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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
SOURCE TERM APPLI CABI LI TY PANEL
+ + + + +
TUESDAY
FEBRUARY 19, 2002
+ + + + +
ROCKVI LLE, MARYLAND
+ + + + +
The Panel net at the Nucl ear Regul atory
Conmi ssi on, Conference Room 4-B-6, One Wite Flint
North, 11545 Rockville Pike, at 8:38 a.m, Brent
Boyack, WMbderator, presiding.
PRESENT:
BRENT BOYACK, Moder at or
BERNARD CLEMENT, Menber, Consultant
JIM G ESEKE, Menber, Consultant
DR TOM KRESS, Menber, Consultant
DAVI D LEAVER, EPRI Designee, Pol estar Applied
Technol ogy, Inc.

DR. DANA POVERS, Menber, Sandi a National Laboratories

JASON SCHAPEROW Menber
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P-ROGEEDI-NGS
(8:38 a.m)

MR. BOYACK: Let me now begi n by wel com ng
you to the third and final neeting of the Source Term
Applicability Panel. The reason | enphasize the word
final is just as we begin our activities to encourage
panel menbers to realize that we have a good deal of
work to do before we get to the end of the neeting. On
the top of your agenda is --

DR POVERS: Il will remind you of the
di scussions with the Russians. He knew that it was
going to be a very difficult negotiation, and so we
announced to the press that this was easy, and that
only obstructionists would cause it to go nore than a
day | ong.

And the Russians felt then obligated to
show they weren't objectionists, and so the
negoti ations -- and that is what you should do here.
s say we all have a little bit of work to do, and
this should go very quickly if you are not
obstructioni sts, you see.

MR. BOYACK: | have a problemw th short
term menory retention, but | do have enough nenory
retention just basically to say that those are great

words, and | choose to adopt them
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All right. So we don't have very nuch
work to do, but you will be an obstructionist if you
go ahead and prohibit us fromgetting to the end, but
l et's go ahead and tal k about the objectives.

There i s one primary meeti ng obj ective for
each of the three major portions of work that we have
before us, and one supporting the neeting objectives
for each of those.

So the first thing that we want to do, and
we are going to schedule two hours to do it, is to
conpl ete t he extended source termapplicability tables
for high burn up of the PMR fuel with Zirlo cl addi ng,
and undergoing a | ow pressure scenario.

That is the very first thing, and the
supporting objective to take a small anmount of tine,
and try to quickly nove through the devel opnent of an
approach for addressing the situation in which we
m ght have di fferent concl usions by individual panel
menbers regardi ng i ndividual BWR rel ease fractions.

And | call out the ex-vessel rel ease of
the ceriumw th one exanple, and so we will have two
hours for that. W w Il take a break, and then we
will nove on to the next item whichis to go through
the process for developing extended source term

applicability tables for high bred BWR fuel.
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We have only all ocated a couple of hours
to this; one hour before lunch, and one hour
afterwards. |In our prior neetings, there were sone
poi nts nmade by panel nenbers that to nme suggested the
possibility that there really wouldn't be to many
di fferences between the BWR and the PWR fuel.

| don't know whether that is the case or
not, but what we can do, of course, is have the
initial dialogue to cone to an understandi ng, and
hopeful | y a common under st andi ng anongst t he panel as
to whether or not the BWR fuel would have any
significant differences than PWR

DR. PONERS: \What | have cone to learnis
these new BWR fuels are going to use erbium as a
bur nabl e poi son, rather than gadolini un®

MR BOYACK: Ckay.

DR PONERS:

DR. KRESS: Quite frankly, I know not hi ng
about what erbium does to fuel.

MR.  BOYACK: So there is an exanple.
Maybe what we can do is get the list of challenges
down, and the NRC can di rect us, but ny understandi ng
is that the higher priority activity would be to nake
sure that we get the MOX fuel source term

And we will limt our BARdi scussionif we
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happen to go t hrough MOX qui ckly, which | guess woul d
be a surprise, and we can always conme back to BWR

DR. KRESS: Well, the differences we m ght
see in the BWR fuel, of course, are two. The rates of
heat - up, and the fi ssi on product rel ease are sensitive
to rates of heat up, and you may have sone difference
t here.

Plus, they are sensitive to how nuch
oxi dation of the clad you get, and with the channel
boxes around, you will get a different oxidationrate
for the BWR fuel. Those two things --

MR LEAVER  Lower power density in --

DR KRESS: Lower power density.

MR. LEAVER: But you woul d have nore Zirc
around.

DR KRESS: Yes. So those two --

MR. LEAVER: They woul d, but | don't think
we are smart enough to --

DR. KRESS: No, | don't know if we are
smart enough to figure that out and the difference.

MR. BOYACK: So, let ne start the earlier
di scussi on here and that we are basically sayi ng t hat
t he approach that | envisionis right at the start of
the discussion on BWR, to go ahead and |ist these

facts that woul d have an i nfl uence, and at the end of
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that tine the panel basically says it would be so
specul ative that we really coul d not do too nmuch nore,
then we will go on.

W will have listed the factors, and we
m ght |ist research areas that woul d be hel pful to go
ahead and deal wth the uncertainties that are
associated with the different fuel and then go on.

VWhat | would liketodolikel say is just
go ahead and do that. So the second supporting
objective is to develop an approach for preparing
extended source term applicability manuals for BWR
fuel .

Now, if we can get that done briefly
within a fewnonents, or a few hours actually here in
the meeting, fine. But if not, if we can get enough
of the informati on down that woul d be of value to the
NRC.

The third and major tine el ements of our
nmeeting will be associated wth developing the
extended source term applicability tables for MOX
fuel .

And | have indicated a | ow pressure snar
(phonetic) again. W wll first specify the
characteristics of MOX fuel for which the source term

applicability is to be considered.
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We had presentations at the | ast nmeeting
about that, and | have a slide on that, and where we
can | ook at that, and adjust it as necessary, and then
use that as a basis for goi ng ahead and wor ki ng on t he
source termapplicability for the MOX fuel

So that is the plan. So we have a few
hours, and a break -- an hour before lunch, and two
hours for PWR, a break, an hour before | unch for BWR,
and then an hour after |unch.

And so the rest of the time is associ at ed
with the MOX fuel. |Is there ny comments about that?

MR. LEAVER: | have a question. 1Is there
going to be sone information made avail able on any
experinmental results on MOX by anybody beyond what we

al ready have, which is not nmuch at this point? |Is

Jason still here?
MR. SCHAPEROWN | am | don't have any
handy that's for sure. | mean, there is sonme out

there that | understand.

MR. LEAVER: Yeah, | guess the French had
sonme, but the results were quite qualitative in the
presentation that Bernard and Jean M chel nade at the
| ast meeti ng.

It was interesting, as it talks about

earlier rel ease of fission gas, and that was about it,
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and even that was -- | guess there were sone

conflicting results between the two tests.

But nothing really other than -- well, we
can talk about it, but | nmean, how do we cone to
conclusions with basically no data at all. Not nuch.

| guess that is nmy question.

MR. CLEMENT: To nake a short conpari son,
but not with absolute values for all the elements. It
woul d remain qualitative with the classification of
vari ous el enents, depending on their rel ease. W can
make a short presentation with a few view graphs.

MR. SCHAPEROW You are going to have to
figure out the availability of the French --

MR. LEAVER: | was leading to that, yeah.
| suspect that there is sone.

MR SCHAPEROWN | guess we will have to
discuss it with the NRC what the available is, and
whether it is publicly or not.

MR. LEAVER: Yes, whether NRC is
participating in that.

MR. SCHAPEROW | know that we have a
current international agreenent with themto cooperate
in this area.

MR.  BOYACK: When we cone back after

| unch, about one or two o'clock, | guess it is, and
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begi n t he di scussion. Then the individuals -- what is
the nane of -- is it --

MR. SCHAPEROW  They will be here this
afternoon when we start the MOX work.

MR, BOYACK: They will be here this
af t ernoon al so around two o' cl ock when we go ahead and
cone back to the discussion. So the questions are
entirely appropriate.

MR. SCHAPEROW  Absol utely.

MR,  BOYACK: And we wll have that
di scussi on as soon as we begin that activity. So the
question -- well, the first question that |I have is
already | amstanding and | can feel the heat sort of
com ng down.

| s there anyt hing that sets thethernostat
inthis room or is it just ne?

MR G ESEKE: No, it is hot in here.

MR.  BOYACK: | tend to run cold real

qui ck, and so when | amstarting to sweat it nmeans to

me that -- well, jus be aware that it is getting warm
Now, Jason, | think you had a few coments to nake
al so.

MR. SCHAPEROW |  brought wth ne
something that | put together quite a while ago

actually for communication purposes. Sal esmanship
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obviously, but | think it mght be useful.

And maybe just to rem nd everybody and |
guess not everybody has been involved in the
application as much as developing it. So this gives
ki nd of an thunmbnail sketch of what | put together on
the application of the source term

This is just alittle sunmary of what we
use the source termfor. W use it for containnent
integrity, and of f-site dose, and we do of f-site dose
calculations to ensure the contai nment is okay, and
| eak-ti ght enough, and to nake sure that we have
proper EAB boundary.

But the thing that we sold it on was nore
realistic, nore realistic release rate, and nore
realistic physical forns, and chem cal forns. And as
you are probably quite well aware, we di d a rebasel i ne
study to basically change out the old source term

And we did lots and boatloads of
calculations with arevised source termto see howthe
dose woul d change. AlIl the scenarios that | had this
design basis leak rate, and that 1is in the
appl i cati on.

Use the design basin | eak rate, together
with the early in-vessel releases, and if have had

four pilot plants sofar with the revised source term
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W have had two nore plants that have been approved,
and | think there is three nore in the process and
with applications in with NRR

But thisis nmy attenpt to drawa schematic
of what we do with those.

DR. KRESS: Those aerosols are too big.

MR  SCHAPEROW Radi oacti ve aerosols.
Nurmber 1 was the source term the early extent of the
contai nnent, and again we just used the early in-
vessel release for the design cal cul ations.

Nunmber 2 was the contai nment sprays, and
in some cases we allowed natural deposition of
aerosol s in the contai nment. Again, we only used the
design leak rate, because this was a |icensing
cal cul ati on.

DR KRESS: How do you know whet her --

MR. SCHAPEROW Apparently it coul d make
a difference.

DR KRESS: It could.

MR. SCHAPEROW But we always tilt towards
conservatism nost of the tine, and that's it. And
that poor fellow is standing in the mddle of the
flow.

DR. KRESS: That is a big person.

MR. SCHAPEROW But we took the picture
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from standi ng near the --

DR, KRESS: Ch, that is a perspective.
Good graph. | like that.

MR. LEE: Jason, just one nobre conment.
Now we have about a dozen or so source --

MR. SCHAPEROW Ch, okay. Good. dadto
hear. This is a voluntary thing. The industry feels
that this is benefiting themin both cost and safety,
and they are coming in and they really like it. They
were a little nervous about it at first.

Dave has worked on a couple of the
applications, and he can tell you how i ndustry peopl e
felt about applying it. And | amkind of curious as
to how -- as to what it was |ike when people first
heard about the source term and wanted to apply it.
And if you want to share anything with us.

MR. NOURBAKHSH: Jason, just a question.
When do you deci de we are using i n-vessel rel eases on
i n-vessel dose cal cul ations?

MR. SCHAPEROW Wel |, actually, NRR nade
a |licensing decision that we woul d just use in-vessel
for licensing dose cal cul ati ons.

MR, NOURBAKHSH: Because EAB anal ysis --

MR. SCHAPEROW That's correct. So only

i n-vessel
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MR, NOURBAKHSH: And of course cap

(phonetic) rel ease?

MR SCHAPEROW Yes, | included that.

DR. KRESS: One of the things that we have
i s whether we use the first two hours or the worst two
hours, too.

MR. SCHAPEROWN That's correct. The NRR
goes towards conservati smand wanted to use t he wor st
two hours because the release really didn't happen
until a bit later, and they wanted to capture that.
They wanted the dose to reflect the big rel ease.

DR. KRESS: The previous use of the source
termspecified the first two hours. So that was in
t he | og.

MR LEAVER But it was artificially
i ntroduced at tine zero.

DR KRESS: Yes.

MR, LEAVER: That happened because of
AP600 and it was really hard to get the source termin
there faster than about an hour, or an hour-and-a-
hal f.

DR. KRESS: That's right.

MR. LEAVER: So they wanted to have zero
to two hours, in which only about 30 m nutes was --

MR. SCHAPEROWN There was quite a debate
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over that. That's right. | renmenber Len Sof fer got
up and debated agai nst NRR on that.

MR. NOURBAKHSH. How cone you can't nake
the tinme realistic and how it inpacted each time?

MR. LEAVER Well, | nean, they did a
bunch of those cal cul ati ons and i n AWR, we did a bunch
of calculations. But | think there is maybe
-- well, maybe Jay Lee or Jason could speak to this.

But there was a desire to have a sonewhat
stylized acci dent that was representative or typi cal
rat her than considering -- | nean, we considered a
spectrum of accidents, but you wanted to have
sonet hi ng t hat you coul d defi ne as a desi gn basis, and
two hours is a pretty reasonable period for rel ease.

It could be nore and it coul d be | ess, but
it is not unreasonable. The TM was a little bit --
about an hour-and-a-half or sonething like that.

DR KRESS: The regul ations would all ow
what you said, and if sonmebody wants to cone in with
a different source term If they can justify it,
that's allowed, if they have the database, and the
rel ease nodel, and the cal cul ations.

MR SCHAPEROW Well, there is a |lot of
t hat done, where a | ot of sequences were analyzed in

comng up with the current one, saying this is
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representative of theriskinportant sequences that we
see.

MR. BOYACK: Let me sunmarize where ny
records show that we got to last tinme. Wat | have
done is that this is the PWR releases in the
cont ai nnent, and t he bl ack are the ori gi nal NUREG 1465
val ues.

And the red values are from our source
term applicability panel neeting of Decenber 11th
t hrough the 13th of |ast year. The blue, which does
not show up here, are question marks, which are val ues
remaining to be specified by the panel at this
nmeet i ng.

And of course if there is any coments
about any of the earlier values that we needed to
address. Now, | sent out to the panel nenbers the
tables that go along with each of these val ues.

You will recall that at the | ast neeting
t hat we had generated on-line if youwll tables, and
we kept track of the individual's nanes, and then we
went ahead and cane to these val ues.

And there is a table for each one of these
i ndi vidual entries, and ny action itemfromthe | ast
nmeeting was to go ahead and produce a summary tabl e,

and take out the nanes, and just try to sunmari ze and
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cone up with key factors.

And that is always subject to error, and
so those were put out with a chance for all of the
panel nenbers to revise and correct. Now, Ji mG eseke
sai d he has sone work on tables, and presumably | will
recei ve those before the end. | think a lot of those
are editorial.

MR. G ESEKE: It is on big deal in there,
and nost are just words.

MR. BOYACK: Right. But that is a start.
So what | will call editorial and a few things that
may nodestly change the neeting. And then there are
ot her issues that are bigger.

So | had an e-mmil from Dave Leaver on
2/ 12, and he had sonme conment on the summary tabl es,
and so he will present those as we go along here in a
few m nut es.

And basically what he wanted to do was
that he wanted to revisit some of the values and tal k
about those a little bit, and he was aski ng why do we
have sonme of the values that we do.

| think that is certainly an appropriate
activity. So what | would Iike to do is spend the
next few nmonents -- well, first, I will cone back and

ask if there is any other approach things.
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But what | would like to do is just go
t hrough, and I think we will go through these val ues
one at atine, and see if we are still okay, and are
there any maj or comments that need to be recorded so
that | can revise the table.

And not so nuch the editorial comrents
that Jim had, and unless there is sone nmjor ones
anongst that. Those | can take by way of mark-up,
because it won't require the whole panel to review.

But if there are indeed issues of the
values, or the rationales that | wote down on the
tabl e, then those we want to tal k about. Now, | think
there are one or two here that Ji mhad, and that Dave
had some conments on.

And we get down to this point, and we have
the rationale, but there were differences of opinion
where these question marks are. And we would like to
go ahead and try to get val ues.

Now, there was a proposal at the |ast
nmeeting that said if after a nodest discussion we
can't cone to a single value anongst the panel
menbers, then what we have to do is go ahead and | i st
t he nunber of the majority of the panel nenbers, and
then make a clear indication in the information that

cones along with that, that there were one or nore
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ot her vi ews.

Now, t he shortcom ng of that, just so you
are aware of it, isthat ultimately -- and if you | ook
at the report, the draft report, and you get to the
concl usi on section, and what you see is just a table

with the val ues.

So you |l ose those -- inthe table you | ose
t hose ot her views. Now, in the text there wll be
comments that indicate that other situation. But

people get to the point where they don't read the
text. They just |look at the table.

So | want to point out that out as one of
therealities that we woul d encount er by goi ng t hr ough
that process. Now, before we start all of that, |
would just like to entertain any comments fromthe
panel menbers about what | said about the process.

MR. LEAVER. It sounds okay.

MR. BOYACK: Al right. Well, the first
thing | amgoingto dois seeif | can have any better
luck than | do last tinmein starting up the projector.

You may recall the very first timel tried
that it failed.

DR KRESS: Mwe it to the left.

MR. BOYACK: No matter how many tines |

try this, it doesn't always worKk.
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(Brief Pause.)

MR. BOYACK: GCkay. So let's go ahead and
begin. Let's just take these in order, and | amgoing
to ask given the constraints of tinme that if you have
just mnor mark-ups, if you will go ahead and mark up
a hard copy and give that to ne.

| f you don't have a hard copy, Jason wil |
provi de a hard copy. But that would keep us just
dealing with the major issues. So the first thing |
woul d like to ask is we have the val ues shown on the
| eft screen of the original NUREG 1465 val ues, and t he
val ues that the panel agreed up.

Are t here any questi ons about any of t hose
having to do with duration or -- and I will give you
a nmonment just to look through the wite-up that |
prepared, but not very |l ong. The hard copi es woul d be
better.

(Brief Pause.)

MR. BOYACK: Al right. Well, for the
nonment then, since that is going to be harder, let's
just take a nonent and go through the table and tal k
about -- see if there is any conments on the val ues,
because we will get to a point where Dave Leaver w ||
rai se his hands and say, yes, | have got one on that.

So the duration, we went to 4/10s of an
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hour on gap release, and 1.4 hours on erbiumvessel
ex-vessel, two; laid in vessel, 10. Any comments
about the values of those tines, as opposed to
justification, which will be witten down bel ow?

(No response.)

MR. BOYACK: \What we will do is provide
you with hard copies. And | amgoing to continue on
just for a nonent here, and go to nobl e gases. Thee
shoul d not be too nmuch difficulty or question about
t he val ues, because those seemto be fairly firm by
t he panel menbers.

W had .07, alittle |l onger on gap rel ease
for noble gases, and 0.63 hours for the early in-
vessel, and .3 ex-vessel, and zero, late in-vessel.

DR. KRESS: | have one comment. | have .3
on the .63 is kind ridicul ous.

MR. BOYACK: Is kind of a what?

DR. KRESS: Ridiculous. It inplies nore
know edge t han we know. It should either be .6 or .7,
or .5, or sonething.

DR. POAERS: You are going to run into a
probl emthat you will nake nobl e gases .1.

DR. KRESS: Yeah, okay.

DR. POVERS: | mean, that is the only

reason it is 0.63.
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MR. LEAVER  Well, let nme say that the

only reason that we did that was because we wanted t he

sumto --

DR KRESS: The sumto be .1.

MR. LEAVER O the sumof gap and early
i n-vessel, which is .7. | guess | have a question

and | sent this question to Brent about .07, and what
we said, if | read this correctly, is there was a
French test for high burn up fuels that had a val ue of
5 percent at 60,000 negawatt days per ton.

What test isthat? It is right here. And
| | ooked through all the information that we had, and
didn't see --

DR. KRESS: Well, | think VERCORS was five
wasn't it? One of the VERCORS tests was --

MR. LEAVER. Was it a VERCORS test?

DR. KRESS: Yeah, it was at that |evel.
That | renenber, but | don't remenber whi ch one of the
tests though. | think it m ght have been five.

MR. LEAVER  Ckay. Maybe that is true.
Let's assune that's the case, and then | guess the
question then is what do are we doing here? If we
have a test at 60, 000 negawatt days per ton, with a5
percent rel ease, and we are talking --

DR. KRESS: Wy then is it seven?
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MR. LEAVER. Wy thenis it seven? Well,

first of all, 5 percent as far as | know, is a pretty
boundi ng nunber, and 5 percent was t he ori gi nal nunber
in 1465.

And | think it was certainly an estimate,
but it was -- it tended to bound at |east the data
that | have seen that had been col | ected by exam ni ng
spent fuel rods.

And we al so have to renmenber that this is
a high burn up situation, and only about a third of
t he fuel assenblies have the high burn up. And this
is a core-wide nunber that we are comng up wth,

DR. POVERS: Are we supposed to be
integrating the core | oading pattern?

MR. BOYACK: You are asking ne?

DR PONERS: Yes.

MR. BOYACK: It is probably better to go
ahead and have Jason answer that, because | don't know
t he answer.

DR. KRESS: W nentally integrated using
this one-third as a rule of thunb last tine.

MR LEAVER  Yes.

DR KRESS: | renenber that. W ran that
through all of this | think to sone degree.

DR KRESS: Yes, and if we just start with
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the one-third type.

MR. LEAVER O if we wanted to, we could
use the one-half. But clearly it is sonething of the
order of a third, or a half of the fuel that would
have this high burn up and not nore, because you
refuel every 18 nonths or every two years.

DR.  KRESS: Vell, what we are talKking
about is 70.

MR LEAVER \What is that?

DR. KRESS: Seventy, | think, is what the
hi gh burn up was. So | think the nunber m ght be --
instead of 60 giawatt days per ton, | think we are
tal king 70.

MR. LEAVER: Well, that could be. What is
t he burn up target that we are shooting for? That is
a good question, | guess.

DR KRESS: It was 70, and the reason for
that was that | think it is allowed already up to 70.
Dana, do you renemnber?

DR POVNERS:

DR. KRESS: | think it is 62.

DR,  KRESS: Okay, 62, but there was
novenment to make it |ess.

DR PONERS:

DR. KRESS:. Yes, the Rul e Fuel Programhas
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a target of 75 giawatt days, and nmy | ooking at it says
that if you constrain yourself to stay around 5
percent enrichnent, that the fuel itself is capabl e of
goi ng up al nost a hundred.

Now, whet her your clad will stand that or
not is a different question. But is it entirely
possible to run fuel up to certainly 90 or naybe a
hundr ed.

Nobody really wants to do that, because
the energy gane is -- | mean, you are really getting
down to the lowrate activity part of the fuel here,
but you can certainly envision people going to 75.

Now, these nental integrations put a
constraint on the use of this, and it is inportant to
poi nt out to people that youreally are sayingathird
or a half, depending on what you choose to do.

And then you start putting other
constraints on the thing, because there are two ways
to get the high burn up. One is fast burn up and one
is slowburn up. And fast burn up nmeans you have hot
center |ines.

And that will jack your gas rel ease up big
time on you. Sonowif you are integrating over that,
which is not really a bad thing to do, because right

now what happens is you ranmp the fuel hard, and then
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you nmove it out to a periphery, and then ranp it not
so hard.

Unl ess you power uprate, i nwhichyouranp
everyt hing hard. | mean, you start playing these
gymmastics on this stuff.

DR. KRESS: That is another thing, and
t hi nk we ought to assunme power uprates.

DR. PONERS: They nost clearly affect the
BWR nodes, because --

MR. BOYACK: At the | ast neeting when we
had this discussion, | think the thing that noved it
to prior value, in addition to the French data, was
that there was this citation for the activity
i nsertion experinent out of JAERI

And then we |isted a need and associ at ed
with that, recognizing that it was a fast process, as
opposed to the nore sl ow process associated with the
LOCA. So where do we go on this?

MR. CLEMENT: | suppose what we can get
for high burn up fuel, but no so high. | nean, we have
t he experiments for the last five, for which we have
devi sed five processes, and that was at 50 gi gawatt
base per ton for these desi gn basis LOCAtransi ents or
sonmet hing |like that.

And for the higher burn up fuel, fromthe
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-- can get the sanme thing or even nore. So we know
t hat high burn up fuel can raise nore. So if we put
five percent, many will put constraints on the fuel
burn up, and maybe it can be nore.

We know that with density, that this is
increased with burn up, and also with followup
obvi ousl y.

MR. LEAVER: That's right, it does
i ncrease with burn-up, and | guess | was -- the point
that | wanted to nmake was that this is -- as |
understand it, this gap release is not -- we are not
saying that this applies to a fast -- a high energy
deposition. This is a LOCA and this is the first
part of a LOCA.

MR, CLEMENT: Yes.

MR. LEAVER And really froma practica
st andpoi nt, when you do cal cul ati ons, the GAP rel ease
and the early in-vessel are just a nunber, and it
al nost doesn't matter how nmuch i s GAP and how nuch is
early in-vessel

MR.  CLEMENT: But when you do the
calculations, if you are -- the precise val ue of that
GAP rel ease, you have to calculate where are the
gases, and what is the inventory, and so on and so on,

unless it is being validated in experinents.
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| f youwant to calibratethis seven person
val ue, for instance, and that is not so easy.

MR. LEAVER: But in any event -- and this
also is for the high burn up fuel, which is what, a
third or a half of the core, and so | just don't
understand how we can junp to a conclusion of 7
percent per GAP rel ease.

It seems tonethat it is 5 percent, which
is the existing value, and which is probably high
enough.

DR. PONERS: Well, you are focusing in on
test, and if | look at the JAERI test, you aren't
putting an energy ranp in, but they are saying that 20
to 25 percent of the fission gas is on the green
boundaries, and can cone out.

And so take a third of that, and then you
end up with seven.

MR. LEAVER: That i s an energy deposition
rate that is nore applicable to a rod injection
reactivity actually.

DR.  POVERS: Yes, and it's where this
thing, the gas, is.

DR. KRESS: But | think you have to have
some consi stency question here, too. If the old

source term decided that you are going to get a gas
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rel ease of 5 percent, we know that it ought to be
bi gger than that, but | don't know what their thought
processes went through.

But high burn up is goingto-- nore burn
up is going to give you nore release, and there is a
consi stency question there.

MR. LEAVER: But that does not necessarily
nmean that you -- well, that 5 percent may have had
enough margin in it that we think it is still
reasonable for the high burn-up. | guess if we are
going to have a nunber of 7 percent, it seenms to ne
that we need to have a better justification for it,
because that doesn't do it.

| nean, that says that 5 percent at 60
gi awatt days per ton, and we know it is roughly a
third of the core, and | don't get 7 percent from
t hat .

So if we want to cite sonme other
experimental data, | don't know

DR. KRESS: | see what you are calling a
justification here.

MR LEAVER  Yes.

MR. CLEMENT: Two points. You can ask for
nore experinental data, and that is the first point.

The second one is how do you use the experinment for
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full data when you have a few answers from and what
we are doing now, but it is still an ongoi ng process,
is to use the nmechanistic goal .

And the point that you calculate all of
the history of the fuel during the radiation, just
where are the fission products, and where are the
gases, and how nmuch shoul d be rel eased.

So it is not so easy because we need sone
val i dati ons. And we had vi ew graphs presented by Jean
M chel at the | ast neeting, which indicated that sonme
cal cul ati ons not performed by us, but by other peopl e,
could indicate up to 10 or 20 percent of gases
avai |l abl e for rel ease.

But we are nowtrying to go further with
our own tools to see really what happens. So it is
not so -- and | think that for consistency this is one

poi nt where t he val ues shoul d be hi gher than for | ower

burn up.

Al'l the val ues for | ower burn-up shoul d be
decr eased.

MR. LAVIE: CQur process to that point is
really -- if the cooling was naintained, and that
original then was really transient. |f you can keep

that tenperature at the peak cladding tenperature

requi rement, then --
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MR. CLEMENT: And the other point is that

it depends on what you use your source term okay? |If
you want just to look at that as inportant, and if
your acci dent goes further, then very soon you wi |l be
in early in-vessel, and then you can find it wth
t hese five percent or seven percent.

After one-quarter of an hour, it doesn't
matter, okay? So that is the difference of what you
want to do with this table.

DR. KRESS: Exactly. And | assune that we
are specifying a gap release for the particul ar uses
for that particular release, and nost of those are
very particular, |ike how fast do you have to cl ose
the i solation valves in the containnment. That is one
of the big players in that.

MR.  BOYACK: Let me interrupt the
conversation just for a nonment, because this is a good
point for us to address what we will have to address
| ater. Let ne assune for the nonent that Dave prefers
a lower value entered here.

MR. LEAVER. At least | would Iike to have
ajustificationthat saysit is consistent, or i s nore
consistent with our nunbers. In that, | can al ways
ask that if you are willing to go with a higher

nunmber, you can help ne with the justification.
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But if not, then this would be the first
case where we have different views anongst the panel
menbers, and in which case, we would have to figure
out how to do that.

And so the suggestion from the |ast
neeting was that we just make a note in the table,
which wi Il appear in the body of the report, that the
summary table wi Il appear inthe concl usions, | guess.

But the justification will appear in
Chapter 3 or 4, or whatever that is, and there the
i nformati on woul d be that one or nore, however nany of
the panel nenbers took exception, and for this
followi ng reason, and that is the way that we woul d
handl e it.

Sothat is the only way actually | can see
through on atinely basis to conplete the di scussi ons
on PR

MR. SCHAPEROW There is another
alternative, is to not to put a value, but to put an
asterisk and say different values from different
menbers, and that can take care of the aggregation
process | ater to think about howwe can -- well, maybe
that is a cop-out.

But we can put it off until later, and

that is not -- we don't need this source termtoday.
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MR, BOYACK: | am not a real fan of

putting it off, but that is primarily from the
st andpoi nt of delivering a product to the NRC, and
that is a non-product to ne.

But as you say, it just puts it off, and
what | sense hereis that thereis probably -- | guess
we probably have not heard fromJi mon whet her or not
he would be still be with this.

MR. G ESEKE: There are a coupl e of things
that are kind of bothering ne. One is have we focused
on a burn-up level that we are tal king about for the
anount rel eased, what, 75 percent, or six out of --

(Si mul t aneous conversations inaudi bl e.)

MR. SCHAPEROW For the highest --

MR. G ESEKE: For a third of the core?

MR. SCHAPEROW That's right, or a half.

MR. G ESEKE: So we are settling on sone
nunbers there that uses to hel p us think through the
rest of this.

MR, SCHAPEROW That's right.

MR. G ESEKE: Ckay. So we are | ooking at
what -- what we are really looking at is the old
val ues basically for two-thirds of the core, and high
burn-out for a third of the core. | renmenber doing

t hose ki nds of calculations last tine as | was trying
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to get sone of the nunbers on this.

But | just thought that | would put that
on the table. That is kind of a hand cal cul ati on ki nd
of procedure that you could go through

MR, SCHAPEROW Just to get a sort of a
i dea, yeah.

MR. G ESEKE: So what we are looking tois
if -- well, that is another assunption, and |I know
that we have not done it throughout. W have not
assuned t hat t he 1465 nunbers are correct necessarily,
because nore we have nore than |earned since those
were put out there.

So we are not in the position of really
t aki ng t he ol d nunbers for two-thirds of the core, and
adding a high burn up for a third of the core.

MR. BOYACK: By that you are saying you
are not required to take the ol d ones.

DR. PONERS: That's right.

MR. G ESEKE: | amjust trying to set the
ground rules here so we are on a --

DR. KRESS: You have to renenber that the
ol d nunbers for the GAP are very, very specul ative,
and dependent on the two tests that ORNL and a coupl e
of the -- well, | don't know. | amnot sure what the

other is. But there is a very sparse database for
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t hose two.

MR. G ESEKE: What this kind of says is
that for the burn out to nake a significant effect it
has to be a maj or change because it is only a third of
the core that is comng into play. |Is that kind of
what you hear?

MR, SCHAPEROWN  Yes.

DR. KRESS: You will notice that thereis
no real spectacul ar changes in nunbers.

MR. BOYACK: Would you please identify
yoursel f?

MR LEEE M nane is Jay Lee, and | am
from NRR Wiy don't you include sort of the
definitions of a high burn upin your report, and what
you neant by high burn up?

DR. KRESS: Well, that is probably a good
i dea.

MR. SCHAPEROW  What we plan to do is
i ncorporate the slides that were shown at the
begi nni ng of the | ast neeting, and we went through all
of that. That was one of the points that we went
t hrough. But, thank you, that is a good point.

MR. LEE: But here is a comment that |
have as far as GAP rel ease. | went to -- for one type

of design basis, and the other nunbers are different
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for design basis, and fuel handling accidents, for
exanpl e, or for LOCAs.

MR. SCHAPEROW These are i ntended for the
LOCA.

MR. LEE: The current 1465 neutral state
is if you maintain cooling of the fuel, than it is
| oner GAP - -

MR. SCHAPEROWN W really don't have the
resources to go after the fuel handling acci dents t hat
i s needed. W had to nmake a decision early on. Steve
Lavie was at the |l ast neeting, and he was a proponent
of trying to tackle that in some nmanner, but we aren't
really able to.

So it is going to be a stretch to get
t hr ough the LOCAs.

MR. LEE: | think that these are all for
t he LOCA.

MR. SCHAPEROW Yes, sir.

MR. LEAVER: | think that is an i nportant
point. As | understand it, it is part of the set of
ground rules that you were trying to get your arns
around, Jim

This is for the LOCA and we shoul d not be
thinking in terns of reactivity insertion type

accident, like arod ejection, because that really is
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a different accident, and | think we can probably get
a different nunmber if we were to do that.

