. It's the bottomof the
core that's responsible for that initial power spike.

And it's happening in the |ow burn-up
fuel . Because as | explainedit's the | owburn-up fuel
-- 1"l showthisinalittle bit. It's the | ow burn-
up fuel that does not have a control rod init.

CHAI RVAN WALLI S: And you chose not to run
the punp at 100 percent or anything like -- D d you
have runs for other assunptions, |ike 100 percent
punp?

MR. DIAMOND: This is difficult enough as
it is. You start to get into conditions like that,
you're real ly pushing all of the nodels and the code.

CHAI RVAN WALLIS: So you have difficulty
predi cting.

MR. DI AMOND: Yes. Well, after a certain
point. | mean, we were able to do this cal cul ation,
but each tine you do a calculation like this you
realize that you' re startingto get into regi ons which
t he codes were not designed to account for

CHAl RMAN WALLIS: Wiich neans there's
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uncertainty in the nunbers, if they are nuch bi gger or
smal | er.

DR POAERS: You woul d have --

MR. DI AMOND: There is uncertainty.

DR. POVNERS: Do you have a way of getting
t hrough that says we have a code that allows us to
read t hese things, we can. This cal cul ati on, although
somewhat in the other calculations, routinely you
woul d need a code that has these capabilities?

MR. DI AMOND: No, | don't have that witten
up anywhere.

DR. POAERS: Surely you could use it.

MR. DI AMOND: Yes, well there are all sorts
of things -- Well, | nean, for exanple, here you get
the centerline nelting. The consistency laws in
relation in RELAP coul d be such that it would get up
to the melting point and continue to be able to
calculate in an orderly fashion rather than getting
some bl ock.

That's one exanpl e.

DR PO/AERS: You don't cal cul ate centerline
vapor pressures?

MR. DI AMOND: No. But I'Ill showyou when we
do get up to centerline nelting, and that's already

pushing --
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DR. PONERS: You show centerline

tenperatures at 3000 degrees Centigrade, and if you
i ncl ude vapor pressure at different points, it's --

MR. DI AMOND: Ri ght. Ckay, |'mjust taking
t he sane fuel enthal py curve, and agai n bl owi ng up the
time scale, sothat we're only | ooki ng at four seconds
her e.

And the point is that | wanted to first
showthis initial rise hereis nowon the order of 30
calories per gramand fractions of a second. If we're
| ooki ng at naybe one second, then we're tal ki ng about
maybe 60 cal ories per gram i ncrease.

So now we're starting to talk about
getting a consi der abl e anount of energy deposition, in
a smal | anount of time. Forgetting about the fact that
this is going up to very high fuel enthal pies, which
are not going to lead to m nor fuel damage, but may
| ead to maj or fuel damage.

So that's the blowup here. And this
eventual fuel enthalpy was about 180 cal ories per
gram |If instead of |ooking at the pellet-average
ent hal py, we focus on the fuel centerline.

And i nst ead of tal ki ng about enthalpyit's
nore convenient to talk about fuel tenperature. So

this shows the sane shaped curve as for the pellet-
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aver age ent hal py, but nowwe' re tal ki ng about the fue
centerline.

DR. POAERS: What's the burn-up on this?

MR DIAMOND: It's very low. It's --

DR. POWNERS: Very low as in 4 gigawatt
gauged - -

MR DIAMOND: No. As in less than that.
Yes. Essentially zero.

DR. PONERS: So essentially, it actually
occurs nore, given that greater nunber.

MR. DI AMOND: Ch, okay.

DR. PONERS: | nean, you're just basically
| think it was --

CHAl RMVAN WALLIS: But there may be sone
ot her fuel which is only up to 2000 whi ch has a hi gher
bur n- up.

MR, DI AMOND: Yes.

CHAI RVAN WALLI S: Which is a whole | ot of
different --

MR. DI AMOND: That's right. Don't forget,
| said that the only reason that the highest, nost of
your conditions are occurring in |ow burn-up rather
than in high burn-up fuel is that in the BNW fuel -
managenent schene, the control rods are in the high

burn-up assenblies.
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Now if we were looking at a different
fuel - managenent schene, then, where they placed the
hi gh burn-up fuel assenbly next to a | ow burn-up fuel
assenbl y, and one was being driven by the other, then
this coul d take place in a high burn-up fuel assenbly.

But t he concl usions that we want to reach
are independent of burn-up. Ckay, so this shows the
peak fuel centerline tenperature. That is, the peak
t hroughout the core. And it occurs at about 113
seconds.

And if we just focus on 113 seconds and
| ook at the centerline tenperature throughout the
core. Thisis -- as a function of axial position, this
shows you a coupl e of things.

One, it shows you howt hi ngs are happeni ng
at the bottomof the core. This is the bottomof the
core, this is the top of the core.

CHAl RVAN WALLI' S: Tel | ne about t he nodes,
your cal cul ati on on nodes there.

MR. DI AMOND: These, yes, these different
curves represent different fuel assenblies.

CHAl RVAN WALLI S: But t hese are conbi ned - -
the nodes, the discretization is your nunerical
met hod?

MR, DI AMOND: Yes.
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CHAI RVAN WALLIS: So we have very steep

ranp on the left. And we woul dn't real ly know what the
clusters would do if you had to find the nodes right
at the left. You mght have a different maximumis
what |' m sayi ng.

MR, DI AMOND: Yes.

CHAl RMVANWALLI S: | f you had pri mary nodes.

MR. DI AMOND: Right. And now, if we just
| ook, though, at this second node here, and we | ook at
all these points and how they're distributed through
the radial section of the core.

This is a la portion of the core. By the
way, | apol ogize, this was supposed to be in |iving
color. And due to technological difficulties --

CHAl RVAN WALLI'S: Well, lots of these are
pretty darn high.

DR PONERS: |'m nuch nore concerned --

MR. DI AMOND: Ckay. Well, so we can | ook.
Now this is the center of the core. This is the
peri phery out here. And here's where you can see the
-- let's see, these are channels.

kay, these are |ow burn-up assenblies
along this diagonal. Don't forget now, every other
assenbly has a control rod. So there's a control rod

here, there's one here, one here, one here, one here,
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here, here, here, surrounding the --
DR. PONERS: Well, we're nore concerned
about the higher burn-up fuel than | amthe pressure
MR. DI AMOND: Yes, and |I'm gl ad you noted
t hat, because here | amtal ki ng about the | ow burn-up
assenblies are experiencing the higher centerline
tenperatures. Inreality, thisis not nmuch different.
And this is a high burn-up.

DR. PONERS: So where are you getting 100

MR. DI AMOND: Yes. Right. So, | don't know
where you want to draw the line in ternms of
acceptance, but as an exercise | drew that |ine at
3000 Kel vi n.

And | sai d, okay, that's unacceptabl e fue
damage above that. And what it represents inthis case
is 20 percent of the fuel assenblies. In other words,
20 percent of the fuel assenmblies would reach 3000
Kel vi n.

CHAI RMVAN WALLI'S: Andthisis only for a 25
percent punp.

MR, DI AMOND: Yes.

DR. POAERS: So there's no burn-up --

CHAIl RVAN WALLI' S: That's why it woul d be
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hel pful if you made a few ot her assunptions, |ike 50
percent punp, or sonething different just as a
conparison. Because this -- It just seems it's sort of
an arbitrary nunber

DR. PONERS:. Wiy are you |ooking at the
punp bunp at all. | think they already know that the
punp bunp is --

CHAI RVAN WALLI S: Ckay, so you're goingto
say --

DR. PONERS: Well, thisistrue. The thing
is you can put all the rul es you want to on bunp punp.
There's going to be an unbelievable driving force on
t hat punp.

DR. KRESS: Al we've got is procedures
that say don't bunp the punp. That bothers ne.

DR. RANSOM Well, it's no worse than
sayi ng shut off the HPI and that will open. You can do
that. You get introuble |ike Three Mle Island. The
ot her thing.

|"m sorry | mssed the earlier part of
this presentation, but | have trouble wth the
boundary conditions that are used in this analysis,
and al so the one that Di Marzo was using in his m xing
anal ysi s.

Because they | eave off the vent val ves.
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Now, unless you do a nanonmetric calculation that
includes the differential pressures that occur across
that, you're consistently going to get flowto those
vent valves, which dilute any incom ng deborated
wat er .

And in that sense, the Framatone
calculation is a nuch nore sensible cal culation than
what i s being done here. In fact, |I don't understand
why -- This is a great calculationfromthe neutronics
poi nt of view, and the input thermal hydraulics, but
you |l eft out the downconer, and the vent val ve.

Wi ch woul d have been a sinpl e additionto
this calculation. Wthout that it's --

MR. Di MARZO My case thereis nomxingin
the vessel. | take no credit for mxinginthe vessel.

DR. RANSOM Ri ght.

MR. D MARZO It's what we concluded in
natural circulation is that no matter what we did --

DR. RANSOM Wel |, are you just | ooking for
the worst situation to see if it works out?

MR. Di MMARZO. There is no way -- it still
is good. It still is wvery good. It still is
accept abl e. The wor st possi bl e thing you can think of
with all the situations, it works out.

DR. RANSOM It seens like it's very nuch
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away fromthe best test on the --

VR. D MARZO Absol utely, but it's
accept abl e.

DR. RANSOM That's |ike assum ng all the
vent valves fail. You know, that they're not going to
wor K.

MR. Di MARZO. But the point is inthis set
of cal cul ati ons, we took very conservative assunpti ons
on this punp, and we are already in such a situation.
We coul d denote even further, but then we woul d have
to revisit our nore conservative assunption on the
punp.

For example, the punp should go even
faster, the slug should be even larger, and --

CHAI RVAN WALLI S: That's what |'m not --
t hat puzzles ne. See, Vic is saying, "Yes, it could be
nore realistic about mxing, that's fine, it helps
you. But thenif you're nore realistic about the punp,
then make it 50 percent.”

| " mnot sure whether that carries nme over
the top or not.

MR. Di MARZO: But the point isthis. Inthe
punp case, even if it's benign, what will becone the
punp. Cbviously, if | canme here with the worst

possi bl e punp case, right, that I can fit in like |
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did on the natural circulation case.

And | tell you that's a problem The
i medi ate thing that you will say, say yes, but what
| mean, if it's a little nore realistic, maybe you
woul dn't have a problem

CHAI RVAN WALLI S: | guess what we' re sayi ng
is if you're realistic all the way, with the m xing
and your punp and everything --

MR D MARZO. We still get in trouble.

CHAl RVAN WALLI S: You still get introuble?

MR. Di MARZO. Yes.

CHAl RVAN WALLI'S: | didn't know that.

MR. Di MARZO: In this one here, | think we
woul d. We could try. | nean, you know, but then you
woul d cone back and say, "Well, then build it |ess
realistically,” you see what |'m saying?

DR. KRESS: | don't wunderstand the 25
percent punp. | nmean, either it would punp on or have
it punp off.

MR. Di MARZO. The punp cones on -- This is
a 20 second transient. The punp cones to full speedin
20 seconds.

DR KRESS: Yes.

MR. Di MARZO. The fluid has to catch up
withit.
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CHAl RMAN WALLI'S: What is the rel axation

time for this loop in terns of --

DR. RANSOM Well, there again | woul d say
you shoul d do a t hermal hydraulic cal cul ati on and t est
t hat nodel . You shoul d investigate that finding.

MR. Di MARZO That woul d gi ve you -- But if
| come up with 25, it's very low. | should conme up
with a higher velocity than he had.

DR KRESS: The only thing -- | get what
you said, but | nean there would be mxing in the
vessel .

MR, DI AMOND: Yes.

DR. KRESS:. Possibly if it was the punp,
t hat m ght be enough to set it off.

MR. DI AMOND: Yes, in other words, instead
of com ng down to this point here, there was enough
m xing so that you only canme down to maybe 1000 and
turned around and went up.

DR. KRESS: That's the non-part you're
t al ki ng about .

MR. DI AMOND: That's right. Yes.

MR. Di MARZO What is the situation here.
W only have to say we shall not turn the punp on.

DR. KRESS: Wiich is the right thing to

say.
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MR. Di MARZO. That's what t hey say. So our

point is to say on the natural circulation, whichis
the only thing that's on the table, what's the
situation?

And no matter what we do t here, taking all
t he nost negative or conservative, whatever, we are
okay. So as long as they don't turn the punp on,
t hey' re okay.

CHAI RVAN WALLI S: So your nodel interns of
the array is if they turn the punp on they get core
damage.

MR D MARZO O we should do a |lot nore
anal ysis to test.

DR. KRESS: -- have to do a lot nore
anal ysi s.

MR. Di MARZO But that's not on the table.
They took the punp off the table. So it's not in the
arena, and why -- you see what |I'mtrying to say?

CHAI RMVAN WALLIS: Well, 1 guess as an
observer, interns of the public interest and safety,
l|"mnot really interested in what's on the table. I'm
interested in what's safe.

MR. Di MARZO Right, but if this thingwere
not safe, to not turn the punp on is the sane as they

say, "W shall not turn the HPI off."
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Nowit's a matter of a regul atory point of
view to figure out --

CHAI RVAN WALLI S: How nmuch confi dence you
have in the operators foll ow ng procedures.

MR Di MARZO Exactly. That's not the
t hermal hydraulic situation.

MR. SCOTT: |'Il talk about that after the
br eak.

CHAI RVAN WALLI'S: You'll tal k about that
after the break. W're going to have a break soon.

DR. RANSOM Isn't that a problemin every
acci dent scenari 0o?

DR. KRESS:. Yes, that's not a unique --

DR. RANSOM So | guess | don't see why
it's so unique in this case.