So | envisionthisis the first part of a
LOCA, and it is inportant for the reason that you
said, Tom and al so, for exanple, it is inportant for
some plants on how quickly their sprays have to cone
on. That is another thing.

So there are certain things. Bernard is
right. If it is part of a continuing accident, then
it is not, but it does have sone inplicationin terns
of how fast things have to happen.

MR.  BOYACK: Dave, your value that we
woul d have for this would be?

MR. LEAVER  Well, | guess -- the real
guestion that | amasking is maybe a little different
than that. The real question is do you want to take
exception to the value that is |isted.

MR. BOYACK: Well, okay, let me back off
for just a mnute. At the last neeting, the panel
came to a point where | entered the nunber of .O07.
Dave has sone questions personally, but before | deal
with that, are there any ot her panel nenbers t hat want
to have that nunber changed?

(No response.)

MR. BOYACK: Then | amgoing to take that
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as a no. So now let ne come back to Dave and ask if
you want me to go ahead and put in a different val ue
for you?

And once | do that then, probably post-
nmeeting, | wll come back and say | want to nmake sure
that | get the justification right, and I woul d work
with you to go ahead and get that done.

MR. LEAVER: | don't see any data or
anything in the justification that would in ny mnd
justify seven percent, given that this is a third of
the core, and given that we have some data of a 5
percent release that is 60 gigawatts days per ton

Even if it is 72, that nunber is higher,
and it still averages out to be sonething | ess than 5
percent in ny mnd, given that --

MR. BOYACK: And your value is?

MR. LEAVER  Five percent.

MR. BOYACK: Ckay. Now, does hat change
t hen anything on early in-vessel or ex-vessel for you
al so?

MR. LEAVER Well, to have the total be
.68 certainly inplies nore than | think we know. So
| would just in the interest of having round nunbers
make it .65 so that the total is .7.

MR.  BOYACK: Ckay. Fi ne. Thank you.
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Now, what | will dois that I will put a comrent here
to docunent justifications. Ckay.

DR. KRESS: One nore conment. What we are
doi ng i s devel opi ng source ternms that are supposed to
reflect the difference between what we have got as t he
current levels of burn up, to a core that woul d have
a hi gher level of burn up.

And sormehow putting t he sane nunber i n for
the GAP release, and doesn't seem to reflect that
di ff erence. And the nunber that we put in -- and
let's say it is going to be higher, but not nuch
hi gher .

W don't know how nmuch hi gher, but based
on what neager data we have, we end up with .07. So
i f we put the sane nunber in, tonme it doesn't reflect
the fact that we are tal king about what changes to
expect to the source termif you go to hi gher burn-up,
or a different |evel of burn-up. So that is what
bot hers ne about putting the sanme nunbers in.

MR GESEKE: Sol thinkif we wouldgoto
.05, we woul d have to justify the | owering of the 1465
to neet part of your justification then.

MR. LEAVER  That is probably right. |
think there is margin in the .05. Just quickly, |

m ght just put thisupif I mght. Actually, | wasn't
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t hi nki ng about this, but it is relevant data.

This was data that -- | think it is
primarily fromCD core, and | amnot sure if thereis
any Westinghouse rods in here or not. But you can see
that there is definitely an upward trend as you get
t he hi gher burn-ups, and how you bound this data, and
what sl ope you want to give to this line.

| guess that is a judgnent call, but when
you get out to 60 to 70,000, you would expect to see
nunmbers up around 4 or 5 percent.

DR. PONERS: Let's be consistent and say
rel eased to the gap or a seal ed gap

MR. LEAVER. |I'msorry, but could you --

DR PONERS: These are seal ed rods.

MR. LEAVER  \Wat ?

DR. PONERS: These are sealed rods. This
is arelease fromthe fuel to the gap. This is not
fuel undergoi ng an accident, but thisis released from
the fuel to the GAP.

So you can shift all those all up on your
accident conditions. And just take the whole thing
and shift it up

DR. KRESS: Yes, the purpose of this was
to get an internal pressure and load on the clad

itsel f.
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DR. POVERS: And measur e t her no

productivity.

DR. KRESS: And neasure therno
productivity so that it is not equival ent to what you
get released during an accident. You would have to
shift --

MR, LEAVER You are saying during an
accident that the rod is heated up, and so you are
going to accelerate --

DR. KRESS: The gap is in an accident, and
it is what is comng fromthe cracked fuel, and what
is coming fromaround t he periphery of the grains and
stuff, and so you do rel ease what is in the GAP, but
you al so rel ease sone ot her stuff.

So I would view that as a | ower bound on
t he rel ease, but once again you have to factor in how
many of the fuel rod clads failed to get to the
rel ease, too. So there is sonme things going both
ways.

MR. BOYACK: Before we continue on, let ne
just ask Bernard if there was a reference that | coul d
put into this VERCORS test, whether it is the 5
percent at 60,000 negawatts per ton, or --

VR. CLEMENT: | can say that the fina

val ue we have a high burn-up of fuel in our French
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eval uati on was comng fromflash tests.

MR. BOYACK: Fl ash tests?

MR CLEMENT: Yes. Fromthe work --

MR. BOYACK: Well, all | said was French
data for high burn-up indicates a value of about 5
percent for 60, and you said that was a flash test?

MR. CLEMENT: Yes, flash five test.

MR. BOYACK: That was the flash five test
for that nunber?

MR. CLEMENT: Yes, and there were also
some values com ng from neasurenents of interna
pressure, but these experinents are the property of
the utilities. So it is a problemof the val ues.

MR. BOYACK: Okay. | have -- well, what
| amgoing to do now is you have in front of you --

MR. CLEMENT: Because VERCORStesting, the
rods have been already and so what you are neasuring
is the additional raise, and not the fuel GAP
irregularities in the VERCORS tests.

And you see sone gases goi hg out through
and so you see the GAP inventory and the rel eases
(i naudi bl e) --

DR KRESS: That is supposed to cut the
fuel up and basically get rid of all that is in the

GAP.
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DR. POANERS: It seenms to ne that you are
going to have to addintothis is what Tomis saying,
i s that based on what we know burn up does to fuel, it
shoul d have a hi gher gap rel ease, and we knowt hat the
flowstructure is nore open, and there i s nore gas on
t he i n-boundari es, and there i s nuch gas that has had
a chance to mgrate.

That if the center-line operating
tenperatures are higher, it will push it out there,
and if there is a focus on one test, and then | think
you shoul d al so cite phenonenol ogi cal evidence that
says it shoul d.

The phenonenol ogi cal evi dence that says
when they have put inpulses in the fuel and you get
nore gas release, and sone of those pul ses are of
smal | variety, and you can probably define them and
t he Japanese have done what, 58 tests, or sonething
i ke that.

It seenms to ne that you need a nore
el aborate justification to satisfy data.

MR. BOYACK: s it fair to state -- |
sense two primary argunments going on here. | don't
know whet her we will be able to resol ve them but the
first argunent is an incremental argunent.

It basically says if we take NUREG 1465 as
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a base, and not accurate, but as a base, and | ook at
the effects of high burn up, then there is sone
incremental increase in the GAP rel ease, and it does
not go any further than that.

Ther e i s anot her argunent t hat says, wel |,
there is some data, and it is JAERI data, that is a
di fferent accident set-up, and high releases. Then
there is the third argunent, which | think is Dave's,
whichis that, well, evenif |I accept the increnental,
then | don't |ike he absolute value of 7 percent.

| aminterpreting that he doesn't dispute
the increnental argunent, but it is the fact that we
accept the NUREG 1465 as t he base and t he nunber seens
to be too high --

MR  LEAVER Wll, the increnental
argunment is a good argunent, and | would accept a
nunber hi gher than 5 percent of the high burn up fuel.
But it seens |like we are applying that to the entire
core and saying the entire core is high burn up fuel
and it's not.

MR. G ESEKE: If yougotothis map, this
little on-thirds, two-thirds, kind of map; and you say
that two-thirds of it is at 5 percent, the one-third
is a high burn-up and is at -- and you take Tom s

argunent that yours were | ower bound, and you take at
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75 gigawatts, and you extrapolate to that and say,
okay, it is half again that nuch --

MR, BOYACK: Ten percent you nean?

MR. G ESEKE: O 12 percent, or to 8, and
you go through that cal cul ati on and you cone up with
7 percent, just like .073 if you wanted to get a
nunmber, and | just didn't.

So it seens |ike 7 percent i s probably not
a bad nunmber, and it is higher, and it does have that
justification being higher than the other one, and the
confort feeling that we are going in the right
di rection.

DR. KRESS: Now, before we get too far
along with this direction, in some of the other
fission product groups, we did invoke Dave's
argunents, and we didn't |ike the ol d nunbers for sone
reason.

So we have invoked this, but not using it
as a pure base line, but to adjust our thinking on
what the old one was worth. So that does show up in
sone of these others.

MR,  NOURBAKHSH: Now, the problem wth
putting this table together, Tom at the end, this
wi Il confuse the issue.

DR KRESS: It probably wll.
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MR. NOURBAKHSH: Many t hi ngs appear here

whi ch in your m nd you know why they are there. But
when you | ook at this, it is (inaudible), because for
one thing the total nunber, the old nunber of .95 for
i ndustrial release, cane fromthe fact (inaudible).

The ot her hal ogens (inaudible) are the
sane on the old nunbers, because the old nunbers are
t oo hi gh.

DR KRESS: That's right.

MR. NOURBAKHSH: But on the other hand,
you woul d expect a slight increase (inaudible) for
hi gh vel ocity.

MR. BOYACK: Al right. | amgoing to
nove this al ong.

MR. LEAVER: Sure. | think we have spent
enough time on this, and this is not the nost
i mportant issue that we will tal k about today. But it
is inportant that we have sone logic that we can
defend for what we are going, and | think that is the
poi nt .

MR. BOYACK: Absolutely. Let's go on to
the hal ogens. Now, | am not going to bring up the
test, because you have the text avail able to you. But
basically for GAP rel ease, early in-vessel, and ex-

vessel, the nunbers stayed at the same val ue as they
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were in NUREG 1465.

However, the late in-vessel rel ease went
to .2. Was there an error in the old tables for the
NUREG 1465, or did we actually change that one?

MR G ESEKE: | think we changed it.

MR BOYACK: Now, do we need to -- are
there any points that we wish torevisit on this one?

(No response.)

MR. BOYACK: Lacking any response, | am
goingtogoonto the al kali netals group, and none of
t he val ues changed in the al kali nmetal s group rel ative
to those values in 1465. Is there any need to revisit
any of the justification or logic?

Whi |l e you are thinking about that, just
| et me indicate also that the place we finally want to
get this all reflective of the inportant pointsisin
t he docunent.

And so when we cone up with the draft
docunent, a nmore conplete draft docunent foll ow ng
this nmeeting, then you will want to very carefully
reviewthat, and comment, and we will have to do nore
by mail, e-mail, and things |ike that, |acking other
nmeeti ngs.

But you will want to carefully reviewit,

and make your comments. And it will have to kind of
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go until we can get everybody to, quote, sign off.
Al kali metals. Any comments?

(No response.)

MR. BOYACK: Ckay. Well, that finishes up
to the PWR, and let's go on to the BWR

DR. KRESS: Are we going to go into those
guestion mark nunbers?

MR. BOYACK: I'msorry. That is one pass
for hunor, Tom

DR KRESS: Sorry, |'m asl eep.

MR. BOYACK: Okay. | was just thinking
now that | had one in arow, and | thought we woul d go
on. Now, the telluriumgroup. Now, Dave, you had a
comment on the telluriumagroup, and so | amgoing to
bring that one up.

MR. LEAVER | did. | guess ny feeling
continues to be that the increase to 30 percent seens
too high tome inlight of -- well, | think FPT-1 is
certainly very interesting, and it appears that
telluriumroared out in that test.

But | also can't get out of ny mind the
fact that the TM data, and the SFD 1-4, in which the
telluriumrel ease was consi derably |l ess, | would al so
note that FPT-2, there is or was sonme information in

one of the French presentations at the |l ast nmeeting on
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FPT-2 that said that apparently the telluriumrel ease
was | ess lower than it was in FPT-1

So I think there is some uncertainly
there, and there is no question about that, and under
certain conditions, you probably can get a rel ease of
significantly larger than the 5 percent than is in
this 1465 right now. A nunber |ike 30 percent.

But what we are doing here | think is that
in 1465, as | wunderstand it, is that we are not
necessarily trying to conme up wi th a boundi ng nunber,
but we are trying to cone up with a nunber that is
representative or typical, and those are the words in
t he NUREG 1465.

So all of that | eads ne to question the 30
per cent nunber as being just sinply higher than nmaybe
we shoul d be. | amtal ki ng now about early in-vessel.

MR. CLEMENT: Well, you are saying certain
condi tions where you can get an inportant raise, and
you could also say to the contrary that there are
certain conditions that we can get high retention.

MR. LEAVER: What is in FPT-2 that causes
the high retention?

MR. CLEMENT: GCkay. The rel ease fromfuel
is nearly from100 percent. And then there is tension

in the piping of the circuit, and so 30 to 40 percent
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retention, and so we don't have the exact figures.

MR. LEAVER Deposition, or is it a
chem cal reaction?

MR. CLEMENT: It |ooks |ike chem sortion,
because it is very different fromother el enents. So,
we know t hat chem sortion is possible, and if we are
tal ki ng about FPT-1, that is not the only one.

If you ook at the HI/VI tests, in sone
tests you have nearly 100 percent that is (inaudible),
and so you have a nunber of experinents (inaudible),
and also a nunber of experinents where the react
probably with netals, and | amnot so sure that we are
in a position to make a probablistic study of that.

So then it depends on what we want to
cone. | nmean, in the French approach, in certain
cases, we tend to go to the boundi ng val ue, and here
it depends on what the NRC wants to do with these
val ues. But we took a series of tests.

MR. LEAVER \What was it that caused the
chem sorption in FPT-2?

MR. CLEMENT: 1| don't know. | don't know.
W don't have the measurenents.

DR, KRESS: It was the gases.

MR. LEAVER And you didn't get that

phenonenon in FPTC 1?

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

50
MR CLEMENT: No.

DR. KRESS: It was probably already tied
up with tin or sonething el se.

MR. LEAVER. Right. Right.

DR. KRESS: And that is not very accurate.

MR. LEAVER: And Dana had the paper in
whi ch we were tal king before the neeting about that,
and getting that on the record.

MR. CLEMENT: And there is also sone
separated effect experinments on tellurium trapping
t hat were made on the pipes, but were not oxidizing,
and in the case, you get very, very high retention.

DR. KRESS: The old fridge test, and we
ran some tests where we pre-oxidized the plant to a
hi gh | evel, and under those conditions tellurium got
rel eased at the sanme rates as the iodine.

The tests were where you had clad in there
that was very a smart anmount of oxidation, and the
tellurium apparently got tied up in the clad, and
didn't get released, and until you are alnpbst a
hundred percent oxidi zed by cl addi ng.

So it depends on how you view the
acci dent, and whet her or not you preoxidize very nuch
of that cladding, and whether the ride off of the

steam zirl o claddi ng does a sufficient oxidation to
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get rid of sonme of that tellurium

| amli ke Bernard. Under sone conditions,
you are going to rel ease |li ke a hundred percent of it,
and so if you use a bounding value, and then use a
hi gh value for it, then | think you have captured all
of the particular accident systens that you can
capture.

| think that was ny reason for going to
t he hi gh val ue.

MR. CLEMENT: And | think you coul d have
the common thing that under other conditions the
rel eases could be | ower, and that could be stated in
t hat .

DR KRESS: But the question is what do
you want to do with that piece of information, in
terns of the design basis source term | aml ooking
for practical applications of these things, and to nme
t he practical applicationis under sone conditions you
can get a lot of telluriumrelease, and it is pretty
bad stuff. And naybe you ought to account for it.

MR. LEE: You have nentioned about
retention, and are you tal ki ng about retention within
the fuel or retention within the systenf

VR. CLEMENT: There are several

retentions. You have retention with the =zirlo
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cl addi ng, and | ooks |i ke t hat anyway, just because you
observe the telluriumrel ease which starts at the end
of the oxidation of the cladding.

And so it |l ooks Iike the retention of the
cladding, and what |evels are observed -- for
instance, in FPT-2, is the retention on the piping
afterwards, and this was seen also in other
experinments, but not al ways.

MR. LEE: So in case of a LOCA, you have
all the cladding nelt, and so therefore it will all
come out anyway, is that right? Wether you retain
the telluriumw thinthe cladding or not, since we are
nelting all together in that --

MR. CLEMENT: Well, once you start having
tellurium defusing from the fuel on the outside
generally in the sane period, then you are oxidi zing

t he cl addi ng, and this could eventually lead to zirlo

mel ting.

But at that tine, zirlo nelt will have
sone di ssolution, and then go down, but not until it
is released fromthe fuel, and thereis still a large

anount in the fuel at this |evel
And then when this one comes out, you
cannot find netal zirlo. You only find oxidized

zirlo, and just because if the netal zirlois liquid
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and it went down --

DR. KRESS: | think once you nelt the
cl addi ng, you don't get nuch rel ease of telluriumthat
is carried with that nelted clad. But you will get
much nore of a release fromthe fuel that cladding
left.

And what telluriumis left if that fuel is
going to cone out.

MR. LEE: Yes, but we wll wuse this
particular source with the LOCA primarily, and so we
have got (i naudible) of clad nelting, and there is 30
percent of what exactly (inaudible) --

MR. CLEMENT: You mi ght i magi ne condi tions
where you are able to oxidize the majority of the
cl addi ng, having only a fewnolten zirlo. It depends
on the accidents now you are getting.

You m ght have a | arge anount of |iquid
zirlo, or asmall amount of liquid zirlo, dependi ng on
the transient. So you have an i nspection of accidents
now.

DR. KRESS: How about the accidents and
reduci ng conditions, versus oxidizing?

MR. LEE: Yes. So (inaudible) -- we were
tal ki ng about the nobl e gas pressure, whether it is 5

percent or 7 percent, and that anmount doesn't nake
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much difference at all

But in this case, this wll make sone
difference. Do you see that data on --

MR. LEAVER On the telluriumrel ease?

MR LEE: Yes.

MR. LEAVER It makes sone difference,
yes. It is not a huge effect, but it definitely makes
a difference

MR. G ESEKE: Can | ask a question, and
maybe it is a later question. But what about the
chem sorbed telluriun? |Is that released with air
i ngressi on woul d you i magi ne? Wuld anybody know?

DR. PONERS: Well, what | knowis that if
you go through and just do the cal cul ati ons, and you
get air into the piping system then that can happen
and not happen, but you don't want to use the air
tw ce.

The hi gher oxygen potentials, youdo start
turning any sort of telluride into TeQO

MR. G ESEKE: That's what | was wonderi ng.
That probably accounts for the 20 percent late in-
vessel up here. | amjunping to the wong colum, and
| apol ogi ze, but nmy m nd went over there.

DR. POAERS: Well, that was the rationale

t hat was used.

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. G ESEKE: Ckay.

DR. POAERS: And as | ong as | have got the
floor, I mght as well offer ny two cents worth. | am
on record in saying that | amtotally uncertain about
tel | uri umbehavi or under acci dent conditions, and did
that in 1988, and not hing has changed.

My understanding of this great deal is
that | amnot a believer in the telluriuminteracts
with the clad hypothesis. | am a believe that the
telluriuminteracts with sonmething until conditions
get very oxidi zi ng.

And | have sonewhat persuaded nysel f that
sonething is actually netals within the fuel, and
those netals concentrations, those netal nodul es go
way up as we go to higher burn-up.

But what happens is that as you go to
burn-up, you eventually overwhelm the ability of
nol ybdenum to buffer the fuel oxidizing potential
And so a nodest anount of oxidation of the fuel in
t hese higher burn up cases will lead to tellurium
rel ease.

And if you look at tellurium inherent
volatility, it is as highas iodine. | nean, it ought
to come off |ike gangbusters. So the net effect of

what | believe is the low burn-up fuel and nodest
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burn-up fuel, | predict essentially the same thing as
t he guy who says interaction with cladding. | just
have it in a different position.

At the high burn-up, | end up with very
hi gh rel eases on tellurium and the next question you
have to ask is does it chemcally interact with the
surfaces, and a little bit along the transport path.

And that little bit depends on what you
think the surfaces are. Now, the ground rules in our
di scussion last time were to look at a |arge break
system So we had relatively low transport path
di st ances.

Nevertheless, when | look at those
surfaces and PWR, | find that they are all heavily
oxidized with a crud, which is primarily magnetite
crud, and telluriumtypically will not interact with
magnetite to formiron tellurites.

It will go after any iron nodul es that are
buried down in there. W have to be very careful
about PHEBUS t ests, because they have used an i nconel
pi pi ng system and so they have first of all very thin
oxi des, and a | ot of nickel avail able.

When we have tried to do the cal cul ati ons
of the VICTORIAto get telluriumfrom10 telluride or

silver telluride, to subsequently react with the
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surface for nickel telluride, it just does not do it.

And we just are not abl e to suck t hat out.
| say, well, that is an interesting result, and I
wonder if it is true. And you |l ook at how t hey nodel
the nickel telluride, it is very sinplistic.

The nmodel is aline conmpound, when in fact
we know that it has a broad range of nickel chem ca
potentials that you can have, and they are just not
taking that into account.

So it results in ne being very uncertain
the results of nickel, except tosay that it is pretty
clear to ne that by any physics that | understand t hat
if you go to high burn-up, the release fraction of
tellurium goes up.

And when | | ook at especially the ground
rules that are focused on | arge break LOCA, at |ow
pressure there just is no chance to get the kind of
near quantitative retention that we had in the
original 1465 source term

| al so knowthat alot of theretention --
the original version of 1465, it was sent out for
revi ew, and actual |y had a hi gher rel ease of tellurium
to the contai nment, and t here was anong t he revi ewers
was a strong belief that retention was higher, the

chem cal retention
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And that was driven by sone experinents
that were done with pure telluriumvapor, and we j ust
don't have telluriumvapor in the PAR case. Does that
change if we go from silver cerium control rods to
boron carbide control rods, and there seens to be a
genuine drive to do that in the nore nodern PWRs?
Probabl y.

MR BOYACK: All right. Dave, where we
are here is that I have gone ahead and nmade the sane
sort of comrent here, and you will notice that we
al ready had the type of process that we will follow
i nvoked here, which is we will flag the nunber, and
indicate the mpjority opinion, and one or nore, or
however nmany panel nenbers take exception, we will go
ahead and do that.

And what t he nore applicablevalueis, and
toremnd ne to do that, | just put in green here so
| -- 1 amcolor coded so that | can keep track of what
this neans, and | just put what that val ue was.

Is it still a range of 10 to 15 percent,
or is there one of the values or the other, or have
you changed your m nd?

MR. LEAVER  Ch, no. | would say that
reflects where I am

MR. BOYACK: Okay.
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MR. BOYACK: Any ot her comments?

MR. LEAVER Let ne just ask a question.
Dana made a point, and that he is fairly certain of
with regard to telluriumrelease is that for higher
burn-up that it is higher.

Is that part of what is the thinking of
ot her people on this rel ease, and why you are t hi nki ng
of the nunber of .37

MR. BOYACK: Well, if it is, that is only
a third of the core.

DR. KRESS: M thinking was a conbi nation
of that, and the fact that | think they set it too | ow
in the original 1465. The reason that | thought it
was too | ow was that nmany of the action frequencies,
you get a lot of telluriumcalculated to be rel eased
in fission product rel ease nodel that doesn't tie it
up with cladding.

You just (inaudible) and you get a | ot of
rel ease, and so that was part of my thinking of it.

MR.  BOYACK: Let's see. The barium
strontium the nunbers did not change. |s there any
need to go through those?

(No response.)

Okay. That noves us into the |ast three

groups, and we will bring each of those up. W did
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have a | ot of di scussion, but we were nearing the end
of the neeting, and in the process of that we got to
t he di scussion of the points |isted.

But we did not cone to the point of
settling on val ues for noble netals, ceriumgroup, and
| ant hani des. Nowthe e-mail fromDave Leaver said --
refers to nobl e netals, ceriumgroup, and | ant hani des.

These are undeci ded, and what we said in
the sunmary table is that they will need to be revi sed
to reflect the discussions of February 19th, and we
have several slides addressing these three groups
which | would Iike to present at the appropriate tine.

So what | would like to do -- and you
al so?

MR. CLEMENT: | also have sone slides.

MR. BOYACK: So why don't we take these
one at a tine. So instead of presenting all vyour
slides, we will go first to noble nmetals, and we will
have t he sl i des presented by Bernard, and then we wi ||
have an additional discussion, and then see if we can
wrap that up.

So the first one is noble netals. Dave,
do you want to go ahead and present yours at this
time?

MR LEAVER Yes. | have got these
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results all on the sanme set of slides, and so we can
put it back up nore than once if need be.

MR. BOYACK: And you wi |l al so notice that
in these discussions -- | think we were going pretty
fast, and there really wasn't anything listed for
needs, and if we do have needs, | would like to get
t hose down al so.

MR. LEAVER: Just to give a perspective,
and | guess this is the poor man's version of Jason's
ni ce poster board there that he did. The 1465 source
term is based at least from a substantial core
nmel t down, whatever that is.

But I think we all kind of have a rough
i dea what that neans.

DR. PONERS: The regulations requires a
substantially chal l enging --

MR. LEAVER: Right. Andin fact | believe
the word substantial is even in the Code of Federal
Regul at i ons.

DR PONERS: Yes.

MR. LEAVER: So the point is that thisis
not an accident in which you pop sonme clad. It is
much nore than that, and it is the GAP of early in-
vessel release that is usedinthe radiol ogi cal design

basis portion of the application of this.
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And 1465 says in a couple of places that
the release fractions are intended to Dbe
representative or typical, rather than conservati ve,
or boundi ng.

Again, | think the beauty is in the eye of
t he behol der, but this concept | think was in fact
used, for exanple, in looking at this spectrum of
acci dent sequence that was cal cul ated by Brookhaven
when t hey took rel ease fractions t hat bounded per haps
70 percent of the acci dent sequence, or sonmethinglike
t hat .

Finally, thereis astatenent i n 1465 t hat
rel ease fractions are not intended to envel ope all
potential reaction sequences. So this is stated in
1465, and inportant to keep in mnd, unless we think
that is not the right approach, and then nmaybe we
shoul d suggest that they change it, but that is what
is in there now

Now, the French approach as | understand
it is the GAP release that is used for the design
basis for licensing French plants, and there is
sonet hing call ed a reference source termwhich i s GAP
i n-vessel and ex-vessel of these, and it is used as a
basi s for pre-planni ng acti ons on energency pl anni ng.

And t hi s reference source termi s based on
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envel opi ng severe acci dent sequences.

MR. CLEMENT: If you are | ooking for the
exact wording in the reports, it is determnistic
(i naudi ble) envelop scenarios, and it is not
probablistic at that tinme, and the conservatismis in
t he scenari os.

And then you have some determnistic
appr oach, because if you put everything on
conservative --

MR. LEAVER Okay. So just trying to bear
thisinmnd, | nmade this table and we can | ook at the
first four lines, which are the nobl e nmetal group, and
then this is the ceriumagroup, and then the | ast one
are the | anthani des.

So just | ooking at the noble netal s, what
| didis | listed data which was easily accessi bl e and
under st andabl e, and quantitative. | didn't list all
of the VERCORS test data, but | did list HT-1, where
you had rel eases at different points in the test.

For exanpl e, this colum hereis arel ease
fromthe fuel. So for ruthenium it was 8 percent,
and for noly it was about .5. And then the rel ease
fromthe ferm um you can see is significantly |ess
rut heni um and about the same for noly, and then from

the thermal gradient tube even |ess.
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And then finally fromthe | oop even | ess.
And then | |listed the PHEBUS FPT-1 release to
contai nment, and TM rel ease to contai nnent, and SFD
1-4 rel ease fromthe fuel

So for the noble netal group -- and | have
an exi sting 1465 here and then | guess in the interest
of trying to cone up with some nunbers where we had
not hing but question marks on -- or at least a
spectrum of releases from individuals or from the
panel at the last nmeeting, | got sone numbers here
whi ch | am suggesting that we consider

The nunbers in bold if you wll are
different than they are in the existing 1465, and if
you can see that. And just by way of observation on
the noble netals, the noly in --

DR. KRESS: Are you suggesting that we
wite that group up, and --

MR LEAVER. | am | am The noly in
-- and we tal ked about that, although we seenmed to in
some cases think we should break up certain groups,
and i n ot hers we wer e keepi ng t he groups toget her, and
basi ng t he nunber for all of the elenments in the group
on a single elenment, which didn't nake sense to ne.

| think we absolutely should break them

up. Otherwi se, we are just nmaski ng i nportant effects,
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and we are doing the wong thing, at |east for sone of
the elements. Mdly and technetiumincreased --

DR. KRESS: |f you were to take the group
and wite the release fraction by the biological

ef fecti veness --

MR LEAVER | think ny next slide --
DR KRESS: Okay. I'll wait until then.
MR. CLEMENT: | think it goes to --

MR. LEAVER | don't think we need to do

that, because it is not that hard if you run these
codes, and it is not that hard to have -- | nean, you
have all of the dose conversion factors in the
l'i braries of these --

DR. KRESS: Well, the thing that is hard
to cone by is the fission product rel ease nodel that
you are going to use for each one of those.

MR. LEAVER  But if you have a rel ease
fraction, it istrivial toreprogramthese codes to do
t hese cal cul ations to consider --

DR.  KRESS: But you are reaching an
assunption that the release fraction is the same for
each one of those individually.

MR. LEAVER: \When you group themyou are,
yes. And | think in some cases that it is pretty

cl ear that these groupings don't nake sense. 1In the
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case of the noble netals, noly and technetium the
rel ease increased by a factor of 80 and alnobst a
hundred, conpared to the existing 1465.

And that is based on the HT 1 and FPT-1.
The ruthenium release was about the sane as the
existing 1465 if you |look at VERCORS, HT 1, either
t hermal gradient tube or furnace rel ease.

And i f you | ook at TM FST and i f you | ook
at VERCORS 1 to 6 in a qualitative sense, the
observation that the low volatile deposit is very
closeto the fuel. And then the rhodi umwas i ncreased
by about a factor of four, and that is based on a
conparison with the rutheniumrel ease and VERCORS 3,
4, and 5.

And so with these observations, | guess
what | amsuggesting is the rutheniumremin the sane,
whi ch is about .002, which is pretty consistent with
t he VERCORS rel ease fromthe furnace, and the thernal
gradi ent tube, and not substantially the sane as
PHEBUS, FPT-1, and | assuned FPT-1 was a factor of two
hi gher .

And TM was a factor of two higher, and
PHEBUS, and that we i ncrease noly and technetium and
| think we discussed this at the | ast neeting, and we

have a sonewhat | ess of an i ncrease, and t hat we br eak
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t hose up. Does anyone want a copy of that?

MR. G ESEKE: Yeah, | couldn't see that
very wel |, and tell ne agai n what your groupi ngs were?
You ended up with three groups? | can't seeit and so
| can't see what you are pointing at.

MR. LEAVER: | guess there would be three
groups, although | amnot necessarily proposing that
we coul d group noly and techneti um but essentially we
have real |y four el ements with four rel ease fracti ons.

It just happens that these two are pretty
close, and we didn't even have a technetium
measurenent with HT 1, but we did in PHEBUS, and it
was pretty close to noly. Can you see it?

MR. G ESEKE: Al nost.

MR. LEAVER | do have a hard copy of this

MR. BOYACK: |Is that the entirety of the
slides that you have there?

MR LEAVER  Yes.

MR LEE: Dave, can | ask a question?

MR LEAVER  Yes.

MR. LEE: The way you group these, are
t hese based on their simlarities and behavior, and
not only are you concentrating on the release
fractions, but howtheir behavior is in the category?

MR LEAVER: Yes. | think that i n sone of
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the groups that is certainly appropriate, but | think
-- for exanple, for these, | don't see any -- when you
do the calculations, there is really no reason to
group those.

You don't -- the only paraneters that are
rel evant here for doing those cal cul ati ons that we do
for design basis accidents are the rel ease fraction
and the measure of biological effect, which is the
dose conversion factor.

MR. LEE: We deal in individual isotopes,
and even though it is grouped together --

MR. LEAVER Right.

MR. LEE: -- we actually pick each nunber.

MR. LEAVER  That's right. You have a
di fferent biological effect fromeach of these, and
when you get into iodine, then you have sone di fferent
chem cal forns, and that's right.

But here | don't see any advantage to
grouping it. It doesn't make it -- the only thing it
does is make it alittle easier, and you only have to
put one nunber in for all these elenments for all the
rel ease fractions, and now you have to put in four.

But | think what we are trying to dowith
the alternate source termis be -- | would not say

realistic, but be nore realistic than what we were
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based on the TM or whatever it is., and t he Reg Cui de
1314.

And | think that this is a step in the
right direction. It recognizes that we have really
very strong experinmental evidence that something is
going on with noly and with technetium that isn't
going on with other elenents in this group.

DR KRESS: Wiere is the rhodi um numer?

MR. LEAVER: Well, it is not on this
chart, Tom but if | |ooked at VERCORS --

(Si mul t aneous conversations, inaudible.)

MR. LEAVER: Yes, hereit is. 1f youlook
at VERCORS 1 to 6.

MR. CLEMENT: If you look at --

MR. LEAVER: |f you | ook at ruthenium and
t hen you at rhodi um these are rel eases fromthe fuel,
froma fuel pellet. GCenerally --

DR KRESS: Are those the release
fractions?

MR. LEAVER These are rel ease fractions.
The rhodiumis --

DR KRESS: What is that nunber there?

MR. LEAVER R ght here?

MR CLEMENT: It is released from the

fuel .

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

70
MR. LEAVER. Rel eased fromthe fuel, from

this fuel pellet.

DR. KRESS: And if it is a release
fraction where is the decimal point on that?

MR. LEAVER  There is no decimal point.
This is 7 and 7 and 7.

DR KRESS: It is not fractions percent?

MR LEAVER It is percent, yes. Sorry.

DR. KRESS: | was confused, because your
title says fraction.

MR. LEAVER |I'msorry. It is percent.
So, | just observed that the rhodiumrelease is up
approximately a factor of four greater than the
rutheniumrel ease. So | just used that on this other
chart for ruthenium

And so what | amsaying i s based on the HT
1 release from the furnace, and from the thernal
gradient, to this, and what we have in 1465, is about
right.

DR.  KRESS: VWll, now you have to ask
yoursel f what was the tenperatures transient in HT 1
that was inposed upon this fuel, conpared to what
tenperature transients that you nay be dealingwithin
the reactor, because the tenperature transient wll

affect the fission product release.
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MR LEAVER Right.

DR. KRESS: And | wasn't sure what HT 1
was.

MR LEAVER It was hot.

MR, CLEMENT: HT 1 was -- it went to very
hi gh tenperature.

MR. LEAVER It was releasing at the
hi gher tenperatures for quite a while?

MR, CLEMENT: Yes.

DR. KRESS: You see, you have to ask
yoursel f whether that is representative or not.

MR. LEAVER  Absolutely. If it was held
at high release for | think a couple of hours. It is
nicetogouptothe prototypic ranmp, but I don't know
how long you should hold it wup there to be
representative.

You get a lot of good data out of it, in
terms of release and being able to correlate your
rel ease fraction, but then you have to apply it to a
real accident, and | don't think you just take the
data and say that's what it is going to be for a real
acci dent .

Wiat | would do is | would extract a
fission product rel ease --

MR, LEAVER  Rate?
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DR. KRESS: -- rate out of this, and put

it onalinius (phonetic) form and go back to a real
set of accidents, and reapply it. And | amnot sure
i f you would get the sane thing.

But in terns of relative anounts, like
rhodiumrel ative to ruthenium you m ght expect that
relationship to hold. So if the rutheniumcones out
to be . 025, when you are taking the ratios, that m ght
not be a bad idea.

MR. BOYACK: Well, when you are pushingit
on HT 1, Bernard is really the right one to answer
t hi s questi on.

MR. G ESEKE: Well, then what we ought to
do is have hi mshow t he view graphs that he has, and
maybe we can continue to discuss it.

DR. POVERS: The one point that it is
pernmeated on is the idea that you will get the right
rel ease fraction by goinginto atenperature scenari o,
and | think that is just wong. | think what we are
findi ng, and one of the nost sem nal results | think
you get out of the PHEBUS results is every tinme you
nove that fuel around, and as it rel ocates and what
not, we get bursts of aerosol generation.

What it is saying is that notions --

notions inthe gas phase, and notions i n the condensed
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phase, are at |least as inportant as tenperature in
determ ning the rel ease fracti ons, and consequently |
t hi nk when you | ook at tenperature data, even if you
scrunptiously foll owthe tenperature ranp, you have to
recogni ze that there are | ower bounds on the rel ease
fractions.

Because if that fuel noves on you, or if
the gas flow rates go up on you, that you will get
hi gher rel ease fractions, even though you have not
changed the tenperature at all

DR. KRESS: That's a good point. W have
no way of knowi ng when you factor that in.

DR. PONERS: You have to do the nental
i ntegration, and that means that when you | ook at
furnace data that you have to recognize that if it is
held for long tines at tenperatures, you have got to
probably shorten that down, but then you have got to
kick it back up, because the reason that it doesn't
say at long tenperatures in the core is because it
rel ocat es.

DR. KRESS: And that's what | do with ny
nodel here, | don't know how to handle this
relocation, and so | arbitrarily hold it at a nelt
tenperature a little |Ionger than I would, and how

arrive at that little longer is sort of pulled out of
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the air, but it is to help max sonme data where | did
see relocation. It is to get a factor into it.

And | do that in my mnd, but all | dois
hold it at the tenperature any |onger than a rea
nelt, a melt equator, and a situation in which to do
it.

MR. BOYACK: Probably Bernard will talk
about this, but this is --

DR. KRESS: Oh, this is HT 1?

MR.  BOYACK: -- HI 1, and this is a
tenperature profile, and the tinme at different
t enper at ur es.

DR. KRESS: And the other question that |
woul d have is what was the burn-up | evel on HT 1.

MR. BOYACK: That's avail able, too. I
don't renmenber, but --

MR CLEMENT: Burn-up |evel was 49. 4.

MR SCHAPEROW There was one ot her idea
that | have heard nentioned, but I have not or amnot
sure that | have heard it discussed alittle bit, but
we actually tal ked about it when we were doing the
work on spent fuel pools a little bit, is that when
you do get a relocation, you then have a geonetry
where you can't get flowthroughit, and you can't get

things comng out of it is dull, and Iike up in the
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bed, it is in a pile, or across the pile.

And so there is that possibility in
addition for rel eases at that point fromthe geonetry
of it.

MR. BOYACK: Bernard, can you go ahead and
show us the information that you have?

MR. CLEMENT: Yes. If you look at the
bi ol ogi cal effects box, and so for biol ogical effects
we fact we started fromthis table, and maybe it is
too small. | don't know. But in fact (inaudible) is
in the report, and in fact is reflected in the NUREG
report (inaudible), and so you have several doses.

This is the table, and (i naudi bl e) and has
all of the elenents, okay? And here you have the
short term dose and the long term normalized |ung
dose. He is normalized (inaudible), and short term
here. And the long termthat is normalized is here.

So you see values of .1, .1, .7, 0.06,
0.02, 0.06, and so the biological effects are |ess
than (inaudible) and cerium If you [|ook at
ruthenium you will find 0.3, 0.3, 3.0, and so the
same as i odine for normalized | ung dose, and 1.0 for
normal i zed proper (inaudible) doses. That means the
sanme as cerium

Soit seens likeit is nmuch nore inportant
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than the other biological collected. Rhodi um is
smal |; .21, .21, .28, .24. So that is maybe anot her
reason for changi ng the groupi ng, because if we have
a moly and technetiumthat are highly volatile, but
much | ess bi ol ogical effects than | anthanum but is
| ess volatile, and that is probably another reason to
separate these in different groups.

So concerning the release, we get
nol ybdenum which is really volatile, and the rel ease
is (inaudible) to oxidizing conditions, toup to nore
than 90 percent in sone LOCA experinents under
oxi di zing conditions. And such conditions | ooks |Iike
(i naudi bl e) .

And what is significant is thereis a high
retention above the fuels, but alsointhe fuel region
(i naudi bl e) nove to the ruthenium and it is probably
(i naudi bl e).

And r hodi umr el eases ar e bei ng neasur ed as
bei ng weaker than rut heni um because of VERCORS 4 and
5. So maybe (i naudi bl €) recomendati ons, because this
is what we use for our source term and so | don't
t hi nk unl ess we introduce the sane thing that --

DR. KRESS: Suppose |l -- well, let's take
nmoly versus ruthenium Now, the noly release is

hi gher.
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MR. CLEMENT: Yes.

DR. KRESS: And the inventory of noly is
| ower, conpared to ruthenium So the nunber of
kilogranms in a pour.

MR CLEMENT: Well, for the radioactive
| sot opes?

DR. KRESS: Yes. And what | would say is
if | take the rel ease fraction, tines the inventory,
times the dose effect, | mght get about the sane
t hing as rutheni um

Soif I just let it have the sane -- just
call it ruthenium and let it have the sane rel ease
fraction, and the same i nventory as ruthenium then |
may come up with the same nunber, and | think that was
part of the thinking. But |I don't know. You have to
do the cal cul ati ons.

MR. LEAVER: But in applying these things,
it is not hard to get in the core inventory data, and
we have codes now that can generate --

DR. KRESS: All | amsaying is that you
can get everything but the rel ease co-efficients.

MR LEAVER That is the hard part.

DR, KRESS: That's the thing. And that's
why you may tend to | unp. You say that |anthanum has

simlar chem cal characteristics as ruthenium and
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that is where you m ght expect release coefficients
to be simlar.

But since that is the thing that we can't
get to, pull rutheniumwith it, and we will factor in
the fact that it has got a different inventory, and
different dose calculations. So I think that is an
argunment to keep it lunped in wth.

MR. LEAVER  That is probably the sane
thing that led to these groups. There is what, 7 or
8 groups, and they have been those traditional groups
of --

DR KRESS: At the tine that we did them
we didn't have a lot of this release rate stuff. Now
that we are getting nore data, it may nake nore sense
to separate them out.

MR LEAVER Exactly. Right.

DR. KRESS: But if you have enough data
here to have separate rel ease val ues.

MR. LEAVER For certain elenents, it is
absolutely clear that sonething is going on that is
| eading to nuch, mnuch higher release fractions, or
| ower, or whatever.

DR. KRESS: And if we have that data, and
can translate it into a fission product rel ease nodel

t hat you can apply on a hope for basis, and if it is
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a real accident, it may nmake sense to separate them
out .

But at the time, we didn't have it yet,
and we couldn't, and that's one reason why we grouped
t hem

MR.  BOYACK: At the last neeting the
guestion was asked of the NRC as to whether or not
they woul d entertain nore groups, and the answer was
yes.

MR. SCHAPEROW Sure. There is no magic
in these groups the way they are grouped, and the
i mpression that | got fromwhat | had read is that
these elenments were believed to be chem cal
(i naudi bl e), and so we grouped them

(Si mul t aneous conversation.)

DR. KRESS: Once again | hesitate to take
data from a specific test and say translate that
directly into a hope rel ease fraction for accidents
for design basis, because | think you need to
translate that datainto a (i naudible) fission product
rel ease nodel, and then apply it on the sane sort of
desi gn basi s.

And | amnot sure that you can do a one-
to-one translation otherw se.

MR. LEAVER | think that's right. I
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guess what | was doing in the slide that | presented
was | ooking for data that woul d suggest that what is
in NUREG 1465 may be wong, and there is a certain
standard t here.

And you don't want to just say, well, gee,
| have got one result and it is a little bit
different. So that neans that NUREG 1465 is wong,
and let's change it.

But if there is a substantial difference,
even without tryingto apply tothis data to sonme sort
of enpirical nodel as you say, then I think we know
enough to say let's try to make 1465 a little nore
representative of what we understand today.

DR. POVERS: If 1 could touch on the
gr oupi ngs. The groupings that are used here are
basically the MELCOR groupi ngs, and | did those. And
infact the study that we put up there with respective
to that is a study that | conm ssioned to help do
t hose.

And a good questi on was posed are what are
the inportant fission products, and the ground rules
wer e thou shalt not create nore differential equations
than MELCOR s process is willing to handl e.

And so there is cone sone conputational

difficulty in changing these things around when you go
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to systens | evel codes. People don't |ike havinglots
of differential equations in these codes. And the way
that they were set up was that -- in fact, MELCOR has
13 groups, but five of themare materials that don't
have radi oactivity conplinments to them

So they are primarily to affect the ursel
(phonetic) physics, and what we di d was go t hrough and
make ar gunent s based on chem cal simlarity, andthose
are predicated by the statenment that the reason we
have different elenments is the chemstry of these
things are not simlar.

And in fact | can make a fairly persuasive
argunent that grouping brom ne and i odi ne i s the nost
fatuous thing that on coul d possi bly ever do, because
t hey never behave the sanme on anyt hi ng.

But nevertheless, if you are constrai ned
by differential equations, you have that. Wat we did
was say, okay, this chem stry is simlar, and if one
| ooks from a long ways away and doesn't ask
quantitative questi ons.

And then we said we wll use the dose
ef fecti veness to define what are the representative
el ements of these groups, and then MELCOR -- the
chem stry, for i nstance, in nol ybdenumis all dictated

by the chem stry of ruthenium
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And simlarly the chemstry of the
actinide groups are all dictated by cerium And the
reasons for that are because of dose effectiveness
argunents, and whether we knew the chem stry, for
I nst ance.

W are a little shy on neptunium
chem stry, and so we chose to use cerium because we
know nore about it. So the conplaint | would have
about the groupings that we tend to forget was the
representative elenment of the group is.

So when you | ook at nol ybdenum rel ease,
you get all excited. Well, we knew dam well that
nol ybdenumbehaved di fferently t han rut heni umdi d, but
rutheniumis the representative el ement.

Those get you in trouble. Again, one of
t he i nportant things com ng out of the PHEBUS program
isthat it appears there i s sonme synergi smbetween t he
rel ease of nol ybdenum and cesi um

And that cesium nolybdenate nay be the
predom nate formof cesiumin the vapor phase in the
pi ping system So when you are doing systens | evel
coding, and you want to reflect the chem stry of
cesium you have got to have nol ybdenumto react with
it if you are going to do a good job on it.

And that is a problem and we constrain it
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to behave like ruthenium The other thing to bear in
mnd is that PHEBUS i s showi ng a | ot nore novenent of
rut henium than we had ever anticipated before.

And quite frankly | don't fully understand
it, and one of the things that we nay not understand
t hat has burned us a couple of tines is that thereis
acesiumruthenatethat isfairly volatile, andfairly
active.

And again if high burn-up fuel takes you
to the point that you no |onger have the oxygen
potential buffering of the nol ybdenum oxi de, the you
can get that cesium ruthenate.

DR. KRESS: So you would favor a finer
r ut henat e?

DR. PONERS: Tom | want to say that there
are 106 groupings, and | had great big guys who like
to do coding threatening ny life when I said 13.

MR. G ESEKE: Well, we have two proposal s
here so far. One says Dave wanted to group the first
two, and then two singles, and there we have t he sane
proposal ; a doubl e and two singles fromtwo different
i ndependent - -

MR. LEAVER: | think with regard to Dana's
point that it is absolutely right if you are tracking

t hese individually. But just from an application
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st andpoi nt for design basis calculations, thisreally
-- whether you have 20 or 30 release fractions, or
seven, it makes no difference to the conputation tine.

DR. PONERS: Well, that's because all you
are doing is taking the nunmbers and running them
t hrough a spread sheet. |If you ask the systens guys,
they will yell at you a little bit, and they get
visibly irked when you start playing with the code
structure.

DR, KRESS: | think it is basically wong
to take the ratio of fission product rel ease fromthe
test and apply the ratio across the board.

MR. CLEMENT: These are the sanme val ues
that we saw last tine, and so | don't think it is the
poi nt of (inaudible).

MR. BOYACK: Let's give a nonent to this
and see whether thereis a possibility of dealingw th
it. | amalways mndful of the tinme, but it seens to
me that the priorities are BWR and MOX. Those are the
first two things.

The BWR | think is nice to have. Are you
willing to cut into your MOX tinme?

MR, SCHAPEROW No, | amnot willing to
cut into either of the other two. | would rather wap

this up. The others need attention, and we do need to
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-- this is the last neeting.

DR KRESS: Say to nobve on

MR. SCHAPEROW These neetings are a
little costly, and very worth while, but costly.
Typi cal |y about 50K a neeti ng.

MR. LEAVER  This whole thing of noble
nmetal s and the ceriumgroup, and the | ant hanumgroup
i s fundanental to whatever we are going to do for BWR
and MOX. And if you can't solve it for what we are
doi ng here, high BWR high burn-up, | guarantee you
that we are not going to figure it out for BWR and
MOX.

MR. BOYACK: Actually, ny approach was
just to ask for araise sothat the neeti ng woul d cost
mor e.

MR SCHAPEROW | think we are going to
need time for the other two things.

MR. BOYACK: That's fine, but |let nme just
ask, because | am not sure that this wll take al
t hat | ong. | would like to at least try it once.
First off, would those be the three groupings, or is
it sonething el se?

| just took this off the |ast slide, and
so | didn't enter anything earlier.

DR POVERS: You are really down into
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splitting hairs when you use split out rutheniumand

rhodi um and t hen you have to worry about pal | adi umas

wel | .
MR. BOYACK: So woul d you group these two?
MR CLEMENT: Most inportant is to --
DR. POVNERS: You need to group the whole
t hi ng.

MR. CLEMENT: -- separate nol ybdenum and
t echneti um from rut heni um

DR. PONERS: You had better put pall adi um
in there as well.

MR. BOYACK: What is the synbol for that?

DR. POAERS: Pd.

MR. BOYACK: Ckay. Now, this is where |
want to find out whether it goes quicker or so slow
that we just have to give up on it, and come back to
a single value, or toss up our hands, | guess.

The GAP rel ease. You see the val ues t hat
we are show ng up above for the NUREG 1465 val ues, but
would it still be zero for these?

DR. POVERS: My belief is that the GAP
rel ease on all of theseis sem -volatilein a species,
i ncl udi ng cesium and i odi ne, and these would be the
GAP, but based on the vapor pressure and the gas

avai l able, and it just does not change very mnuch.
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wor ked out pretty well

went through or around the table of the panel

in order,

And so why |

change the order that | went in.

vessel

for nol ybdenum and technetium

87

Let's see, the thing that

last time is that as | quickly

menber s

and just ask for the val ues.

don't do that now, and just
So, Dave, early in-

amgoing to

see if we have a doable thing here or not.

MR. LEAVER | woul d go wi th a nunber that
was -- oh, for early in-vessel?

MR BOYACK: Yes.

MR LEAVER  For moly and technetiunf

MR BOYACK: Yes.

MR LEAVER | would say . 2.

MR. BOYACK: And for --

MR. LEAVER These are not percents.
These are fractions, right?

MR BOYACK: Yes.

MR LEAVER Al right. So, .2.

MR BOYACK: \Which is 20 percent, right?

MR LEAVER Right.

MR BOYACK: And for ruthenium and the
group?

MR. LEAVER | woul d use the same nunber

as in the existing 1465,

. 0025.
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MR BOYACK: Jim

MR. LEAVER: But | don't see why we
shoul dn't pull rhodi umout because | think thereis a
basis for saying it is a |larger nunber. But | guess
if we are conpromising and trying to mnimze the
nunber of separate groups, then we could leave it in
t here.

There i s no data for pall adi umby t he way.
| didn't see any data from any source on that.

MR BOYACK: Jim your thoughts?

MR. G ESEKE: Well, | could probably live
with the .2 or sonething in that --

MR.  BOYACK: O sonething like that,
right?

MR G ESEKE: Yes.

MR, BOYACK: | will just do that.

MR. G ESEKE: It had said 2 to 5 percent,
and that is 10 tinmes that, but | see sone reasonto --

MR. BOYACK: | amgoing to |et you cone
back at the end here and we will just go through
around the table and do you have any comments on the
second group?

MR. G ESEKE: These are so variabl e.

MR. BOYACK: You havetorealizethat | am

pressured by tine.
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MR. G ESEKE: | think that .0025 m ght be

alittle bit toolow, and | don't know where to go --
| mght like to go a little bit above that, but I
don't knowhowfar. Not significant, but maybe doubl e
it or sonething. That's not a big deal | don't think.

MR, BOYACK: Dana.

DR. POAERS: | think you have to recogni ze
two things. Oneis that you need to recogni ze that we
are still dealing with a large break in the -- is it
a |l arge break?

MR. SCHAPEROW | don't think it needs to
be I arge. Just mediumwoul d be all right. Sonething
t hat produces | ow pressure.

DR. POVERS: Lowpressure with highflows.
So what gets out of the fuel gets predom nantly out of

t he system and maybe get reduction to DF-2 al ong t he

way .

And then | am supposed to integrate in
three lowburn-up -- I nmean, two parts | ow burn-up and
one part high burn-up. So | have to dream up a

rel ease fraction, and it seens to ne also that just
knowing alittle bit about howthe VERCORS experi nments
that give you the high release fractions were done,
and they tend to give you a higher release fractions

because of the single particle things.
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It seenms to me that we are |ooking at
rel ease fractions of nolybdenum and because it is
insoluble in the fuel, that mybe you are running
around 20 or 30 per -- 40 percent, let's say, and
upper bound fromthe fuel that is high burn-up, and
much | ower for the |ower burn-up fuel.

And you divide it by three, and you cone
up with maybe a .15, and you divide it again by two.

MR BOYACK: .0757

DR. PONERS: No, so it is .15. | have
already built in ny --

MR. BOYACK: And the second group?

DR. POVERS: In the second group, this
really gets to be a nystery, because we don't fully
understand what is going on, but I think I would go
alongwithJim | would at |east double it, and maybe
even go to one percent.

MR. Q ESEKE: As | think about it, | would
like to go a little higher than that.

DR. PONERS: W woul d go up to one percent
at least to reflect it.

MR. G ESEKE: | would feel better wth
t hat .

DR. POVNERS: Yeah, | would go along with

hi m on that.
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MR. BOYACK: kay. Tom

DR. KRESS: well, if we are going to
separate out the noly, |I think it is |like an order of
magni tude hi gher than the barium and the strontium
rel eases.

And since we had .02 for those, | woul d go
along with the .02 on that. Vell, the .025 is
probably about right, but I think I would stick with
t hat .

MR. BOYACK: Bernard.

MR. CLEMENT: | think we would stick with
t hese val ues, because | ast tinme these val ues were uses
for GAP releases, and then we did not nmake any
di stinction betweenthe three last or the -- well, the
early in-vessel, and the vessel release, and 90
percent from nol ybdenum cesi um has been neasured and
VERCORS al so.

And with such releases, we get .7
contai nnent. But you can -- well, for a total.

MR. BOYACK: And is that for a full core
burn-up? | nmean, would it be a third of that, or is
this --

MR. CLEMENT: Just sone early in-vessel
and ex-vessel of .7.

MR BOYACK: Ch, | see.
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VR. CLEMENT: For ol ybdenum and

t echneti um

MR. BOYACK: Ckay. So this is like --

MR. CLEMENT: And for ruthenium and
rhodium we should take the values quoted for
rut heni umhere, .02, because with rhodium thereis a
nore i nportant rel ease of rhodi um but the bi ol ogi cal
effect of rhodiumis very small. So it is better to
take the .02.

MR. BOYACK: And that includes the ex-
vessel then?

MR. CLEMENT: Yes. The next vessel, back
toyou, Jim Sorry, Jim Dave, David Leaver. What we
are going to dois after we finish this table, we are
going to take a break.

Then | amgoing to talk to Jason alittle
bit about how to proceed on this, and particularly
since we have got such a range of val ues.

MR. LEAVER: Bernard, is your nunber of 70
percent to containnent, this is an accident?

MR. CLEMENT: This is a hot |eg break,
| ar ge break

MR LEAVER: This is an ex-vessel
accident, and the core cones out of the vessel? You

are not being that specific, or --
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MR CLEMENT: No, it should cone out or

not .

MR. LEAVER But, | nean, you said that it
i ncl uded ex-vessel up there. So | amassum ng that in
terms of --

MR. CLEMENT: Vell, when we discussed
prior in the neeting what you put in ex-vessel or in-
vessel, that's a conplicated matter, because if you
just | ook at the phenonena that are purely related to
what happens ex-vessel.

So that's why | don't nmake any di stinction
bet ween t hese two.

MR LEAVER  Well, | wunderstand, but |
woul d say the ex-vessel is the sanme and nake it .2,
and that is a real kind of pulling a nunber out of the
air. But NUREG 1465 did have the same fraction for
i n-vessel and ex-vessel.

So | guess that is probably not a bad

nunber, because of arepresentative or typical kind of

a thing.
MR. BOYACK: And for the ruthenium Dave?
MR. LEAVER: The same. Make it the sane
as the early in-vessel, .0025.

MR. BOYACK: GCkay. Wiile | have got you

here, late in-vessel ?
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MR. LEAVER. Wel |, the rutheni umwoul d be

hi gher. The |l ate i n-vessel, you are going to get nuch
hi gher oxi dati on potential because you are going to
have air.

So that is going toincrease the ruthenium
rel ease.

MR. BOYACK: Well, that's maybe not fair,
and so | amgoing to let you think about that, and we
are going to go back to ex-vessel.

MR G ESEKE: You didn't log in that .2
for me in-vessel, early in-vessel.

MR,  BOYACK: That was just a double
asterisk, Jim or a double slash.

MR. G ESEKE: Put another double slash
here, and then down for -- | think it should be
sonet hi ng higher than the .01 that | had before, but
it is really fuzzy where to go with that. Let's
double it and say .02.

MR. BOYACK: kay. Dana.

DR. POVERS: Well, the nolybdenum the
predom nant way of rel easing things ex-vessel is nmelt
concrete interaction, and we have always doped our
melts with nol ybdenum So | have actual |y wat ched as
nol ybdenumgets rel eased fromthat, andit is not very

ext ensi ve.
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It has al ways amazed ne how little it was
rel eased, even though we get it every opportunity to
be released. So to ny mnd, the rel ease fracti ons on
nol ybdenum are on the order of -- oh, I will say 2
percent, 0.02.

Now, the one area where our nodeling of
melt concrete interactions in the release fractions
t here gave distinct under estimates, conpared to the
experinments with ruthenium

And that was a singular puzzlenent to ne
why we would mss so badly, and we m ssed big tine.
We woul d cal cul ate rel ease fractions 10 to the m nus
6 during the nelt concrete interactions.

And in the tests, they would nmeasure on
the order of 1 to 2 percent release fractions. I
believe |l attributedit tothe alkali nmetal ruthenates
com ng off, but | have never gone back and nodified
the code to see if that woul d work.

So | amgoing to go along with Jims two
percent release there. It is one area that | would
just definitely not trust the codes, because we j ust
m ssed big tine on that.

MR, BOYACK: Ckay. Tom

DR. KRESS: Well, | agree with Dana. What

we are talking about is -- or at least for nelt
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concrete interactions, and | don't know how to deal
with that other than |ook at a nodel |ike VANESSA,
and/or with the data fromthe tests.

And as best as | remenber, for the noly,
VANESSA told you one thing, and the tests told you
sonething else. | thinkif you made the cal cul ati ons,
you woul d get sonmething Iike a .2 using VANESSA, and
with the tests, you get an order of magnitude | ower,
li ke .02.

| amnoreinclinedtogowth .02, because
| think there nust be sonmething wong with the
cal cul ati ons.

MR. BOYACK: Ckay. And rutheniunf?

DR. KRESS: For ruthenium whet her you are
bubbling up to the netals, and get the CO2 and t he H20
oxidized first, and then it hits the ruthenium I
don't think it goes through the nelt first, and then
hits the netals.

| am not sure of this, but | would keep
the rutheniumat afairly lowrel ease, and | guess .02
woul d be a pretty good nunber

MR. BOYACK: And Bernard, |'ve got yours
already. Okay. Let's goto the late in-vessel now,
and then take a break. Again, is it easier by taking

a longer tine, Dave?
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MR LEAVER: What's that?

MR. BOYACK: | gaveyoualittle noretine
and | was wondering if it got any easier now for the
| ate in-vessel.

MR. LEAVER. Well, not a | ot easier. I
think we need to reflect the volatility of the
oxi di zed rut heni umand whi ch you woul d tend to get, or
nore likely to get this late in-vessel. So | guess |
woul d put a higher nunber for the ruthenium

DR. PONERS: Like zero?

MR. LEAVER Well, definitely higher than
zero, but higher than what we have for -- say for
early in-vessel.

DR KRESS: Are you conparing late in-
vessel with air-ingression?

MR LEAVER  Yes.

DR. KRESS: | have been equating it with
t he revaporization fromthe --

MR. LEAVER. Well, | guess it is both.

DR. KRESS: Well, | amassum ng that the
ai r-ingression frequency nunmber is | ow enough that |
don't need to factor it in.

MR. LEAVER. Wat do you nean?

DR KRESS: Well, | don't think it happens

very often because you have to have two hol es.
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MR. LEAVER Yes, you do. You do have two

holes. | mean, we have sone kind of a break as an
initiating event. | nmean, we can debate the size of
it, but it is inches, and a six inch break nedium
LOCA. So you have a whole up there.

And then to get a |anthanum vessel
rel ease, | think that nmeans that part of the cores
conme out of the vessel, and you have a hole, and so
you have an entire contai nnent full of air, and ot her
things, and | think it is going to go up into the
core.

And | think you are going to get sone
chem cal fornms of --

DR. KRESS: So you are going to factor
into your thinking a fraction of the core that is
still in the vessel?

MR LEAVER Right.

DR. KRESS: And then use that fraction,
plus sone different rel ease nodel ?

MR. LEAVER You're right. Sone portion
of the core that perhaps is still intact, andthereis
some debris, and you are not cooling it very mnuch

| mean, you may have sone steam cooling,
and so you are probably going to have sone additiona

mel ti ng goi ng on and rel ocati ng, but nost or probably
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nore than half of the core has done what it is going
to do. But there is probably sone portion of the core
that is still --

DR. KRESS: Yeah, | have been thinking
mentally when | make my calculations that the
substantial core nelt probably nmeans about 50 percent.

MR. LEAVER: Ri ght. That's probably
right. So there is probably 50 or maybe 30 percent,
or 40 percent of the core that could be affected by
basi cal |y some new phenonmena with two hol es. But you
are right about your revaporization. That's true as
wel | .

DR. KRESS: Well, in nmy mnd, | was goi ng
to give it zero revaporization. | figuredthat it is

al ready gone, and it didn't deposit in the first

pl ace.

MR. LEAVER  Well, it could continue to
heat up.

DR. KRESS: Yes, but | would just as soon
none of it got -- it is a hot leg break, and |ow

pressure, and the stuff shot right out.

MR. LEAVER Yeah, | think for ruthenium
that it seems to ne that we ought to reflect the
potential for the oxidized formof ruthenium whichis

much nore vol atil e.
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So maybe a nunber like .1 for ruthenium
and then for nolybdenum and technetium | guess
probably zero.

MR, BOYACK: Jim

MR. G ESEKE: | agree with zero, as that
i s probably close enough. | don't know if that is
going to be 10 percent that we are |l ooking at. [If we
| ook at the other nunbers that | have put across
there, | can't see that late in-vessel is going to be
greater than early in-vessel in nmy mnd

It woul d be spurred on by air ingression,
and so | amgoing togowth .1, or | nmean .01, again

recogni zing that there will be sone, but not a whole

| ot .

MR, BOYACK: Dana.

DR. POV/ERS: Il will comunicate a
distinction that | make in nmy mnd. | agree with Tom

that for a | arge break LOCA, about half the core is
i nvol ved in the i n-vessel portion of the rel ease, and
the remaining half that is left there to be exposed to
the air, but | believe that takes place fairly
qui ckly.

And | have been putting that into the ex-
vessel period, that two hour period that we all ow for

ex-vessel rel ease, because it happens very quickly;
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whereas, the late in-vessel is spread over 10 hours.
| don't think it takes 10 hours to pul

t he remai nder of the fuel out. So the | ate in-vessel

release tony mndis predonm nated by a revapori zation

of the suspension.

And in that regard, what you get in the
| ate i n-vessel depends on how nuch you rel eased from
the fuel, all the fuel, and that is both the fuel
during or involved in the in-vessel, and fuel that |
have involved in the ex-vessel, that goes on the
pi pi ng system and then subsequently cones off, over
a retracted period of tine.

So ny belief is that a substantial anount
of the noly actually deposits and gets rel eased and
deposits on the piping systemwhen it has a chance.

Now, there is not rmuch chance in a | arge
break LOCA and so that fraction depositionis small.
As a consequence, | conme up with a 5 percent rel ease
of nmoly fromthe late in-vessel, and a .01 for the
rut heni um

In other words, | took the total rel ease
to be about twi ce what you got on the in-vessel, and
that went on the piping system And then | just
subsequently pulled it right back off as soon as |

exposed it to the air.
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MR. BOYACK: Tom

DR. KRESS: | think it is alnost exactly
| i ke Dana has described, and I am very persuaded by
t he use of the sane nunbers for both of them

MR. BOYACK: Does the ex-vessel take you
all the way?

DR. PONERS: Interestingly -- | nean, what
has al ways interested nme about the releases is the
| ong term-- when we do nelt concrete interactions and
when you run themfor | ong periods of tine, and | nean
mul tiple hours of tinme.

The one thing that continues to cone of f,
no matter what the tenperature is, and you can even
let thething solidify, istellurium 1t always cones
off, and it comes of f over the entire period of tine.

It is the one thing that | am very
confident that we can cal culate the rel ease fraction
wel |, ex-vessel, and | can't calculate it at all in-
vessel

DR. KRESS: It isoneif it is afraction
of the core in ex-vessel.

DR. PONERS: Yes, but it is spread out
over --

MR. BOYACK: Why don't we take 10 mi nut es.

MR SCHAPEROW Can we mmke that 15.
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MR BOYACK: Not if you are |eaving.

MR. SCHAPEROW  \Why?

MR. BOYACK: W need to talk. Well, we
will leave it at 15.

(Wher eupon, the panel neeting recessed at
11: 02 a.m, and resuned at 11:29 a.m)

MR. BOYACK: Ckay. W are ready to
conti nue now.

DR, KRESS: Do you need a gavel ?

MR.  BOYACK: Actual ly, wusually what |
start doing is saying sonething like JimG eseke is
now hol di ng up the neeting.

MR G ESEKE: Agai n.

MR, BOYACK: Agai n.

DR. PONERS: You think hewill feel guilty
about that, and he will feel a sense of pride.

MR. BOYACK: | stopped Jim but | didn't
stop you.

DR. PONERS: And equally well | do feel a
sense of pride. Then |I can say those guys at Las
Al anps, they can't get anything done, Jason.