CHAI RVAN WALLI'S: It's not. Anyway, maybe
we should --

MR. DIAMOND: | can conclude in just two
m nutes. | just wanted to showone | ast result frommny
calculation, which again showed the high void
fractions that you could get into during this event.

But you see that this event is over --
well, in ternms of void fractions -- over in ten
seconds. | nean, there's only ei ght seconds here where

t here's voi di ng.
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And as we said earlier, well, this core
has been boiling for hours, sothis is not what we're
concerned with in this case. So ny summary for the
results here is as follows.

DR. RANSOM When does boiling begininthe
cal cul ati ons you have nade?

MR. DI AMOND: When does it begi n?

DR. RANSOM Well, you showed void
fractions in sonme of the earlier ones, so obviouslyin
that voids were being produced, | think for some
earlier time.

MR. DI AMOND: Ch, when | referred to the
fact that the core has been boiling for hours, |I'm
t al ki ng about the early phase of the smal | - break LOCA,
in which the reflux condensation takes pl ace.

Qur calculation starts only after natural
circul ation has been re-initiated, and so the voi di ng
that 1'm talking about is only in that situation
Natural circulation single --

DR. RANSOM Even that is going to drive
closer to vent valves and going to dilute the
deborated water as it cones into the val ve punp. And
| don't know nyself what the mass of the borated
volume of water is relative to the mass of the

debor at ed wat er
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But that would be a dilution-type
cal cul ation that should be made, and that woul d be a
nore real i stic boundary condition thanthe entrance of
the core in this type of cal cul ation

MR. DI MARZO That is correct, the question
isin the issue of punp activation, do we want to do
that or not? And that is what has to be decided in a
different theorem Because first decision we have to
make is are you confident that does not turn on the
punp?

And if the answer is no, then the next
step is exactly what you proposed.

DR. RANSOM | guess ny argument woul d be
if you're going to turn on 25 percent of one punp, why
not assume they turn themall on. | nmean, if you turn
one on, it's better themall on.

MR. Di MARZO. |If you turned themall on it
woul d be nuch wor se.

DR. RANSOM O course. So what i s magi cal
about one -- Wy would a person turn one punp on?

MR D MARZO Well, the punp -- there's
only one punp.

DR. RANSOM | understand that. No, there
are four punps.

MR. Di MARZO. Yes, they could bunmp the
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whol e array and it would be much worse. Definitely.
But the problem here we have established. W are
trying to establish that you should not touch the
punp. Peri od.

Now, |l et me cone to regul atory question.
| f you are not sure, and you neke the determ nation
| ook in past history and whatnot, we cannot for sure
rule the fact out that they've already turned the
punp.

Then our job is to go do a dilution study
on the downconer, the AV, everything.

DR KRESS: W've got a real problem

MR. Di MARZO: | nean, we've got to nove the
whol e thing, definitely. Absolutely. The prem se here
is --

DR. KRESS: And nore than likely you will
have a problemw th the fuel |ead.

MR. D MARZO | don't know the answer of
what happens, but |'ve got do a really good anal ysi s.
Now, my issue at the beginning as | started | said, in
the way this has been framed, which is no punp, | can
essentially say that as long as that's a sure
statenment, there's no punp, and |I'm not making any
qualifications to that.

| f you stick tonatural circul ation, there

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

94

isS no way you're going to have a probl em

CHAI RVAN WALLIS: Al this is for the
nunbers where the B&W - -

MR. Di MARZO: Ri ght, but the ot her one, you
have a problemstoring the sluginthe first place. So
if you go natural circulation or even bunp punp --

CHAl RVAN WALLI'S: All these nunbers have
been worked out for a certain kind of B&W pl ant.

MR. Di MARZO. And we coul d do that too for
them But the problemis that the --

CHAI RMVAN WALLI S: Yes, but soneone i s goi ng
to reach the conclusions about what should be done
about a Westi nghouse plant, fromthe cal cul ati ons for
a particular BNW pl ant ?

MR. Di MARZO: No, the slugs are nmuch, nuch
smaller. | mean, it's again an area where we can
enbark on, but the scenario's conpletely different,
because the volune i n which they can storethe slugis
very, very small conpared to what is here.

Here we're dealing with 23 nmeters cubed
potential area of storage, over there it's a 2 neter
cube, that's it, it's very -- the loop is sealed, so
you cannot use that.

You just have little pieces of --

CHAI RVAN WALLI S: But they still probably
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shoul dn't bunp that punp.

MR. D MARZO Well, with that kind of
vol une, now the question is what does it do? That's
exactly what we can ask oursel ves Wien you take two
liters and you put it in 200 liters and you transfer
that intothe core, what's goingto let -- Howare you
going to keep it together?

That's going to be very conplicated to do.
| think it's not an analysis. In other words, you can
do a rough anal ysis of that and basically prove that
there is no way you can keep this thing together
t hr ough t he downconer.

CHAl RVAN WALLI'S: | suggest we let David
finish his presentation, then we have a break. And
then we'l |l cone back to all these other questions and
we have some nore presentations by the staff.

MR DIAMOND: |'Il just summarize ny
t houghts on t he punp start case. The initial peak fuel
enthal py increase was 30 calories per gram as we
tal ked about on the fraction of a second or 60
calories per gram we're talking about naybe one
second.

But nore inportant than that is the fact
t hat the maxi mum pel | et average fuel enthal py got up

to 185 cal ories per gram up in the range where we saw
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t hat one woul d certainly have nelting withinthe fuel,
and our cal cul ati on where we used 3000 Kelvin as the

mel ting point.

CHAI RMAN WALLIS: | think David, when
you're presenting to the -- if you' re presenting this
to the full conmmittee, | think that you ought to put

the tenperatures in there too. In your slide, you can
do that?

The significant nunber of the el enents,
i ncl udi ng perhaps the high --

DR. KRESS: | think that one-eighth core
case nmade the core --

CHAl RVAN WALLI S: Yes, but it's not in the
sunmary slide. The tenperature -- | know there's
points to be made. In terns of summari zi ng t hi ngs, put
it on the slide.

MR. DI AMOND: And again, as | said before,
the void fraction, we have DNB, but that's not a
concern here. It's this one that's a concern.

CHAI RMVAN WALLIS: Well, it looks as if
there isn't really that nuch cooling of the fuel
el enents. They get heated up and they cool off |ater
on, but lead up -- the heat input is a nuch bigger
term than heat renmpval, so DNB doesn't matter that

much.
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So this is a good tinme to take a break.
Coul d I have an estinate of howl ong we're going to be
after the break?

MR. SCOTT: | have about a half a dozen
sl i des.

CHAI RMANWALLI S: There's probably goingto
be a lot of questions fromus. Yes, okay. So we'l|l
probably be at |east another hour after the break.
Maybe two.

Ckay, so we'll take a break for fifteen
m nutes. Come back here at 3:15.

(Wher eupon, the foregoing matter went off
the record at 3: 00 p. m and went back on the record at
3:16 p.m)

MR. D MARZO W have the slide. And the
first bullet isreally all that we are trying to cl ose
upon at this point. And what it is is that we are
seeing, we have tried to -- Actually, we have not
tried.

We have cal cul ated the | argest possible
slug at the fastest possible rate of transfer, and --
in the system that you could conme up wth. That
physically could be arranged, and in spite of all
this, we did not have any indication of a negative

ef fect that brought concerns.
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CHAI RVAN WALLIS: So you know that 90

calories per gramis not a problenf

MR. Di MARZO That's basically under what
Kevi n concluded and that's what we are saying.

CHAI RMVAN WALLIS: Do you have a fuels
person who reassures you that that is the case?

MR D MARZO. Ckay, well we can do that.

MR SCOIT: Well, because it's slow

CHAl RVAN WALLI S: Well, how sl ow does it
have to be. | don't know -- | don't know anything
about fuel failures.

MR. SCOTT: Well, at the June 26 neeti ng,
it was mentioned that it has to be less than 30
mlliseconds. The power supply transient has to be
less than 30 mlliseconds at this kind of a 100
calorie, 1900 calorie per gram to cause fuel damage.

If it's greater than that, it's probably
not goi ng to cause fuel damage. And t hese cal cul ati ons
-- David has like half a second or a second. | nean,
the spike is --

MR. DI AMOND: No, we're tal ki ng about nany
seconds to get up to 90 --

MR D MARZO Yes, well, we're only tal ki ng
about 20 seconds. So what we are trying to concl ude

t oday, based on what we showed you today, is that in
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the case associated with the natural circulation
transfer of the slug, we are confident that no matter
what we do, we're not going to cause nore severe --

CHAI RVAN WALLI S: Vhat centerline
tenperature are we looking at in this case? Wich
centerline tenperature?

MR. DI AMOND: Wel |, assumi ng that you get
up to 100 cal ori es per gramsonmewhere, so that's half
of what we were tal ki ng about -- Before, we were at
3000 centerline. I'"mthinking of the different --

CHAl RVAN WALLI' S: It starts at sone val ue,
so.

MR, DIAMOND: Well, it starts very | ow

CHAI RVAN WALLI S: And t hen sonmeone has sone
nunber that it's okay if you don't go above, say, 2000
or sonet hi ng?

MR. D MARZO. He said 3000.

MR. DIAMOND: Well, | was wusing 3000
Kel vi n.

CHAI RMAN WALLI' S: Then you said there was
a problemwth that.

MR. DI AMOND: Sorry, what?

CHAl RMVAN WALLIS: 3000 Kelvin was a
problem or was it borderline, or what?

MR. DIAMOND: No, | said | was using that
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as the acceptance | evel for what the fuel tenperature

CHAI RMAN WALLIS: This is some degree?

MR. DIAMOND: -- Kelvin is roughly the
nmelting tenperature of the fuel.

CHAI RVAN WALLI S: | s t here sone agr eed upon
acceptance criteria or sonething?

MR. DI AMOND: No. The --

DR. PONERS: | think it falls on one of the
fuel danage curves.

MR. DI AMOND: Yes, the only acceptance
criterion that we have nowis 280 cal ories per gram
However, a | ot of people feel that we shoul d not have
mel ting anywhere within the fuel pellet, in order to
preclude any kind of potentially catastrophic fuel
damage.

MR SCOTT: And | think in the standard
review plan, there's sonmething called Specified
Accept abl e Fuel Danmmge, or SAFD, and one of those is
no fuel nelting. So that's why you don't operate a 20
kilowatt plant.

CHAl RVAN WALLI S: Sothereis a pl ace where
it's witten down.

MR, SCOTT: Yes.

CHAI RMAN WALLIS: No fuel nelting is the
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criterion? It's not just a lot of people feel that
there is sone sort of authoritative reference?

MR, SCOTT: Yes.

DR. KRESS: | notice then this reason why
the rate which is --

MR SCOIT: Ckay.

MR. DI AMOND: Why the rate matters, or why
it does not matter?

DR KRESS: It seenmed to nme like it
shoul dn't matter. Maybe you'll tell newhy it matters.

MR. SCOTT: If we're claimng that fuel
damage woul d be sonething |like a crack. If | get sort
of a small crack.

DR. KRESS: Wich would do what, the
internal pressure wll --

MR SCOTT: The pellet expands. In these
hi gh burn-up rods, the pell et and cl addi ng are sort of
in contact, and if you have rapid expansion of the
pell et because of heat build-up, it can crack the
cl addi ng. And t he cl addi ng has to have hydrates init,
or oxide | ayer.

DR. KRESS: So it's the rate at which it
expands

MR. SCOTT: Because there's an additi onal

mechani smbesi des just frontal expansion. You have the
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fission gaps that's in the edge of the pellets.
Because of the high power profile, the high burn-upin
t he edge of the pellet.

That gas whichis little bubbles, expands
because it's at a high tenperature, and now provi des
not just the sort of manic | oad but actually pushes
t he pel |l et pi eces agai nst the clad. And t hat gi ves you
extra --

DR. KRESS: |f you add the energy of the
rate that gas has a place to go, would you say?

MR. SCOTT: Yes, this is a theory. And it
seens to be borne out by the tests. They do these
tests, if they do them fast, less than 20
m|liseconds, they get cracking in the clad.

I f they do them slower, they don't. The
sane energy --

DR. KRESS: You say they've got data.

MR. SCOTT: Yes. Data shows the difference
bet ween - -

DR KRESS: | don't <care about the
mechani sm You' ve got data, send a sanple.

MR, SCOTT: W've got data.

DR. RANSOM Where's the data from CDF?

MR. SCOTT: This is the Japanese reactor,

nucl ear safety research reactor, NSRR Their pul ses
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are five, six, seven mlliseconds. The debris reactor
pl ants does nine, twenty, forty mlliseconds.

CHAI RVAN WALLI S: W had a presentation on
this fuel damage types in the core, and sonmeone drew
a blue line. O course, it wasn't very convincing as
a boundary.

And it was somewhat under 100 cal ori es per
gram | think. It gave me the inpression therereally
wasn't nuch of an experience base, and that people
wer e thinking and guessing and hoping, rather than
bei ng sure that with these nunmbers you woul d not get
fuel danmage.

MR. SCOTT: The assunption is that you can
make sone adjustnents to data points that are done
under non-typical conditions to sort of the reactor
case. If you know how to do that. Then those data
points may forma nore coherent --

CHAl RMVAN WALLI S: But thisis somewhat iffy
busi ness. One should err on the side of being
conservative?

MR, SCOTT: Well, | think Dr. Di anond got
35, 40, 50 calories per gram which is substantially
| ess than 100.

CHAI RVAN WALLI' S: That's in the rapi d heat
punp. In the rapid punp.
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VR SCOTT: I mean, with nat ur al

circul ation, you're tal ki ng about natural circul ation

MR. D MARZG Renenber, the case B in
whi ch you got 100? It's the case that we did just to
explore sone wuncharted territory, or practically
uncharted. Case A, | think we were on A, |let me think.