MR. BOYACK: Ckay. Charlie Tinkler is
here, and | amjust going to give hima quick reprise
so he can take a |look at the table, and see what we

have done.
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We have divided the noble netals up into
nol ybdenum technetium ruthenium and rhodium And
the order here is that we started with -- well, you
can see the order. David Leaver, Jim G eseke, Dana
Powers, Tom Kress, and Bernard.

A doubl e sl ash nmeans that it is just the
sane value that is repeated. So this gives you an
i dea of the spread of values. | have nentioned that
the way that the panel has operated on this is that
before they have given their values, they generally
have given a pretty good sunmary of what it is that
they were thinking that led to the val ues.

And so in the transcript, we wll have
that i nformation prior to the nunbers. So what we are
going to do nowis the following. W have two nore
groups.

MR,  TI NKLER: Brent, can | just say
sonet hi ng real quick?

MR. BOYACK: Pl ease.

MR. TINKLER: Because of the work that we
had under way, | was actually in a position where |
had to ki nd of provide a source termnot too | ong ago,
and | wanted to reflect the workings of this group to
bring to bear our best understanding of this.

And when | went through our group as we
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define themin 1465, and | cane to the noble netals,
to reflect on your past deliberations, | didn't
Separate out the group.

Now, | am not suggesting that you
shoul dn't as you have, but what | did is that when |
| ooked at this, | considered the views that you
expressed previously, and this group as a group, nore
or | ess had speci fied a hi gher nobl e netal rel ease, on
the order of about 2 percent to the containnment.

| di scount edthe nol ybdenumbecause of its
| esser radi ol ogi cal significance, but we woul d have no
probl ems wit h breaki ng up the group t hat way, but just
to give you an i dea of when forced to | ook at what the
group has discussed, | ended up with a release
fraction of about 2 percent to the contai nment val ve,
and it was kind of binodal.

There were people that were in the two
percent, and there were people that were arguing for
| esser than that. And the sanme sort of thing, the
same sort of discussion produced a binodal
di stribution in the ceriumgroup and the | ant hani des
as wel | .

And in those two groups though, when |
| ook at what this comm ttee di scussed for the cerium

and | ant hani des, | ended up with the smaller of these
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fractions, the .1 percent for both the cerium and
| ant hani des.

| don't say that toinfluence you, because
| know that it won't anyways, but that's what it was
in past deliberations. So | think either way is
wor kable, if you either split it, or not. And | am
not sure that sone of those radi o nucl eates nake t hat
much difference, even wth an increase in the
fraction. It didn't seemto.

MR. LEAVER  Well, yeah, sone it won't,
and some it will. | thinkit is fair to say that we
aretryingtocall it the best that we can, as opposed
tosayingthisisinportant, and thisisn't, and so we
will do that here, and sonething el se here.

MR.  TI NKLER: And actually when | was
forced to (inaudible), | dramatically increased the
telluriumrel ease. It seened as if the consensus vi ew
of this group was that the telluriumrelease, based
on PHEBUS data, was nore attuned to the cesium and
i odi ne rel eases.

So for the purposes of ny use, | assuned
that the telluriumrel ease was roughly equivalent to
an average of the cesiumand iodine use. And | was
doi ng a scenario w th specific cal culati ons. So based

on my scenario and specific calculation, 1 just

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

107

believed it was m dway bet ween t he cesi umand i odi ne.

MR. BOYACK: Let ne just ask one nore
thing to wap up this work. Wat we will do is we
won't go any further on this particul ar table, except
just to ask is it really indeed just a generic
statenment and any nore data?

Is there sonething specific about this
grouping that there are needs that we have? Any
comments on needs on either in-vessel; is that early
i n-vessel or ex-vessel?

DR. PONERS: What | think we need for the
nobl e nmetal s are the data that Tomcan i nvert and put
into his nodel for cal cul ati ons, which neans that he
needs rel ease at various fractions at various tines,
and at a few different tenperatures.

DR. KRESS: That's right.

DR. POAERS: So he needs data that has 2
or 3 plateaus, or two or three different experinents
at different plateaus.

DR. KRESS:. | can use the one test as | ong
as it has got plateaus.

DR POVNERS: And by distinguishing the
two, he needs data for both nol ybdenumand rut heni um

DR. KRESS:. Yes, exactly.

DR. POAERS: What | think he really needs
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i s palladium but he doesn't agree with nme on that.
You are going to learn to | ove pal | adi umwhen we go to
car bi de coded fuel s.

MR. BOYACK: So you need to distinguish
between -- was that ruthenium and what ?

DR POAERS: Ml ybdenum

DR KRESS: And these transient data |
need, and sonetines it is hard to get that. | need
the tenperature transient, and then you superinpose
all of that to the release fraction transient as a
function of burn-up.

MR BOYACK: Wul d the sanme statenent
apply to the ex-vessel ?

DR KRESS: The ex-vessel is --

MR. BOYACK: Any comments then about the
dat a needed for ex-vessel?

DR. POVERS: Vell, in ex-vessel, we
actual ly | ook the rel eases, and actual |y predict them
and we actually have datasets for all of them

MR. BOYACK: Because you really don't need

DR. KRESS: And |I think you could mne
what is existing.
DR. PONERS: What people really need to do

is to go back and correct the code to handle 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

109

enhanced rutheniumrel ease, is what really needs to
happen.

MR. BOYACK: Ckay. Thank you. Now we go
on to the ceriumgroup. Jim you are going to be on
t he hot spot here.

MR. LEAVER Could | put this back up just
to give a suggestion here.

MR. BOYACK: Go ahead.

MR. LEAVER: The ceriumgroupis -- | have
got three elenents here; cerium plutonium and
nept uni um That's a conplete list based on the
el enents that are in this group in 1465, unless the
noble metals, where | had left out palladium But
there was no experinental data on that.

So again this is just a VERCORS HT 1, and
there is a fuel release, which for ceriumis .05, and
t hen neptuniumis .07, and then fromthe furnace it is
zero, and of course zero for the internal radius, and
zero for the | oop.

PHEBUS, there was no cerium nmeasurenent,
and there is a plutoniummeasurenment, which is three
zeros and a two, and then neptunium is around 1
percent .

There is a cerium neasurenent from TM,

and SFD 1-4, and it is pretty low, and plutoniumis
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even lower. So on the basis of the relatively high
rel ease of neptuniumfromFPT-1, cl ose to one percent,
what | have suggested is that we separate that out,
and make it one percent.

And for ceriumand pl utoni um on the basis
of the furnace and the thermal gradi ent tube rel eases,
whi ch are essentially zero for HT 1 and the rel atively
| ow rel eases that were nmeasured for TM and SFD, t hat
we retain the 5E mnus 4 release fraction fromthe
exi sting 1465 for cerium and pl utoni um

MR. BOYACK: Bernard.

MR. CLEMENT: Yes. Quickly, if I have
cone to the sane conclusions under consideration.
Agai n, for the biological aspects on the sanme table,
on the next vi ew graph, where we can see that they are
all inportant in ternms of biological aspects,
dependi ng on the (inaudible).

For i nstance, ceriumthat i s conpared | ung
dose, and cerium as conpared to | atent cancers, and
neptuniumis also inmportant. It is inportant if you
have a good treatnment of all these three el enents.

Then if you |look at release, and if you
| ook at HEVA, HI/VI, and VIS, also. So ceriumis
rel eased and is enhanced in reducing positions, and

that is continued to be brought forth in HT1 and SDI -5
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assigned to a certain percent, and (inaudi ble) -- and
so just by meking a mxing of all of these
experinments, this is what you get.

So a high release for neptunium and
cerium and then for plutonium you don't have exactly
t he same val ues as they did, and so you have 2 percent
for neptuniumand cerium and .2 percent for plutonium
in the containnment.

So the val ues are the sane as we are given
during the last neeting, but there is sonme nore
expl anations while we arrived at this val ues.

MR,  SCHAPEROW Is plutonium in nore
guantity than uraniun? Uranium And | renenber at
one point in the FPT-4 that we were really worried
about getting a | ot of uraniumout, |ike one percent,
and there is a big nunber, and that was an issue for
the filters.

And one percent doesn't sound like a big
nunber for sonething so heavy like that.

MR. CLEMENT: There are two things. They
are what you have taken for reeval uation, where you
have a very rel ease of uranium but al so this one, but
with a very high retention in the upper plenumof the
react or vessel .

Then when you I|ook at the VERCORS
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experinments, the uraniumis different than neptunium
and the plutonium The plutoniumis small, and | ess
for the neptunium and you can | ook at the results,
and if you look at the new reevaluation, you can
devi se the cal cul ations with nuch hi gher val ues, but
we did not observe that.

DR. PONERS: | nmentioned |l ast tinme that in
a fanmous | aboratory i n Nort hern New Mexi co, where they
do great science, and the one in the mddle of New
Mexi co only does engi neeri ng.

And they are a bunch of handbook
engi neers. Al the great scientists are all up in
Nort hern New Mexi co. He is buying me lunch after
this.

MR. BOYACK: l"m glad that you finally
have cone to realize that.

DR. PONERS: Well, | have always realized
it. They had been | ooking at doing sone interesting
work on looking at plutonium release during
vitrification of nuclear waste, and things |like that.

And what they had specul ated about was
t hat plutoniumcoul d formvapor phase hydroxi de, and
in the course of doing the work, first of all, they
di d succeed in identifying the trioxide of plutonium

and it is the counterpart of UG8 that is responsible
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for so much of the uranium vaporization

And people for along time had specul at ed
t hat PuG3 probably didn't exist, andthey didfindit,
although it is not as stable as the uraniumtri oxi de.

And consequent |y because t here was sl ower
stability, you woul d expect plutoniumrel eases to be
somewhat |ower than wuranium rel eases under these
oxi di zing conditions.

And sonewhat higher under reducing
conditions, and | think that is what you observed.
Simlarly, they identified an oxihydroxide vapor
speci es, which enhances the volatility of plutonium
substantially under the vitrification scenari os.

And | think it is probably nore inportant
if we were | ooki ng at a pressurized sequence. Here we
are |l ooking at an unpressurized sequence, and so |
think it is the vapor phase hydroxide that is not so
| mportant.

But what they are finding, | think, onthe
vaporization, the stability of the trihydroxides is
conpl etely consi stent with what Bernard was reporting
on the relative volatilities.

And then suggest if we |ook, we would
probably find a neptuniumtrihydroxi de. But as far as

| know, no one has ever found that.
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MR BOYACK: What | would like to do --

well, first, are there any ot her corments before | go
around the panel and sel ect nunbers?

MR. G ESEKE: Yes. | think you have had
two different suggestions to break this down.

MR. BOYACK: \hat are they?

MR. G ESEKE: Wll, the first was to
conbine themdifferently wasn't it? They were going
to put plutoniumseparately. Look at his |last slide.

MR. CLEMENT: To group neptunium and
cerium and separate plutonium

MR G ESEKE:  Yes.

MR, BOYACK: Well, if somebody will tell
me how to group them then | will do that.

MR. G ESEKE: Did you suggest this
gr oupi ng?

MR. BOYACK: Maybe | just wote it down
W ong.

MR. LEAVER. | suggested that.

MR. BOYACK: That's right.

MR. G ESEKE: And what | amsaying is that
t he French had a di f ferent suggesti on on t he groupi ng.
You had better deal with the groupi ngs before we deal
wi th the nunbers.

MR. BOYACK: Surely.
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MR G ESEKE: So, J.G is the first nane

that | have up there, and so do you want to tell ne?

MR G ESEKE: How to group thenf

MR BOYACK: Yes.

MR. G ESEKE: Well, | don't know, but it
seens to nme like the data woul d suggest that they be
grouped differently than what you have there. I
t hi nk, even | ooking at Dave's data, and | don't know
if you want to put the --

MR. BOYACK: Dave, any comrents?

MR. LEAVER Wl |, there was no pl utonium
nmeasur enent in the VERCORS HT, and t he ceri umr el ease,
when you | ooked at the release from the furnace or
fromthe thermal gradient tube, was quite | ow

And then if you | ook at where you do have
measur enments for plutoni um where you have one i n FTP-
1, and you have sone in an TM neasurenent, and SFD-4
measurenent, that was also quite | ow

So | just didnot see a basis for changi ng
the ceriumor the plutoniumrel ease fraction that is
in 1465. So that is why | left them as a group,
because it is both as if they are the sane nunber.

For t he neptunium thereis a neasurenent,
an FTP-1, that suggests that the very |ow rel ease

fraction is in the existing 1465, and is really not
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right. So | suggest that we pull that out, and that's
why | didthat. That is the main difference, | think.

MR.  CLEMENT: There is always sone
difficulties when you pick up some experinental
results, and where you don't neasure the same thing.
And soneti nes you have got the rel ease fromfuel, and
sonmetimes you have got it somewhere after it has
escaped from the fuel, and for all these |I|ower
el enents, you have sone retention.

MR. BOYACK: You do.

MR. CLEMENT: Yes, you do, and so that is
what we have made for maki ng our evaluation, that it
was made wi t hout conplicated cal culations. It is just
to cone back from a release from fuel, and apply
roughly the sane retention for all these el enents.

And, for instance, for cerium | have got
at |l east a VERCORS 4 experiment, and the HT 1 was 5
percent of ceriumrel ease; and for the H experinents,
it was a little maturation with 10 percent.

But it looks like it is nmore close to
neptunium than from plutonium and the conplete
analysis of all of the experinmental results. You
shoul d just | ook at what is arriving at the thermnal
gradient tube level, and there is already sone

retention from before.
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And you apply your factor, and in that
case, you apply the sane retention and factor for all
t hese el ements, whichis 80 percent retention. Andin
some cases, when you | ook at what is in the VERCORS
thermal gradient tube, you have already this
retention.

And to | ook at the rel ease fromthe fuel,
you don't have this retention to take care of that.

MR, LEAVER | guess | felt that the
rel ease fromthe furnace or fromthe thermal gradi ent
tube was a nore appropriate nmeasure to use as a
rel ease to contai nment, because you are goi ng to have
t hat ki nd of phenomena in a damaged core.

MR. CLEMENT: And in sone cases, in the
tabl es for experinments, as in VERCORS, in sone cases
you have a neasurenent that is fromthe fuel that is
accurate, and in sonme ot her cases t he measurenents are
nore accurate.

So you have to mx all of that all
t oget her, and conme out to the correct val ues.

MR. BOYACK: Tomany comments on whi ch way
to group these things, or just toleave it as a single
group?

DR.  KRESS: Well, the data that | am

famliar with, the rel ease of neptuniumis about 5 or
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20 tinmes that of the cerium release rate, and the
nol ybdenum rel ease is nore like five tinmes.

So the question is whether that is close
enough in terns of biological effectiveness and
i nventory totelluriumto group themtogether, and I'm
not sure whether | can do that or not.

But if we are going to have different
groupings, | would separate the neptunium out by
itself, and | would have cerium plutonium and
neptuni um as three separate groups, because their
rel ease rates are considerably different.

The plutoniumin ny experience -- and |
have very very little with plutonium is a lot |ike
cerium fromthe anmount of fraction release. But |
have very little experience with it.

MR. BOYACK: Well, if you cane to that
scientific lab in Northern New Mexico, maybe you can
get nore of that information downl oaded. That was
totally wasted information. Ignore that.

DR. KRESS: Dana doesn't ignore that.

MR. BOYACK: Did you have any comments?
Are these the three groups, and if so, we can get the
nunmber s qui ckly, or what?

DR. POAERS: 1'd nmake that as one group.

MR G ESEKE: | think if we can't deci de
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how to break it up, you mght as well |leave it in one
bunch.

DR. KRESS: The release rates are | ow and
they are all within a factor of about five of each
other. So in ny experience --

MR. LEAVER: | don't think they are within
a factor of five. | the neptuniumis -- well, it is
a factor of --

DR. KRESS: At nost, it is factor of five.

MR, LEAVER: Well, it depends on -- |
nmean, if you look at -- you have that PHEBUS
nmeasur enent for neptuniumthat is pretty close to one
percent. In ny mnd, it is kind of hard to ignore
t hat .

Wher eas, for ceriumand plutonium if you
don't take the release right fromthe fuel, which is
what Bernard is saying, and if you |ook at, say,
rel ease fromthe furnace, or froma thermal gradient
tube, for HT 1 here is cerium

And | amassum ng that this is a very | ow
nunber, because you had a five percent rel ease from
the fuel, and --

MR. CLEMENT: Either nunber is above --
either |ow rel ease or above detection limts.

DR KRESS: What | would like to | ook at
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is the total release fromthe fuel.

MR. LEAVER But | don't think it is
appropriate to take the rel ease fromthe fuel and say
that is what we are going to put in the containnment
for these low volatile el ements per 1465.

MR. G ESEKE: | don't think we are saying
t hat .

MR. CLEMENT: No. What we do is we don't
put rel ease fromfuel and put it into the contai nnent.
W take release from fuel, and we don't have a
nmeasur enent of the deposit.

W say we are such a regular retention,
and that is 80 percent.

MR. LEAVER: But one coul d argue that the
80 percent is too low for these el enents.

MR. CLEMENT: It could betoolow That's
right. It could be too | ow.

DR. PONERS: You are going to have a hard
time arguing that (inaudible) --

MR LEAVER  You nean retention of the
RCS? That's not what | am tal king about. | am
tal king about retention in the vicinity of the core.

DR. PONERS: Even there, you are going to
have a hard tine meking --

DR. KRESS: But these are low volatile
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materials especially, and you are just not going to
get much retention.

MR. LEAVER. Well, | think you have seen
t hat . You have seen that in VERCORS, and even in
VERCORS 1 through 6, you had retention very close to
the fuel, or at least that is what your slide said.
I f you didn't have that data, and you just have that
rel ease fromthe fuel

MR. CLEMENT: You have ways of affecting
val ues, and in fact (inaudible) ceriumis around 10
percent, and you if you would just come back to this
experinment results, you should have the tendency to
put only five percent for cerium and with two percent
factors and to ensure that it is about one percent
cont ai nnent .

Because when you | ook at the experinent
results, you get less for ceriumthan for neptunium
Probably they wanted to make sonme kind of grouping
with the sane val ues.

But when you |ook at these results and
fromwhen we anal yze it, the cerium(inaudible), and
it is not so easy to --

MR. BOYACK: Ckay. One group, two groups,
five groups.

VMR. CLEMENT: Mbre than one.
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MR, BOYACK: kay.

MR. LEAVER: Well, in FPT-1, you had --
you see, hereis nmy reality. W have to nove on. You
had a factor of 60 difference in the release of
nept unium to plutonium and neptunium was 60 tines
greater release fraction for neptunium versus
plutoniumin FPT-1. How can we ignore that?

MR. CLEMENT: Yeah. In FPT-1, nost of the
FPT-1 was conducted in the oxidizing conditions.

MR. LEAVER. And we don't have the FPT-2
resul ts.

MR. CLEMENT: Yes, and in that the high
part of the transients was under oxidi zi ng conditions
that you may take into account sequences where you
are, and the reducing conditions where telluriumis
rel eased, and for that reason, you have to increase
the telluriumrel ease.

You cannot take the value neasured from
the PHEBUS. You have to increase it.

DR. KRESS: In ny nodel, | have got
significant rel ease data for ceriumput into it, but
| don't have nmuch rel ease data for plutonium although
it is generally what | have that indicates it is | ess
t han cerium

So | just lunp the two of themtogether,
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knowi ng that that woul d be a bit of a conservati smfor
t he pl utoni um So when | group mine, | group the
cerium and the plutoniumtogether as one group.

And with the neptunium | separate that
out, because it has the higher rel ease than either of
those two in ny sets of data that | keep | ooking at.

So | | unp themtoget her and mai nly because
| didn't have the data, the transient data for
plutoniumthat | could use to put in my nodel

MR. BOYACK: And you still don't have
t hat .

DR. KRESS: No, | still don't have it. |
know that it is generally less than the cerium
That's about all of it.

MR. BOYACK: Is it essential that these
things be -- is there any end usage of these source
terns that in a sense provi des or pl aces hi gh val ue on
breaking theminto parts? End-usage?

MR LEAVER wll, if there is a
difference in the release fractions, then | think we
shoul d break them apart because otherw se you are
going to skew your total dose one way or the other.

DR. KRESS: The other thing is that it
depends on what plutoniumthat you are tal ki ng about.

There canme be huge amounts of plutonium ina pool,
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conpared to the inventory of cerium

MR, CLEMENT: Yes.

DR. KRESS: And so you have to be kind of
careful talking about its release fraction.

MR LEAVER Pl ut oni unf

DR. KRESS: Yes, because when you nmeasure
that by an inventory, you can get sone really big
| unps.

DR. PONERS: Well, with a high burn-up
fuels, your plutoniuminventory is actually pretty
good. | nmean, you have got several thousands of
kil ograms in a high burn-up core.

MR BOYACK: Right.

DR. KRESS: He is tal king about things
li ke cerium and there is a lot of it in there.

DR. POVERS: That may be the biggest
reason to split them apart; is that the inventory
accunmul ates so badly than plutonium O course, it
accumul ates for plutonium too.

DR. KRESS: But when you split themapart
| i ke that, then you need to know sonet hi ng nore about
the release fraction than I know, and the only way |
know to get that --

DR. POAERS: For pl utoniun®

DR. KRESS: Yes. And the only way |I know
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to get that is to have a test on it.

MR LEAVER W have three neasurenents.

DR KRESS: Yeah, and nost of that woul d
help if | had the thermal transients, and if | knew
that the tests were

MR LEAVER We have three measurenents
for plutonium FPT-1, PM and SFD 1-4.

DR KRESS: Well, | don't count PM. That
is an experinent and is not well characterized. But
you can't just --

DR. KRESS: But once again, | hesitate to
say that and say that is ny rel ease fraction. | would
like to convert it into a nodel and then go through
the full core, and where | can count in things |ike
hei ght that the core is nelting, and hei ght of that,
and that sort of stuff.

So | hate to go to a release fraction a
test directly --

MR. LEAVER: Yes, and | would agree with
you on that. | guess it is just --

MR. BOYACK: Well, | amgoing to try it
this way. Jim

MR. G ESEKE: GCkay. You want ne to go?

MR, BOYACK: Yes.

MR. G ESEKE: Do you want nme to |l unp them
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all together in nunbers across the different rel ease
the different rel ease tinmes, which are zero, one-and-
a-half, and zero. Howdo you like that? | aml unping
themall zero, one, and a half-zero, fromthe GAP --

DR. POVERS: | assune you are talking
percent and not rel ease fractions.

MR. G ESEKE: That's right. Okay. Are we
going to talk fractions?

MR. BOYACK: Well, if you have got them
| will take them but otherwise, if this is all the
pl ace that you want to go on that --

MR G ESEKE: Well, | am just throw ng
that out there for everybody to shoot at.

MR. BOYACK: All right. If you broke them

up, what woul d you do?

MR. G ESEKE: Wll, | have seen sone
conflicting information. | think | would go with --
well, | would do that for cerium Fromleft across,

| was going zero, one, or --

MR. BOYACK: Well, | didn't do anything
here, because --

MR. G ESEKE: All right. Well, zero, .01,
. 005 for the next one.

MR BOYACK: .0057

MR G ESEKE: 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

127
MR. BOYACK: Now, do you want to go down

further and break it up?

MR G ESEKE: Well, if | needed to break
themup --

MR. BOYACK: You don't have to. | amnot
forcing you. | amjust saying --

MR. G ESEKE: | am not going to do that
right now | amstill struggling with --

MR. BOYACK: Gkay. Dana, which way -- you
wanted to | eave themin --

DR.  POVERS: Vell, | buy into Toms
argunent that we ought to just split the plutoni umout
just froman inventory issue, and fromthe fact that
inalot of countries there is a great deal of public
interest in plutoniumas an entity in itself,
nd probably m splaced, but you know how peopl e get
agitated about plutoniuma little bit.

MR. LEAVER: Yeah, Wody Al | en nakes j okes
in his novies about it.

DR. PONERS: Well, | have never seen a
Wody Allen novie in nmy life, and | amgoing to hold
it against you for even know ng about these things.
| think that Bernard's rationale for pulling the
pl ut oni umout as separate entity seens to have a good

techni cal foundati on.
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And since | amgoing to use his nunbers,
| am going to use his split. And as | recall,
Bernard, your argunment was for two percent in-vessel
rel ease for the neptuni umand ceriumgroup, and .2 for
the plutonium group, and those seem to be pretty
rational to ne.

MR. BOYACK: That was -- well, the cerium
one nore tinme?

DR. POVERS: .02 and the plutoniumis
.002, and the neptuniumis .02. Now, one of the
reasons for not getting too educated about high
rel ease fractions fromthe neptuniumis when | tried
to calculate the thernodynam cs of it, | could never
get -- | mean, it seens to ne that ceriumis the nore
vol atile of the group.

| can never get it to come up hi gh, though
| will admit that our neptuniumthermal -chemni cal data
is not what | would call the best that | have ever
seen.

That | did have to do the groupi ng when we
put together the VANESSA code, and so we | ooked
explicitly at neptunium plutonium cerium and cane
away content to treat cerium as representative of
t hose groups.

| will admt that the plutoniumdefinitely
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was alittle bit less volatile, and when | cone to the
ex-vessel releases, | think the existing tables are a
tab | ow on those things, because | think |I can get
that nuch rel ease just from the mechanical release
fraction, with bubbles com ng up through the nount.

And so | will go with one percent across
the board on all three. And | don't believe we have
any |l ate in-vessel releases.

MR BOYACK: Al right. Tom

DR. KRESS: | agree with the reasoning for
separating the outer three based on inventory and
radi ol ogi cal consequences. My release fraction is
based on a whol e range of types of data rather than
j ust a coupl e of experinents, and converting that into
nodels and factoring the core heat-up rates and
factoring into that a half of the core only gets
nmel ted, and things of that nature.

And | get nunmbers that are considerably
| ower. For the cerium | like the original nunber of

about .002. For the plutonium it is alittle less

than that, .0001, just because it is a little les
vol atil e.

For the neptunium | |ike about .001 or a
little higher. | agree conpletely with Dana that the

ex-vessel is probably driven by the bubbl e breaking
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through to the surface nodel. | think that is where
the .005 canme fromin the first place.

| would stick with Dana's nunber though,
the .01. | amnot sure what the real nunber is with
t he bubbl e bursting. But the .01 is about right to ne
for all three of them They are the sane.

And | agree that there is no late in-
vessel rel ease.

MR. BOYACK: Ckay. Bernard.

MR. CLEMENT: For the total rel eases?
MR, BOYACK: Yes.
MR. CLEMENT: .02 for neptunium and

cerium

MR. BOYACK: And that is total release.

MR, CLEMENT: And .002 for plutonium

MR.  BOYACK: If | do this right. All
right. And that comes back to you, Dave, now. Did |
do sonething wong? OCh, | haven't got one, right?
And the | ast one was?

MR LEAVER He has neptuni um

MR BOYACK: So, .002.

MR, LEAVER  No.

MR. BOYACK: | knewthat and | just wanted
to see if you guys were awake. kay. Dave.

MR. LEAVER Can | just ask Bernard a
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qguestion. For the noble nmetal, you had a nunber for
early in-vessel, which you then parenthetically said
i ncl uded ex-vessel ?

MR. BOYACK: The total.

MR. LEAVER: Well, that is what your chart

says. | don't know if we -- is that not the case
her e?

MR BOYACK: That is total release.

MR. CLEMENT: That is total, vyes.

MR LEAVER  Ckay. But what about this?

MR. BOYACK: It is the sane. | just put
TR on there.

MR. LEAVER. Oh, TR

MR CLEMENT: Yes, total release.

MR. LEAVER So your 2 percent nunber is
total rel ease?

MR, CLEMENT: Yes.

MR. LEAVER. All right. | would say for
ceriumthat | would use the .005 nunber. | see no
basis for changing it. The sane for plutonium And
for neptunium | would use 1 percent. And for ex-
vessel, | would use the .005.

DR. KRESS: And the reason that | used
. 002 i s because the . 005 data is to be consistent with

the noble netals. | was saying that the cerium
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release is like a factor of 10, and less than the
nobel netal s.

And if you | ook at what we put in for the
noble nmetals, | conme to .002, but the five is just as

good for ne.

MR. LEAVER: | understand. | guess | was
just saying that | don't feel like |I know enough to
differentiate is all | amsaying. So | would just

| eave it the same as was in the existing 1465.

MR, BOYACK: Is that for all three
speci es, .005, or just ceriunf

MR LEAVER Yes, for all three.

DR KRESS: And that to the extent that
.005 is based on bubble bursting in the first place.

(Di scussion off the record.)

MR. BOYACK: Ckay. We will conme back at
1:00, and we wll go through that |last group,
| ant hani des, and then we will nove on to BWR

(Whereupon, at 12:14 p.m, a luncheon

recess was taken.)
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AAF-T-EERRNOON S-E-S-S1-ON
(1:09 p.m)
MR.  BOYACK: The last group to work
through for PWR release in containment are those
associated with | anthanides. It |ooks like fromthe
information that | have listed before that it was
early in-vessel
But 1| amgoing to retrace ny steps just
for a nmoment here, because | don't think | asked
whet her there was any conments about early in-vessel.
For early in-vessel, | have an i nproved under st andi ng
of sonething is needed.
| don't know whether that was because at
the time | thought that there was sonething and that
was a standard phrase, or whether there was sonet hi ng
that | couldn't take off the tape.
DR KRESS: For | anthani des?
MR. BOYACK: This is for the ceriumgroup.
And so the question is are there any needs that |
should list for early in-vessel rel ease or ex-vessel
rel ease for the cerium group
DR. POVWERS: What is down there for the
cerium release is the reduction to the nonoval ent
oxi des. So you get CEOQ or PUO, or MPO as the

dom nant vapor species.
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And so what you need to have an i nproved
understanding of is howis the oxygen potential and
the high burn-up fuel behaving. Are you indeed
getting the saturation, and the exhaustion, and the
ability to buffer the oxygen potential, or are you
maintaining it at sonme nom nal and further reduced
val ue.

DR. KRESS: | think sort of a general
comment about nost of these is the need for know ng
t he oxygen potential in the fuel and how it m ght be
affected by things Iike erbiumthat we were talking
about, and BWRs.

DR. PONERS: Well, certainly it is true
f or an under st andi ng of howthese netal inclusions are
doing fromthe noble netals.

DR. KRESS: And | guess there are oxygen-
potential changes from burn-up, too.

DR. PONERS: It could be going up, but it
woul dn't go up very nuch as |ong as you can have the
M2 equilibriumgoing on. But if you exhaust that,
and you turn all your nol ybdenumnetal into nol ybdenum
di oxide, then it starts going up really dramatically
with burn off.

DR. KRESS: That is your buffer in there.

DR. PONERS: That is the buffering that
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you have. And fromny noney, it |ooks |ike sonmewhat
over 60 gigawatt days per ton, |ike 65 gigawatts days
per ton, and you start to |ose that buffer capacity.

So | think you get sone fairly dramatic
behavior, and that is what | would look for
experinmentally, is doing tests on either side of that
to get the co-efficients to go in your nodel.

DR. KRESS: Once again, it boils down to
give ne fuel that has this |level of burn-up, at a
coupl e of | evel s, one bel ow and one above, and gi ve ne
some fission product release data fromit, like the
VERCORS type tests, so that | can either factor it
into a nodel, or look at it and see what to do with
it. But | think it just needs the data.

MR. BOYACK: GCkay. Anything different on
anything that we added on ex-vessel ?

DR. PONERS: Wth ex-vessel, the cerium
has always been included in every nelt concrete
experinment that has been done in this country, and
cerium has been included in it.

So | get the feelingthat we have what ever
data we are going to get. | mean, | guess the French
are planning some nore nmelt concrete tests; is that
true?

VMR. CLEMENT: | don't know.
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DR. PONERS: | have heard runors to that

effect. | have heard runors to that effect, and they
may go back and reexam ne sone of those release
fractions.

DR. KRESS: | guess the question that |
had i s shoul d you think about over Iine two and water
so nuch?

DR POAERS: Well, not for this, because
this is to give you the release to the containnent,
and then the | i censee can put i n whatever retention he
want s.

And if he floods the sunp, then that is
one mtigating process that he can have, but what |
can tell you if is you put alittle water on top of
this, and boy, it just knocks the source termagall ey
west .

| mean, even so nuch as a foot of water,
whi ch ordinarily you wouldn't think is very nuch, but
it is just enornously effective.

DR. KRESS: |If you had asked nme bef or ehand
before you had any data, | would have said no way.
That was a surprise to ne.

MR. BOYACK: Al right. | am going to
nove us on into the | anthanides, and Dave, did you

have any conments on that? | knowthat it is on your
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table at |east.

DR. POAERS: You mi ght want to know t hat
for the ceriumgroup that we are pretty nuch voting as
a body that thee is no late in-vessel rel ease. That
means that we are sayi ng t hat nothi ng revaporizes of f
the structure |late in-vessel

And | don't know of any experinents that
have been done to | ook at revaporizati on fromhot, but
certainly not nmelting structures |ike you woul d have
in either an air or reducing environment.

And it should be nice to have an
experinmental conformation in this confidence that we
can neglect the late in-vessel release for these
el ements that we have been negl ecti ng.

MR. BOYACK: Well, the words that we had
before, an i nproved understandi ng of the volatilities
of the species and the cerium is that not specific
enough?

DR. POVERS: | think I would call that
revaporization specifically. Myworldviewonthisis
that | know cerium vaporization chem stry about as
well as | amever going to know it.

I am probably know ng pl ut oni um
vapori zation chem stry because of the exenplary and

unpar al | el ed excel |l ence of work at Los Al anps pretty
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wel |, but neptuniumis -- we are still have pretty
pat heti c vaporization data on the neptunium

MR. BOYACK: All right. GCkay. Nowwe are
ready to go to the | anthani des.

MR. LEAVER: For this |anthanides I|ist
here, there are eight elenents, and thereis alot for
whi ch we don't have neasurenents, but we did get an 8
percent rel ease fromthe fuel for HT 1, and a . 001 for
t he furnace, and especially nothing fromthe therma
gradi ent tube.

And t hen t here were sone nmeasurenents for
ni obi um and t hey were sonewhat hi gher, and | guess |
have a blank here, neaning that there was no
measur enment .

And then we have sone pretty |ow
nmeasurements here for a couple of elenments from
FPT-1, and then there was sonme neasurenents of curium
and anericiumfromthe SFD 1-4 test that were | ow

So overal | my suggestionfromthisisthat
there is really no -- other than possibly niobium
there is no strong basis to change what we have in
1465, which is three zeros and a two for arelease to
cont ai nnent .

Ni obi um | am suggesting we increase that

by a factor of 10, although it would be nice to keep
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a nice grouping here. But that was what | cane up
with. So the niobiumrelease to be increased by a
factor of 10 based on the HT 1 and a | oop and thernma
gradi ent tube rel ease.

The | anthanum and zirconium and all of
these are the sanme as 1465 on the basis of therma
gradi ent tube release fromHT 1. And also there was
a VERCORS 1 to 6 observation of no significant
rel ease was neasured for non-volatiles.

That was a qualitative observation. And
t hen curiumand anericiumis the sane as 1465 based on
SFD 1-4 and again the VERCORS 1 to 6 observati on of no
significant rel ease for non-vol atil es.

MR. BOYACK: Ckay. Bernard, did you have
any comments in that area?

MR. CLEMENT: Yes. The sane renmarks, and
taking the remarks for cesiumfromthis table, just to
show that it is worthwhile to look at it carefully.
So cesiumwas 1.1 to 1.6 (inaudible) in the short
term conpared to eight in the long termconpared to
cesium which is less inportant.

I f you | ook at the sanme tables for all the
other elenents, in that table, we go from the |ow
i mpaction the lung dose rate and the (inaudible)

conpared to the total |atent cancers (inaudible).

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

140
DR. POVERS: You m ght note the curium

results at the bottom They are substantial,
especi ally when you realize that curiumdoesn't have
much of an inventory.

MR. CLEMENT: Ckay. Wth the sane
nmet hodol ogy, begins to come the high release from
VERCORS HT 1, and al so fromour ot her experinents, and
| believe we 0.2 to 2 percent containnent, and the
same pendi ng for | anthanum and maybe that is nore in
t he (i naudible).

And for the others (inaudible) that is an
.002 release (inaudible), and mybe to take into
account the release of |anthanum because it is not
negligible froma biol ogical point of view

And as you can see here, we have taken 10
percent release from fuel, and that should be
(i naudi bl e) to 9 percent, and t hen you have taken into
account the 80 percent retention. This is a figure
for the 2 percent to the containnment.

MR. BOYACK: Okay. So the first thing we
have to decide is whether and how far to divide this
group up. | have got Dana onthe list for the initial
conversation anyway, and so why don't you go forth on
at least on whether or not to divide this up into

subspeci es.

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
DR. POVERS: The pr edom nant

characteristic of the |anthanides of course is the
chem stry, andit is all very, very simlar. Thereis
a periodic -- aslight periodic effect as you fill up
the F el enents.

Lant hani des, the progenitor is really not
one of them It doesn't have any elenents in the
oxi des, but the chem stry is so simlar that it takes
fairly sophisticated chemstry to separate the
el ement s.

And consequently it seens to nme that
variations that we see in the neasurenents probably
reflect the neasurenents nore than anything el se,
because chem stry is so simlar in that group of
el ement s.

Now, pl acing anericiumand curiumin that
group is remarkable, but | don't think it poses any
great difficulty. Consequently, | would keep them
grouped, and | woul d take the GAP rel ease fraction to
be zero, and the in-vessel rel ease to be one percent,
and the ex-vessel release to be one percent, and the
revaporization to be zero.

MR. BOYACK: You moved so qui ckly that you
caught ne by surpri se.

DR. POAERS: | was trying to do that. |
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wi Il point out that a prestigious |aboratory in md-
t o- somewhat - Nort hern Chi o, a mass spectroscopist, did
| ook at the release froma radiated fuel.

My recoll ection was that he came up with
sone fairly high volatilities for curium It's
inventory is so lowthat he didn't know what to make
of it, but it did cause pause when you find that data,
because it was behaving quite differently than what
you woul d expect.

MR. BOYACK: And what were the val ues for
t hat agai n?

DR POVERS: You have got zero on the
first one, 0.01, and then t he next category, 0.01, and
zero. And again | would say that | have never seen
any attenpts to neasure revapori zation of | ant hani des
of f structures that are hot.

The predom nant way you release the
| ant hanides is as the LaO or its equival ent vapor
speci es, that i s suppressed i n oxidi zi ng envi ronnent s,
and enhanced in nore reducing environments.

It would be wuseful to have sone
confirmation of that decision to say that there is no
revapori zation.

| mght also go on to nention that the

reason that you get |anthanum rel ease ex-vessel is
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that it occurs al nost al ways when there i s zirconium
nmetal present inthe core nelt that cones out. So you
get these experinents where people fornul ate oxide
nmelts, and put them on concrete.

They don't have any zirconium netal
initially present, and they don't see any release.
And t hey say, wel |, the |l anthanumrel ease i s predicted
by codes |ike VANESSA are all wong.

Vel |, VANESSA predicts nearly all that is
rel eased when you have very reduci ng condi ti ons of the
gas com ng up, and that's only when you have zi rconi um
metal present.

MR. BOYACK: Ckay. So Dave answered ny
guestion about whether to break up the groups by
giving ne his values for a single group and you can't
break up groups, and so we will just do that if we

need to. But, Tom you are up now.

DR.  KRESS: | don't think | can
differentiate between groups, and | would keep a
single group. | would ask Dana what the basis is for

early in-vessel results, because | was going to have
a considerably different nunber. So | want to hear
what Dana's basis was for the .01.

DR. PONERS: | aminfluenced heavily by

the VERCORS results. They conme up with a little

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

144

hi gher rel ease fraction, basically 10 percent, from
the fuel. And then they have sone deposition. Maybe
| amnot willing to go that high.

| have some deposition, and | think about
hal f of what gets rel eased in the fuel gets deposited,
and they take 80 percent. | think that just reflects
t he general uncertainty.

DR. KRESS: | have very little data base
to the .01 for the | anthanides. W didn't really
separate those out at the OCak Ridge tests, and so |
don't have much information on the |anthanides.

What | do have cones fromold tests --
TREAT, SASHA -- and those old tests which may in
general tends to over estimte the rel eases. But |
don't know about | ant hani des.

|f | use that data for the | ant hani des, as
opposed to t he VERCORS, and get a rel ease co-efficient
and factor it into ny nodel, | get a nunber Ilike
.0005. Sothat is not factoring in the VERCORS dat a,

but the old data, which | thought was conservative.

Now, on the ex-vessel release, | would
stick wwth the .01 because | still think that it comes
out early when there is still netal there, and a

bubbl e burst, and so | think that is arelatively good

nunber for that. And |ate in-vessel, | would go with
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zero there.

MR. BOYACK: Ckay. And Bernard.

MR. CLEMENT: GCkay. So the values, | have
given actually for |anthanum and niobium and
zirconi um - -

MR. BOYACK: So | shoul d break t hese apart
now?

MR, CLEMENT: Yes.

MR. BOYACK: kay. So give nme the groups.

MR. CLEMENT: Yes, the groups. The first
one is | anthanum niobium palladium

MR. BOYACK: \What was that third one?

MR CLEMENT: PR

MR. BOYACK: PR Ckay. And sodi umwasn't

MR CLEMENT: And the second one is --

DR POAERS: No, the release fraction is
very high.

MR BOYACK: Sorry.

MR.  CLEMENT: Zirconium erbium and
ni obi um (i naudible). So for the first group, 0.02.

MR, BOYACK: Now this is for which
rel ease?

MR. CLEMENT: Well, the first groups, the

ones with | ant hanum
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MR. BOYACK: But a GAP rel ease, or --

MR. CLEMENT: No, no, GAP release zero,
and then overall release is 0.02.

MR, BOYACK: kay.

MR, CLEMENT: And for the others, the
overall release is 0.002.

MR. BOYACK: | need all the clues that
can for later. Al right. Very good. Now, Dave.

MR. LEAVER | would say based on the
PHEBUS neasurenents and there is a couple of
nmeasurenments for SFD 1-4, and the VERCORS HT 1 as you
take into account the deposition in the furnace and
the thermal gradient tube.

MR, BOYACK: Well, since | have got it
i ndividually, if you want me to put -- what was it?
You had ni obi umin one group, and everything else in
t he ot her?

MR LEAVER Yes, that's what | had, but

DR. POVERS: | don't want to interrupt
your, but you are going to confuse yourself, because

you have got zirconiumin two groups.

MR. LEAVER: Wll, let's see, that's
because | never did change this one. VWhat he is
showng nme is that | have zirconium here, and
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zirconium here, and I have a wong one in the two
pl aces.
MR. BOYACK: How do you get ni ne el enents?

DR. POVNERS: Should we not put zirconium

MR LEAVER Let's see. LA, EU, CR, NB,
and ZRY, NB, AM and CLO, and | was just taking it off
the |ist.

MR. BOYACK: All right. Yes. R ght. |
can do that if everybody agrees.

DR. POVERS: |  wonder if it is
tetraval ent, or fission products, or any other --

DR KRESS: Yes, but | want to know what
the multiplier is in (inaudible.)

DR. PONERS: A bunch. Zirconiumis right
on the peak of the yield curve.

MR.  BOYACK: Are you still pondering,
Dave?

MR. LEAVER: No. | guess at this point |
will give you a separate nunber for niobium a .002,
although I wouldn't object too strenuously if we
| unped it in together with everything el se.

And everything else, | don't see a basis
for changing what is in the existing 1465. So that

woul d be .0002.
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DR. KRESS: You get alot of high burn-up.

That's why | didn't use .0002.

MR. LEAVER | don't disagree with your
overal | nunber, but --

DR KRESS: Well, I just didit toreflect
the fact that there ought to be some burn-up.

MR. LEAVER Al t hough the burn-up effect
i s probably nmuch | ess on these refractories.

DR KRESS: Wwell, | factored it in one-
third of the core. | nean, one-third of the core at
hi gh burn-up and the rest at the old burn up |levels,
| just made it a little higher to reflect that
t hi nki ng.

MR. BOYACK: So when you do this, Dave,
t he . 0002, early in-vessel, what happens to ex-vessel ?

MR. G ESEKE: You need one nore zero
t here.

MR.  LEAVER No, that's right, for
ni obi um but you want to put an .0002 for the others.

MR. BOYACK: The GAPreleaseis all right,
right?

MR LEAVER  Yes.

MR. BOYACK: Now what for ex-vessel?

MR. LEAVER Well, we are not done with

early in-vessel.
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MR. BOYACK: Oh, | see. What you are

saying is that all the rest?

MR, LEAVER Yes, that's it. And ex-
vessel | would | eave the sanme as existing 1465. |
think there is logic that it is conflict, but if you
think that there is a high burn-up effect, | don't
think it would be 2-1/2, but | couldn't argue that the
. 0005 is wong and .0002 is right.

They are so close that it is the sane.
Jim what are you going to do?

MR G ESEKE: | think | will make it easy
for you, | hope. | |ooked at the cal culations that |
had done before, using the TomKress correl ati on, and

| weight that sum by the French data.

So | sort of have conprom sed between
those, | guess, and | can't distinguish between all
the ups and the downs, and the nuances. | mght be

included to go with some French kind of up and down
ki nd of relationships between those two groups.

But | think just for now am going to go
with one group, .0002, and then maintain this .0005
over the rest.

MR. BOYACK: Okay. Al right. Needs.
Dana, you startedto gothroughthat alittle bit, and

| heard you say data on | ant hani des is | acki ng, but |
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didn't get too nuch further than that in what | was
trying to put down. But any other comments that
i ndi vi dual s have as to that.

DR. KRESS: | went back to the OCak Ri dge
H and VI tests, and root fission didn't get any
nunbers for that, and so | would |like to see sonme of
t he VERCORS dat a.

MR. BOYACK: And again this data woul d be
used for processing through the nodel s?

DR KRESS: Yes, per nodel.

MR. BOYACK: Okay. It is nmy understanding
that we are now done with PWRs.

DR, POVERS: Il would still like to
seriously consider noving zirconiumto the list of
cerium groups.

MR. BOYACK: Well, okay. The discussion
was been so far, and so let's say, Tom you were next
onthe rotating list, and so why don't you respond and
tal k about this idea of zirconiumso that we have a
proposal , | guess.

DR. PONERS: To nove the zirconiumto the
ceriumgroup, and it is a tetraval ent species, four
eyed (phonetic) structure, just likeall the othersin
t hat group.

DR. KRESS: Well, I think | woul d support
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that for a nunber of reasons. One of themis that |
think it has about the same rel ease rate, and | unpi ng
it in wth the cerium is probably okay. I think
that's where I would put it, with the cerium.

DR POWERS: Il would put it with the
pl ut oni um because it has zip volatility.

MR BOYACK: It is what now?

DR. PONERS: Zip volatility. Alot of it
doesn't vaporize. |In fact, that's how we track the
di fferences between aerosols formed by nmechanical
processes, and those fornmed by vaporization, and we
put zirconiumin the nelt.

DR. KRESS: Actually, you areright, Dana.
O all of the fission products that we have got, and
even the structural materials, | have zirconiumas the
| owest volatility. And you are right. So |I would
lump it in with the |lowest volatility.

DR. PONERS: Well, when we nmake nelt, and
we go throwing them around and want to tell the
di fference between aerosols formby vaporization and
notice form by nechanical, we |look for those with
zirconiumin them and with zirconiumin them we say
it is a nechanical forned aerosol, and you just can't
vaporize it.

DR. KRESS: O all of the things that we
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have tal ked about here, that is probably the one with
the | owest volatility.

DR. POVNERS: And they do the sane thingin
the PHEBUS tests, and when they want to know where
fuel is, they just track the zirconium

DR KRESS: | would put it in plutonium
for that reason.

MR. BOYACK: Since | am now | ooking at
cerium | realize that | confused nyself here. Jim
G eseke said on ceriumthat he would leave it in a
single group. Dana Powers -- was it Dana who in the
second position broke it apart?

You see, what | aml ooki ng at here is that

| really don't have everybody recorded that | can
tell, and the question is did | stop?
DR. POAERS: | wouldn't --

MR. BOYACK: \hat happened is -- well,
that I think was ny main problemwas my other file,
and maybe you nmade nore than one file.

MR. LEAVER | think -- well, it isinthe
trash.

MR. BOYACK: Well, it looks like I wll
have to go back to the transcript, because --

DR. PONERS: Well, | wouldn't really worry

about it, because | amnot unconfortabl e wi th breaking
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it apart.

MR BOYACK: Well, what bothered ne was
the fact that | had not --

DR KRESS: | renenber Dana's comment was
t hat because of the inventory issues that he would
tend to break themapart, and particul arly pl utonium
and neptuni um which have inventory issues, and that
it would probably be worthwhile to ook at them
separately. | renenber what Dana said.

MR. BOYACK: But you shoul d know t hat you
don't need to break these apart necessarily in
defining release fractions in order to consider them
separately fromthe standpoi nt of a bi ol ogi cal effect
in inventories. You have to do that now.

DR. POVERS: Yes, but if you break them
apart separately, you call attention to the people
t hat are doing the nodeling.

DR. KRESS: You call attention to them
but froma cal cul ati on standpoint, for inventory and
dose conversion factors, those are broken apart
anyway.

MR. BOYACK: | apologize for causing a
probl emhere, but the real key here is that we need to
deal with the zirconiumissue, and when | got | ooking

here, | couldn't quite realize what | had done. But
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| did sonethingtothe files, and so |l will just pick
it out of the transcript.

MR. LEAVER Didit get erased by m st ake?

MR. BOYACK: Well, supposedly | have been
renam ng these files up here for the nmeeting, revised
for the nmeeting, and sonewhere along the way | was
into two files, the old file and the new file. But
the old file doesn't have it either.

So the real key here is to just conme back
to the zirconiumissue, and | have heard two people
weigh inonit, and Bernard, do you have any thoughts
onit, or does it matter to you?

MR. CLEMENT: No. | have no objection for
zirconiumin the other group, provided that it stages
a very small release, sonmething like .2 percent.

MR. BOYACK: Ckay. Dave.

MR. LEAVER. | have no objection.

MR BOYACK: | heard it said it would be
with plutonium

MR G ESEKE: It is interesting that you
would do that. | think the nunbers that are shown
there, if youlook at it fromceriumdown, it drops in
order of magnitude, and then cones back up again in
order of magnitude, right? | think the French went

t he ot her way.
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MR. LEAVER: Wel |, he doesn't have all the

nunbers in there.

MR. G ESEKE: | know, but you are putting
it in with maybe a contingent issue is all | am
sayi ng. He is putting it into a contingent box on
your table. \Wiereas, it mght be clear by itself.

| nean, it is not going to have the sane
probl ens as pl utonium where you have data goi ng one
way, and opi ni ons goi ng the ot her way, or whatever it
I S.

It may be clear cut that if you | eave it
by itself, or group it somewhere other than with the
plutoniumis all I amsaying. |If you had the other
nunbers, and we didn't [unp the ot her nunbers, | think
t hat you woul d see that they went -- that instead from
t he ceri umdown, instead of goi ng high-1ow high, they
go high in the mddle and lower on the ends as |
recall. Is that making any sense to you at all?

MR. BOYACK: Well, | understand that you
are concerned about |unping the plutonium and nmaybe
when we get the table reconstituted, it may not give
the trend that you want ed.

So | just apologize for losing that. |
don't have any idea where those nunmbers went. But

evidently, | think what it is, | probably shut a file
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down without saving it or sonething.

MR. LEAVER Do you want to take five
mnutes to recreate it?

MR. BOYACK: Well, if we can do that. |If
peopl e can do that, that would surely save a | ot of
potential difficulties. And | think | have Jinms
ri ght here. And then, Dana, | can't renmenber what you
said. | think you kept them together, Dana, didn't
you?

DR. PONERS: Well, | wanted -- | thought
Bernard made or Tom nmade a good point about the
i nventory effect, and it is clear that lots and | ots
of peopl e focus on plutoniuma | ot, and t hey want t hat
nunber pretty cleanly, and trying to explainto them
why that nunber that you have is not really the
nunber, because you really would be tracking cerium
chem stry, and I know for a fact is a chore, because
that is what we do in the VANESSA code, because
plutoniumis represented by cerium

And trying to explain that they wll
probably overestimate and that plutoniumis a chore.
You sound |ike a blathering idiot is what you sound
| i ke. And so separating out plutoniumjust did not
give nme any -- | nean, | see advantages to doi ng that,

and | believe it is true that the plutonium
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vaporization is just |less than cerium

MR BOYACK: Well, the reduced val ues t hat
you gave ne --

DR. PONERS: Those are fine.

MR BOYACK: Ckay. Tom

DR.  POVWERS: Well, actually, you have
everything in in-vessel release, and | think |
actually divided it anong the two. So, it would be
.01 and .01, .01, .002, .002, and .01 and .O01.

DR. KRESS: Wll, that was qui ck.

MR. BOYACK: Okay. G ve me ceriumfirst,
early in-vessel.

DR. POVNERS: One percent.

MR. BOYACK: kay. Then this one, .001?
DR PONERS: A tenth of a percent.

MR, BOYACK: Ten percent?

DR. POAERS: A tenth.

MR. BOYACK: And | now have the --

DR. POAERS: | could really screwyou up.

MR BOYACK: It wouldn't take nuch.

DR. POVERS: | didn't tell you about
(inaudible) effects, and it drastically changes
nept uni um

MR. BOYACK: GCkay. Tom are you goingto

be up here on the sane value, or --

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

158
DR. KRESS: | amgoing to be different,

because | am going to use the three. Now, for the
cerium | have -- ny nunbers are .0002. No, one nore
zero.

MR. BOYACK: Let's put it in the right
pl ace.

DR. KRESS: And for the plutonium | have
actually less than the cerium and that is .0001.

MR BOYACK: [|'ve got it now.

DR. KRESS: And for the neptunium it is
t he higher volatility of .0001, and in the excess, |
have got .01 for all of it, and | amnot sure what you
have got for Dana's in there for plutonium but | had
.01 there for it, too.

MR. BOYACK: And he has got .00L1.

DR KRESS: Well, | don't know.

MR. BOYACK: So you are telling himthat
you don't know why.

DR KRESS: Right. | think you copiedit
wr ong.

DR. PONERS: | think heisright. 1 think
t hat shoul d be (inaudible).

DR KRESS: Yes.

MR. BOYACK: kay. So | really didn't

copy it wong, but he is changing it, right?
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DR.  POVERS: Yes. Tom is always

correcting mne.

DR. KRESS: So you mght notice that |
have an order of magnitude | ess pl utoni umcom ng out
t han previously.

MR. BOYACK: Right.

DR. POAERS: Small anounts.

DR KRESS: Yes.

MR. BOYACK: Bernard.

MR CLEMENT: So | had total rel ease of
0.02 for neptunium and cerium and 0.002 for
pl ut oni um
BOYACK: And what was pl ut oni umagai n?
CLEMENT: 0. 002.

BOYACK: And that is total rel ease?

2 3 3 %

CLEMENT:  Yes.

DR. KRESS: That's not far fromour total
rel eases, because the .01 we have, and | think that is
part of what he is calling a total rel ease.

MR, BOYACK: Dave.

MR. LEAVER For cerium .0005, and
pl ut oni um .0005, and for neptunium .O01.

DR. KRESS: | think you need anot her zero
in the plutonium

MR. LEAVER. Right, three zeros.
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MR BOYACK: And that was the same for

ceriunf?

MR LEAVER Right.

MR. BOYACK: Ckay. And over here on the
ex-vessel .

MR. LEAVER The sane, .0005, for all of
t hem

DR. KRESS: Burn up shouldn't effect ex-
vessel .

DR. POAERS: Well, it depends on what you
are counting as ex-vessel. If you just have no

concrete interactions doing the ex-vessel, then you
areright. | mean, the inventory affects it alittle
bit, but it is hard to get too excited about it.

MR. LEAVER: Wel |, everybody el se used t he
sane value all the way down anyway on that col um.

MR. BOYACK: On which one, the first one?

MR. G ESEKE: The | ast one.

MR. BOYACK: So you are saying that | can
go what, .005, right?

MR G ESEKE:  Yes.

(Pause.)

MR. BOYACK: GCkay. Now, zirconium Now,
you can | ook at the val ues and see whet her that causes

any difficulty. Now, you have the totality of the
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t abl e.

MR. G ESEKE: It is going to create a
problem for me now, instead of trying to get an
average across all of those, |I am going to drop a
nunber on the plutoniumand zirconi um

MR. BOYACK: Ckay. Nowthis is associated
with this up here isn't it? No, it is down here.
Okay. Now, the question was zirconium and let's try
to finish this up and be done. The question you
raised, Jim was would zirconium have a different
behavi or than pl utoni um

MR. G ESEKE: Yes, and | will go down --
if we are splitting themup like this, | want to drop
t he pl ut oni umand zi r coni umnunber, rather than trying
to pick a nunber that averages out down through all
three of them

MR. BOYACK: Like that?

MR. G ESEKE: Yeah.

MR. BOYACK: So did everybody get their
comments in? Is it all right to have zirconiumwth
pl utoniumthen with these val ues?

(No response.)

MR. G ESEKE: Did you save that by any
chance?

MR BOYACK: Yes, | did. Wat ne to see
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if I can recover it? There you go. How enbarrassing.
Now, what | would like to do is just for a nonent go
ahead and list the factors that we shoul d consider
when we deal with the BWR area with respect to source
termapplicability.

| had alittle bit of a discussion at noon
asking Tom about this, because | had heard this
norning that it sounded | i ke there was such a | ong and
significant list that it was going to be difficult to
go ahead and do anything but BWRs, and he said no.

The real issue |I think was the one that
Dana rai sed about the erbium and that is a future
possibility, and so | would like to list it on the
i st here, but renpve it fromthe consideration as far
as this source termapplicability, except that we make
note of the possibility.

And t hen any ot her factors that you think
are appropriate. W may want to go ahead and provi de
sone sort of inportance.

DR. PONERS: Well, nunber one on the |ist
i's how much higher is the zirconiuminventory.

DR. KRESS: And nunber two on ny list is
that | think we ought to consider BWRs as now havi ng
aflatter power profile, and therefore thinking about

what fractions of the core enters into this thing
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m ght ought to be changed by then. So instead of 50
percent, nmaybe we ought to use 70 percent or
sonet hi ng.

MR, BOYACK: kay.

DR. POVWERS: No silver-iniumcadm um
control rods.

MR. BOYACK: Anything el se?

DR.  KRESS: The other thing that may
affect the source termfor BWRs is they have a | ower
power density, and nore water, and therefore they tend
to heat up slower, and slower heat up actually,
believe it or not, increases the fractional release
for changes in the duration of those changes.

DR. POVERS: You nmean nakes it of a | onger
dur ati on?

DR. KRESS: It makes it of a |onger
duration and increases the fraction.

MR.  BOYACK: Was the corollary of no
silver-iniumcadm um control rods, did that have
anything to do with the --

DR, KRESS: It is usually B4C.

MR. BOYACK: But they have control rods,
and so what are they replaced wth?

DR, KRESS: [|['msorry, but | think B4Cis

in PWRs.
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DR. PONERS: A lot of the PWRs are going

to a boron control rod either from borcivitive
(phonetic) glass or the BACitself. Not many in this
country now have it, but nearly all the vendors for
testing, they use a boron carbide control bladeinthe
G E. designs.

And what it affects is that it affects
what you think telluriumis doing.

DR. KRESS: The control bl ades in the BWRs
have a different timng for failures than the control
rod, and so the question of whether they mx with the
fission rods or not --

DR. PONERS: What we saw in the DF4 test
was that pretty nuch burn up, the steel nelted and
di ssol ved boron carbide, and out it cane out of the
core region.

DR KRESS: Before the fuel started.

DR. POVERS: Before you really got the
fuel going real seriously. Now, that is different
than the scenarios that you would have for PWRs with
boron carbi de control bl ades or control rods, because
the boilers have a | ot of steel in those bl ades, and
so they can totally dissolve all the boron carbide.

Whereas, if you use just tubes, you don't

have have enough steel to dissolve everything.
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MR, LEAVER In the PHEBUS, are they

gi ving any thought to doing a BWR?

VR. CLEMENT: Over many | engt hy
di scussi ons.

MR. LEAVER: Yes, | have heard that there
wer e | engt hy di scussi ons.

MR. CLEMENT: And boron carbide, and the
mai n i nfluence as Dana stated i s the amount of steel,
and it also depends on the volunme of the water
reactor, and the design.

If you |look at the Swedish design, you
have an anmpbunt of steel that is varied width, and so
full of (inaudible) tests, and so the anpunt of steel
that is a little bit greater than pressurized. But
that is | owenough not to be so | owthat boron carbide
(inaudible). And if you | ook at the DF4 experinent,
everything that is dissolved in that, is all down in
the core regions.

DR. POAERS: | just think the thinking was
that first of all, the interest in PWRs, you want the
excess boron carbide, but if you are going to get new
phenonenol ogy, you have got to have a new boron
carbi de, because it is hard getting steel to resolving
t he boron carbide. It islike atest with no control

bl ade at all.
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It all flows and goes down, and m xes, and
that is not nmuch interest. And there is no guarantee
t hat what was observed in one DF test is going to be
true of an entire boiler core. It is a test, and
that's about all you can say about it.

DR. KRESS: Another thing about boilers
that may be inportant is that there is a nore open
core, and instead of things nelting, and falling down,
and plugging up the core, it may just go straight on
t hr ough.

So your inpressions of what m ght happen
after nmelt may be different.

DR. POVERS: | n nodern boiler control rods
-- | mean, nodern boiler fuel rods | ook an awful | ot
i ke PWR rods.

DR. KRESS:. Yeah, they are about the sane
si ze.

DR. PONERS: Yes, about the sane size, and
about the sane clad thickness, and everything el se.

MR. LEAVER  The fuel rods thensel ves?

DR PONERS: Yes.

DR KRESS: Yes.

MR. BOYACK: Now, what was the materi al
that you nentioned, erbium or sonething that you

nmenti oned? The poi sons, or --
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DR. KRESS: Yeah, poisons.

MR. BOYACK: What was the issue that you
menti oned about erbiun®

DR. PONERS: Well, | just don't know what
erbium does to the fuel. M suspicion is that they
can go with | ower concentrations of erbiumthan they
do with gadolinium And we al so have suburbi um

MR. BOYACK: Now, let's see. That is 2
out of 6.

DR POAERS: And now an M on the end.

MR. BOYACK: And that is 3 out of 6. They
go at lower concentrations, and | suspect that this
fuel is |ooking norelike pure UR2 than with these two
with the higher burn-up PWR fuel.

| bet it is just different, because they
are cutting the concentration of poi son down by al nost
a factor of 10.

MR. BOYACK: Now, | guess we are going to
as you go ahead and do your considerations, do we
consider all of these? W have been asked. W won't
do this, because that is a future thing, but nuch
hi gher zirconiumand flatter profile, and different
control rods. Al these are factors that cone into
pl ay.

MR LEAVER: And one other one is that the
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fact that you have these steam separators and dryers
in the upper plenum which | think it is generally
felt that you may bet get nore deposition.

DR. KRESS: In fact, |I think that was the
mai n di fference between the BWR and PWR source terns.
| don't know, but rmaybe you ought to say why t hey were
different in 1465.

MR. NOURBAKHSH: (I naudi bl e.)

DR. POVERS: The separators and dryers
have bi g passages in them and they are not real super
effective at retention. The esteened |aboratory in

Northern Chio did sonme experinments on a full-scal e of

devi ces.

MR. G ESEKE: As a matter of fact they
di d.

DR, KRESS: Was that (i naudible)

DR POVERS: No. | said esteened
| abor at ory.

MR. G ESEKE: Well, the DFs weren't real
great, maybe two or sonething like that.

DR KRESS: | think with better profiling
that you could certainly factor in our thinking,
because what we are tal king about is a profile that
gives you a 20 percent nore power than the normal

profile that has been used, and that neans --
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DR. POAERS: It better be 20 percent nore

f or ma.

DR. KRESS: That's exactly what | was
trying to equate. Is it going to be 20 percent nore,
and as | said before, use 70 percent instead of 50 in
our thinking?

MR. G ESEKE: \What is the difference in
performance | evel between (inaudible) --

DR. KRESS: They are all restrictedtothe
65 or --

DR. PONERS: 62 giawatts right now, and |
think the boilers are all running a little |Iot
relative to that pressure.

MR. BOYACK: Was that 20 percent higher
core power, is that what | heard?

DR KRESS: Yeah.

DR PONERS: You |l et these crazy guys at
t he NRC and ACRS keep approving these things.

MR. BOYACK: So are sone of these thoughts

DR. KRESS: What they have been doing is
usi ng these sane rel ease fracti ons and j ust i ncreasi ng
the inventory. And what we are telling themnowis,
hey, you ought to use a different release fraction,

too, which would be factored into their power uprate
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requests.

MR. BOYACK: So what | amgoing to do now,
just to see if it works, and we will just start with
Tom and | would like to have sone sense of what is
percei ved to be the higher inpact itens onthis |ist.

Because t here may be sone useful dial ogue
that cones fromthis, and so they could all be high,
and they could all be I|ow | don't know. But
relative to PWRs.

DR. KRESS: My feeling on that is a
flatter core.

MR. BOYACK: \What was that?

DR KRESS: A flatter core.

MR. BOYACK: So this one is where you
woul d put the high, right?

DR. KRESS: Conparedto the PAR which has
t he sanme burn up rates.

MR. BOYACK: And is there anything el se
that would fall into that category on the hi ghest, or
the others of |ess inportance?

DR. KRESS: | think the rest of themare
| ess inportant, but | certainly don't know about
nol ybdenum t oday.

MR. BOYACK: Well, we are not going to

deal with that today.
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DR. KRESS: But as far as those others, |

t hi nk that would be ny feeling.

MR. BOYACK: Ckay. Bernard.

MR. CLEMENT: Really, | should not make a
classification about that, we don't have such
extensive boiling water reactors.

MR. BOYACK: All right. Dave -- well, you
can get by with that. That's all right. That's a
good one. Dave, which one of those, or 2 or 3? |
mean, which ones are the high inportant factors
relative to the PWR as far as source ternms in your
opi ni on?

MR. LEAVER It was ny inpression, or it
is my inpression, that while the separators and dryers
may not result in a large DF, that they are going to
result in a larger DF than whatever it is that we
assune for a PWR, because you have a huge surface, and
they are designed to take out particles.

That is, condensed steam and so | think
there is an effect there, and it nay not be a | arge
effect, but it is sonething.

MR. BOYACK: What about relative to the
cl adding profile?

MR. LEAVER | don't know. | would have

to think about that.
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MR. BOYACK: So if you want higher or

noder at e down here under inpact?

MR. LEAVER. | woul d say noderate.

MR BOYACK: Ckay. Jim

MR. G ESEKE: Well, | think the higher is
nore powerful, but it would have to be significant if
it was like 1.4 tinmes the anount of material invol ved.
| also think the first and third ones are both going
to affect that.

O course, Dana di scounts the -- he thinks
it is the tellurium and zirconium relationship is
sonet hing el se. But traditionally thefirst andthird
woul d affect the tellurium behavior.

MR.  BOYACK: So you think down to a
noderate | evel or are you up high still?