CHAI RMAN WALLI S: So no one -- Does anyone
plan to present a curve |ike what we saw when we got
this presentation on fuels where there is some Capr
data, and here's sone Japanese data, and here's where
we are with these reactors, and that's why --

MR SCOTT: Cctober 9, there's a summt
neet i ng.

CHAI RVAN WALLI' S: That's too late to help
us.

MR. SCOTT: Well, we have that, we'd like
to show it as a Paintbrush slide.

CHAI RVAN WALLI S: Yes, that's the one that
-- That's right. Could you show us that?

MR. SCOTT: You want to see that again?

CHAl RVAN WALLIS: At the full commttee
neeti ng?

MR. SCOTT: What we were trying to do was

to put together a full picture for you.
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CHAI RMVAN  WALLI S: Vel | I l'i ke the

Pai nt brush slide. It gave me sone perspective on the
state of knowl edge. | like to conpare that wth what
you're telling ne with words here. Can we see that? I|f
you want to bring it in, in half an hour?

MR SCOIT: | could go out and get it.

CHAl RVAN WALLI'S: O send sonebody?

DR. POAERS: | think we're going to have a
probl em because there's a | ack of cal cul ati ons here.
What you will see in the Paintbrush slideis that when
we | ook at the fuel that Dave cal culated for fresh
fuel, thenyou'll see that that slide says, "Cee, that
fresh fuel could tolerate, not 280, but maybe as nuch
as 200 on a good day, maybe as nmuch as 150 cal ories
per gramin that initial punp.”

You'll see in the Paintbrush slide that
Dave went out and he cal culated for a high burn-up
fuel, that, depending on who you believe, if you
believe NRRit's 180 cal ori es per gram the hi gh burn-
up fuel tolerates.

| f you believe ne, then we will say well,
maybe 18 is what it will tolerate. But we don't have
a calculation for that high burn-up fuel

CHAI RVAN WALLIS: Well | findit easier to

bel i eve you because you're sonme identified. NRR is
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some vast congl omerate. Consensus nmay not be wi sdom

DR. POAERS: Wl | they may know nore about
it than | do.

CHAl RVAN WALLI'S: Well, this is a concern
with me, though. Because | hear you say 18 and all
that. What should we be concl udi ng about this?

DR. PONERS:. What you conclude is pretty
much what Dave said. Was that for this cal cul ation
and t he prescri bed fuel -managenent schene, that if we
went to the bottom everything s okay.

There's another clausethat's omtted from
this conclusion slide, and that is for the prescribed
f uel - managenent schene, what happens in this reactor?
kay, and so on.

That's the conment that | would nmake, is
t hat you' ve I eft out one of the assunptions, and that
in your calculational suite is that you took a
prescribed fuel -nmanagenent schene.

CHAI RVAN WALLI S: But there are all Kkinds
of creative fuel -nmanagenent schenmes which are being
wor ked on.

DR. PONERS: No, well, not only that, there
are m stakes made in fuel -managenent schenes.

MR. SCOTT: But in general, a high burn-up

rod cannot reach the same kind of power --
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DR. PONERS: That's right. And that's why

you can't transl ate what's been done here to the high
burn-up rod, because you go nowhere near

MR. SCOTT: No, he has high burn-up rods in
hi s nodel .

MR. DI AMOND: Yes, we do have high -- Well,
they're not that --

DR. POWERS:. You've got the high burn-up
rods with control rods

MR. DI AMOND: Yes, but they still reach
hi gh centerline tenperatures. Now that is --

DR. POWNERS:. They're talking about the
initial pulse.

MR. DI AMOND: Those are not high. Okay.

DR. PO/AERS: Ckay. And you just don't have
anyt hi ng.

MR. DIAMOND: Ch, the initial pulse. Yes.
There is a |l ack of data, yes.

DR. PONERS: | nmean, the long-term
transient. | nean, the sl owbuil d-up of power is going
to be a quasi-static pressurization of fuel. And t hat
2900 | have every confidence in the world that that
fuel rod' s going to pop. Ckay?

Wat | don't know is the natural

circul ation cal culation. Some of themlike to pop at
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1500. But you put 100 at nospheres on those fuel rods,
and they' || bust.

MR. SCOTT: If the high burn-up fuel is at
100 cal ories per gram --

DR PONERS: It's going to bust.

MR. DI AMOND: Yes, okay, but all we have
i s conventional wisdom W don't have hard nunbers of
the fuel damage limt. And when we're tal king about
nunbers |like that, of course, | mean the nunbers that
| * mshowi ng have a plus or m nus associated with them
as well, so.

MR. SCOTIT: If |I have a pressure i nducer in
this little test rod that 1'm going to put through
this transient, for saying these fission-product
vapors, are they going to show up on that device?

DR. POAERS: At 3000 degrees Centigrade?

MR, SCOTT: O less, maybe, let's go down

DR. POAERS: 2900 degrees Centigrade? |I'||
give you 100 degrees. Yes, you're going to be
vaporized for a high burn-up rod. For a | ow burn-up
rod --

DR. RANSOM Do they know this or do they
assunme there won't be any flow axial in the rod. In

other words it's just |ocal.
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DR. POVNERS: Yes, | nean you' ve got roughly
a nole of cesiumin there. Ckay?

DR. RANSOM No way for it to escape up the
rod to the plenunf

DR. PONERS: It goes -- You can pressurize
the plenum all you want to, it's three cubic
centineters. Ckay?

DR. RANSOM Well, but it's going to have
a pretty mtigating effect. This is a nobilizing
effect to set down on the rod?

DR. POWERS: Yes, | nmean the fuel, the
bubbles thenselves are at astronomically high
pressures. Ckay? But this quasi-static pressurization
occurs when those bubbles rel ease to the gap.

Therereally isn't much of a gap here. And
if it'snot -- 1 nmeanthe quasi-static is pressurizing
the fuel rod like it was a pressure vessel. Except
with high burn-up it's full, okay?

Because it has, | nmeanit's sitting right
at the boiling point of 300 degrees Centigrade. |
nmean, it hasn't gotten any thermal relief what soever.
And so now you' ve put a |l arge pressurization, because
you've nelted and boiling fuel, and the boiling
fission part acts like a centerline. It causes static

pressurization.
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But | don't knowt hat that's happened here
because we don't have -- | mean, you've got fairly
sl ow cal cul ations for the natural circul ati on phase.
And that's why | say you just need to put one nore
caveat into what you ve got here, and that's that
you' ve assuned the fuel -managenent schene.

DR. RANSOM Can we carry that alittle bit
further. What are t he consequences of ne -- Let's say
you damage the rod.

DR POWERS: |If you bust it, the big
problemis if you dunp the fuel. Disperse it out of
t he rod.

DR. RANSOM And then you've got to cl ean
it all up.

DR. PONERS: That's not the problem If it
sl unps down, and you put it in there --

DR. RANSOM The entire core, or just afew
dr ops?

DR. POVERS: The 20 percent that he was
tal ki ng about, okay? If | dunp 20 percent --

MR. Di MARZO. Twenty percent in the punp

case?

DR. POAERS: In the punp case, but | if
had 20 percent of it down there, | would have a
criticality problem in the lower plenum | nean,

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

111

you're going to have a mmjor clean-up problem but
it's going to be an oscillating criticality event.

MR. D MARZO. Right, but the punp case --

DR. POAERS: That's right. That's right.
Yes.

MR D MARZO But with that caveat, what
it's saying essentially, our strategy has been to t ake
a very crude thermal hydraulic analysis -- very, very
crude, not conclusive on a lot of things -- and pass
it to neutronics, where we spent nost of our effort.

CHAI RVAN WALLIS: It's not crude, it's
[imted.

MR DiMARZO It's |limted situation. The
first one --

CHAl RVAN  WALLI S: In t he nat ur a
circul ati on case, you were | ooki ng at the worst thing
t hat coul d happen. No m xi ng, where there i s m xing,
and only fuel mxing where you know there nust be
m Xi ng.

MR D MARZO Ri ght.

CHAI RMVAN WALLI S: And t he bi ggest sl ug you
could possibly jaminto the space.

MR. D MARZO. And zero borated water
running into --

CHAI RVAN WALLIS: So | think you need to

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

112

make that clear, that you' ve made the worst case
assunpti ons.

MR D MARZO Very, very worst case. No
internal vessel circulation, no downconer m xing,
not hing. Gventhat, whichis really very, very aware
frombest estimte possible sense, it's really -- W
have difficulty creating a problem in a sense.

So that | eads us to this statement, which

has to be a -- but that's the first five. Now that
| eaves another issue. Which -- Actually two other
i ssues.

The first issue is what about non- PWR
BNW | ower vessel for this configuration? In all
t hose, the storage space that is available to you is
not 43 nmeters cubed, but is nore rather one or two
neters cubed, because you're only dealing with the
legs, with the | oop seal and so forth.

CHAI RVAN WALLI S: See, then t he worst think
you coul d generate i s not enough vol une, but there --

MR. Di MARZO. Above, they're above, so you
can't store because it flows out. And so, essentially,
you are limted in what you have, and when you start
nmovi ng such a thing, the first thing that happens is
that the tail starts to choose the form

And at that point there is no way of
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getting that kind of a deep type problemthat he was
ment i oni ng.

CHAI RVAN WALLIS: Have you | ooked at
i nternational work on this boron probl enf

MR. Di MARZO. Yes.

CHAI RVAN WALLI S: Is it just your work, or
di d you make any conpari sons wi t h ot her peopl e' s work?

MR. DI MARZO. They did all kinds of
di fferent scenarios. Mstly they are punped.

CHAI RVAN WALLIS: | renenber when we
visited --

MR. D MARZO. They have a punp.

CHAI RVAN WALLI' S: -- the Germans seened to
be very concer ned about this boron problem But you're
saying it's not a problem Is that because they punp?

MR. D MARZO They have the punp.

DR. POVNERS: Wl |, | think that the Germans
are concerned with the build-up of unborated water
during the shut-down operation. And then that punps a
transi ent.

MR D MARZO. It's not a small-break
scenario. It's another scenario.

CHAI RVAN  WALLI S: It's a conpletely
di fferent scenario.

MR D MARZO It's not decision, in other
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words, this is a small break.

DR. RANSOM And you wuse the steam
generator, you get the boiler condenser nore easily as
reflux fromthe up B2, which neans it drains back to
the hot leg and directly into the core.

MR. SCOTT: That's the answer. The Ger mans
have t hi s so-cal | ed ROCOMa | arge, Pl exi gl ass, they're
| ooking at mxing in the downconer as well in the
| ower plenum But it's for other scenari os besides the
smal | -break LOCA; there's the so-called Finnish
scenarios, there's a Swedi sh scenari o, there's four or
five of these dilution-type scenarios. And nost of
themmy even only have | eakage backwards t hrough t he
St eam gener at or .

MR. Di MARZO. Secondary |eakage in the
back.

MR. SCOTT: So you can get unbor ated wat er .

MR. Di MARZO: There are a | ot of scenarios
here that can get you into troubl e, no question about
it.

CHAl RVAN WALLI'S: That's not part of this

MR. Di MARZO But in this issue.
MR. SCOTT: There's a PKL we're actually a

part of that --
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CHAI RVAN WALLIS: So this GSI isn't about

all boron transients, it's just about small-break.

MR. Di MARZO. So we woul d |'i ke to basically
wrap up the natural circulation part of this issue.
VWhat about the punp part? Well, the punp part is such
that our indications are that we're going to have a
problemw th the punp at this |level of the gane.

Therefore, the idea here is to establish
whet her we believe that this punp is not going to be
turned on, or not, in a probabilistic sense. And t hat
type of situation

So, if the answer to that is we don't
believe that the punp will stay shut off, the only
consequence tothat is afull-blow, CFD validated and
experimental course of actionto establishwhat isthe
m xing in the downconer, |ower head, RVVs and all
t hat .

CHAl RMVAN WALLI S: Thi s woul d nost 1i kel y be
t he operator's m s-di agnosing the transient, so that
they start the punp thinking they have a different
ki nd of transient?

MR. D MARZO They don't recognize that
they went to a BCM for exanple, and so forth.

DR. PONERS: Yes, they recogni ze t hat t hese

are applied --
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MR. SCOIT: Let ne at | east do ny thing, |

think it's -- They have to know what the synptons are
so they can make a deci sion.

MR. D MARZO. Yes, but wait a mnute.
That's the key situation. Now, | want to point out
that this has been done, so far, with very little
i nvol verrent of effort and tine, the Brookhaven bei ng
the lion's share, and then this analysis that you
asked me in an hour, in 20 mnutes | come back with
anot her curve.

Soit's not that thisis a bigthing. Now,
t he one that we are tal ki ng about, which is discussing
the punp issue full-blown, is a conpletely different
story.

And we had a plan for that, we priced it
and everything, and that was a very nassive thing.
That's why at Research we decided to break it down
into these two areas, and present it.

CHAI RVAN WALLIS: So you're proposing to
cl ose the issue, aren't you, on the basis of sone --

MR. DI MARZO: | f the presunption-- I"'IIl go
a step further. So we say that punp is not an issue.
Punp, we can deal with punp. So what we are saying is
that if we can convince ourselves that the operating

procedure as such, that the punp will not conme on at
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the end of the day.

CHAl RVAN WALLI'S: But you can't do that.
You have to | ook at probability of this happening.

MR D MARZO Right, 1I'm not making the
statement that we have done that part, okay? Al |'m
saying is, if we can convince ourselves that the punp
are not going to cone on at the end of the day, then
we reconmmend - -

CHAI RVAN WALLI S: That's not a yes or no,
it's a probabilistic argunent you have to make,
presumably. You get into this human factors PRA, and
then -- It's a bit of a jungle.