MR. d ESEKE: The third one mght be
pretty significant.

MR BOYACK: \What is the third one?

MR- G ESEKE: It is the boron carbide. |
don't know. Let's say the telluriumis transported
wi th having reacted with things inthe air, and a | ot
of what would be in the air I would think would be
different in this case.

Vell, | will put nediumon one and three

t hen, | suppose.
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DR KRESS: A lot of that which i ncreases

zirconiumis in the channel boxes.

MR. G ESEKE: Yeah, | know, but that
(1 naudi bl e).

MR. BOYACK: The reason that | am having
this discussion as we start is to have you try to get
you to hear each other's argunents about what is nore
i mportant about this as we start. I think it is
worthwhil e to just get a sense of that before we start
trying to assign values. So that is what is going on.

MR. LEAVER Can | ask a question? W are
goi ng backwards here, but this itemon the | ower power
density, it is about maybe a little nore than half,
about hal f, about 55 percent maybe of a PWR

DR. KRESS: They are going to increase
that little bit, with an i ncreased power uprates, but
you're right. It is about half.

MR. LEAVER: | woul d say maybe 60 percent,
and | renenber that from AOAR days, and so it is
probably not much different for our plants, which w |
tend to have a slower heat up, and then prolong the
event .

But if we are tal ki ng about an event that
is arecovered accident in-vessel, and so we say this

is nomnally like an hour-and-a-half to two hour
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event, and 30 m nutes or so to heat up, and then you
have this GAP rel ease, and this fuel rel ease, and t hen
you st op.

Wul dn't that tend to bal ance at | east to
sone extent the fact that you have a flatter power
profile, and therefore nore of the core would be
i nvol ved.

| guess | amaski ng you because you rai sed
the point about the effect of the flatter profile
i nvol ving nore of the core.

DR. KRESS: Well, if we are tal king about
PWRs, 50 percent of the core nelting, that is al nost
not a term nated accident. It is alnpost going all the
way.

MR. BOYACK: Fifty percent?

DR KRESS: Yes.

MR. BOYACK: But in TM, you had in round
nunbers 50 percent, and maybe you had | ess nelt than
that. | guess you had about what, 20 or 25 percent of
the core was nolten? But you released half of the
iodine. So in ny book in round nunbers, that is half
of the core.

DR. KRESS: M feeling is that it has a
flatter profile and 70 percent of the core taking it

hard is not a term nated acci dent.
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MR. BOYACK: No, | don't think so. W do

have to -- | nean, | don't think this accident is an
accident in which we let things keep going, and we
just stop considering the rel ease at 2 hours. | think
this is a recovered accident.

DR. KRESS: That's why we even both with
ex-vessel .

MR. BOYACK: Well, | guess that NRR has
deci ded to not consider that for design basis event.
And | think that there is good reasons for that.

DR. KRESS: Spread out over a | ong period
of time usually.

MVR. LEAVER: Yes, and with the
i mprovenents i n acci dent managenent procedures, there
is certainly -- it is not unreasonabl e to expect that
t he operators woul d fi gure out sonething, sone way to
get water in there.

DR. KRESS: | coul d never have consi dered
the design basis accident source terms to be a
term nated accident, in the sense that you turn water
back on, and start it.

It istermnated by the fact that the core
nelts and falls into the bottom head, and then quits
rel easi ng because you don't rel ease nuch froma nolten

pool fuel. That is what termnates it in ny mnd
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And the fact that you nmelt fromthe m ddl e
of the core out neans that there is some left in
there, and you only get about half of the core to
participate wth.

So there is no term nated accident in ny
mnd. It is one that is just the way the accident
progresses. And that is generally what you get.

MR. LEAVER: | amj ust wonderi ng how coul d
you get 70 percent of the core nolten if you are
saying this is a roughly two hour event, and you are
relocating molten material as it wll relocate
downwar ds, and rmuch of it down into the bottomof the
head, but not fail the vessel?

| nean, | don't think it is possible to
get that nuch of the core nolten without failing the
vessel, and | don't think you can do it that fast.

DR. KRESS: | think you do fail in this
and you get an ex-vessel rel ease because of it.

MR. BOYACK: One of the things that | am
curious about is the source term was not overly
totally mechanistic to start with, right?

MR LEAVER Right.

MR BOYACK: And it is guided by
regulation, and it says you have to have a

substanti al .
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MR LEAVER Right.

MR. BOYACK: So | amtrying to understand
where you are tal ki ng the dial ogue here. What | hear
you say is that you are wonderi ng about conpensati ng
effects here.

On the one hand, the flatter power
profile, which may relate to a |ower core nelt, and
you are wonderi ng about the | ower power density and
t he sl owi ng dowmn of the transient, and how that al
pl ays toget her.

MR. LEAVER: Yeah, and | was wonderi ng how
| ong do we consider this accident to be, because the
| onger you wait, the nore that things will happen.

MR. BOYACK: But eventually we will cone
back here, right? And we go to these tables?

MR LEAVER  Yes.

MR. BOYACK: And the first thing we start
out with is duration. And so what we are aski ng here
is to list and provide sone list of the things that
m ght influence the duration or the rel eases. But |
wanted to get some initial discussion which is going
on.

MR. 4 ESEKE: Presumably, all of the
t hi ngs that we have been tal ki ng about have al ready

been accounted for and the differences between Tabl e
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3-1-2, and 3-1-3.

DR KRESS: Not the flatter profile?

MR G ESEKE: Not the flatter profile?
Ckay. So you are saying that you would |i ke to change
the original tables here sonewhat, the 14657

DR KRESS: The original tables would
apply to the original BWRs. \What | amsaying nowis
that essentially every BWRis going to go a 20 percent
hi gher power, all of them

And now our thinking ought to change,
because the BWRs that are out there now are different
t han the BWRs that were there when we had this source
term

MR. G ESEKE: Ckay. So you are saying
t hat you want to go back and change these two tabl es,
or change --

DR. KRESS: | would change that one now.

MR. G ESEKE: And wi thout considering a
hi gh burn up?

DR KRESS: Yes.

MR G ESEKE: Yes.

DR. KRESS: Because t he BWRs have changed.

MR. G ESEKE: That's what | amtrying to
figure out, because there are two issues that we are

tal king about. This is not a burn up issue that we
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are tal king about yet, and | guess it is the way to
get to the bottomline, is to see what effects these
have on the table, and then see if there is any effect
of high burn up on the table if we are going to take
them one at a tinme perhaps.

DR. KRESS: That is not a burn up issue.

MR. Tl NKLER: I would like to say
sonet hi ng about that, becausethisissuereally starts
addressing a |l ot of other matters, such as core nelt
progression, and tie into the boiler versus PWRs, and
| guess we woul d be pressed to say that we can capture
all thosedifferences and still retainfidelity tothe
original in-vessel

| amnot sure howyou are goi ng to bal ance
or how you are going to prolong the duration of the
early in-vessel, or transfer this. There are other
i ssues that are just nerely the operation of an AES
systemin a boiler, and making it nore (inaudible)
environnent, and all those kinds of things that we
have.

And frankly we don't have as nuch core
melt progression data on boilers to suggest how t hat
melt pool forms in the in-core region, and whet her or
not -- you nmentioned it reducing the | owerhead nolten

in the core region.
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DR KRESS: You m ght --

MR. TINKLER: Right. | nean, nost of our
t hi nking i s influenced by the behavior of TM, but the
ot her point is that how much of the core can actually
be nolten before you think you are going to have a
rel ocati on of the | ower head and fail the | ower head.

Do you really think you can sustain nore
t han 50 percent of the core in a nolten state before
you get a relocation of the |ower head (inaudible).
And t he ot her i ssue of the boiler is that you have got
a different kind of |ower head.

If you look at the BWR core nelt
progression, it m ght suggest a nuch | onger early in-
vessel base than sone of those same ki nds of anal ysis.
| woul d suggest that the coormittee not try to sharpen
t hat pencil.

DR KRESS: It's because we need a | ot of
calculations and information that we really don't
have. | think you may be right there, Charlie.

MR. G ESEKE: And just try to focus on the
effects of burn out and frankly until there is an
equi val ent BWR, | don't know where you are going to go
on this.

DR. KRESS: |If we could figure or factor

inthe effects of burn up, it woul d be al nost the sane
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factor as what we threw in for the BWRs if we were
just | ooking at burn out.

MR. LAVIE: It depends on the second one.
| am not exactly sure this is a mmjor issue, but
remenber that each of these plants, even though they
have a 20 percent higher power, still have to
denonstrate that they don't exceed 2200 degrees
fahrenheit. So if they can denonstrate that, then
that --

DR. KRESS: That's only if you have got an
ECCS that cones on

MR. LAVIE: But if this is a design basis
source term and --

DR. KRESS: It is not for design basis
source terms.

MR. TINKLER: To get a substantial core
melt, the ECCS has to stay off for sone period of
time. And there is something to this --

MR. LAVIE: But the point that | amtrying
to make is regardl ess of where ECCS starts, that if
the core is capable of staying at 2200 degrees wth
the increased power level, it wll not have a 20
percent high heat up rate if the ECCS doesn't work.

DR KRESS: You can't stop there. It just

keeps on going if you don't have the ECCS.
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MR. LEAVER: But Steve's point is the fact

that you are going to hire -- | nean, one thing for
sure, with the higher power, you are going to have a
hi gher inventory of certain isotopes, and that is
going to affect the dose for the sanme release
fraction.

DR. KRESS: Decay heat |evels, too, but
not as nmuch as you t hink.

MR. BOYACK: So basically what Charlie has
saidis -- and it turned out that in these |listing of
i ssues t hat we have, the only one that was new, quote,
new, was the one regarding the flatter power profile
and the rai sed power |evels.

That was the only one t hat was new, and so
t he point that was --

MR. LEAVER Well, the power profile
exi sted before high burn ups.

MR. BOYACK: What about the hi gher power?

MR. LEAVER  The hi gher power didn't.

DR, KRESS: The only thing that is
different fromthe original 1465 is that.

MR BOYACK: So there were two things
here. One of themwas the flatter profilerelativeto
t he BWR?

DR. KRESS: Yes.
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MR. LEAVER: That exi sted before, and t hat
IS not new.

DR KRESS: No, it wasn't in the 1465.

MR. LEAVER. \What ?

DR KRESS: It wasn't in the 1465.

MR LEAVER Wy not ?

DR. KRESS: Because they only had power
uprates of about 5 percent at that tinme, and none had
gone to 20 percent when 1465 was put together

MR. LAVIE: But we have used this source
termfor a fleet of plants whose power |evel varies
fromplant to plant by at |east 20 percent. So that
i s not a change.

The exi sti ng source termwas bei ng appl i ed
to plants that carried that power |evel.

DR. KRESS: That is a change, because t hat
power |level was raising the anplitude of this co-
signed distribution up and down, and not flat. That
is different, and so it is a change.

But it is not related to burn up. There
is a slight relation to burn up. It neans that a
fraction of the core goes to the higher burn up than
it had before. So there is a slight relationshipto
burn up, and it is not wholly a burn up issue.

MR. BOYACK: The point to be nade is one
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t hat was nmade by one of the panel nmenbers, and that is
t hat when we go ahead and | ook at a table like this,
these factors had already been accounted for
evidently, and not we were just |ooking at the burn
out issue.

And this apparently was the only issue
that mght have been a factor, which was that in
addition to that, you were running 20 percent higher
on the core power or 15.

DR KRESS: It could be a burn up in the
sense that we have built into our thinking that when
you tal k about hi gher burn up, you are tal ki ng about
one-third of the core.

That may be a different nunber in BWRs.
| don't know what it is, but it rmay be different.

MR.  BOYACK: So the real key of the
di scussion here is just to deci de whether or not to do
anythingwiththis. So, Charlie has basically said --

MR, TINKLER: | amsayi ng with (inaudible)
that we see a lot of uncertainties (inaudible) core
breach, and that (inaudible) will nake you nore able
to form a large (inaudible), and nore severe, and
thermal gradient tube, if you could, but there is
still other -- that is a small part of the uncertainty

in this core nelt (inaudible).
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And | just think it is too nuch to try to
factor it in quantitatively.

DR, KRESS: Well, it wouldn't be tough
though if we are tal king about -- if we just knew a
sinmple thing, and that was what fraction of the core
shoul d we consider to be at high burn up.

And is that nunber different for these
BWRs t han PWRs, and that is a number that we ought to
be abl e to cone by real easy, and we coul d factor that
in our thinking real easy. That is what we have been
using, is one-third.

DR. POVERS: Wien we have asked about
that, they keep tal king about one-third.

DR KRESS: For BWRs al so?

DR PONERS: Yes.

DR. KRESS: Then in that case, they would
not be related to burn up. That is another issue.

MR. NOURBAKHSH: Anot her t hing to consider
i s the inpact onthe rampl ate (phonetic) tenperature.
| nean, we found that the zirconi umoxidation drives
the ram plate (inaudible), and therefore the 20
percent increase in power level is one snal
contribution than zirconi um oxi dati on, because --

DR. KRESS: Well, | would agree with that

100 percent. But what we have been thinking is that
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t hat zirconi umoxidation run away starts inthe mddle
of the core, and it works its way out, and then quits,
because you have a channel for the water to go
t hrough, and you have got better heat transfer out
there on the edges, and it just stops, and rel eases
t he peripheral fuel.

And ny thinking was, well, we wll say
that is about 50 percent of the core that takes pl ace
inthat, and nowall we are sayingisthat it is still
driven by that, but because you have channel boxes and
BWRs, and because the profile is flatter, that the
ones that are nelting in the m ddl e are probably goi ng
down at the same rate as the ones that are around
t hem

The channel boxes want to nmake t hem one-
di mensional, and it all just depends on the power of
t hat channel box.

DR. PONERS: So what you are saying is
that at the point that you trigger off significant
zirconiumreactions, that tenperature that you get is
spread over a bigger part of the core.

DR. KRESS: It is spread over a bigger
part of the core, and that is exactly right.

DR. PONERS: And the fact that younmelt it

down, yes, it is driven by --
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DR KRESS: Well, it may be different from

BWRs because of a flatter profile, and the fact that
t hey had channel boxes.

MR,  NOURBAKHSH: It also doesn't nmake
sense that with a open channel flow that drives nore
steamaway fromthis regi on where there a nolten pool
than you would in a BWR So this issue between BWR
and PWR is very difficult to resolve.

DR KRESS: It isdifficult toresolve and
| will admt that.

MR. TINKLER There i s nore than one point
of clarification. Dave raised a point about
recoverabl e accidents. Part of that is because when
utilities are trying to do portions of the
cal cul ations, part of the other boundaries for the
rel ease seens to be (inaudible), and there is an
attenpt to try to nodel this as a recoverable
acci dent .

In some sense, when you are trying to
predi ct an acconpanyi ng steam break, and --

MR LEAVER And keep the thermm
hydraul i cs.

MR. TI NKLER: Because all of that drives
things |i ke MSID | eakage for boilers and things |ike

that. So there is --
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DR KRESS: There is a factor.

MR TINKLER: That is factored in, and
t hat neans that you end up stopping your core damage
in anticipation of reaching a certain level. But |
think the nore inportant way is that the flatter
profile still doesn't tell you necessarily that you
can accurul ate in the core region, the active core
region, that nmuch nore nelt before you have
significant relocation in the |ower half.

DR KRESS: Well, the question is would
that matter.

MR. BOYACK: What we are having nowis a
di scussi on, and now we are goi ng to go ahead and work
on the product here. And am | correct in assum ng
that you will just enjoy the neeting nowfor a couple
of hours?

MR, CLEMENT: Yes.

MR. LEAVER  What if France decides for
its next generation plant to build a BWR?

MR. CLEMENT: | don't know.

DR. POAERS: That neans that the CGernmans
will be marching through Paris. That's a fact.

MR BOYACK: So, with that, what | have
triedtodois onthe quick create just do things that

you don't want to. So what | would like to do -- and
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| guess | should ask, as | didn't give Dana a chance
to weigh inwith his -- with anything el se, but have
we had enough discussion to just go forward now?

(No response.)

MR. BOYACK: Well, with that, we have four
i ndi vidual s, and so what | amgoing to do -- and we
wi Il have to nove fairly quickly, but I Iike what you
have done in the norning, which basically
-- and we will change the order. W w Il continue to
rot at e.

| just put themon in the same way so t hat
| woul d have a tenplate. So we would start with Dave,
and | would say with the GAP rel ease, and early in-
vessel, and ex-vessel, and | ate i n-vessel rel ease, and
| woul d ask you to go ahead and gi ve your rational e as
you have done before.

And a brief rationale, and then the
nunber, which |l will try towite down correctly this
time, and then we will go on to the next individual.
But if you go through literally the whole thing on
duration, and gi ve us as nmuch expl anati on as you want .
Wul d that be all right?

MR. LEAVER Sure. Where did we end up on
this for the PWR? Did we increase this to .6 or

sonmething |like that?
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DR. KRESS: W decreased it.

MR LEAVER | think we decreased it to
.4, right?

DR. KRESS: To .4, and then the other one
we decreased a little bit. W increased it alittle
bit.

MR BOYACK: Right. Gkay. | think the
same logic would apply in ternms of a faster rel ease.
So | would say for the GAP, .4, and simlarly the sum
of the two, keeping them the sane, | don't see any
reason to change that notion, and so this would be
1.6. And then 3 hours and 10 hours. Jim

If you want to give a dialogue, then we
will et therecordcarry that through the transcript,
and then the nunbers.

MR. G ESEKE: Well, | see two conflicting
t hi ngs, or two things going on here. One is the burn
up effect and the second is the profile, and the
di fference between the old 1465 nunbers and the new
t hi nki ng, and I amnot sure exactly where they cancel
each ot her out.

| have a feeling that with a flatter
profile that you wait | onger before things start, and
then when they start, nore is going to happen in a

shorter tine.
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So |l think if we are going to shorten it,
you don't know how nuch to shorten it. | guess | am
going to go .4 also, and sort of a whinmpy way. |
don't know any better nunmber than that .16, and add 3
and 10.

But | think that is worth a-- if sonebody
knows better than those cal cul ations, then maybe we
could get a better nunber on what that inpact of the
flatter profile m ght be, but we don't have that data
here to | ook at.

MR. BOYACK: When we were back here -- |et
me just try to capture this. W decided to |leavethis
in, but you are just going to have to deal with it in
your nental gyrations; is that basically the idea?

MR G ESEKE: Yes.

MR. BOYACK: So we didn't discount it if
| understood you correctly. Certainly that is what
Jimwas referring to.

MR, G ESEKE: Correct.

MR. BOYACK: Dana. Well, I think I would
go right along with Dave, and | woul d shorten down t he
GAP rel ease sinply to reflect the effect, and at the
expense of increasing the early in-vessel to the
nunbers | ooked good to ne. Everything else | would

| eave just about the same.
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MR BOYACK: Al right. Tom

DR KRESS: |'mthinking.

MR BOYACK: Actually, that's encouraging.

DR. KRESS: It seens to nme |ike when we
t al ked about the GAP rel ease, we tal ked about how | ong
it took to heat the fuel up to the 1200 degree failure
poi nt of the clad, and then we tal ked about how | ong
-- that is one fuel elenent, and how | ong that would
spread over the whole <core given the power
di stribution.

And | amnot sure which of those nunbers
was the dom nant one. |f you were spreadi ng over the
core with the duration of the GAP release, then a
flatter profile certainly shortens that consi derably.

If it is the heat up to a tenperature
which felt at clad, then the flatter profile doesn't
do anything for you, because it is roughly the sane
heat up rate for the hot fuel to carry.

So ny feeling is that if it was the heat
up rate that did it to you, and that is not going to
change because of the flatter profile, but because you
have a higher burn up, it will change about |ike we
change the PWR

So | would go down to the .4 also, just

because that is what we did for the PANR  Now, here we
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had sonme t hi nki ng about the fact that the higher burn
up made you start releasing earlier and rel easi ng at
alittle faster ram and thee were sone peculiarities
about where you started the early release, and with
respect to the GAP rel ease.

And we didn't exactly -- | guess we kept
the sane total of 1.8 and 1.8, and so | guess | wll
do the same and keep the same total here. And that
gets ne to the 1.6.

Sowithall this meandering around, | cane
around to the same thoughts that you guys did.

MR BOYACK: Ckay. The last two.

DR. KRESS: Wiy the ex-vessel differed
fromthe PARs than it did the BWRs, is that because
they use a different concrete?

DR. POAERS: It was because of the higher
zi rconi uminventory.

DR, KRESS: Because of the higher
zirconiuminventory? It makes it |ast |onger?

DR. POAERS: What they were thinking -- |
mean, their thinking was that the rel ease, the fission
product release is predomnantly while there is
zirconium present, and we had cal cul ati ons for plans
inthe source termcode package devel opnent, where we

were holding zirconiumin contact with concrete for
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many hours.

But on the average, it was roughly around
t hree hours. And then once you depl eted that, you had
i ncor porated so nmuch concrete in the oxide nelt, and
concrete, even when it is fairly basaltic, nature has
enough siliceous material in it that it really was
tying up the fission products pretty badly.

There were exceptions to that general
t hi nking, but they thought not too big, and so
predom nantly your rel ease is while you had pl utoni um
metal present.

And it is just longer. | nean, in sone of
t he cases, and in sone of the transient cases, where
we didn't have ADS operation, it had sone heroic
amount s of zirconi um com ng down.

And that was done w thout the Reverend
Hodge scenari os, i n which he woul d bring the zirconi um
down early, and it would do its thing, and then the
fuel would get hot and cone down.

But t hat was never taken into account. |If
you foll ow t he Reverend Hodge scenari 0os, you cone up
with a very different |ooking source term because
what happens to you when you have zirconium netal
present is you are not releasing any of the noble

nmetal, and you are just stripping the ceriuns and the
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| ant hani des out of there.

| mean, they are just ripping out of
there. The bariuns and the strontiunms are com ng out
| i ke they had no honme. |If you did the Hodge scenari o,
where you did the nmetals first, and then you did the
oxi des, you suppress the releases of the barium
strontiums, and ceriunms, and |anthanides, and you
extenuate the rel ease of the noble netal.

So it is a pretty much night and day
situation. | mean, there is no m ddl e ground between
those two, and so it is your world view on how t hese
things nelt down.

| mean, Hodge nakes his case based on t he
i dea that the core comes down, and it freezes up, and
then it reheats up. And the last nelted things cones
out first.

And he has done a pretty substantia
effort to figure out which things nelt out first, and
he | ooks at a lot of things, and what not, and you
really can't fault the general scenario.

And the i dea to use these netal s once t hey
formwll cut through the vessel head just like a
kni fe through butter, and he i s absolutely correct on
that. It just does not slow down.

| mean, it will be at termi nal velocity
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com ng through that steel. And the duration of del ay
t hat he hypot hesi zed between nelting the netals, and
then nelting the oxides, even though you have got a
| ot of heat source in the oxides.

In fact, Hodge puts too nuch of the heat
source in the oxides. He really does not put enough
inthe netal. You know, it seens to me to nake a | ot
of sense.

On the other hand, there is the map and
world view in which everything is flogging up the
channel boxes, and then it all cones down as a big
| unp.

And so you have lots of world views here
to look at, and maybe this is some sort of a
conpr om se, between those world views.

DR. KRESS: Well, given that discussion,
| amgoing to go along with the 3 and the 10.

MR. BOYACK: Okay. Now | want to showyou
sonmething. | would like to now scroll through the
tabl e, and give you a sense of what |ies before us.

MR. LEAVER. He is trying to nake a point
her e.

DR. POWNERS: Just give each one, one set
of elenents, and they do it, and everybody buys

theirs, and you are not allowed to contest them
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VR BOYACK: Ther e is ot her

responsibility, becausewi th this|arge nunber, we are
not going to be able to spend a lot of tine talking
about it. So another possibility is that we print out
the table and | et you take it over the next two ni ghts
and return it.

And what you lose is that you get your
val ues, and you don't get any of the dialogue. The
way | perceive this is that if you are going into
di al ogue, | think this is probably the rest of the
day.

And | don't think that is a bad day. |
think it is probably a pretty good day, as far as what
you get for it, because | think the dialogueisreally
quite inportant.

What this would say i s that we have about
a day-and-a-half to do the MOX, and | have no idea
about what that is, and how that will work. One of
the reasons that | would |ike to have either Charlie
or Jason here, is that for me to outline the
alternatives, and then get a little bit of help on
what product or what outconme woul d be of the npbst use
to the NRC

MR, TINKLER: | think in (inaudible) in

di sti ngui shi ng bet ween BWR and PWRs, you coul d use t he
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sane kind of |ogic.

(Mul tiple Inaudi bl e discussions.)

MR. BOYACK: Could you live confortably
with the idea of putting down the nunbers wi thout too
much cross-debat e, your individual nunbers, because --

MR. d ESEKE: | think we have talked
through all the issues related to the burn-up through
to the fuel rods thenselves, and they are the sane
fuel rods, or well, close enough here as before.

We have tal ked to the nuances there, and
the differences here, and there is only the one, the
power profile difference. And then they are just the
same kinds of burn up issues that we have talked
through as | see it.

| think the discussion would be pretty
m ni mal , and anot her opportunity here m ght be just to
take a | ook at these and see howwi | ling people are to
make a si npl e adj ust nent based on the burn up ki nd of
i ssues that we discussed before to change the BWR
nunbers that are here.

| think it mght be pretty quick to go
t hrough there, because we have hashed them all out,
and | think they are all going to go in the sane sort
of direction.

| think we can go through them pretty
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qui ckly, and on t he ot her hand, we di scussed all those
i ssues, and so it would be less of a problemto go
away and cone back wi th nunbers.

MR  BOYACK: It sounds to ne l|ike the
t hi ng t hat woul d work actually for the total, since we
really do have an end periodto finishthis off, isto
| et people take this off, and spend sone tine on it
t oni ght.

And if you have serious issues or
guestions, to conme back and we will deal with them
tonmorrow, because we can go through one of these and
give it a try, and Jim would be the first one to
speak.

So it would be real easy and see how it
pl ays out. So do you need to see what we did on the
PVWR?

MR. G ESEKE: Well, you have that there
anyway don't you?

MR. BOYACK: Yes, for the early part. So
let's givethis atry just for a nonent and see how it
wor ks. And where we go across nobl e gases.

MR. Q ESEKE: | guess to deal with this,
| would say the sane issues exist here that existed
before. W have a shorter tinme, but the end-point is

the sane, and | don't think the time is going to
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affect the rel ease.

So I would be inclined to take a | ook at
what we have here, and adjust it in a simlar fashion
to the way that we adjusted the PARs. So | woul d be
inclinedtogowthlike .07, and for all that matter,
maybe .63 that we had before.

| would be inclined to take the sane
nunbers. | don't -- you may want to play with the
details, but | don't think it is going to be a |ot
different.

MR. BOYACK: GCkay. So what | amdoing is

MR. 3 ESEKE: And then keep the ex-vesse
and in-vessel the sane.

VR. BOYACK: So for revised PWR
applicability. Thank you. ay. Dana.

DR. POVERS: .07, .93, zero and zero.
Sane- sanme, sane-sane.

MR. BOYACK: That hel ps nme actually you
will just say same-sane in witing. GCkay. Tom

DR. KRESS: Dana, would you go and say
yours agai n?

DR. PONERS: Mne are the seven, and it is
the 7 percent rel ease of noble gases in the GAP, and

both or the rest of them cone out in the in-vessel
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phase, on the theory that you pop every single rod in
that core, and it may not be 100 percent true, but |
think it is close enough.

DR. KRESS: So you have a zero for the
third col um?

DR. PONERS: Right. Right.

DR. KRESS: And we have a .3 for the PR

MR. G ESEKE: We are getting all of these
m xed up here.

DR. POAERS: | amdoi ng the nobl e gases.
" msorry.

DR KRESS: Well, that's .3 for the PR
and that is the red nunbers.

MR. G ESEKE: W are getting m xed up |
see al ready. | think I am or at least with the
nunbers that we have here. | wanted to make an
adjustnent to the BWR table and go to the .07, and
t hat woul d be .93.

MR. LEAVER: You had better put the nunber
inrather than put an "S" there, because the "S" coul d
mean one of a couple of things.

MR. BOYACK: Could you just give ne the
nunber then. Just say gap release, and give ne the
numnber .

MR G ESEKE: Gap release, .07, .9300.
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MR. BOYACK: You nean .63?

MR. 4 ESEKE: No, | am taking -- | am
adjusting the --

DR. KRESS: The question is why did we
adjust the PM\Rs to the .63 and the . 3.

MR. G ESEKE: That is a good question.

DR. KRESS: Does anybody renenber?

MR. NOURBAKHSH: Yes. It was 70 percent
(i naudi bl e) and in-vessel, because of the shorter
duration, included that in the --

DR KRESS: So, we want 5.95 or .707?

MR. NOURBAKHSH: Yes. And then in order
to (inaudible) --

DR. POAERS: Well, I'mgl ad that has been
corrected, and do you want ny nunbers now?

MR. BOYACK: Yes, because we are going to
use nunbers. Yes.

DR PONERS: 0.07, 0.76.

MR. BOYACK: Well, that's why | wanted "S"
as | can't type.

DR PONERS: And 0.17., and zero.

DR KRESS: Now, | |ike Dana's numnbers
now.

MR. G ESEKE: So now have you deci ded what

is going where and in which slot?

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

203
DR. KRESS: Yes, now that Dana has fi xed

t hat m ddl e one down there, and what he has done is
factored in the | arger fraction of the core, and so |
kind of |ike --

MR. BOYACK: Do you accept those val ues,
t 00?

DR KRESS: Yeah, | like them

MR. BOYACK: Ckay. Dave Leaver.

MR LEAVER | guess --

DR. POVERS: Actually, for the core
degradation part of it, and the relocation and
anything after that.

MR. LEAVER -- | was at .05 on the PWR,
and until there is -- well, until | wunderstand a
better basis for the .07, I will stick with .05, and
| will go with .65, because |I just don't feel smart
enough to quantify this increased power effect on the
BWR, and whet her that has any effect. And then .3 and
t hen zero.

MR. BOYACK: kay. | started with Jimthe
last time didn't 1?7 Oay. Dana.

DR. POVNERS: kay. For the GAP rel ease,
| would say with the sanme nunber. | think --

(Di scussion off record.)

DR. PONERS: Wl |, that's okay. Dave goes
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along with me on everything. So, we never argue about
anything. So, | will talk for him | think it is
. 05. The in-vessel release fraction to the
contai nnent is .30.

MR. BOYACK: 1Is this like the French to
t he cont ai nment ?

DR. PONERS: To the containment. The ex-
vessel releaseis .15, andthe late in-vessel is 0.12.

MR. BOYACK: Tomis going to ask you why

now.

MR. G ESEKE: Are you surethat's not .11,
Dana?

DR PONERS: No, . 2.

MR. BOYACK: kay. Tom

DR. KRESS: | have no reason to change t he
.05, and so I wll go with the .O05. I think in

tal ki ng about a bi gger fraction of the core rel easing
over a longer period, although we got a little bit
| onger tinme up there, and a bigger fraction of the
core, and a longer period tells ne that | amgoing to
release nore than | didin the PAR and in the PAR we
had . 35.

And | don't think it is going to be nmuch
nore, but | amgoing to go to .4. And ex-vessel is

what didn't get released, and the in-vessel was --
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well, it is going to get rel eased ex-vessel, and so |
woul d take that about .65.

MR. LEAVER  And now you have nore than

one.

DR KRESS: Well, | don't want nore than
one. Well, .6. So, what | need is how nmuch of that
was -- | am assuming gets platted out. So | still

want the 40 percent, but the fraction of the late in-
vessel in the PWR case for that was .2, and so that
woul d have neant the total release in that in-vessel
part was .55, and so if | amraising this to .4, ny
total release would have been -- if | add .2 to that,
it would give ne .6.

And there is a five on the end, and so it
is .65 and that leaves ne .35 to that one right
there. And the other one would be . 2.

MR. BOYACK: Down here?

DR. KRESS: Yes, and that should all add

up to one.

MR. BOYACK: kay. Dave.

MR. LEAVER. Hossein, if | could ask you
a question. Could you just tell us -- 1 think I know
t he answer, but tell us what it was that -- what was

t he reason why the i odi ne rel ease in the BWR was . 25,

and for the -- well, the early in-vessel was .2, or
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whatever it was. It was .25, yeah.

So for the BWR, the early in-vessel iodine
rel ease was .2, and for the PAR it was . 25.

MR. NOURBAKHSH: It hadtodoalittle bit
with the fraction and the retention in the BWR

MR. LEAVER And this was as a result of
cal cul ati ons on the average?

MR, NOURBAKHSH: Most of these nunbers
came nmostly fromthe (inaudible), and so there were
sone differences between these val ues, and
(i naudi bl e) .

MR. LEAVER  Well, we discussed at sone
| engt h on the PWR about the high burn up effect, and
we ended up with the same nunbers. So | guess | am
just not persuaded by the limted di scussion that we
have had on the BWR that in the absence of sone
careful calculations -- and maybe that is sonething
t hat we ought to be doing.

But in the absence of that, then | would
argue that the burn up effect, and the fact that we
saw no change in the PWR, | amnot goi ng to change t he
BWR nunber.

So | would nmaeke it .25. And that is the
same as the BWR nunber for the existing 1465, and t hen

.3 and . 1.
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MR BOYACK: Ckay. Jim

MR Q@ ESEKE: .05, and .35, and .2, and

MR. BOYACK: Ckay. Are we ready for a
break? Let's take a break.