MR Di MARZO Yes, but at the end of the
jungl e you come out with sone estimate that will tell
you |"m okay or |'m not okay.

CHAI RVAN WALLI S: But you can't recomrend
closing the issue without a thorough discussion of
human factors and the probabilities and why you' ve
reached this concl usion.

MR. D MARZO Exactly.

MR. SCOIT: Ch no, | don't think that woul d
necessarily be true.

CHAl RVAN WALLI'S: You don't think so?

MR. SCOTT: No. We don't exam ne in detail

every transient that's possible. W think we don't
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| ook at a | ot of details of severe accidents. The ri sk
i nform guys were here a nonth or two ago, it sounded
like there were certain -- they had cut-offs in these
netrics, they just don't keep | ooking.

MR. ROSENTHAL: Even though I have a good
excuse, at the very beginning, Harold spoke about a
risk of like a one mnus five event as the estimate.

And now, even if you say one out of tenin
human perfornmance, you are going to be -6 or --

CHAI RVAN WALLI S: Wl | that's what you get
when you --

MR. ROSENTHAL: When you say that you have
-- This is not, a mnute' s time response, which that
human recovery curve | ooks |ike, the next dinension,
t hat ACR nodel .

But is a couple of hours out in tine.

CHAl RVAN WALLI S: It's intothe next shift.
It's not -- It may be in the next shift of operators.

MR, ROSENTHAL: It's not when you' re doi ng
critical or turnaround --

DR POANERS: This is an error of
conmi ssi on. And nobody has a cl ue what probability to
attach to that. And the longer the time, the nore
likely it becomes there is an error of comm ssion,

rat her than an error of oni ssion.
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MR. ROSENTHAL: Because of thinking.

DR. POVERS: Yes, thinking, that's right.
And these are highly stylized accidents we're | ooki ng
at here. The real accident has all kinds of
permut ati ons. The ki nd of people that react, and meke
errors of comm ssion.

CHAI RMAN WALLI S: Sonet hi ng el se happens as
well, like in TM, they get confused.

MR ROSENTHAL: That's right.

CHAl RVAN WALLI'S: So you need to quantify
this, and you're going to quantify it by saying it's
a 10° event and out of the blue you' re going to say
it's only aten percent chance that they' Il nmake this
error of comm ssion? That's goingto be therational e?

MR, ROSENTHAL: Yes.

CHAl RVAN WALLI S: What' s the basis for this
ten percent error of comm ssion assertion?

MR. ROSENTHAL: No, that -- What | saidis
that all you have to do is buy yourself the order of
magni t ude.

CHAl RVAN WALLI'S: So how do | know it's
reasonabl e?

MR. ROSENTHAL: | use ny HCR nodel, | nean
not on the spot.

DR. POAERS: Wul dn't you -- | nean, you're
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going to get the argunent here. W have sensitized
everyone to this, they'll train on not bunping the
punp. And that will keep the error of comm ssion rate
down.

| nmean, we presune that's there sone sort
of an error-shaping factor, even associated wth
errors of conmm ssion

CHAI RVAN WALLI S: But would they fail to
bunp the punp at other tinmes when they should be
punpi ng?

DR. PONERS: That nay rai se the probability
t here.

CHAl RVAN WALLI S: No, seriously.

DR. RANSOM Are there situations where
t hey shoul d bunp the punp?

DR PONERS: Yes.

MR. SCOTT: If you go into my hand-out,
come to this page, and we' Il start fromthere. So |I'm
goi ng to go Framatone, Conbustion, Westinghouse, and
we'll talk about what they did and --

CHAI RMAN WALLIS: This is the other
react ors?

MR. SCOTT: In the agenda you nean?

CHAI RVAN WALLI' S: This is not BNW this is

ot her types --
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MR. SCOTT: Well, I'"'mgoing to start off

with BNW and |'m going to show the procedure for
Conmbustion and the procedure for Westinghouse, and
tal k about starting the punps.

CHAI RMANWALLI S: Ckay, so Framat one covers
all of these kinds of reactors.

MR, SCOTT: No, Framatone covers BNW
reactors.

CHAl RVAN WALLI S: On.

MR SCOIT: |'m sorry, this is the BNW
Owners' Group guidance. It's published by Framatone.

CHAl RVAN WALLI S: Ckay. Wel | they al so have
West i nghouse reactors?

MR. SCOTT: No. They make fuel. Well, in
Eur ope --

CHAI RMVAN WALLIS: In Europe they have
West i nghouse reactors. Ckay, that's where --

MR. SCOTT: This is U S. OISGtype. So as
we've said there's the -- You can get the boron
dilution from these kinds of whatever nobdel -- And
this is what, Victor, you were tal king about.

You have steam bl owi ng around because
there's no pressure, that the vent val ves can open.
And 1"l showyou a picture that, because think of the

| ast nmeeting, Sandro didn't want to see a picture of
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t hat .

But there m ght be voids because we've
been sitting around wi t hout punps for awhile. This is
anot her way to get sone reactivity, just the fact that
once you cool the core off, the voi ds di sappear and it
adds a smal |l anount of reactivity.

But the procedures say, and the gui dance
say, and at this point in the accident, the technical
support center guys are sort of running the show. If
this, then do not start the RCP. If | see there's
several places in this procedure guidance.

So here's the criteria for starting the
punp. | f sub-coldtwo natural circulationverifiedfor
60 m nutes, and sub-cool ants greater than 30 F, or if
one loop is verified for 210 m nutes.

And you've had high-pressure ejection
flow. Inthis case you want to start the cool ant punp
inthe |l oop that has natural circulation flow. So, it
| ooked to nme |ike they have drills and training and
gui dance that gives thema substantial reasonto start
the punps only if they sort of knowthey have nat ural
circulation, which we already show has nopved the
unborated slug to the core.

CHAl RMVAN WALLIS: [If you have natural

circulation you' ve already cool ed the core.
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MR. SCOIT: Yes, and --

CHAl RVAN WALLI S: Tine i s on your side. Wy
woul d you want to start the punp, unless you want to
start the whol e reactor again?

MR. SCOIT: Well, | have a slide here
that's going to give you sone reasons why they --

CHAI RMAN WALLI S: Restart?

MR. SCOTT: The next one, if you'll go to
t he next one, we'll talk a little bit about why they
want to start it. Because this may conme back to this
idea of, well, what if they do it inadvertently. If
they're really anxious to start it, then there's
pressure to start it.

But it |looked to me like -- | nmean, we
once thought after Three Mle Island that the first
thing the guys are going to do is get the punp going,
get the punp going. But these are sone of the reasons
why they would want to do it, and they don't seemto
be that significant.

You would like to get the punps going
because you want to try to control pressure, and you
want to control cool-down. | nean, if | don't have --
| could get pressurized thermal shock if | cool it
down too quickly.

| think there were two reasons here, |
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don't now see the second one. Well, let's say you
don't have pressurizer spray flow, because t hat cones
fromthe -- at least in these machines -- you have to
have a punp running to get the pressurizer

Now, you have to get pressure control
back. You'd really like to get back to sonething
that's stable. If you have sort of on and off flow,
you're going to get --

It just doesn't | ook too good. So there
are a coupl e of reasons totry to get the punps goi ng,
but it didn't appear to me to be particularly urgent.

DR. RANSOM Well, in this sort of
scenario, what's a long tern? | nean, your break is
only about --

MR, SCOTT: Well, if you can't isolate it
it'sstill open. Hopefully by nowyou' ve got whi chever
HPl punp wasn't running before i s nowrunning. You're
filling the system up. You're conmng back to an
equi librium

You're starting to cool down.

DR. RANSOM Now |I'm wondering why woul d
you ever want to start the punp under those
condi ti ons? You know, natural circulation has got you
cool ed down, and --

MR. SCOTT: If you want to stay on natural
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circulation, if you re confident it won't quit on you,
then you could stay on it. If you' ve got plenty of
wat er goi ng.

DR. RANSOM What good would starting the
punp do?

MR, SCOTT: It would help you cool down

better. It would stabilize --

DR RANSOM But you're saying, well, if
the HPl were to fail, even under those conditions,
you're still in trouble.

MR. SCOTT: Well, you could last alittle
bit longer if you had sone coolant flow.  That may
cone up in the Westinghouse. Let ne now go to --

CHAI RVAN WALLI S: Now wai t a m nute. These
are for certainclasses of small -break acci dents only,
aren't they?

MR. SCOTT: That's right. If the break size
is too small --

CHAI RMVAN WALLI S: How do t hey knowt hey' re
inthat class of accident, and not in sonething el se?

MR, SCOTT: Well, if it's a |arger break,
the pressure probably would be down nuch faster. If
it's a smaller break, the pressure night have hung up
higher. | don't think it matters exactly what break

si ze they have.
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The question that matters i s do they think
t hey have a pocket of unborated water. They would
know if they did in BCM You woul d probably know if
you had.

MR. ROSENTHAL: If |I may, let ne throwin
a couple of comments. One of the considerations on
running punps is it basically just nmakes it nuch
easier to control your plant.

And it is desirable to be there if you
feasibly can, and you don't have a risk otherw se.
Wth respect to if the punps are not running and
restarting them notice what Harold put up there is
i ndependent of any kind of an accident.

These are t hings that the operator can see
and respond to. Not that one, but the one with just
thecriteria. It makes a di fference whet her you' ve got
a LOCA or anything el se.

Here are the criteria. So when we start
to, for exanpl e, make conpari sons to the TM acci dent,
remenber these ki nds of things weren't in placethere.
Today you have it | addered such that you can't turn
off HPI until you have established sone cool ant
direction and you' ve got |evels.

Those things weren't there. It nmakes no

di fference what ki nd of an acci dent you have ongoi ng,
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it is those criteria that essentially ensure what
you' ve got the conditions in that will give you core
cool i ng.

CHAI RVAN WALLIS: So it's having HPI
runni ng which is key?

MR. SCOTT: Well, for exanple, let's say
you had no steam generator heat sink. There woul d be
no point to run the punps. Even if you punp water over
the generator, you're not going to get rid of the
heat .

So in that case you're in feed and bl eed
node. You' ve got to hope you get your energy through
the break, and you can keep punping in cold water.
Now, this is fromthe -- this NUREG is the safety
eval uation report for the conbustion engi neering AD
pl us system

In that safety evaluation report, they
determne that this particular small-break LOCA
scenario with boron dilution was satisfactory; would
not be a problem

It didn't go into a |lot of details, but
one thing we did notice was i f you can keep the boron
at or above 550 ppm at this low tenperature, you
woul d not get any power spikes.

And as we' ve sai d before, only during the
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begi nning of the cycle. At later times in the cycle,
t hi s nunber could be | ower. | think we sawthe nunbers
that Marino added, it dropped down to about 5007

Yes, the mninumwas --

CHAI RVAN WALLI'S: This i s the boron during
atransient? O is it -- Wiat's --

MR. SCOTT: Yes, yes, the boron infusion.

CHAI RVAN WALLI S: How do you know what t he
boron is during atransient? You have to calculateit.

MR. SCOIT: The gui dance woul d hel p.

CHAl RVAN WALLI S: So - -

MR, SCOTT: But you calculate it.

CHAl RVAN WALLI S: | don't see it what this
hel ps you. You have to now predict whet her or not you
have a boron of 550 ppm

MR. SCOTT: Yes. |'m saying, so for many
transients, | think the boron started at 2500. | think
even in this particular plant what they did was they
rai sed the boron, such that maybe it starts at 3000.
If it only drops down to 700, they're okay.

CHAI RVAN WALLI' S: I's this using exactly --
This i s not using the sanme t hought process you used - -

MR SCOTT: No.

CHAI RMAN WALLI S: Now, what nodel s did t hey

use?
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MR. SCOIT: They wused mxing in the

downconer, mxing in the vessel, but no mxing inthe
steam generator outlet plenum as | recall. So they
sort of did the opposite. W assuned --

CHAI RVAN WALLI S: But we just saw earlier
on there was a CFD knot nodel, m xi ng Franat one, yet
t hey' ve used sim|ar nodel s?

MR. SCOTT: You can get experts up here
that will tell you CFD is great stuff, and that you
can do that. He doesn't believe it, but other people
do. Jack has guys working for himthat believeit, and
convi nced him

But now notice the thing here. See, once
again, the tech support center guys are running the
show, but they only require 20 m nutes under natura
circul ati on, not an hour.

MR DiMARZO But | think if you do 20
m nutes of this natural circulation, this thing is
| ong gone. Rolled back --

MR. SCOTT: The bubbl e has gone around to

its --

MR. D MARZO So if the requirenent for a
restart is that you establish first natural
circulation, right? And if you have natura

circul ation for onel oop fl ow ng, one | oop t urnar ound,
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you can do whatever you want.

There is absolutely no issue. So if that
is arequirement for everybody, for exanple, then you
can take the thing off the table.

MR SCOTT: Just one second. So there is
sone m xi ng down here. They only had -- It's in nuch
smal | er volune, in their machine, in the BNWmachi ne.
And their mninmmboron was only 1350, so they were
way, way higher than this slide.

So that's why they have two --

DR. FORD: So when the question -- |I'mjust
trying to follow the rationale. Wen conbustion
engi neering canme up with these criteria, howdid you
read then? How did NRR read thenf

MR. ROSENTHAL: Wait, let ne just say that
Warren Line has been that in the reactor systens
branch si nce Mot her Earth, and | know because | was - -

(Laught er)

MR. ROSENTHAL: But the trouble is that |
was his supervisor when we revi ewed B&W Wb Zero of
the two point procedures and he also was the
conbusti on nunber and has been i nvol ved ever since. So
Warren | --

MR. SCOTT: Tony Etarda, | think, is the

one who probably did the review of this.
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PARTI Cl PANT: | can speak to BNW they're

up to reg nine, by the way, but | have not been
involved in detail with the conbustion work in the
past few years, so | would defer to others.