(Wher eupon, at 3:06 p.m, the neeting was
recessed at 3:06, and resuned at 3:21 p.m)

MR. BOYACK: We are back, or at |east the
panel nmenbers, and there are the four of you that are
doing BWR things. Let me expose you to one of the
things that Charlie has had to say, which by way of
concept sounds pretty good, and | would just like to
pur sue that.

| f you go back to the origi nal NUREG 1465,
and you come down to this point, and then conti nue on
down, there is absolutely no difference in the 1465
tabl e between BWRs and PWRs from here on down. They
were the sane.

So, Charlie is making the point, and I
would like to nake it to you, is if there is any
reason -- and we have gone through fairly detailed
t hrough these groups here, and some of them we
finished up today.

We have partitionedtheminto sone groups,

and things |like that, but the question is would we do
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anything different with these groups for BWRs. In
NUREG 1465, nothing different was done. Wuld we do
anything different, andis there arationale for doing
anything different here.

DR. KRESS: Well, if | had any rational e,
no. | amusing the higher fraction of the core nelt,
but I would say for those down in that | evel, that the
uncertainties in the nunbers far and away outwei gh
that difference in fractions, and it probably would
say tojust wap it upintothe sane change basically.

MR. BOYACK: Okay. Well, we will cone
down to this in a fewnonments, and what | wanted to do
was give you a little lead tine to think about that.

Now, Steve, you were going to go off and
see if you could find sonebody to -- well, did you
want to try to articulate the flat core nunber four
i ssue anynore? WII it be today or tonorrow?

MR. TINKLER  To introduce it on Friday

af t er noon.

MR. BOYACK: Yeah, you can go ahead for
Friday afternoon and that will be fine. | won't be
here.

MR. TINKLER M either.
MR. BOYACK: Steve was going to see if he

could find sonmebody to articulate the condition that
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t he power uprates, in and of thensel ves, have resulted
in flatter profiles. These cores have had flatter
profiles in sonme tinme, but he power uprates have not
substantially changed the profiles across the core.

DR KRESS: That's news to ne.

MR. TINKLER: | amnot vouching for that.
| am trying to find sonebody who actually knows
sonet hing about this. The point was that if that
turned out to be accurate and defensible, then they
wanted certain individuals to sit at the end of the
table in a white shirt and no coat, and to just have
that information

DR. KRESS: | would love to have that,
because we have been revi ewi ng BWR power uprates for
constant pressure power uprates, and what they do is
t hey mai ntai n the tenper at ure channel the sanme so t hat
t hey don't exceed t he 2200 degree figure of nerit, and
desi gn basis cal cul ati on, and so that neans that the
hi ghest peak power is the sane.

And | don't see that you can do anything
elsetoflatten the profile, and either one direction
or the other, and | guess you could flatten it across
the length of the core.

MR LAVIE: What isthedifferencethat it

makes, because even (i naudi bl e) boiling water reactor,
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t hey change their flux patterns throughout the cycle.

And i n Westi nghouse cores, the nove rods
and banks, and GE cores, they don't. At the nuclear
sites, the (inaudible) cell has too rmuch burn-up, he
will pull a rod, and counterbal ance that sonmewhere
else in the core by withdrawi ng the water.

So throughout the <cycles, they are
changing their flux patterns, and maintaining a
somewhat equal burn up. So what | amtrying to raise
is that | don't think the percentage difference on
source terns due to power uprates is that nuch
di fferent than what they have al ready experienced by
changi ng the flux around.

| think the effect we are looking for is
going to be buried inthe noiseis what | amtrying to
raise. And not that the flux isn't flatter. You're
right.

In order to maintain a constant steam
pressure, and get an increased anount of steamfl ow,
t hey have got to get nore steamcomng fromthe core,
and wi thout al so changing the critical heat fl ux.

MR.  TI NKLER: So if you find sonebody
tomorrow, we will let themcone in and talk a little
bit nore.

DR. KRESS: There are two things | would
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li ke himto tal k about, and they are how nuch flatter
inthe radial direction the profile is for uprates of
20 percent for BWRs, and if you go to extended power
burn-ups, what fraction of the core is goingto goto
t he higher burn-ups conmpared to PWRs. Those two
numbers | think I need to factor into ny thinking.

MR. LAVIE: The way that boilers tend to
do this is that they mess with the recirc punp fl ow,
and with the recirc punp flow, they nove the axial
fl ux around.

DR. KRESS: | am not adverse to saying
that noving the axial flux doesn't affect the source
term In fact, | think it very well could. | don't
know how actually it noves it, but --

VR. LAVI E: Vel |, plus the wvoid
coefficient, and it increases the flow of the recirc
punp, and changes the void coefficient.

DR. KRESS: Whi ch neans t hat hi gher up you
have | ess power and nore now, which tells ne that you
are going to start setting up the steamzirc reaction
at a lower level in the core than you did before.

| don't know how to factor it in, but I
thinkit is goingtoinclude affectingthings, evenif
it is the axial profile.

MR. LAVIE: Once you have had the trip,
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the void coefficient is going to be relevant. The
power noves to zero.

DR. KRESS: Yes, but the decay heat | evel

MR. LAVIE: The decay heat isn't going to
change (i naudi bl e).

MR. BOYACK: These are the two questions
t hat you asked and were stated up on the board here.
Okay. Good enough. Let's do al kali nmetal s then, and
so who did | have stat last? Do you guys renenber?

DR. POAERS: |I'mready to start.

MR BOYACK: Ckay.

DR. PONERS: Ckay. 0.30 -- and this is
the GAP release, and this is 0.05. And 0.30, and |
think this next one if nenory serves is the in-vessel
phase or ex-vessel release, 0.10.

MR BOYACK: | can turn it back

DR. POAERS: And 0. 22.

MR, BOYACK: Ckay. Tom

DR. KRESS: 0.05, andif you will give ne
a second so | can mani pul ate the nunbers like I did
bef ore.

(Brief Pause.)

MR. BOYACK: If you are waiting for ne, |
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DR. KRESS: Well, I aminclinedto make ny
nunbers for that line exactly the same as the
hal ogens.

MR. BOYACK: The sane as what?

DR. KRESS: As the hal ogens.

MR. BOYACK: The sane as you had for the
hal ogens?

DR KRESS: Yes.

MR. BOYACK: Okay. David Leaver

MR. LEAVER Okay. | don't -- on the
basis of the fact that we did not increment the
rel ease fractions with the PAR, | see no basis for
changing it for the BWR

So | would rely on the 1465 cal cul ati ons

t hat gave these nunbers. And so it would be .05, .2,

.35, and .1.
MR. BOYACK: Did | get that right?
MR LEAVER  Yes.
MR. BOYACK: kay. Jim
MR G ESEKE: .05, .25, .3, .1.

MR. BOYACK: Ckay. Now, we are to the
poi nt where we ask oursel ves the questi on about since
t hese groups were the sane in 1465 for telluriumdown
to | ant hani des, do any of the panel nenbers perceive

that there would be changes between the extended
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applicability of PWR cables and the extended
applicability of BWR cables for these paraneters?
DR PONERS: Yes.
MR. BOYACK: Okay. Tom telluriumgroup.

DR. KRESS: Well, | want to hear data on

MR. BOYACK: Ckay. We could do that
Now, |et me ask another question. Are we going to
want to create these subgroups as we did before, too?

MR. LEAVER. Probably so.

DR. KRESS: Yes. | thinking that they
shoul d be exactly the sanme for BWRs.

MR. LEAVER O herwise, youwll runinto
t he same probl ens of running into the same groupi ngs
as before.

MR. BOYACK: Ckay. Dana, would you hold
up on your thoughts.

DR, POVERS: Are you ready for the
nunmber s?

MR. BOYACK: Well, | think the first thing
he asked was what was goi ng to happen i n general, and
a question about what.

DR. PONERS: Well, it goes sonmething |ike
this. | believe that the core degradation process

withinaBWcoreis substantially reducingthroughout
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t he process, because we have got a lot of zirc, and
you have got to get rid of the channel boxes, and
t hings |ike them throughout the incident.

| thinkthat has the ef fect of suppressing
t he noble netal release, and | think the PHEBUS dat a
are not reliable for the noble netal release in this
case, because eveninthose tests where they attenpted
to have a period of reducing conditions, those
reduci ng conditions were very brief.

And the noble netal release probably
occurred when the test was at high tenperature, and
very oxidizing. | believe that things bet very high
temperature in the BAR, but they do not get oxidi zi ng.

On the other hand, that is going to
accentuate the rel eases of the cerium and | ant hanum
gr oups. So the things that we were discussing in
connection with those groups just are not applicable
here. So | can't take the PWR extended applicability
tables and just plug themin here.

MR. BOYACK: Are there any other coments
on that particular view, because it seens to ne that
some of these things that | amthinking of, in terns
of downstreamof the docunent, andif | pull sonething
i ke that out, | would like it to represent nore -- |

would like to know that it is not just one pane
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menber's view that the others either have held forth
on the view or not.

DR. KRESS: | am not sure about the
reducing or oxidizing conditions in the gas stream
i nfl uences the rel ease fromthe fuel, and | see howit
m ght influence the chemi cal formthat actually gets
out of the fuel and it gets transport ed.

And maybe Dana could coment further on
this, because | think it is nore the oxygen potenti al
within the fuel itself that determ nes the kind of
speci ation of fission products. And | can't see that
reduci ng your oxidizing conditions in the gas stream
is having a strong effect on that.

DR. PONERS: Well, | think you are clearly
correct when we tal k about the early in-vessel rel ease
fromthe fuel. But we subsequently have to di scuss
what goes on in the piping systemto really gain
nunbers to the contai nnent itself.

And there is some effect -- andit usedto
be a pretty profound effect, because you had just a
| ot nmore as zirconium w apped around the fuel rods,
and nowthe BWR fuel s are beginning to |l ook alot |ike
PWR f uel .

And you are probably right about the

release fromthe fuel itself, and it is difficult to
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see how you communi cate. It does communicate, but it
has to conmuni cate through a clad, and the gas just
does not conmuni cate to that cl ad once t he cl ad begi ns
to di sappear, and then things becone nore profound.

So | suspect -- | mean, what | amgoing to
give you are nunbers for tellurium that |ook nuch
nore |ike the older values of tellurium because |
t hi nk you do get caught up in the netals there, and
that you don't get species.

And even if you get tin tellurium El wck
and Wl lette did some experinents in whichthey | ooked
at tintellurateinteractingw th stainless steel, and
they found out that it did. It's deposition velocity
was alittlelower, substantially lower thantellurium
netal itself, but it did interact.

And it was driven primarily because the
tin wanted to go into the grain boundaries on the
stainl ess steel. So | think the net effect for
telluriumis to look rmuch |ike the original value,
even if the release is substantially -- still |ooks
|'i ke the original value.

Bari umand strontium again probably the
rel ease fromthe fuel prevails on fuel oxidizing unti
you get thecladinteractingw th the fuel itself, and

then you get this m shmash com ng down.
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And then you are punching barium and
strontiumout. W have these incredibly | ow val ues
here in the table for the ceriumand | ant hanum whi ch
just are not bearing up, and for fairly oxidizing
tests. | nean, relatively speaking, oxidizingtests.
So | think we have to bring them up.

MR. BOYACK: Okay. So would it helpif |
had Dana gi ve his values, and then continue on?

DR KRESS: Yes.

MR.  BOYACK: kay. So we will break
pattern here, and Dana, we are on the tel |l uriumgroup.

DR POWNERS: The GAP rel ease is . 005, and
agai n that was because we felt the high burn up, we
were going to start getting a little inventory out
i nto the GAP because of the high burn up that covers.
So, .06, and .25, and .O1.

MR. BOYACK: So, .06, .25, and .O01?

DR POAERS: Right.

DR KRESS: And that .01 is -- you don't
think very nmuch of tellurium flattened out or is
rel easable once it gets flattened out?

DR. POAERS: Well, you could put alittle
bit of tellurium-- well, of the telluriumthat is
rel eased, about half of it goes on to the piping

system and then when we subsequently expose it to
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flow, some of it vaporizes off.

| really don't know how nmuch vaporizes
of f, but again | think we need -- we very nuch need to
get theresults of the revaporization experinents from
the PHEBUS program so that we can understand how
t hi ngs revapori ze.

And we really never explored that issue.
We have explored it in a conputational sense, and
verily, even at the relatively reducing atnospheres
that you have in many of your boilers, and not
strongl y oxi di zi ng anyway, but those that are i nerted,
still are inerted to the surfaces, and they are very
oxi di zi ng.

And of course the Mark I1lls are not
inerted at all once you break the drywell/wetwell
boundary. But we don't know how nmuch gets rel eased,
and so all | amreally reflecting in that one percent
value i s a sense that you wi || get sone revapori zation
of the deposited materi al

DR. KRESS: Gkay. AmI| next then?

MR. BOYACK: Yes, you mght as well.

DR KRESS: | like Dana's tal k, and that
power burn up will give you sone telluriumin the GAP,
and I will gowith his .005. The .06 to ne reflects

an effective burn up on the old nunbers that we had
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for BWRs, and so | would go with .06 there.

And .25 is fine, and the .01, and so
basically | agree w th Dana.

MR, BOYACK: Davi d.

MR. LEAVER  Yeah, .005, and we did use
t hat non-zero nunber for the PWR right?

DR KRESS: Yes.

MR.  LEAVER I was waffling on the
telluriumfor the PAR, or otherw se | thought it was
i ncreased rel ative to what was i nthe original 1465 on
t he basi s of recent test data, and t he parti cul ar FPT-
1. | thought the nunber .3 was too high.

And | guess a nunber nore like .1 would
have been what | would have used for a PWR and
perhaps the nunmbers lower for a BWR as Dana is
suggesti ng because of a nore reduci ng at nospher e above
the core in the RCS

But I don't -- | guess | can't -- it is
hard for me to sit here and di stinguish these effects
wi t hout havi ng t he benefits of sone cal cul ati ons, and
so | would say for the BWR that you use the sane
nunber, is what | would have used for PWR which is
1.

MR, BOYACK: All right.

MR LEAVER: And | woul d use .25 and . 005
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for the next two.

MR, BOYACK: Jim

DR POVERS: Let me coment that |
personal |y do not vi ewDave' s nunber as different than
ny numnber .

MR, LEAVER | couldn't disagree with
that. It is awfully hard to claimthat you know --
well, | guess it is just a judgnent call.

MR. BOYACK: And | wasn't disagreeingwth
you so much as to say that | just don't feel
confortable saying that there is a significant
di fference between the PWR and the BWR rel ease in the
absence of a lot nore study, and in particular sone
cal cul ati ons.

MR. NOURBAKHSH: The question of whet her
that 25 percent (inaudible) reduction or Iline of
thinking that you had before with the (inaudible)
vessel in the transient. How much of it. That
tellurium ex-vessel right now is 25 percent of
transient or --

DR POVERS: Nearly all core concrete
i nteraction.

MR. NOURBAKHSH: So thisis different than
PWR? PWR is (inaudible).

DR. POAERS: Yes, that's right.
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MR BOYACK: Ckay. Jim

MR G ESEKE: .005, .05, .25, .O01.

MR. BOYACK: Okay. W are going to nove
now to bariumstrontiumw th Tom

DR. KRESS: | don't have any basis for
really differentiating the barium strontium between
PWRs and BWRs, and so | would go with the same nunbers
t hat we have had previously with strontium

MR. BOYACK: So this is PWR (inaudible);
is that right?

DR KRESS: \What did we have for BWRs
bef ore?

DR. PONERS: Two percent.

DR. KRESS: The sane line? | think it was
t he sane nunbers down there.

DR. PONERS: Well, you had two percent in-
vessel .

DR KRESS: The sane as the PWR

DR POWNERS: Yes, the old ones were.

MR. BOYACK: We didn't change t hemwhen we
went through this process of expandi ng applicability.

DR KRESS: Those are PWRs, and the
guestion was were the old BWRs the same as these two
nunbers. And if they are, | don't have any reason to

change themsince we didn't change themfor the PWRs.
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MR. SCHAPEROW It is right after the word

strontium and it gives you the old rel ease fractions
of .02, .1.

DR. KRESS: No, | think those are the new
PVWRs.

MR. BOYACK: They are.

MR. SCHAPEROW Oh, they are? |'msorry.

DR. KRESS: M thinking was that on sone
of these others, the release fraction is higher up,
and | factored in the fact that | still think the
flatter core profile gives ne a bigger fraction of the
core nelt.

And by rights then, | ought to factor that
into these nunbers here for all these here, and |
ought to factor that intoit, but like | said before,
that factor is going to get lost in the uncertainties
in these nunbers.

And | amwlling just to go with these
nunbers that we got from the PWR at that |[evel,
because | don't think that I can nentally factor in
that level of difference, and that is like a small
percentage difference conpared to the order of the
magni tudes in the uncertainties here.

Sol amwlling just to go with the sane

nunbers for BWRs, because | don't think | can
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differentiate.

MR. BOYACK: Ckay. Dave.

MR. LEAVER | would agree with what |
think Tomsaid, whichis if it is the sane wi th what
we decided for the PWR

DR KRESS: Yes.

MR. LEAVER Ckay. Right. | agree with
t hat .

MR. BOYACK: | amjust going to use this
PWR EA for period extended applicability. Jim

MR G ESEKE: Sane.

MR, BOYACK: Dana.

DR POAERS: Well, when | sat down and did
ny cal cul ati ons on these nunbers, | actually came up
with a little higher in-vessel release, but it is
. 024, as opposed to .02, and | hardly see a reason for
changi ng that.

So | amthe sane across until we get to
the late in-vessel release, and then |l get tothe late
in-vessel release, and | think -- well, what |
cal cul ate is about one percent of the core inventory
of barium and about .1 percent for the strontium
revapori zing of f the surfaces over the 10 hour peri od.

So there is a substantial difference

bet ween bari umand stronti umon revapori zati on of f the
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surface, both of which are different than the zero.
So | have integrated that together by sayingit is .01
for the late in-vessel release.

MR BOYACK: Al right.

DR. PONERS: And again | wll enphasize
that it is strictly a theoretical construct on ny
part, and that needs to be substantiated by an
experinment, and | ambasing it on the volatility of
bari um urinae and strontiumurinate.

And on the other hand, if it is barium
zirconate, and strontiumzirconate, the revaporization
fraction is in the mnuscule |evel.

MR. BOYACK: (kay. Let's nove on. Now,
t he noble nmetals, that's where we started bi furcating
isn't it?

MR LEAVER  Yes.

MR. BOYACK: Bifurcating nmay not have been
the correct word.

MR. LEAVER. O trifurcating.

DR KRESS: That sounds |ike --

DR,  PONERS: And you mght want to
consi der here whet her you want to do the bifurcation,
because one of the reasons for bifurcating originally
was in contrast to the original PAR we were seeing

evidence of alittle higher rel ease fractions for sone
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of the noble netals and sone distinctions between
nol ybdenum and rutheniumin particul ar.

Here in this relatively reducing
envi ronnent that we are going to have, | suspect that
you are not goingto see that relative volatility, and
whet her you want to change these noble netal rel ease
fractions substantially, if you don't, then you may
not want to bifurcate here.
| know that | am not going to bifurcate.

MR. BOYACK: You are going to do what?

DR. POAERS: | amnot going to bifurcate.
| do not want to run across or run afoul of the | aws
of the home state, or of the former Vice President.
What were the old nunbers?

DR. KRESS: The nunbers that we bifurcated
for PWR

MR. BOYACK: This is noble netals, right?

DR. KRESS: W had noly, and technetium
as one set, and rubi di umand rhodi um and rut heni umas
another set. And the reason that we have different
rel ease fractions for those i s because -- | amtrying
to figure out the oxidation rel ationship.

DR.  POVERS: Well, what you have to
understand is that we have the VERCORS data show ng

substantially high nol ybdenum rel eases, and we have
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t he PHEBUS resul ts t hat show rut heni umnovi ng ar ound.
Al'l these tests are paraoxidizing in nature, and I
just don't think you get oxidizing conditions in the
BWR core degradation.

DR KRESS: But that wouldn't affect the
nol y.

DR. PONERS: You keep the noly down in a
netallic state, and evenif youdo it not inthe fuel,
but out in the environnment, it deposits. The only way
you can nmove nmoly around is to turn it into the
hexaval ent state.

DR. KRESS: The ruthenium rel eases up
there ook to ne |like they m ght al ready be for non-
oxi di zing conditions.

DR. POVERS: | think those releases
reflect nechanical effects.

MR. CLEMENT: Just one point. You |l ook at
t he VERCCRS, that is for ruthenium and al so novenents
in the reducing conditions. | don't understand why.

DR. KRESS: Well, noly | think cones out
produci ng (inaudi ble) in some of the data that | have
seen, but ny feeling is that the ruthenium nunbers
woul d cone up with sonething other than oxidizing
conditions already, |ike nmechanical rel eases.

And the nolys will cone out at a higher
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rate, whether it is oxidizing or reducing, based on
the information that | have seen. So | would have
kept those numbers as they are basically the sane.

MR. BOYACK: W have had di scussi ons now,
and so | amgoingtoturnit over to Dave Leaver since
he is now first on the list. | just wanted you to
have that chance to tal k.

MR. LEAVER: Well, Bernard, you said
something -- and | was just | ooking at VERCORS.

MR, CLEMENT: VERCORS 4 and 5, yes.

MR. LEAVER VERCORS 4 and 5, yes. And
four is reducing, and five is oxidizing, and t hen your
rut henium fraction rel ease is the sane.

MR, CLEMENT: Yes.

MR. LEAVER. So | don't know. These are
all really good poi nts that peopl e are maki ng, but yet
| think even for the PWR, we probably should at | east
recogni ze that one coul d get reducing conditions for
at | east sonme portion of the accident while fission
products are com ng off.

So | amnot sure, but yet in the absence
of a lot nore data, experinmental data, and/or
calculations, | just am unconfortable proposing
sonmet hing substantially different for the BWRs than

what | did for the PWR
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So | would propose the sane type of
bi furcation and the sanme rel ease fractions.

MR. BOYACK: Okay. So here would be the
PWR, and so | would go to the PWR table for David
Leaver, and | would pick out the same val ues.

MR. LEAVER. Right. | would al so just add
the point that | have or | believe that 1465 was a
very wel | docunented study, and while it is certainly
easy in hindsight to say we could have done this or
coul d have done that, thereis a well-docunented basis
for saying the PAR and BWR rel ease fractions are the
sane once we get down bel ow t he hal ogens.

And that is wthin the uncertainties, and
| find that to be somewhat persuasive here, in terns
of the concept of making themthe sane.

MR BOYACK: Ckay. Jim

MR. G ESEKE: Well, I find myself in about
the same position as the others with respect to the
PWR that | put down there.

MR.  BOYACK: Ckay. | want to rem nd
nyself that | am doing sonmething general, and | am
doing it on a name basis. Okay. Dana.

DR. POAERS: 0.0025; and 0. 0025; and zero.

MR BOYACK: Tom

DR KRESS: PWRSA
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MR. BOYACK: Ckay. Good. The cerium

group, and it turns out to be you, Jim

MR G ESEKE: | amgoing to go with the
sane | ogi c again. | can't see any reason for changi ng
beyond what we have tal ked about. So | will go back
to PVWRSA

MR BOYACK: Dana.

DR. PONERS: Your see, your definition of
PWRSA i s the extended applicability table?

MR. LEAVER: If you go back on a nane
basi s and pi ck out the sanme val ue fromthe tabl es t hat
we gener at ed.

DR POVERS: Okay. | believe | could
probably live with PWRSA.

MR BOYACK: No matter how it is
pronounced. Tom

DR KRESS: PWRSA

MR. BOYACK: You didn't get nmuch tine to
ponder this one, Dave. It cane back real quick.

MR. LEAVER. | amall right with that.

(Di scussion off the record.)

MR. BOYACK: kay. The | anthani des, and
Jim you were the last one. | really amgetting --

MR G ESEKE: | did the |ast one.

MR. BOYACK: Ckay. So it is Dana.
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MR GESEKE: But | will dothe first if

DR. PONERS. Zero. You can give it to

| bet he doesn't agree with nme on the next

MR. BOYACK: And it is?
DR. POVERS: Zero, 0.01 and zero.

10 to the mnus third, but | think that is

cl ose enough to zero.

MR. LEAVER: Brent, could you put up the

PWR tabl e for a second for | anthani des.

(Brief Pause.)

MR. LEAVER: | sit possible to print that

just so we could | ook at that? | guess we don't have

a printer here do we. Never mnd. That's all right.

Never m nd.

MR. BOYACK: | amgoing to give hima 3-

1/2 inch floppy this time that has all this stuff on

it.

PWRSA

(202) 234-4433

(Si mul t aneous di scussion inaudible.)
MR, BOYACK: Ckay. Wiere are we?

DR. KRESS: | think we are down to me.

MR, LEAVER  PWRSA.

MR BOYACK: Head nod.
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MR. G ESEKE: W are getting | azy and not

t al ki ng.

DR. KRESS: What table is this? Is this
MOX?

(Si mul t aneous conversation i naudible.)

MR. NESBITT: Qur intentionis to ask for
regulatory burn up limts of the maxi mum of 50, 000
megawatt days per ton basis, and the average burn up
we woul d anticipate woul d be about 43 or 44.

MR. LEAVER:. |s that pretty nuch the sane
as your existing core?

MR. NESBI TT: The existing core is a
little bit higher than that, and is in the range of an
average assenbly burn up.

MR LEAVER Well, | stand corrected.
They are the --

DR. KRESS: Well, we don't want to factor
in high burn up and MOX at the same tine.

MR NESBITT: That's right.

DR. PONERS: Actually, I don't think they
really want it. They take too high a burn up because
t hey just create nore plutoni umthan what they burn up
and they do that; and once you get over above 20 or
25, 000, you have got the isotopic m x addressed.

MR. LEAVER \Which is the whol e point, |
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guess.

DR. PONERS: Yes, and that is all that you
are acconplishing. 1In fact, a lot of the GCak Ri dge
Cal cul ations -- and | amsure that Ed Lyman will be
glad to point out to us tonorrow that you end up
maki ng pl ut oni um

MR. BOYACK: Okay. What | did was that |
tried to go through Steve Nesbitt's presentation | ast
time, and see if we could get the characteristics of
the MOX fuel down that we are going to use in conmmon
as a panel .

So feel free to correct anything that |
have got up there, and | think that you had gone
t hrough this, Jason, and | ooked at little bit at this,
t 0o.

But as | was goi ng through this, there was
i nformati on on pellets, which were five percent with
nol ybdenum wi th approxi mately 95 percent conpl eted
ur ani um oxi de.

The reactor grade plutoniuminformation
wasn't any U.S. It was all European that was |isted
in the guides, and it was 60 percent, Pu 239, and
somet hi ng greater than 20 percent Pu 240.

The cladding was M5, and the field

assenbly was identical to snmall and enriched urani um
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except for the fuel pellets.

MR. NESBITT: On the plutonium it is a
little confusing, because that was the European --
what we call the plutoniumisotopic vector, but that
is not what was used.

MR. BOYACK: Wuld you tell me what we are
proposi ng to use?

MR. NESBITT: Yes. It is about 93 percent
of Pu 239, and about 6 percent Pu 240.

MR. LEAVER It's what you are going to
get, right?

MR. NESBI TT: Right. W are going to use
what we get. And that is it in round nunbers.

MR. BOYACK: This may have been in the
presentation.

MR. NESBITT: | don't think | put that in
t he presentation

DR POVERS: What do you think the
anericiumis going to get --

MR. NESBITT: It is going to be polished
shortly before the fuel is fabricated to renove
impurities and that will inprove the americiuns, and
the americiuns would be the trace |evel

Therewill bealittle bit of decay inthe

(1 naudi bl e).
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DR. PONERS: How nuch per gallon do you

think they will get out?

MR. NESBI TT: Supposedly down to PPB
| evel s.

DR. POAERS: How nuch do you think their
quality control is going to ensure that that is the
case?

MR. NESBI TT: To be quite honest, | don't
think it matters whether you are PPB or PPM

DR. POAERS: How about one percent?

MR. NESBI TT: One percent would be a
little high.

MR. BOYACK: So the fuel assenblies
t hemsel ves were identical to LU?

MR NESBITT: Yes.

MR.  BOYACK: And the cycle length was
about 18 nont hs?

MR. NESBI TT: Ri ght.

MR. BOYACK: And then we had a typical, a
maxi mum and a limt on the burn up per day.

MR. NESBI TT: The confusing part there is
that typically it will be in the low40s, and I would
say probably nore |i ke 42 based on the way the cycl es
are, on an assenbly basis.

MR. BOYACK: COkay.
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MR. NESBI TT: But you coul d get sone on an
assenbly basis on about a 4 to 6. The absolute limt
on 10 days is (inaudible).

MR. BOYACK: Ckay. Thanks.

DR. POVWERS: Well, one of the critical
i ssues that will be discussed at nauseating length in
connection with this fuel is the plutoniumparticle
size distribution.

And DOE has cone in and specified a size
distribution that seens to allow sonme pretty big
parti cl es.

MR. LEAVER  Are you tal king about the
fabricated ones?

DR PONERS: Yes.

MR, NESBI TT: It is not really exactly
wi despread. DOE doesn't have anything to do with the
specification on the part of the size, or any
i mportant fuel -- they are not a player in that gane.

W are using essentially the Framatone
specifications, and which is identical to what is
bei ng used for European reactor MOXs. W use the sane
speci fications.

Patrick Mul tan presented sonme i nformati on
| ast tinme that showed sone of the actual particle size

di stributions fromtheir fabricating experience, and
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that i s what we woul d expect to see since we are usi ng
t he same manufacturing process, in ternms of the sane
pl ant .

MR CLEMENT: (Il naudible) two sizes.

MR. NESBI TT: Ri ght.

MR.  BOYACK: Are there any other
paraneters that you would |ike to have captured?

MR. LEAVER Is that 40 percent nunber
right? 40 percent MOX fuel assenblies?

MR. NESBI TT: That i s based on our current
core designs, and we woul d see that as a maxi num And
what that neans is that we | oad actually nore than 40
percent MOX fuel assenblies in each batch

And for a batch of, say, 80 assenblies,
you m ght see 36 MOXs, 44 uranium assenblies for a
given reload, but we are planning to run the MOX
assenblies in tw cycles, and we wll uranium
assenblies, some of themin three cycles.

MR. LEAVER: So are you really going to
have 40 percent MOX assenblies throughout the core?

MR. NESBI TT: In the core, yeah. In a
gi ven batch, it m ght be nore than 40 percent MOX. |
guess | would like to make a point here that was
mentioned earlier, or cormment on sonething that was

menti oned earlier about a third of the fuel in the
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core being hot burn up at one point in tine.

The reality in our current core design
schene i s that we di scharge nost of our fuel after two
cycles, and people don't realize that typically, but
for at least for our four Westinghouse pressurized
water reactors, we use the discharge, and we | oad
about 80 per batch.

We have got 193 in the core, and you do
the math on that, and you only run 33 of themthrough
thethird cycle. Sothereisreally |ess high burn up
fuel in the core in any given point of time than you

m ght think than just a single third, third, and

t hird.

MR. LEAVER  And you are on an 18 nonth
cycl e?

MR. NESBI TT: An 18 nonth cycle.

MR. LEAVER: And | don't have the data to
prove it, but | would speculate that nost of the

simlar plants in the country are running 18 nonth
cycles and doing it pretty simlar to the way that we
are. |If you go to other reactor types, |like BWRs, |
have no knowl edge and won't specul ate.

MR. BOYACK: The objective of this
particul ar portion of the activities is just to get a

common set of characteristics with regard to a MOX
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core. Is there anything else that needs to be
capt ured?

MR. CLEMENT: Yes, nmaybe one. The
radiation followup also. If you will renmenber what

you presented last tine, and | don't renmenber if it
was you - -

MR, NESBI TT: VWll, | brought all the
i nformati on that we presented last tinme, and so if |
don't remenber it, | can look it up

MR.  CLEMENT: If you will look at gas
rel ease, and with burn up, or sonething like that, and
t he dependence wi th t he maxi num (i naudi bl e) power and
(inaudible), and this could also be a piece of
i nf or mati on.

MR. NESBI TT: That was brought out, |
think, in Patrick Miultan's presentation.

MR. CLEMENT: Yes, he gave a presentati on.

MR, NESBI TT: And that showed the
predi cted nodel s and data for fission gas rel ease and
there was a bunch in the burn up, and al so a bunch in
t he power, and that was the key point that hetriedto
make, that the biggest driver for the MOX fi ssion gas
release is not that it is MOX

It isthe fact that because it i s MOXt hat

it has a different power history for higher burn up,

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

240

or excuse ne, higher power than for higher burn up.
| don't think you can capture that on just one |ine on
your slide.

MR. BOYACK: Maybe not .

MR LEAVER But he is going to try.

MR, NESBI TT: Al though | wll just
conplicate it alittle bit and say that | think that
i s probably nore applicable to the French core design
approach, and their hybrid core managenent approach
that they use than it would be for the one that we are
pr oposi ng.

And that is a question that I will |ook
into alittle bit tonight and get sone data back on
that for you

MR. CLEMENT: It depends on the core
managenent, of course.

MR. NESBI TT: Ri ght. | think the fact
that we are going to withdraw our MOX after two
cycles, and we are really not going to run any of it
inthe exterior core positions, and the one core power
position, means there won't be that nuch of a
di ff erence.

MR. LEAVER: |s that going to be part of
your |icensing basis, that you will only run the MOX

assenblies for two cycl es?
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MR. NESBITT: Well, we are proposing the

limt on maxi mumfuel pin burn up of 50,000, and that
will alnost effectively require that we only run it
two cycl es.

MR. LEAVER Ckay. So the limt is the

50, 000?

MR, NESBITT: Yes, the limt is the
50, 000.

MR. LEAVER Is it fair to say while we
are on the subject here -- | have a copy of M.