MR. SCOIT: They asked for specific
anal ysis, so when conbustion was submtting the AD+
desi gn, one of the requests for additional information

DR. FORD: | guess, ny question's nore
procedural, really. That for the Babcock designs we
cited, CFD doesn't work. And we went into this
sinplified, slug-flow thing.

But an earlier subm ssion, this conbustion
one, we decided it was okay. So what changed?

MR. SCOTT: | guess either different people
doi ng the review, or nmaybe the scenario was slightly
different. The nodeling was alittle bit different. |
nmean, | maybe coul d accept CFDin one case, and not in
anot her.

DR. FORD: So, how does NRR deci ded whi ch
is the correct procedure for review ng?

MR. SCOTT: | guess | don't know.

CHAI RMVAN WALLIS: | think these are very
good questions that you keep aski ng.

PARTI Cl PANT: NRR effectively took a | ook
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at the configurations and reached a concl usi on that
t he BNWdesi gn t hat nakes t he st eamsupply system was
t he nost challenging with respect to this boric acid
di lution situation.

That's the one that we should | ook at
first. And we basically asked research to give us a
hand with that. Go back, study it, and conme back and
tell us what their recommendati ons were, what their
findi ngs were.

W were not as concerned on a judgnent
basis with the conbustion in the Westi nghouse desi gn.
Principally because, as research has told you today,
t he vol unes were nuch smaller, and in our judgnent,
the concern just really wasn't there.

CHAI RVAN WALLIS: Wwell, that's what you
shoul d be telling us. | nmean, this business of m xing
m ni mum boron and 1350 doesn't tell me anything. |
don't know what kind of boron to expect, under what
condi tions, under what assunptions, or what?

It doesn't really tell ne anything. Andif
you woul d do a de matso type limting analysis for CE
and cone back and say, "No problem" then you' ve got
sone sort of conparison basis.

Do you see the difficulty | have? Mybe

it's the difficulty ny coll eague has t oo.
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MR. SCOTT: Well, the point seens to be

t hat sonebody al ready did this, and | ooked at it, and
accepted it. | don't know, they may have had --
combusti on may have provi ded sonme assessnment with t hat
nodel .

| nmean, that's what we would do. If
sonmebody gave ne a CFD answer, and said, "Well, here's
t he basis for that. Here's the assessnment docunent for
these particular calculations, or this particular

code,"” and | was happy with both of them then | would
accept the concl usion.

| woul dn't necessarily have to go off and
redo the cal culation, or do a sensitivity study if |
was willing to accept it. Since | didn't do that
reviewand didn't actually talk to anybody who did it,
| can't give you the details of why they accepted it.

PARTI Cl PANT: We do not specifically and
continuously review all aspects of the emergency
procedures guidelines for the emergency procedures.
What we effectively did in past years was conducted a
review that term nated when we reached a concl usion
that they essentially had it covered.

And we then told them go ahead and

continue with inprovenents as you recognize them

Wiile we retained the right to go back and sel ect how
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they ook into these things as they conme up, if we
need to.

So with respect to energency operating
procedures, we very well may not have | ooked into the
ki nd of detail that you are being shown here. But we
certainly have the right to go back and do that if we
feel that it's necessary.

MR. ROSENTHAL: Let ne | ook at the top hal f
of the slide. First of all, if you would just do
static presence calculations, broad ones, for a
typi cal pressurized water reactor, you woul d say t hat
typically about half the rod worthis tied up -- half
the reactivity that's being shut downinthis cycleis
tied up in these rods.

And about half of that is sol uble boron.
It's not unusual at all to see that about 300 --
Assum ng that you put all the rods in. You pull the
pl ant down, about 300 F, you run out of rod worth,
assumng all the rods were at maybe 350 where nost
reactors start rods.

And you see you've got to get some boron
in there. So the first statenent is sinply, they're
saying, "Hey l ook, if you'retryingto cool this plant
down, you've got all the rods in, you' ve got five, siXx

hundred ppm you could cool it all the way down.
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You're just not going to go recritical."”

Okay, take that and put it on the shelf.
The next set of points is they're saying, "Hey, wait
amnute. There's arestart strategy.” Andif you take
that restart strategy, you say, "I'mnot going to have
a problem with a deborated slug causing nme a
recriticality.”

CHAI RVAN WALLI S: It doesn't that, though,
it just says, "Here's the strategy."” There's no
concl usi on.

MR. ROSENTHAL: Yes, but, | nean, but think
of all -- And so | don't even need the third bullet,
because | know that if the 20 m nutes, it's done.

CHAl RMVAN WALLIS: What you nean is --
That's the strategy, but why are you okay?

MR. D MARZO Because the natural
circulation -- W just said that we have basically
done is to show you that that kind of a slug in this
kind of a plant is a non-issue in natural situation.

CHAI RVAN WALLI'S:  You haven't. You've
t al ked about B&W

MR. Di MARZO. Yes.

CHAI RVAN WALLI S: And you' ve got to put the
CE on t he same pl ane or sonething so | can understand
it.
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MR D MARZO Right. That is a correct

poi nt .

CHAI RVAN WALLI S: Well, can't you do that?
Because otherwise I'm left still not quite
understanding. It looks as if a different way of
evaluating CE is being used here, and | don't know
what to make of it.

Because you' ve done all this stuff trying
to explain to ne what you did with B&W

MR SCOIT: This is in '94.

CHAI RVAN WALLI S: Yes, but that's history.
Now what are you going to do now, and why?

MR. SCOTT: If | went back and revisited
t he conmbustion plant, what would | do?

DR. FORD: You'd have to concl ude that the
CFD, unl ess you' ve got sonme good observations versus
t heory.

MR. SCOTT: | think in this case | would
say, if they're goingtodothis, if they're goingto
wait for 20 m nutes of natural circulation, | don't
need to do a cal cul ati on.

CHAl RVAN WALLI S: Wiy not ?

MR Di MARZO. For the punp. You have to
still do a cal cul ati on because you have to still do it

sone certain tinme after natural circul ation.
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CHAI RMVAN WALLI S: Is this because you get

adequate m xing up to 20 mnutes i s equal to five |l oop
circul ati ons?

MR. SCOTIT: |I'mnot goi ng to have a dil uted

slug --

CHAI RVAN WALLIS: There won't be a slug
anynor e.

MR SCOIT: Right.

CHAI RVAN WALLI'S: well, tell wus that.
O herwi se, | don't understand why you're reaching a

concl usi on.

MR. SCOTT: Ckay. | see what you're sayi ng.
It wasn't obvious that the slug is gone.

CHAI RVAN WALLI S: No. So again, it depends
upon the restart strategy. Again, it's up to the
operators to do the right thing.

MR. D MARZO Al though, with this kind of
plant, we don't have a problem wth natural
circulation either. If they start the punp --

CHAI RMAN WALLI S: Yes, but if you had done
your punp bunp thing. | think you ought to do the punp
bunp and say what's the conclusion of that? And t hen
say, this is how they avoid it.

And you haven't done that. Are you goi ng

to do that, or isthis alink whichis left unforged?
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MR. SCOTT: At the nonent | don't have any

plans to do any nore cal cul ati ons.

CHAI RMVAN WALLI'S: So you're going to say
you' ve reached concl usi ons on B&Wpl ants, and you're
going to give us a better argunent, perhaps, about why
you don't worry about CE, or worried about CE because
it was never in the GSI in the first place?

MR, SCOTT: Yes.

MR. ROSENTHAL: Well, 1 think that it
shoul d be -- To say that just because it wasn't inthe
GSI isalittle too narrow. Do we really want to have
a witten approach?

CHAI RVAN WALLI S: So you're going to have
a nore cogent argunent infront of the full commttee?

MR. SCOIT: The argunent is that if | don't
restart the punps, we don't think there's a problem
And if | selected the situation, the case, for the BNW
machi ne, which had the worst vol unes etcetera.

Soif | take anot her machi ne, a conmbusti on
machi ne, the Westinghouse machine, that has smaller

vol unmes, naybe has other uncertainties, and | know

that | don't start the punp wthout neeting the
criteria, I'mnot going to get a reactivity.
CHAI RVAN WALLIS: Well, | would Iike then

to have sone sort of a table that says, here are the
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vol umes for B&W the vol unmes so you know t he nunber,
this is the conclusion | reached froma de matso type
anal ysis for each three, and these ones are nowhere
near as bad as B&W because..

MR. Di MARZO. And t hen we can rul e on that
very thing.

CHAI RVAN WALLIS: So you're going to do
that first before the end of the week? O whenever it
is you appear in front of the commttee? Maybe we
coul d take a break and cone back and do it.

Well do you see the problemwe have? It
seens that they should all put on the sane -- devel op
a rationale for one, develop the sane rationale for
t he ot hers.

MR. Di MARZO: The punp i s about four neters
cubed, give or take. The slug is about 7.4 nmeters
cubed. So when you take that slug of 7.4 nmeters cubed
and you pass it through the punp, at the sane
rational e that we've had before, that thing is not as
snoot h. Ckay?

CHAI RVAN WALLIS: Ckay, that's the real
i dea.

MR. Di MARZO. The front of that thing is
such that we -- it's much m | der than, say, Case B we

showed you, which wasn't in, and we don't know. So
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t hat woul d be t he way we woul d essentially rationalize
t hat point.

CHAI RVAN WALLI'S: You're going to show a
pi cture which shows why you can't get nore than 7.4
nmeters cubed?

MR. Di MARZO W wi || show a conpari son of
that trace versus the trace of Case B, whi ch you have
est abl i shed being the worst possible --

CHAl RVAN WALLI'S: Ckay. So this is your
Case B for C system 80.

MR. Di MARZO Exactly. And it will be nuch
m | der than this.

CHAl RVAN WALLI S: Here are t he nunbers, and
| ook, the transient is so nuch nore than, because.

MR D MARZO. Exactly.

DR. FORD: But if you' re basing your
argument purely on vol unme, your slug, the sensitivity
in the boron dilution, is that going on a direct
vol unmetric basis?

The dilution rate, which is the critical
paraneter to go along with the enthalpy. Is it a
straight, one-to-oneratio?!| nmean, it's al nost sayi ng
that if you --

MR. ROSENTHAL: You'd erode the boron the

sanme for both kinds of plants. Dave, can you answer

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

141

t hat ?

MR. DI AMOND: For both types of --

DR FORD: My question essentially was j ust
a straight mathematics one really. For making the
argunent, the problem is not so nuch wth the
West i nghouse conbustion purely because t he vol une of
the slug is two tinmes |ower.

Does that necessarily mean that the boron
dilution rate is necessarily two tinmes --

CHAI RVAN WALLIS: He's going to say it's
much, nuch less. So the volume is the sanme order of
magni tude as the mxing in the punps, so it really
gets m xed.

There really isn't a slug anynore.

MR. Di MARZO What we have est abl i shed from
Dave's calculation is that you' ve got to be on the
order of a 1000 ppm per second, which is a punp case.
We're dealing here probably with danage with or
somet hing |ike that.

CHAI RVAN WALLI S: Okay, but we have to dig
t hese argunments out.

MR. DI MARZO But we have to put the
nunbers down on the table.

CHAI RVAN WALLI S: Right. And you're going

to do that before you make this presentation before
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the full commttee? This sounds |ike a rehearsal for
a Ph.D. presentation or sonething.

MR. ROSENTHAL: Wiy don't we finish the
presentation. W'll add up all the 1QUs, and then
we' || decide --

CHAl RVAN WALLI'S: Well, | haven't really
seen the presentation yet, because it seens to be
comng out infits and starts. It's not on the slide,
it cones out of Marino's nouth.

MR. ROSENTHAL: Yes, what |'msayingisif
you let Harold finish, we'll sort of add up all the
|QUs and then decided if we can go near the full
conmttee at this tine, or need a nonent.

CHAI RVAN WALLI S: But he sounds as t hough,
on one hand we're told, take 20 mnutes to nake a
decent presentation, prepare a decent preparation. On
t he ot her hand, you're not quite sureif you're ready.

MR. ROSENTHAL: We'll add up all the |1 OUs.

MR SCOTT: What | want todointhis slide

isto, wwiththis -- This appears to be an actual EPG
not just sone guidance type thing, but they -- the
guestion now, of course, is well, howdo you know you

have natural circul ation?
And | was told to wait 20 m nutes, or in

t he early phase 300 m nutes, or sonetinmes 60 m nutes.
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Wat evidence is there that you have a natural
circulation, so here's a sheet that sort of shows you
what synptons that we | ook for.

Col d | egs, sub-cooling. And t he next page
in your hand-out --

DR. PONERS: And the fact is that the
process by which you go t hrough t he CFD and verify you
have natural <circulation is one that's pretty
est abl i shed.

MR, SCOTT: Yes.

DR PONERS: | nean, that's one that
varies. The operators actually --

MR. SCOIT: | tal ked to one of the guys at
Chattanooga to sort of find out can they run the
simul ator down there and show ne sone stuff, because
| don't knowwhether if | ran RELAP or not, | woul dn't
know what to | ook for exactly.

VWhet her or not | have boron, it's natural
circulation that's going to be -- Let me nowthen junp
to, | think the next slideis Wstinghouse. Evidently,
this is not a full report but this is --

They haven't done any cal cul ati ons t hat
could find, but they did do a simlar deal for the
AP600. Once again, this is the same eval uation report

for the AP600 design
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And what |'mtryingto say with this slide
is what was the basis for accepting the snmall-break
flow with boron dilution scenario? W didn't -- So
once agai n, the volune, as Marino was saying, for this
paper design is extrenely small, and once again you
have to get --

You have a nuch wi der nunber to shoot for
for the boron. Now, that nunber didn't say critical,
it saidavoid fuel damage. And | don't know exactly --
| couldn't find what that nunmber neant.

CHAl RVAN WALLI S: What's the normal --

DR. POVERS: No fuel damage, nmy
recol | ection of AP, no fuel danmage neant | ess t han one
per cent danmage.

MR. SCOTT: | didn't put in anywhere the

word "no" or "none". You' re saying somewhere they
define --

DR. POVERS: My recol |l ection nowthat they
depl oy, with too many things comng in --

MR. SCOIT: Yes, inthis case, | don't know
whether this mght be 280 calories per gram 240
cal ories per gram 200, | don't know what that nunber
i S.

CHAI RMAN WALLI'S: Now is this boron, I'm

sorry. Boron of 1200 ppmto avoi d fuel damage, is that
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m ni mum bor on?

MR. SCOTT: That's the m ni rum Once agai n,
t he m ni mum

CHAI RVAN WALLI S: But obviously it has to
be mai ntai ned for sone time. |' mastoni shed with these
smal | volunes that you have to worry about boron at
all. And apparently you do.

MR. SCOTT: Well, the paper had a -- |
didn't bring the little plot, but it goes along at
some high level, it dips down, it doesn't go bel ow
1200, it goes back up, and it didn't seemto be nore
than few tens of seconds.

MR. D MARZO Let ne put a statenent. If
you try to go by natural circulation. You formthe
slope, and it's 1.2 nmeters cubed in length. In order
to restart natural circul ation, you have establi shed
that you've got to go through a fast procedure in
order to retain the front and the back of the slug
shar p.

Once you do that, you reposition the slug
somewhere in the tubes, then you start natural
circulation --

MR SCOIT: But | don't have a steam
generator in this case. The geonetry's conpletely

different. The slug's not formng in the steam
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gener at or .

But it's not, there's no of f-speed one, if
they don't -- The cooling conmes through the passive
resi dual heat renoval in the containment water.

MR. Di MARZO. | understand that, but the
problem is that you are invoking a natural
circulation. |Is that what you're sayi ng?

MR SCOIT: Yes, you're right.

MR. Di MARZO. See, if we are dealing with
natural circulation, you go through the system And
within the system we nust place the slug up in the
St eam gener at or .

As soon as he enters the steam generator
of the plenum this thing doesn't exist anynore.
Because steamgenerators of the plenumare | arge. So
it'"sgoingtobelost. At that particul ar point you' ve
got no front to talk about. This thing is just a
di npl e.

CHAI RVAN WALLI S: And yet there still is
some requirement on the boron.

MR. Di MARZO Now i f you punp it, you have
the thing intact, and you're pushing it in. That's
anot her story. But that goes into story previously
said. W have to mark one |ine down.

CHAI RVAN WALLI' S: Well can't you quantify
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what you' ve been telling us then?

MR D MARZO. | candefinitely quantifyit.

CHAl RVAN WALLI'S: And in sone kind of --

MR. Di MARZO Because | know t he vol une of
t he steam generator --

CHAl RVAN WALLI'S: -- presented way so the
logic is clear.

MR. D MARZO. Clear. W can do that -- W
haven't done that, but it's not a problem on the
natural circulation side. On the punp side, it's a
completely different issue, and we haven't touched
t hat, because that requires nuch nore refined, higher-
order anal ysi s.

But as long as we stay in the natural
circulation side of things, it's extrenely sinple and
we'll give you a table. It's going to take us sone
days. That's not an issue.

See what I'mtrying to say? | have two
cases, punp, no punp. Punp, natural circulation. And
that is the major divider. Al these punps and
strategy to restart the punp belong to the fact that
if you want to do punp here, we need to have tools
whi ch we haven't devel oped.

CHAl RVAN WALLI'S: Well, this is quite new.

There isn't a problemw th the punp start with these
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ot her reactors. There's such a small volune, there
really isn't any build-up of unborated water.

Stop the punp and the little bit of a
transi ent. Not hi ng happens of any i nt er est what soever.

MR. Di MARZO. W can probably recognize in
this one. In the other one, it's -- One point two
net ers cubed, there's no question. The other is seven
meters cubed.

CHAI RVAN WALLI S: Wel |, why can't you show
t hat ?

MR. Di MARZO. Yes, we can. W can do that.
Those two are easy.

MR. SCOTT: Now let ne go to a non- AP600
West i nghouse, because | thought this would be on your
screen, the conditions under whi ch phase we start the
punp.

Well, this says it should be started. The
inmplicationis it would not be started before. That's
only when the outl et thermal couple show 1200 F. So i f
it's not able to be pressurized, it gets heat
transferred.

O he doesn't have a secondary heat sink,
then he's going to try to start the punps.

CHAI RVAN WALLIS: G eater than 1200 F?

That's super-heated steanf
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MR. SCOTT: This pressure at the bottom

PARTI Cl PANT: Thi s particul ar procedureis
an i nadequate floor cooling situation.

MR, SCOTT: Yes.

PARTI Cl PANT: So you're really out in an
extrene --

CHAl RMAN WALLI S: Desperate to get sone
wat er .

PARTI Cl PANT:  You've got to try to do
sonething. You're pulling out all stops to keep from
severe core damage.

CHAI RVAN WALLIS: So you put in a slug of
boron? To make it work?

MR. SCOTT: In general, | was not able to
find a Westi nghouse -- asimlar type, don't start the
punp procedures. So in some respects --

CHAI RVAN WALLIS: Well, the thing is, if
they did start the punps, would it nmake things better
or worse?

MR, SCOTT: If they have the unvoided
wat er, or devoided water, they'll get probably the
same answer that we got for B&W

CHAI RVAN WALLI S: Wl |, where's the boron,
then. If it's not in the core, and it's not in the

slug, where is it? 1'd think it would concentrate in
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the core if it's not in the slug. It would shut it
down.

MR. SCOIT: Renenber, in this case in
getting this kind of a tenperature condition, you're
probably going to have a couple of feet, perhaps
liquid level, down in the core to start wth.

CHAl RVAN WALLI S: Yes, that's right.

MR. SCOIT: So, you're --

CHAl RVAN WALLI'S: Pretty rich in boron.

MR. ROSENTHAL: That's not this GR

PARTI Cl PANT:  That's correct. That's
basically why | raised that point.

MR. SCOTT: As Marino said, these are high
steam generators. You're saying that there's just a
little bit of liquid here that's above us. And any
[iquidupin here would have run down into the vessel.

So it's only what's in this |oop seal
that's going to be punped in if they start the punps.
And | don't know the volune of that. No, | guess --

CHAI RVAN WALLIS: The inpression |'m
getting is that you did all the work on the BNW And
you went through the sort of |ogical argunents, such
as limting cases and so on, nade a very convincing
case.

And then, it was sort of assuned t hat the
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ot her cases are so nuch nore benign, we can nake sone
argunments to make sure everything's -- to convince
people it's okay. But that -- Because it seens so
trivial, you haven't gone through the | ogic to make a
real ly convincing case.

MR D MARZO. W can nmake one.

CHAl RMVAN WALLIS: So | wonder why you
didn't do that, since you knew you were comng up to
a formal presentation. It had to be good.

CHAI RVAN WALLIS: You're agreeing to a
quantitative error?

MR ROSENTHAL: G oup think error.

CHAI RVAN WALLI'S: Group think error. Do you
t hink you' re ready? Do you think you're ready to make
a case? You will be ready.

MR, ROSENTHAL: Well, yes, as we said, we
apol ogi ze.

MR. SCOTT: This slide is alnost |ike the
one that Professor D Marzo showed you, where we're
seeing the heat fuel enthalpy, with an estimte for
the natural circulationis belowthe range of data for
a cladding failure.

But for the restarting of the punp, |I'm
going to get positive rod damage. But if we restrict

punp restart, we don't have to worry about those two.
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And again, | think he didn't showthis part, but this
was sort of the idea we can use to, what we want to
call a closed issue.

But there are these procedural constraints
on restarting the punp. Were | previously verified
that | got rid of the undiluted slug, I won't have a
probl em

But we didn't show you any nunbers for
t hese ot her cases.

CHAI RVAN WALLI S: But you don't want to --

MR, SCOTT: | don't know. Do I always have
to show you all the detail s?

CHAl RVAN WALLI S: No, but you have to nake
a convi nci ng case.

MR DI MARZO It'snot that difficult. It's
very sinple. Sane | ogic.

DR. PONERS: Well, | just, once again, |
think you have another assunption in all your
cal cul ati ons that requires you to say somet hi ng about
t he assuned fuel - managenent schene.

MR SCOIT: Wiere the assenblies are, where
the control rods are, how nmuch positive or negative
rod worths there are.

DR. PONERS: | don't know how det ai |l ed you

have to get. You are probably the better expert than
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|, and put upon it is the assunption that you' ve
| ooked at one fuel entrance.

MR. SCOIT: And if you want to just quickly
| ook at this vent valve. Normally the pressure is high
i n the downcomer when t he punps are runni ng, therefore
t hese val ves are cl osed.

But if you turn the punps of f and you have
a lowgut, you're boiling steamin the core, nowthe
pressure inside, above the core is higher, and the
steamor water can now go out, down t he downcomer, and
woul d then sort of get -- This would dilute any hi gh-
pressure injection that's com ng in.

But | don't know what those steam flow
rates are. The BNW if you |l ook at their | ast version
of their report on this, they went into sone detail
about that.

So, you know, if you'rereally interested
| could find those pages for you that would call on
t hat .

DR. PONERS: Well, 1've got it here,
actually. But actually they were |looking at it after
the I evel s had cone up. As you're boiling in the core
and you have a two-phase m xture occur, and that's a
type of static balance, the pressure is higher.

The core's is a vent valve on the
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downconer side. And you will dilute that --

MR. SCOTT: Yes. It would be substantially
above the core if | have a lot of water in the core.

MR. Di MARZO But there is another issue.
I f you don't have this pressure drop, this mxing to
the end, at the end of the day --

MR. SCOTT: Open or cl osed?

MR. D MARZO | think they can, in other
words -- so basically, who have the --

MR. ROSENTHAL: Interns of us bei ng ready,
| think we' ve done enough technically for goi ng before
the Subcommttee. If he points out that we haven't
fully made a cogent story, it m ght be best to goto
the full committee in order to give us time to nmake
t hat cogent presentation.

| would propose that we not condemn the
subcommttee. Having said that, in ny own mnd, |
t hi nk of the way the whol e programwas approached. At
one tine we were going to do sone fancy, therno-
hydraulic fluid flowtype cal cul ati ons, at ati ne when
people relied on point kinetics, sinplified physics
nodel s, in the typical system

And t he approach that we took was to say,
"Wait a mnute, can we go do sone assisted therno-

hydraul i ¢ boundi ng, and t ake advant age of this PARCS
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tool that we've added on."

Wi ch all owed us for the first tinme to do
3-D space-tine anal ysis. And when we do that, what we
see, when we encounter the physics that for a natural
circulation type thing where's there tine, it |ooks
like the results are reasonably benign.

O the feedback nechani snms that we knew
were there, but then not there. And for the punped
case, the answer's no go. And | think that we can
extrapol ate that reasonably well with everyone.

So now cones the question of what to do.
We surely should wite aresearch confirmation letter
t hat summari zes t he work we' ve done. | believe that we
will recommend to NRR that they wite a RIS a
regul atory information sumary.

What in years past woul d have been an | M
now it would be RIS, would go out to our |icensees.
But it wouldn't be mandatory. You know, it's advising
of them of what we've done, what we've had done in
terms of procedure.

Because the fix here, if anything, is a
procedural adnonition as distinct fromthe heart of
the plants. We think that at |east some of the plant
texts al ready have that in place, and that the event

is of sufficiently |low frequency, that that's about
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what we would do for that type of thing.

So | think that our concl usion's okay, and
| think we could always tell the story better.

CHAl RVANWALLI S: Vel I, it's very inportant
to tell a good story.

MR, ROSENTHAL: Agreed.

CHAl RVAN WALLI S: Especially at a public
neeting in front of the full ACRS.

MR. SCOTT: By that you're sort of saying
that we were going to sort of -- We didn't have to go
into much detail, until the hydraulics side if we had
t hi s neutronic cancer.

And it seens |ike you guys feel that even
if we do that, on the neutronic side and have the
answer, that we would still need to dot all the I's
and cross all the T's on the thermal hydraulic side.

MR, ROSENTHAL: Well, a better story than
we' ve done today. W'IIl give you --

DR. KRESS: | think you're correct in just
| ooki ng at these volunmes and flow rates. And sayi ng,
wel |, the boron curve is going to be nore than that.
These are the pl ants.

Wat is missing to ne is how that
translates into the neutronics for the other plants,

particularly if they' re maybe di fferent fuel schenes,
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or if the other plants have different feedback
mechani sns and different rod worths and so forth.

So that's the part that seens to be
mssing from the argunment, to nme. How do you
extrapol ate these results to other plants and ot her
fuel schenes?

MR. Di MARZO. Accidents occur, and it's
orders of magnitude out there, we can just point out
that where the curve comes. On the other hand, the
curve cones in any proximty to what we have done,
then we need to do that --

DR KRESS: Andit's not likely to, | ooking
at those relative volunmes you nentioned.

MR. D MARZO. Absol utely.

MR ROSENTHAL: Dave?

MR. DI AMOND: Yes, it would seemthat the
rel ative volumes preclude having bel ow sonme of the
other vents. As far as the neutronic response, the
neutronic response will generally be simlar from
plant to plant overall.