Lanpl an's (phonetic) presentation and there is a
fission gas release as a function of burn up for U02
and for MOX, and this is based on EDF data, where
guess just surveying spent rods.

And it looks like if 1 am able to
di stinguish these dots, that you see up at around
50,000 that you are seeing for UO2 that the nunbers
may be as high as 2 or 2-1/2 percent.

And for MOX it is like a factor of two.
Is that a fair characterization of that in your m nd?

MR. NESBI TT: Do you have a page nunber on

t hat one?

MR. LEAVER: There is one, but | can't
read it. It is about three-quarters of the way
t hrough, and -- well, I will show you. This is the
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one.

MR. NESBITT: | think that is an accurate
characterization, and if Patrick was here
-- and he is nore of the expert than | -- he woul d say
t hat effect agai n goes back nore to the power history
and the higher powers at the burn ups of 40,000 or
above, than it does for the fact of the MOX

Now, M. C enment may have a comment t hat
he may care to meke.

MR CLEMENT: It could be both.

MR NESBITT: Yes.

MR. CLEMENT: Because you may have hi gher
power, but also you have a nmuch higher |oca
(i naudi ble) -- at the sane power.

MR BOYACK: Ckay. Anything else? MOX
assenblies typically to be w thdrawn after two cycl es?
NO.

MR.  d ESEKE: Are you citing any
di fferences between --

MR CLEMENT: The last line is nore
difference. The first lines are characteristics of
the MOX are to be used, and the last one is a nore
general statement fromdifferences between MOX fuel
and | ow enriched uranium fuel.

VWhat woul d be an i nteresting
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characteristic throughout, and not for our neetings
now, is just to state that it depends on the core
arrangenent and the core history of each MOX

MR. NESBI TT: We have some i nformation on
the proposed fuel managemnent and the fuel
qualification plan, which | amtrying to renenber if
this conmttee or group got a hold of that or not.

W provided it to the NRC, but | don't
know i f you all were distributed that docunent.

MR. CLEMENT: W were distributed one
docunent about assessnents, but it was not quite -- |
am not so sure it was related to exactly what is
foreseen in the reactors (inaudible).

MR d ESEKE: Have we resolved all the
guestions relative to the oxidation -- surface
oxidation on Mb relative to the other findings? There
was i nformati on to be gathered wasn't there about the
intersurface oxidation? | am trying to renmenber.
Does anybody renenber that?

DR. POVNERS: The maj or controversy was at
what |evel of oxidation do the zirconium niobium
alloys enbrittle, and there was or has been a report
from an investigator in CGermany, | think, who was
arguing that they enbrittle at | ower oxidation | evels

t han the 17 percent that we all owfor a LOCA acci dent.
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And it was presented information that was
not the case, and Ral ph has a program where he is
having to investigate it, and it is like a lot of
t hese mechani cal properties, that alittle bit depends
on the technique we use to neasure it.

And the German investigator was using a
techni que that is thought to give | ower enbrittl enment
results than what nost other people use, and the
regul ati ons specify exactly what you are supposed to
use, and he was not doing that.

So now Ralph is looking at it, and ny
perception -- and w thout having heard any final
results, is that the M5 is actually better and not
wor se. Certainly it oxidizes |less during nornal
oper ati ons.

DR. KRESS: And does it affect the GAP
rel ease?

MR. NESBITT: | believe the German data
was based on sone sanples of cladding that were
actually Russian if | am not m staken.

DR. PONERS: It was a Zirconiumniobium
al | oy.

MR. NESBI TT: Conpositionally, they were
the sanme, but in terns of howthey were nmanufactured,

and processed, it was significantly different, and
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(1 naudi bl e).

DR. PONERS: | think even conpositionally
that they were best described as simlar and not the
same. And ny perception is that Fran Adans cone back
with his data that will show that the ductility is

actually better in the Niobiumalloys thanin the tin

al | oys.

And so | don't know if the issue is
closed, but it just doesn't seemlike -- there is no
snmoki ng gun that says we have got a problem | think

the problem if it were to manifest, and there is
really very little during the source term that is
acceptance criteria for ECCS performance.

And it mght cause sone variation of
exactly where you pop the clad, but | think that is
not so crucial as whether the ECCS was acceptabl e or
not .

DR. KRESS: | think you are right.

DR. POVERS: And like | said, ny
perception of this is that there is no problemthere.

DR. KRESS: And a nore ductile materi al
may block the core worst than -- and depending on
which it goes.

DR POVERS: That could be, but the

regul ation has a pretty well described acceptance

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

246

criteria.

MR. BOYACK: Ckay. Now | can return this
back now. | just took your suggestion that | would go
ahead and characterize this as being different rather
an a MOX i nherent characteristic.

MR. SCHAPEROW The question is what kind
of reactor is going to be used? | guess that was
i mportant for some of the reducing oxidizing issues.
Is it all going to be PWRs?

MR. NESBI TT: No, our plans are to use it
in four |oop Westinghouse designs, water reactors
(1 naudi bl e).

DR KRESS: That's because of the ice
condensers, which are nost suited for MOX fuel than
the --

(Laughter.)

DR. PONERS: A nore interesting issue is
to see howthese i ce condenser plants stand up to 757s
orders wi th gasoline.

(Di scussion off the record.)

MR. LEAVER: Let ne ask a question. The
MOX assenbly would seem that it would -- that you
basically are goi ng to have a hi gher power throughout
the tinme that the assenblies are in the reactor, and

from that assenbly, versus a UO2 assenbly; is that
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right?

MR NESBITT: No, that's not true.

MR LEAVER That's not true?

MR. NESBI TT: No. And in fact, ny
anticipation is that due to sone slightly greater
uncertainties in power distribution predictions, and
things like that, they will actually have a slightly
| ower peak limt, internms of power, and FQU, and FWA,
and things like that.

But we are going to use this in a manner
-- Wwe are going to control the power of the assenbly,
usi ng things |i ke burnabl e poi sons, and core | oadi ng,
et cetera.

So that the fuel managenent with MOX is
very simlar to our current field nmanagenment with LEU
fuel. So | guess what | amsaying is --

MR. LEAVER So you are saying that the
peak power woul dn't be any hi gher?

MR. NESBI TT: Ri ght.

MR. LEAVER: But at the end -- and let ne
try and say this differently. If you are at the end
of acycle, isn't it true that the MOX assenblies w ||
have a hi gher power than a UO2 assenbly woul d t hat has
been in there the sanme anount of time?

MR NESBITT: And inthe sane | ocati on and
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in the same burnabl e poi son?

MR LEAVER Right.

MR. NESBI TT: Anot her way to characterize
that mght be saying that in the overall field
managenent strategy, we m ght see MOX carryi ng | ess of
t he power at the beginning of the cycle relative to
LEU and nore at the end of the cycle relative to LEU.

But all of the assenblies, of course
woul d be | ess power peaking limts.

MR. LEAVER. Right. Right.

MR. CLEMENT: That nmeans that for short
term when you | ook at (i naudi ble), you have probably
come to the end of the cycle, and at that tine you
have nore power, and the nore power you have at the
begi nning of an accident in a MOX fuel, then you
(inaudible), and this is the difference.

MR. SCHAPEROW At the beginning of the
cycle, we have |ess.

MR CLEMENT: Oh, the beginning of the
cycle --

MR. LEAVER: You wi |l have | ess pl utoni um
at the end of the cycle than you did at the begi nni ng?

MR NESBITT: Yes, less in the MOX

MR.  LEAVER And so you have |ess

pl utonium at the end, and now I am wondering --
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MR. NESBI TT: VWhen we do dose

cal cul ations, we are always | ooking into --

MR. LEAVER  You always do, and that's
ri ght, and maybe that is still the right thing to do.
But it is true that you have | ess plutoniumin the MOX
assenbl i es?

MR. NESBITT: Well, yes. W typically --

DR. KRESS: Pl utoniumdoesn't drive any of
the regulations that | am aware of.

MR. NESBITT: No, iodine tends to.

MR.  SCHAPEROW Not vyet. ["m just
kidding. lodine is still way ahead.

DR. KRESS: Well, the release rate is to
one percent, then --

MR. LEAVER And are we smart enough to --
| don't think any of us are smart enough to sit here
and doit, but if we did cal culations -- for exanple,
MELCOR.  You are pretty famliar with MELCOR, right,
Jason? You guys have done a | ot of cal cul ati ons. How

do you nodel the core? How many nodes do you have for

t he core?

DR KRESS: Not very many.

MR, SCHAPEROWN Not too many.

DR. KRESS: Actually, I think it is 3 or
4.
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MR. SCHAPEROW Not too much right now.

We only have three radial rings, and even for the
recirc it is only flow calculations. And maybe we
have between five axial --

DR. KRESS: And MELCOR doesn't know
anyt hi ng about MOX fuel.

MR LEAVER: Ri ght . So you really
couldn't calculateif thereis an effect, but if there
were an effect due to the fact that you have got at
the end of cycling we worry about the source termif
you have a higher power -- if your MOX assenbly is a
hi gher powered assenbly, you are saying that we can't
cal cul ate that?

MR. SCHAPEROW W nodel the corner rings,
and if one of the rings can be identified as a
(i naudi bl e), but I don't knowhowthey are laid out in
t he core.

MR NESBI TT: David, in the severe
accident analysis, we tell the code what greater
nucl uoride inventories are, but | amnot saying the
code --

DR. KRESS: Do you calculate that with a
nore detail ed nodel or scale?

MR. NESBI TT: Ri ght.

MR, SCHAPEROW W assune radi al symmetry,
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and | would think MAP does, too.

MR. NESBITT: So if you can anal yze that
ef fect, for exanpl e, per a given acci dent beginningin
the cycle, worst or better withinthe cycle, sinply by
| oadi ng those inventories in, and to the extent that
you have confidence in the ability of the code to
calculate the releases, then you can assess the
i mpacts fromthat.

DR KRESS: Right.

MR. SCHAPEROW We may end as hi gh as five
radial rings on a 10 axci sa (phonetic), like this did
wth --

DR KRESS: But you are never going to
capture the details that we are tal king about.

MR NESBITT: | don't think so.

MR. BOYACK: Do you feel |ike you have
enough specification the MOXto go ahead and actual ly
begin proceeding with the work of the source term
characterization? W call it extended applicability,
but it has not been done before, andsoit isalittle
different.

Do you have enough to go ahead by way of
speci fication?

DR. KRESS: Yeah, andif thereis anything

else to affect it.
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MR. G ESEKE: Did you bring all vyour

rel ease rate data in to discuss with us, Ton®

DR. KRESS: That is not a specification,
but --

MR. SCHAPEROW \When you say typical, as
typical end of life; is that what that is?

MR. NESBI TT: After two cycles, yes.

MR. LEAVER One ot her question, Steve.
| s there a substantial differenceininventory? Well,
let's just take iodine, which I know is inportant.

MR. NESBI TT: Ri ght.

MR. LEAVER: An iodine inventory in a end
of cycle MOX assenbly, versus end of cycle UXR
assenbl y?

MR. NESBITT: | think it depends on the
| sot opes.

MR. LEAVER \What | have from before for
a 131 was a radio of about 1.02 (inaudible) and a
1.74.

MR. NESBI TT: And you said that the iodine
is only about 2 percent higher?

MR. LEAVER: 131, that's correct. Krypton
is 68 percent, and --

MR. LEAVER  And rut heni um woul d be the

nost extrenme, in terns of the difference between the
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two assenblies?

MR. NESBI TT: Xenium 135, and 1.6 in MOX
(i naudi ble), and so those are the two that have a
significance, and the rest are -- and in krypton, a
much | ower rester than having the .9 to 1.1 range.

MR. LEAVER  Thank you very mnuch.

MR. NESBITT: Well, the information cane
froma calculation, but it is not a published record.

DR. POAERS: [If | amnot m staken, there
are whol e suites of cal cul ati ons done at Oak Ri dge on
bur ni ng MOX.

MR NESBITT: Yes.

DR. KRESS: And there exists cal cul ations
on these inventory differences, and | have seen t hem
but 1 have forgotten what they were. But | think they
are consistent with what he said, that only a few of
t he i sotopes changes considerably, and | just don't
remenber the nunbers. They have the nunbers and they
have been run.

DR. POVERS: | can't recall the fellow
that was in charge of that program but the same nane
shows up a |l ot on the publication.

DR KRESS: Yeah.

MR NESBITT: Trent Prim

MR. G ESEKE: If the inventory is the
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sanme, then we can identify the major differences with
what two there are, and think about what that does to
the chem stry, which may not be too big of a deal

DR, KRESS: | don't knowif the inventory
is going to affect fission product rel ease nuch.

MR. G ESEKE: What ?

DR. KRESS: | don't think it is going to
affect the release fractions of the inventory. Ve
think it is what he MX does to the too
characteristics that is going to take nore.

MR LEAVER You nean in terms of --

DR KRESS: Rel ease fractions.

MR. LEAVER Wl |, when you say what the
MOX does to the fuel characteristics, which fue
characteristics are you tal king about?

DR KRESS: The plutonium and --

MR. LEAVER VWhich is mainly going to be
a gap --

DR KRESS: Well, | am not so sure of
that. The plutoniumtends to separate itself fromthe
uranium and hang out on the edges of the uranium
grains, and from the standpoint of how nmuch of the
fission products are borninthe plutonium versus the
regular plutonium there nmay be a distribution

di fference of where the fission products resideinthe
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fuel .

And that distribution could have taken a
rel ease fraction, and that is one of the things that
has been specul ated to have affected the reactivity
insertion accident, and just where the fission
products reside in the fuel.

MR. LEAVER: And when you say where it
resides, you are talking about wthin the fuel
pellets, and residing let's say at the edge of the
pellet, versus at the center?

DR. KRESS: Wthin the grains that make up
the fuel pellet.

DR. PONERS: And in LEU, you have | ots and
| ot s of intragranul ar bubbl es, and t hey are very, very
tiny. And with this grain --

MR. LEAVER Intragranul ar?

DR. PONERS: Wthin agrain, and what | am
t al ki ng about i s when you are burningthe fluteitself
to get a corona about around it, and where those
bubbl es may no | onger be behaving |ike gas bubbl es.

And so you put power inpulse into them
and they want to expand rather than just redissolve.

DR, KRESS: But | don't know if that
affects the fission product release for LOCAs, as

opposed to Rl As.
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DR. PONERS: Well, | think what you give

with the data on that is that you affect the rel ease
rates.

DR, KRESS: Well, | think with respect to
the mobility of the stuff in the grains and stuff, and
that goes into the rate, and maybe feeds the rates
back into the overall integral anmount, because you
have got a fi xed tenperature profile, and so the rates
will affect the total anpunt of rel ease, which goes
back to the fractional release.

And so | would have to see sone data
before I can figure out how nuch --

(Di scussion off the record.)

MR. LEAVER: Intheinterests of tryingto
under stand t he i npact of MOX, how nuch nore pl ut oni um
or less, is there -- probably nore -- in a MX
assenbly at the end of the cycle than in a U
assenbly? Is it like a factor of two, or --

MR. NESBITT: |If you |look at a PWR fuel
assenbly, once you have burned it a couple of cycles,
you are up towards about one percent plutonium and
with the MOX assenbly, you start at an average across
all the pellets of 4.4 percent say of plutonium and
by the time you discharge after a couple of cycles,

you are down to around 3 percent plutonium
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So you are tal king about burn up in the
forties of a difference of about 3 to 1 or nore than
t hat --

MR. LEAVER. Woul d this af fect whatever it
turns out to be that you are tal ki ng about, possibly
a higher rate due to the plutonium oxide? You see
that | guess to sone degree, even in uraniumfuel at

the end f the cycle just due to the presence of the

pl ut oni um

DR. KRESS: | don't know how it would be
affected unless | see sonme data. | can't nmake a nodel
for it.

MR. BOYACK: Okay. Let's see. These are
t he characteristics, and we have a few differences.
Let nme just take a noment then and tal k about how we
m ght proceed tonorrow. In effect, thisis the table
that we have to fill in, right?

But what | think we ought totry todois
basically fill in the tables here. Let's see. W
still have a GAP rel ease here, and --

DR. KRESS: Are you going to add hi gh burn
up on the title?

MR. SCHAPEROW Yes, pl ease do. You m ght
want to add PARto that, too, because we di d have sone

different issues.
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MR. BOYACK: Let's see. PWR cont ai nnent

or PWR nodel --

MR. SCHAPEROW PWRreactor. |If the panel
agrees, we need to distinguish for sonething that we
do.

MR BOYACK: Rel ease fractions. Let's
see. | think we are retaining this word aren't we?

(Laughter.)

MR. BOYACK: |In effect, quite what happens
in these panels is that we learn as we go, and the
| ast neeting turned out to be very, very effective,
and we have used it again, which is that we basically
make these main coments, and just go and |et
everybody have their input regarding that.

And so that is what | woul d propose to do,
and | wll have these tables slightly updated
tomorrow. But basically it will be what we woul d have
Dave Leaver do, and he would go ahead and hold the
fort on the GAP rel ease.

And this happens to be the duration, and
it isthe duration part of it that we are dealing with
right here. So if that is all right, that is how I
intend to proceed.

W\ have a day-and-a-half towrk this, and

it seems to ne that it is achi evabl e, because you are
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i n such a groove now, and we may be abl e to go hone at
noon tonorrow after doing the MOX

And | watch Dana, and when he is sitting
there witing, it usually nmeans that he is doing his
cal cul ations nunbers, and so he is ready to go.
Usual | y.

DR. POAERS: |'mjust trying to understand
how we are getting rid of plutonium from the
i nventories and what not.

MR BOYACK: If you go from4-1/2 to 3?

DR. POVERS: Yeah, and if you take 60
percent of the core and go fromzeroto one, and it is
not obvi ous that we are getting rid of any plutonium
t here.

MR. LEAVER  The key is to nornmalize or
the key is to change 95 percent to (i naudible) 239 to
a mxture, which is 240, isn't that right?

DR. PONERS: Wy don't we just grindit up
and mx it then?

MR. BOYACK: One of the questions that
occurred to me as we were tal king was i f you have this
core that is now mxed with LU and MOX, and we are
| ooki ng at the source termfor this fuel, which has
this combi nation of several things, are you to the

poi nt where you are able to sort of --
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DR. POVNERS: You know what, | amgoing to

come down and say just over and over, and over again,
is that | have some vague understanding, limted
under st andi ng, of sone of the m crostructural things
t hat occur when you make MOX fuel, and | can relate
that to some of the early parts of the fission product
rel ease.

And | can say qualitatively some things
nove up and sone things nove -- al nost not hi ng noves
down, but where data start. And it seens to nme that
the real chore tonorrowis going to be where fill out
the tables fairly expeditiously as you i ndi cat ed, but
the real chore is to come down and say if you want to
do these tables right, here are the kind of data that
you need.

MR LEAVER  Yes.

DR. POAERS: And | think that takes sone
t hought .

MR BOYACK: Tom

DR. KRESS: | am going to be very
unconf ort abl e when giving the nunbers at all.

DR POVERS: | don't know what the
dat abase that we have, but | will tell you that the
dat abase that we are deriving nost of our fission

product rel eases fromhas been afairly unsatisfactory
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dat abase, and constructed very heuristically.

And there has been | ots of work that has
been done saying let's get sonme quick nunbers here,
and there was not this interaction between what the
code real |y needs and t he experi mental program which
| think has becone the normnow for these experinents.

It seens to nme t hat we ought to spend sone
time and say do these experinents, and do themthis
way .

MR.  BOYACK: Tom you started to say
somet hi ng about bei ng unconfortable with any nunbers
at all?

DR. KRESS: | have an intuition that MOX
fuels is going to give higher source terns, higher
rel ease practices. How nmuch higher? | haven't the
vaguest idea without sonme data. | just don't know how
to quantify it.

MR. BOYACK: And, Bernard, are you fairly
confortable with working through to a MOX systenf

MR. CLEMENT: | have two points. | think
we shoul d before giving values try to point out what
are the di fferences, and where we have sone i ndi cati on
where we don't as the first step for filling up tables
wi t h nunbers.

And if we feel conpatible with MOX, and |
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woul d remind you that our source term that we used
that nade our reevaluation, that a few of these
somewhat envel ope, and you have seen that from
general |y speaking, the values that you have given
during this panel.

And they are very often higher than the
val ues of the other nmenmbers of the panel. So it is
much easier to cope with the uncertainties that are
still existing for nost, and for which we need nore
dat a.

And so it depends on t he use that you nake
fromthe nunbers you put in the tables, and you accept
that there is some conservatism

MR. LEAVER: Bernard, at the |l ast neeti ng,
you tal ked about the RT test, RT1 and RT2.

MR, CLEMENT: HT1 and R27

MR. LEAVER And then HT1 and R27, which
were good conparisons for UO2 versus MOX, and they
have sim | ar burn ups and peak tenperatures. And you
sai d that you observed faster rel eases i n one, and t he
ot her the opposite, but that there was no data. |Is
there data avail able for those?

MR. CLEMENT: | don't have the data, but
there are sonme things that | could present to clarify

what was said |ast tine.
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MR. LEAVER. W are very data starved, and

so |l think it would be useful. | mean, | don't know
what we are going to decide to do here. W may not
be able to fill this table out, but there were two
VERCORS tests that were pretty good conparisons,
because everything el se was al nost the sane, except
U2 versus MOX.

MR. BOYACK: Ckay. What | have done is |
have started to create just the formof a table, which
we can sit around and tal k about, which is particul ar
characteristics of what it is with low enriched
uranium and what it is with MOX, and if this would
nmeet the data needs with the experinmental anenities
that would spring fromthat.

And | think you suggested that this woul d
be a good first step to start. |Is that the type of
t hi ng that you had in m nd, that di scussion? And then
| would try to capture sone of it on a table, and we
woul d have the transcript in addition.

But it helps if | can get a little bit
down and print a copy, and have it in front of people.

MR.  CLEMENT: Basically, the sane
information fromlast time, that maybe with MOX the
use of nore explanations. So | will say that David

that the RT1 and HT1l (inaudible), and this one is
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conparable to the RT1 test from which you drew, and
this one conparable to the HT1 from which you drew

Ckay. This one, RT2, was reducing
conditions for RT2, and oxi di zi ng condi tions. The two
fuel s were quite simlar, and you can see the results,
and (inaudible), and do you put three pellets here,
and heat them up with (inaudible), and you get
everything in the filter here (inaudible).

And t hen you have t he neasurenent on |line
on the fuel, and have you goi ng out, and neasurenents
on line on the filter, and you go get (inaudible).

There is also an inportant addition
between the two tests, and that the first one after
fuel was not (inaudible), and so you don't have the
nmeasurenents of a short life fission product. You
only have nmeasurenents of long |life, and nmeasurenents
(i naudi bl e).

The ot her one was nore greatly
(i naudi bl e), and we have nuch nore neasurenents, both
fromthe fuel and fromthe filter. Now, the two fuels
are quite simlar and occupying (i naudible), and then
oxidi zing the tests and reducing tests.

And in both cases, before conming to this
rate here, the (inaudible) oxidizingconditions, there

is a plateau i n which claddi ng normal |y (i naudi bl e).
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So the point is and which conplicates the situation,
i s that we know fuel degradation has a |l arge i npact on
short term and fuel degradation has been very
different in (inaudible).

And so in the RT7 test, in oxidizing
conditions, fuel relocation has been observed at
nearly 3000/ xel vin (phonetic). In fact, there is a
very good neasur enent of fuel rel ocation by havingthe
gamma (i naudi ble) neasuring just the top of the
pellets and | ooking at the volatile fission pellets
(1 naudi bl e).

And that is agoodindicationthat it will
relocate, and that has always been confirned
afterwards by additional exam nation. So the
t enper ature was about 500 degrees |lower, and that is
the sanme for the (inaudible).

MR. LEAVER: You naybe wer e sayi ng you get
eutectic is what you were sayi ng?

MR. CLEMENT: That is one explanation.
And the people in charge of the experinments will try
to make confirmation tests on these relocation
(i naudi bl e) tenperatureis very inportant. Andif you
| ook at the final state of degradation, they are quite
t he sane.

These are reviews <coming from the
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(i naudi ble), whichis the bottom and thisis the top,
and (inaudible), and the upper is really eroded here
(i naudi bl e) .

And if you look at the uranium
di stributions, and you do all the tests, they would
gi ve you an i ndi cation of fuels that we have here, and
fuels (inaudible). So herethereisalittlebit nore
degradati on, but you have to renenber t hat 500 degrees
(i naudi bl e) .

So that is the first thing, and this was
for conversion of the (inaudible), and as | said
before, for the RT1 test, we are | ess better than for
the RT7, because the (inaudible), but this is an
i nteresting conparison between RT1, RT2, and for
anot her test, RT4 (inaudible).

And further the tenperature evol ution for
the RT1 test (inaudible), and this is 2700K, and this
is for the RT2. Forget the spikes here. And the
indication earlier inthe MOX fuel at that point, and
in the MOX fuel at that point.

You can forget the spi ke here that woul d
be for the neasurenent. But what is quite interesting
isif youlook at the cerium137 neasured on-1ine, you
woul d have roughly the same tenperatures as here, and

in the MOX fuel
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DR KRESS: |Is that one at the top?

MR. CLEMENT: \What ?
DR. KRESS: |s that nunber one at the top?

MR. CLEMENT: Nunber One at the top?

DR. KRESS: | nean the release fraction
val ues.

MR, CLEMENT: For the release fraction
value, | amnot so sure that | can get to that val ue

(i naudi bl e). You can inagine.

DR. KRESS: So, RT1 was for regular UQ2
fuel ?

MR. CLEMENT: Yes, and RT2 for MOX fuel .
The burn ups are not very different. This RT4 was
released from (inaudible) and quite simlar
(inaudible). This is for conparisons between RT2 and
RT1, and for a test with a few indications of
tenperature that it is |ow

MR. LEAVER: Hold on one second. RT1 and
RT2 is a valid conparison of MOX and U2, right; RT2
being MOX and the RT1 being UX2, and those are both
oxi di zi ng.

MR, CLEMENT: Yes.

MR  LEAVER: And so | guess your
conclusion is that for the MOX that it is occurring

faster?
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MR. CLEMENT: Oh, yes.

MR LEAVER \What is the tine scal e?

MR. CLEMENT: The tinme scale is an hour,
4:00 p.m to 5:00 p.m, and 6:00 p.m This is the
pl ateau, for instance. The tenperature plateau has
been devoted to cl adding oxidation. So rather |ow
t enper at ures.

MR. LEAVER If you can't tell us the
nunbers on the rel ease scale, the Y axis, but can you
tell us is it logarithmc?

MR CLEMENT: No, it is linear.

MR, LEAVER. It's linear? kay.

MR. CLEMENT: But if you |l ook for instance
at the span of tinme for (inaudible) for the MOX fuel
is a better release fraction than for the U2 f uel
rel ease fraction

And that is at the end of the transient
when the fuel is relocated, you have the sane
(i naudi bl e) release fraction. The difference in the
(inaudible) truly liquifiedandrelocated (inaudible).

Okay. For RT2, there is not nmuch so and
not many conclusions. So at the beginning all the
fuel is at alower tenperature, and volatility fission
techniques is accelerated, and the differenceis nt a

general difference for the MOX fuel, and from the
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results of one single test.

And wi th the di scussions that we have had
with europium and cerium it seens that nost of
europi an and ceriumstayed i n the fuel (inaudible) and
values that are given on the French and European
(i naudi bl e) .

For thereis noreinformation for RT7, and
that is because it was radiated, and so this one is
not permtted, and this one is (inaudible), but this
is roughly 3,000 gallons, and (inaudible). And this
is gas rel ease fromxenon to neasure on-line and the
gas capacity on the (inaudible).

Sothisis krypton 85, and this is at 1500
tenmperature, this plateau, and the purplelineis from
Krypton 85, and the green |ine is xenon, and t he sane
val ues roughly for 133 and 137 (i naudible).

And so first that this has already been
observed, and as soon as we start to have the rel ease
activities, and then the fl ow ng tenperature pl ateau
to |l ower (inaudible), and the spike, and this area --

DR. KRESS: That is conpletely different
behavi or than you see with regul ar fuel

MR, CLEMENT: And with such kind of
measur enent s for high burn up fuel, and because of the

transient and things are ready to go outside.
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DR PONERS: | think that (inaudible)

DR. KRESS: They tended to always -- oh,
this is the rel ease rate.

MR. CLEMENT: This is the release rate.

DR KRESS: Oh, I'msorry. |I'msorry. |
was thi nki ng about the curves and has the integrated
rel ease. Yeah, we definitely sawit.

MR. CLEMENT: That is the release rate.

DR. POVNERS: You had explained it to ne
once, but | can't renmenber all our explanation. But
it was totally reasonabl e.

MR. CLEMENT: Well, if you want, here you
see for cryptiuma |l arger piece than for (inaudible).
And what was present initially in the GAP is not
t here, and has al ready been rel eased. That's because
t hese are open.

Thi s smal | pi ke of cryptium is
i nteresting, becauseit (inaudible) at the tenperature
pl ateau at 1200 (i naudi ble), and so you can see here
that with the high burn up and that with long life
fission products has nore (inaudible) than the short
l'ife (inaudible).

And then to point out sonme differences,
and this is an interesting one. kay. In that case,

nol ybdenumwas not rel eased in the air, and had a very

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

271

|l ow release, and the conparable release as wth
rut heni um

And what is interesting is that this is
the |l ower part of the crucible, and this is the upper
part, and this is the initial repartition of
rut heni um and nol ybdenum and thisis therepartition
af terwards.

And it seenms that would have sone
application, and that is inportant to know where are
the fission products at the beginning, and how w ||
t hey react and have different behavior. So, on RT7,
zi rconi um and neodym um are retained.

There is a low, but significant, rel ease
of these elenents -- niobium rhodium --

DR. KRESS: When you say less than 15
percent, isit the fact that that didn't say | ess than
10 percent neans that it is somewhere about or in
bet ween t hose two?

MR. CLEMENT: The release is the same for
all. This was a conment, and | don't know whet her it
isright or not. But the sane comment was nmade before
that we have reached a very high tenperature, and
(i naudi bl e), and conpared to the RT2 test, and then
the MOX test (inaudible). W think that nol ybdenumis

found and associated w th ruthenium (inaudible).
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Bariumis sem -volatile, and these are (i naudible).
And total release of gas (inaudible).

DR. KRESS: And that was (inaudible)?

MR CLEMENT: So that is the same as was
for thelast tine, and (inaudible) earlier, and al nost
(inaudible). And this is for the contrary, and this
is not well witten. In fact, in RT7, the release is
not earlier. But the release of U is later, but it
is not earlier.

MR LEAVER | didn't understand that.

MR. CLEMENT: Inthe RT2 test, the rel ease
of volatile MOX is earlier than not --

MR. LEAVER: Right, the MOX is earlier
t han the UQ2.

MR. CLEMENT: Wen the fuel is relocated,
and this is what | said before. Wienit is liquified,
it goes down and has the sanme amount of (i naudible).

MR LEAVER Right.

MR CLEMENT: In RT7 the release of
volatile UX2, this is not earlier.

MR LEAVER It is not earlier?

MR. CLEMENT: Right. But the release is
al nost total in both cases, but this sentence is not
very good.

MR. LEAVER When you say it is not
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earlier, you are saying -- first you said contrary,
nmeaning -- well, it's not really contrary, but it just
is not earlier.

MR CLEMENT: It is not earlier.

MR LEAVER Ckay.

MR. CLEMENT: The sentence is bad. So you
can imagine that we still need to woirk on the
(i naudi bl e) .

MR.  BOYACK: Ckay. The question was
whether a copy could be made of those for wuse
t onor r ow. Ckay. Is there any other comments or
guesti ons before we adjourn?

MR. LEAVER  Thank you very mnuch.

(Si mul t aneous conversation i naudi bl e).

MR. BOYACK: So | take it that that isit,
and we convene agai n tonorrowat 8:15, and be escorted
up. We will beginonthe table that Bernard suggested
and that | had pulled up here a nonent ago, wherever
|  put it, which was basically to list the
characteristics, and tal k about the LEU behavi or, the
MOX behavior, and see if there is anything that
characterizes the current state of the know edge.

MR. LEAVER: We should probably have
Charlie Tinkler and Jason in the norning first thing,

and deci de whether we want to -- | am concerned, |
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guess, like Tomthat if we fill out this table that we
are going to maybe m srepresent what we know here,
whi ch is not nuch.

And we m ght be better off talking about
what we know and what we don't, and maybe hel ping to
come up with a plan, because the NRCis going to have
to be able to come up with a source termfor this in
order to license the plant.

But | don't think necessarily this is the
time to do it, when we really don't have any
i nf or mati on.

MR. BOYACK: | do know what they intended
to do. Now, whether or not -- well, | think they have
torely on the panel, and t he panel basically has said
that we are not in a position to do that.

MR. LEAVER: Well, maybe not at this tine.

MR. BOYACK: And this information woul d be
used i n what we are tal ki ng about, and i n any case, we
will nmention that tonorrow. | don't know whet her
Charlie was planning on being here. Jason obviously
was. And so we can make that point to himearly.

And then we could start on the tabl e and
see if Charlie can come to deal with this.

MR LEAVER = Sure.

DR. KRESS: Are we going to get copies of
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those slides to take home with us tonight so we can
t hi nk about them and see how t hey --

MR, BOYACK: Which slides?

DR. KRESS: The ones that C enent just
present ed.

MR. BOYACK: |If we can get copies now.

DR KRESS: | would like to take themhone
and think about them because that is all the data
that | have seen, and all | have got to base ny
opi ni on on.

MR, BOYACK: kay.

(Di scussion off the record.)

(Wher eupon, at 5:19 p.m, the neeting was

concl uded.)
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