Pressurized water reactors. oviously,
there are sone differences.

MR. Di MMARZO And if we have one of them
which is | ess severe. And | think we can conme out with

a political statenent. On the other hand, if they are
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conmpati bl e, then we have to think a second on what we
want. VWiich is not going to be the case.

DR. KRESS:. Yes, well, the other part of
that is precluding that the natural convection is no
problem for nme. But what that does for one fuel
schene.

MR. DI AMOND: That's correct.

DR. KRESS: And yours seens alittle bit of
a problem the question there that we woul d have.

MR DI AMOND: Absol utely. Even wi t hi n bei ng
desi gned pl ants, you have di fferent fuel neasures and
di fferent types of fuels and di fferent types of fuel-
managenent systens.

DR KRESS: It's just sort of alittle bit
of a problemnow, and | think we need a better fix on
this.

MR. DI AMOND: For exanple, there are the
plants that start off with -- that are having | onger
cycles and start of f with higher boron concentrations
that perhaps is a different consideration there,
because then the reactivity would be --

CHAI RVAN WALLIS: |Is the possibility of
f uel - managenent schenmes wher e you need even nor e boron
wor t h?

DR. KRESS: And you know, | still have the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

159

sane concerns that Dana has about the acceptance
criteria for high burn-up fuel, internms of what is a

good, acceptable |l evel of allow ng the reaction to go

to.

And that's -- | don't think you guys are
going to fix that problem But you knowwe still have
t hat --

MR. ROSENTHAL: Ral ph Myers i s i n Europe as
we speak on those issues. By the way, he did tell ne
t hat there was a pai nt brush curve and sone of you had
qguestions on what was it |ike even at | ow burn-up. And
he said he found i n the heat of the nmonment, was sayi ng
t hat those were data points fromwhich there was pl ant
cracking, and was marked with a simlar fuel plan for
present di spersal.

CHAI RVAN WALLI S: What do you t hi nk Peter?

DR FORD: |'d have to see -- As far as the
-- Are we having a presentation at the --

CHAI RVAN WALLI'S: No, | think there are
several issues. The first one is should they nake a
presentation to the full conmttee. And the other
thing is if they do not, what should they be doing.

| f indeed they do nake a presentation to
the full commttee, what should they be doing? So

first of all --

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

160

DR. FORD: Do they have to nake a comm ttee
presentation?

PARTI Cl PANT: Well, basically, it's our
call, it"s our option. It's the subconm ttee's option.
What do you -- It's on the agenda. You can boil this
-- you can beat them up and drag themin there and
make a presentation, or you can decide to make a
subconmittee chairman make a report, talking about
where we are, where we're going with this.

And then you'll coll apse --

CHAI RMAN WALLI'S: So with just the first

guestion, are they ready for the full conmttee?

DR. FORD: It struck nme that | think
they're ready for the -- There's a whole |ot of
questions still to be answered, but they're not going

to be answered even by Cctober, which is when you're
t al ki ng about .

The di fficult question of fuel - managenent,
hi gh burn-up fuel. There are some intrinsic probl ens
where | feel that there's not data to calibrate your
sinplified structural problem That that stuff can be
put off for Cctober.

You can counter that by saying you're
usi ng a bounding curve. Fair enough. Another one is

pure presentation style. In ternms of, putting the
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vol ume, one-half square neters and 40 cubic neters,
put that in sonme rationalization as to why those
volumes are inportant, and conpare them one to the
ot her .

That' s a paperwor k exerci se, but you still
have to do it. So given those criteria |l think it's
wor t hwhi | e having a presentation.

DR. KRESS: You raised a question that's
interesting, and that is the nodel is basically a
transfer function. Then the question is, that has
inmplicit assunptions init, and do those assunptions
get val i dated by t he appropri at e experi nents of scal e,
and will the transfer function's applicability depend
on flowrates, the relative flow rates and relative
vol unes.

As to whether or not it's valid or not,
and the geonetry of m xing volunes, so | think nmaybe
we' re dealing with questions we di dn't expl ore enough.

CHAI RMVAN WALLI'S: My concern is not that
t here shoul d be a presentationto the full commttee.
| sort of assumed that this would only be made if it
were to lead to a letter which said you have done
enough work to put this to rest.

PARTI Cl PANT: Yes, that's not the case

here.
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CHAI RVAN WALLI S: | don't think youwant to

go -- |'ve been assunmi ng that you do not want to goto
the full conmttee and get a |l etter which says, "These
guys have done a | ot of work, we see that w thin what
t hey' ve done there's enough that they could put it to
rest, but they haven't made the proper case."

And therefore --

DR. FORD: Wuldn't it be useful tothemto
hear -- they heard our problem

CHAI RVAN WALLIS: | don't think it'd be
really useful to hear non-this commttee comrents.
They m ght be the same. They should go to the full
comm ttee when they're ready.

Wth the final product that can be
approved.

DR. RANSOM Well, in reading the research
plan there's another year on that, which is a
substanti al amount of effort they' re tal king about to
try to quantify --

CHAI RVAN WALLIS: So this wll be an
interimneeting report? Then it wouldn't be a cl osing
i ssue? | thought you wanted to cl ose the issue?

MR. SCOTT: Well, that's the action plan,
item one, which says, do what we've done. Then it

says, if you determne that is not a problem skip
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two, three, four and five. So we're at the point of
ski ppi ng two, three, four and five, because we showed
it wasn't a problem

But we haven't given you a cl ear enough
evi dence, | guess, that it's not a problem W weren't
going to go off and do any experinments. | nean, that
was |i ke, maybe, --

DR. RANSOM You're not going to do that?
So that's task five? | think it's task five that
you' re tal ki ng about .

MR. SCOTT: kay, we'll do that one.

DR. RANSOM These are the experinments of

task five

MR. SCOTT: We don't have those plans.

DR RANSOM | n-Vessel M xing at University
of Maryl and. CFD cal cul ati ons in-vessel.

CHAI RVAN WALLI S: I thought | was going to
see a docunent which says we propose, we reconmnend
closing this issue. These are the reasons.

PARTI Cl PANT: That's right.

CHAI RVAN WALLI S: That's what | thought I
was going to see.

PARTI Cl PANT: Yes, that's what they're
pl anning to do.

CHAI RMVAN WALLIS: That's what they're
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pl anning to do? So where is that docunent?

PARTI Cl PANT: That was what was provi ded to
me earlier.

CHAl RVAN WALLI S: But this all seens to be
in the mnd of DiMarzo, or in forms here or there.

DR. KRESS: Wl |, Jack Leaventhal woteit.

CHAI RVAN WALLIS: But this is what we
recommend cl osing the i ssue because of these things?

MR, SCOTT: W haven't preparedthat letter
yet, and | think what you're saying is normally on
these generic safety issues, we have provided the
conmttee with all that information before we asked
the full commttee to wite a report.

So we're sort of not ready to have the
full conmttee wite a letter that says.

CHAI RVAN WALLIS: What wll the full
conmttee tell you that will be hel pful, that we can
tell you here? Nothing. So we're wasting their tinme,
unl ess you've got a final product.

PARTI CI PANT: That's ny concl usi on.

MR. Di MMARZO. | mean, we put on the paper
enough issues, but.

CHAI RMVAN WALLIS: So Dana what do you
t hi nk?

DR. PONERS: Wl |, | et ne begin ny conments
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by saying anybody that uses that as his reference
can't be bad. There are lots of coments the
Chai rman's al ready nade about refining things and
getting a witten docunent.

W' ve got to have a witten docunent. W
are surely just not going to wite off on a generic
i ssue. W need a witten docunent to study. There are
sone coherency things that are the limt -- That you
get right uptothelimt on state of the know edge on
what do we nean by fuel damage?

And i s cracking of the CLAD tantanount to
fuel damage? Things like that. Well, you don't dea
with that. Just fuel damage and things |like that.
There's this business on fuel schems.

| think you can handle it. | would
seriously consider doing another calculation for a
di fferent fuel schene just to see what the sensitivity
is. Because | just don't know that it's very
sensitive.

It's for the natural circulation case.

MR Di MARZO. Case A, the mal function.

DR. PONERS: Yes, the punp case, you know
it's bad for fresh fuel. It will be better for high
burn-up fuel. What | woul d pl ead, as a personal favor

of peopl e doi ng this.
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You have gone through this exercise. You
have used the tools you have imaginatively. | like
argunments -- thermal hydraulic argunents that are
tractable that | can understand, whatnot, that don't
i nvol ve the nmomentum equation, things like that.

But it's been a struggle to do this, and
| think you're going to have other challenges
i nvol ving fuel and thermal hydraul i cs com ng down t he
pipe at you, and especially if you go to nore
i nnovative kinds of reactor designs.

If you would take an afternoon, and
include a slide or a note to the effect of, "If | was
not limted by noney, what Kkinds of conputationa
tool s woul d have nmade doing this job nuch easier for
me, and woul d be useful in the future.”

Because for a lot of reasons, I'dlike to
see this informati on. One of which, is that you have
towite aresearchreport. The other oneis, | worry,
especially in the neutronics area, that there is a
t endency for the people that make nonetary deci sions
on neutronics to say, "Well, this is a pretty well
established field. Let's just live wth what
capabilities we have, and put our resources into these
new high-visibility fields |ike human factors," or

sonet hing that's equival ent.
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| think there's a good lesson to learn
here, on the kinds of tools that you need to have
available. And I think it would be an assistance to
the commttee to see what you think you would like to
have.

And maybe we coul d have sone sway with the
Conmi ssi oner and say, hey, here's sone areas that you
really ought to think about funding the research to
mai ntain a high | evel of capability.

In light of the fact that we're going to
have unusual thernmal - hydraulic and neutronic coupl ed
i ssues com ng down the ine in the next fewyears, if
we | ook at these advanced reactor designs.

And maybe we don't worry too much about
gas reactors, becausethey're so far afield fromthis.
But nodern, |ight water reactors, they' re going to be
wei rd, strange.

And you're goingtotry toget this square
peg in that round hole when really the right answer
m ght be to build you a nuch nore flexible tool.

CHAl RVAN WALLI'S: 1'm surprised that you
don't have a tool now. Do you have to go to the de
mat so type approximate limting analysis. You can't
just put this into sone --

DR. PONERS: Yes, but you don't under st and,
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we don't have -- Even if he has done this wth
comput ati onal fluiddynamcs, | still would have |iked
to see what | saw.

CHAl RVAN WALLI'S: Ch, | like to see that,
but the fact that you're reduced to that, it's the
only thing he's got to rely on.

MR. Di MARZO See, what is the assessnent,
and the process and so forth. But we do not have that

| evel of access. Therefore, in principle, we knowthe

process.
To take a CFD code and bring it to the
same - -
CHAI RVAN WALLI' S: But mny suspicion is that
t hese nunbers that you're getting in your limted

anal ysis are way above what's realistic.

MR. D MARZO. Absol utely.

CHAI RVAN WALLIS: And it would be nuch
better to have sone realistic nunbers. Because
ot herwi se people think there's a problem when there
isn't.

MR. Di MARZO Absol utely. But the problem
is the --

CHAl RVAN WALLI S: Yes, but the probl emw th
going tothe limting analysis is that you raise the

spectre of a problem when probably therereally isn't
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one.

MR. ROSENTHAL: Well, actually, | think I
woul d put it the other way and that's that using the
nore realistic physics tool for saying that where
peopl e t hought that there was a problemw th the risk
factor.

At | east we're able to say, wait a m nute,
in the natural circ. case with feedbacks we don't
think thereis a problem and | don't knowif we can
what we can do.

But surely there's a conservative approach
taken, so that you're beginning to see sone of what
you spoke about in ternms of coupling a nodern, 3-D
based on kinetics, to a thernal -hydraulic code.

VWhen we run track, we will regularly run
track with multiple volumes and core regions, which
will be an advantage in part, so we can nove on t hat
way. We're trying an experinmental, now, coupling of a
fuel code into the system

And we're building the infrastructure to
do that. It's also time we revised the thernal
hydraul i c research pl an, because it's been a nunber of
years, and we intended to cone back to you before we
t ook out the chisel, but we need that.

And attenpt to cut the stone, but we need
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to get sonething witten down --

CHAI RVAN WALLIS: It's a five-year plan
which is already ol der than five years.

MR. ROSENTHAL: And I'I1 tell you that I'm
chal l enged by our staff to say, okay, we've been
| arge-break LOCA for a century. And if |arge-break
LOCA went that way, and small-break LOCA got a six-
inch LOCA or whatever.

A ten inch LOCA which does depressurize
remai ns, then what would in nean in terns of our code
devel opment and experinental program And they've
actually started to wite how we mght go about
changing it.

But that's sort of another neeting. In
terms of this nmeeting, Dr. WAllis, you' re absolutely
right, we'd like to go to the ACRS and wal k away wi t h
a letter and so | don't think we're going to be
fini shed.

MR. Di MARZO. Perhaps | have to comment - -

so it's not that we don't have that thing. The
guesti on was, how can we take advant age of the PARCS
situation to reduce that scope of --

CHAl RVAN WALLIS: Well the PARCS part,
t hough, has been done.

DR. RANSOM Along that line, as a matter

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

171

of fact, you mght look into the conditions under
whi ch you can restart a punp. Because you have t o have
some |evel of MPSH before you're going to start a
punp.

And if the system is depressurized and
partly void, | don't think the guidelines would all ow
you to start a punp.

MR. Di MARZO But that guideline, that
behavior that will restart the punp after you have
achi eved natural circul ation for the certain anount of
time, inthis particular case it would be one or two.

| f you canenforceit. It's abullet-proof
reci pe for success, because then you fall back into
the natural circulation scenario, which we can sol ve
hands down.

And we're done, basically.

CHAI RVAN  WALLIS: Wuld you Ilike to
sunmari ze?

DR KRESS: One nore point | wanted to
make, that | don't think | made cl early enough, was on
D Marzo's transfer function. Basic assunptionis as a
differential volune that goes into the big vol une
i medi ately gets m xed.

Now what things could involve a basic

assunption? |If somehow the differential volunme could
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bypass and not m x, then that may depend on how the
flow patterns are, how the geonetry is, and | don't
know t hat we di scussed t hat very nmuch, or | don't know
how applicable his tests were that showed the curve,
how good it did?

O tothe full-scale system And I'd |ike
to see a little nore on this.

MR Di MARZO: Sonet hi ng about the LOCA.

DR KRESS: Yes.

MR. DI MARZO. |If the slugis small, if the
vent is small here, that what you are saying is
absolutely a possibility. But then if the thing is
smal | .

DR KRESS: It's small. Yes, | knew that,
and | think some --

MR DiMARZO On the other hand it is
massi ve. Then how can it bypass --

DR KRESS: It can't. You'reright. Sol --
but | think we need to hear sone words back there.

CHAI RVAN WALLI S: Okay, so go back to this
assunption that fully m xed and do sone nore.

MR. Di MMARZO W're putting something
that's two, three, four times the volune --

CHAI RVAN WALLIS: Well, not just that. |

nmean, if yousay it's fully mxed in the | ower plenum

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

173

of the steamgenerator. Your argunent i s because there
are |lots of themtoo.

DR. KRESS: Lots of little jets.

CHAI RVAN WALLI'S: Now i s there sone way in
whi ch those jets could go through wi thout m xing and
so on. There's probably sone el enent there and there's
probably sonething you could pull out --

MR. Di MARZO: You coul d go three feet, and
you'd have a jet that was probably five or six
di aneters

CHAI RMVAN WALLIS: Vic, do you have sone
advi ce for what these guys should do about coming to
the commttee?

DR. RANSOM Well, | |ooked over the
material and | don't think |I've heard anything here
t hat changes ny conclusion. One, the entire system
must be nodeled in order to predict the anmount of
nmetric pressures that exist, particularly in the B&W
where the vent valves play a role.

And di | uti ng t he boron. And al so t he back-
fl ow, which as you read t he system of course, borated
water flows back into the -- the boron enters the
steam generator, cold |leg and steam generator punp,
needs to be consi dered.

And at a minimum the systemcal cul ation
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shoul d be used to provide the boundary conditions on
a calculation like the E&, Purdue and PARCS RELAP
five type cal cul ati ons bei ng nmade.

VWhich seens one of the nost detail ed
neutroni c calculations I guess |'ve seen, and quite
believable. But it's very dependent on the boundary
condi tions.

| f the boundary conditions are not right,
you're not going to get the right conclusion. | was a
little concernedw ththe Framatone effort, where t hey
pl ayed around with the injection point in the punp.

| think the condensation could cause a
st eam bubbl e there, and sonething really ought to be
| ooked at that, | guess, to see if that's believable.

The ot her thing, theinpression| got that
t he pl anned experinent is toresult in mxingissues,
coul d be very hel pful, provided scaling i ssues were
addr essed.

And you nust use at least a realistic
boron distributionto start out with. Or whatever you
use as a simulant for the boron, to eventually find
out what the transfer function, if you will, going
into the core would be.

And that goes for the tenperature

distributioninitiallytoo. Because you have very cold
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wat er over the steam generator side. You' ve got hot
water in the core, and certainly the density
di fference between those wll govern to a large
extent, how nuch recirculation you get in the vent
val ves.

So it seens like there are a | ot of open
i ssues here, and then of course the extension to other
types of plants. | would say the sane thing applies.
You nmust do a systemcal cul ati on in general, because
of the differences in boiler condenser nodes that
exist in a Utube type steam generator plant.

And 1'd -- the first time | guess | heard
anyt hi ng about CFD codes, but | would see no reason
why CFD codes coul d not be used for the single-phase
aspect m xing part of the

CHAI RMVAN WALLIS: It's where they are
passed. Singl e-phase?

DR RANSOM Yes.

CHAl RMVAN WALLIS: They don't break on
buoyancy - -

DR. RANSOM But in the core, of course,
it's adifferent story. And in fact there were other
factors too, in the core that the V& core is a
paral | el channel, so there's no opportunity for m xi ng

bet ween t he two.
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And you have hi gh-powered regi ons of the
core and | ow powered regions and it's known that you
get natural circulation even within the core. Wich
would again mtigate sone of the concentrated
debor ated water basically.

So it seens like there are a | ot of open
i ssues to ne.

CHAI RVAN WALLI' S: But don't you think that
if they could show with sonme [imting analysis that
there isn't a problem that you m ght not have to go
into all these issues?

DR. RANSOM Well, from what we've heard
today, | think for natural circulationthat's true. It
may turn out that even with punp flows, if you
consi der the m xi ng mechani sm they may not be as nuch
of a problem as you think

CHAI RMVAN WALLIS: Which would be very
reassuri ng.

DR. RANSOM And the other thing is you
may, if you look into the conditions under which a
punp can be restarted, you may find that, indeed, you
would not start it wuntil you had refilled it,
conpl eted, and there was sone | evel of pressurization
in the system which may nmean you are already well

into the natural circul ation fl ow
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DR. KRESS: But the one point that you

made. The system where you get dilution running
t hrough the vent val ve?

DR RANSOM Ri ght .

DR. KRESS:. That doesn't seemto be part of
t he bounding calculation. Isn't it -- That would --

DR. RANSOM Wel |, the boundi ng part woul d
be non-recircul ation.

DR. KRESS: Neglecting that's a non-
conservative synptom

DR RANSOM Ri ght .

DR. KRESS: You think there is some way
that , in some way --

DR. RANSOM Well, to ne, to assume no
recircul ation through the vent valve is equivalent to
assuming all the vent valves fail to close. And I
think the probability of that is extrenely |ow

DR. KRESS: | know, but the questionisis
t here enough dilution -- could you add that into your
transfer function --

MR. D MARZO The point is this. You are
activating a punp, which you in this case -- 1In
natural circulation, that's a question.

DR. KRESS:. That's where | was goi ng.

CHAl RVAN  WALLI S: -- because of the
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pressure drop

MR. Di MARZO So in natural circulation, |
don't think that -- So there mght be a well, an
ingress of circulation. The question is, what is the
transfer time of the slug that we're dealing wth,
with respect to the potential for mxing of that
st eam

But then anot her question would be nore
i mportant. For exanple, what's the geonetry of the old
chute doing to this incomng slug? Wich is a big
factor. I n other words, howit connected downwards or
si deways or what not.

So, it's all these things are very
i mportant and significant. The questionis, do we have
again the tools to plan the test. And the tools
primarily, are in ny opinion, it would have to be
sonmet hing |i ke the CFD.

Even the conplexity of the --

CHAl RVAN WALLI S: But your argunent is
going to be you don't need to do that nuch

MR. ROSENTHAL: Are you trying to get the
ri ght answer, which would be the ideal world, or are
you trying to do --

DR. KRESS: | think you mght be able to

handl e this natural convection dil ution.
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MR. Di MARZO. Yes, but those things were

considered. | can take this cup, in other words that
woul d be the point of the first thing | would | ook, if
| need -- If | was beyond the limt, close, and | know
|''mvery conservati ve.

And | start to have to take some other
di scount. The first thing | would do is to push back.
I n ot her words, the deborated HPI through this slug,
and | eave sonmewhat sneared as it goes back up into the
St eam gener at or .

That's where | would take mny discount.
Then | would go to what Vic is saying about the
internal situation in vessel. That's the sanme. And
then, if |I really have to, | will go to the m xing.

CHAI RMVAN WALLI S: Yes, well, | think you' ve
got to focus on what you're trying to achi eve. You're
trying to resolve a GSl.

MR. Di MARZO Right. Soin nmy case | won't
take any of this.

CHAl RVAN WALLIS: My ideaisif youdidthe
proper arguments for limting calcul ations, and you
did it for the other reactor types, and that would
probably be perfectly okay to resolve the problem
wi t hout the punp bunp.

Now it may well be that you have enough
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resources that you coul d show al so that the punp bunp
isn'"t the problem but it | ooks as if you're unable to
do that today.

And it may be that it's not nmuch of a
chance anyway, so maybe you shoul d say, okay, it has
to be a procedural solution.

MR D MARZO. Exactly.

CHAI RVAN WALLI S: So | think you' ve got the
story. But | haven't heard Vic say that he wants to
wite a letter based on your presentation in three
days' tine.

So, it seens to ne that we're back to a
situation which I don't think is really very good.
Where you guys cone to us, and we say you' re not
ready. That shoul dn't happen.

My feeling is that rather that Jack
suggested if you're not going to the full conmittee
this time, you can go to the full committee next tinme
wi t hout coming to us again.

| think that you ought to cone to us
agai n. Because there should not be hal f-baked, half-
cooked, not adequate presentations nade before the
full commttee.

MR D MARZO Ri ght.

CHAI RVAN WALLI S: Yes, | -- The argunents

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

181

shoul d be very clearly laidout. You guys have started
off doing the work, you don't spend enough tine
t hi nki ng, how do we nmake our presentation? How do we
make a cl ear argunent? How do we nmake sonet hi ng that
a conmm ssioner can read and be convinced by?

MR D MARZO. Exactly.

CHAl RMANWALLI S: That' s what you' ve got to
do. So.

MR. SCOIT: What if we have now four other
nmenbers -- | f this were the sanme conmttee, but if you
guys extrapol ate to the other nenbers and suggest a
qguestion they m ght have.

What you're saying, you don't want ne to
go --

CHAI RVAN WALLI S: | think there are enough
guestions that we have, you don't need to hear any
nore froma non-thermal hydraulic --

MR, SCOIT: Well, | mght get those
guestions in sone other neeting.

DR. PONERS: The i ssues | woul d worry about
with nmenbers that are not here are those on
operations. You put up slides, and you had a bunch of
ener gency operations, and things like that.

Three nmenbers t hat are not here have spent

a lot of tinme looking at those. And they're very
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likely to have questions that have not been posed by
t hi s panel .

Now, you're going to ask me, what are
t hose questions? And | woul d've asked themif | knew
what they were.

CHAI RVAN WALLIS: well, if you |ike we
coul d perhaps persuade one of those nenbers wth
operating experience to join this subconm ttee next
time.

PARTI Cl PANT: | think that woul d be a very
good i dea.

DR. RANSOM Well, if they have areport to
provi de, we can provide the report to them and they
can look at it.

CHAI RVAN WALLI S: Right, but | think they
shoul d be encouraged to invite one of those nenbers.

MR. SCOTT: | think it's also clear that
not hing's going to happen as a result of doing this,
is there? I nmean, we can't act, we already know we
can't act yet.

CHAI RMAN WALLI S: Not hi ng' s goi ng t o happen
as a result of doing what?

MR. SCOIT: -- So that doesn't, no
requi rements on the --

CHAI RVAN WALLI S: No. That's why it woul d
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be good to finish this job. Because it really isn't
that big an issue, once it's properly resol ved.

DR. RANSOM Well, it seened like they're
not ready if you | eave t he punp out. So when you bring
inthe punps and the ot her systens, | don't thinkit's
very concl usi ve, even t hough hand wavi ng-w se | think
we coul d argue that there's no problem

CHAl RVAN WALLI'S: Well I'"mpretty nervous
about hand-wavi ng presentations.

DR. RANSOM Am | nervous about --

CHAI RVAN WALLIS: | am very nuch so.

DR RANSOM And | woul d be too.

CHAl RVAN WALLI S: Dissatisfied with hand-
wavi ng.

MR. ROSENTHAL: So let's produce a sunmary
report. Get it to you, and get your prerogative on
what you --

CHAl RVAN WALLI'S: well, | think it's nore
than that. | think that whoever's a responsible
manager has to get the teamtogether and get a proper
presentation.

MR. ROSENTHAL: Yes sir. And | truly did
not nmean to waste the subconmittee's tine. | thought
it was better shared --

CHAI RVAN WALLI'S:  No, you didn't.
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MR. Di MARZO Basically, it's that the

story is viable. Whereas, last tinme the story was so

CHAI RVAN WALLI S: Last tine it was just --
Say that again, | don't need to say it.

DR PONERS: No | think this was an
extrenmely valuable point. | don't think you wasted
our time at all.

CHAI RVAN WALLIS: | guess | will nake a
subconmittee report. A very brief --

MR. D MARZO For us was very inmportant to
determ ne whether the approach was bad. Because |
didn't think it was that sort of a test. Now we have
to determne.

CHAI RVAN WALLIS: So | don't think we
chasti sed you. Whoever's keepi ng track of the progress
of this GSI may chastise you, for putting it behind,
because they have a deadl i ne.

MR. D MARZO And before on the other one
woul d have been a bad year, so they |lose no natter
what .

DR POWNERS: There's one question on ny
m nd, that you do not need to go to your five-year
action.

MR. ROSENTHAL: | woul d hope that we coul d
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resol ve this before then.

MR. Di MARZO: But al ong wi t h what you sai d,
it was going to have to show the whole picture, and
t hen why, to rationalize why we went that way. That is
| think very valid. Because it establishes |l ong-term
priorities to acquire this kind of tool and so forth.

So this was an opportunity, but
unfortunately, dependi ng on whi ch way you want to | ook
at it --

CHAl RVAN WALLIS: Are we ready to break?
Anyone have anyt hing further to say? Wiat's the ri ght
word? I'Ill adjourn the neeting.

(Whereupon, the foregoing matter was

concl uded at 5:02 p.m)
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