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(8:34 a.m)

MR BOYACK: Ckay. |'d like to welcone
you all to the second neeting of the Source Term
Applicability Panel. |"ve provided you all, |
believe, with copi es of the agenda, and wanted to j ust
go ahead and make a few comments as we begin.

Qur primary objective for this neetingis
to prepare the Extended Applicability Source Term
Tables for at |east one case. You may recall that
when we net the first tine, we were really very nuch,
| think, in an overview and orientation node as we
tried to orient ourselves to the information that was
avai | abl e, discuss the nature of the assignnent that
had been given to us. And in the process of doing
that, there were a nunber of different cases and
options that were di scussed.

I conmuni cat ed with t he NRC
Representatives between this nmeeting and the first
nmeeting, and drewa chart that shows a nunber of those
options, and they had increased to maybe 10 or 12 if
we took every branch on the chart. And so |
suggested, and the NRC certainly concurs that the
i mportant thing is to get through the process once.
And so what we want to do is set for our self the

obj ective, the m ninum objective of getting through
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the PWR H gh Burnup Fuel case, with Zirlo cladding,
undergoi ng the | ow pressure scenari o.

Now if you take a |ook at the neeting
agenda, there are a few supporting objectives, and
during the course of the day today and tonorrow, and
on Thursday as we neet, we'll go ahead and go t hrough
each of those objectives, and | think reach them

There i s one, however, that on your agenda
is the last to last bullet at the m ddl e of the page,
and that says, "Evaluate and docunent t he
applicability of the NUREG 1465 Source Termfor High
Burnup U02 in a BWAR So if at all possible, and if
the tine permts, then what we would like to do is
after we've done the PWR case for Hi gh Burnup Fuel
then what we'd like to dois we'd |like to go through
t he BWR case. And hopefully, having | aid the base by
conpl eting the BWR case, we would be in nuch better
shape to go through that rapidly. W've allocated
hal f a day on Thursday to work on that objective.

We have three new participants with us
this tine. We have David Leaver, who is the EPR
Desi gnee from Pol st ar Appl i ed Technol ogy,
| ncorporated. And Dave, | wonder if you could just
give us a few conments about your background. W did

this on the first nane. W went --
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MR. LEAVER. Right. Yeah, | sawthat in

the transcripts.

" mnot sure, for sure, why |I'mhere but
| did work on the Advanced Lightwater Reactor, and
that was really the place in which the whol e i dea of
a nore physically correct, realistic Source Termwas
i ntroduced. That was in the |l ate 80s, and t hat caught
on for the Advanced Li ghtwater Reactors, in order to
provi de a better design basis for those plants. And
t hen t he operating plants got i nterested, and then t he
NRC i ssued 1465, and we were involved in alot of that
wor K.

And then since that tinme, nmy conpany has
been i nvol ved i n appl ying the Al ternate Source Termto
operating plants. W' ve probably done eight or ten
di fferent kinds of applications, sol do knowa little
bit about what matters in ternms of which paraneters in
the Alternate Source Termreal |y have an i npact on t he
plant, and sort of what the priority would be of
di fferent aspects of the Alternate Source Term

MR. BOYACK: kay. Thank you very nuch.

W have two colleagues with us from
France, Bernard C enent, and Jean-M chel Evrard, and
| wonder if you would just take a nonent and give us

a few words of introduction to yourselves.
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MR. EVRARD: Okay. | work in, likel said

t he Departnent of Prevention and Study of Accidents.
And I'min charge of a teamwhich work fromthe * to
Hol i stic Safety Assessnent, and al so the * of source
term

MR. BOYACK: Thank you.

MR. CLEMENT: Ckay. So |I'm Bernard
Cl ement from I PSN, from another departnent, the
Reactor Safety Departnent. ["'m working on severe
accidents since a long tinme because I'minvolved in
t he Fuel Safety Programsince the beginning, | would
say. So, you know, in our Departnent we rmake nodel i ng
*  we nmake al so experinents, * experinents such as *
experinments, try to cover a larger range in order to
gi ve these people * studies.

MR. BOYACK: Thank you. Now since we have
t hree new Panel Menbers, | think the people here --

that were here the first neeting ought to also

briefly introduce thenselves. And | wonder, Dana, if
you woul d begin. Just give us a little introduction
to yourself.

MR,  POVERS: "' m Dana Powers. | am
sem nal inthe source termresearch that NRCdid, that
eventually |l ed to NUREG 1465. | guess | founded the

Source TermMdels for Melt Concrete | nteracti on, and
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the Victoria Model for in-vessel rel ease for fuel and
transport, Source Term Models for a few ot her things
here and there. | have a long term interest how
fission products behave in fuel under simlar acci dent
condi tions.

MR BOYACK: Ckay. Jim

MR. G ESEKE: Jim G eseke. ["'m now
retired, but I've worked at the top for |ots of years
on Source Term issues, and particularly the
devel opnent or put together the first Conprehensive
Model, | believe, of the Source Term Code Package
which was a conpilation of codes, which was then
i nvol ved over a nunber of years, and | did that for --
used the code and anal yzed Source Terns for quite a
few years.

MR. KRESS: Tom Kress, lately fromthe
Qakri dge National Laboratory. Wile | was there, |
was i n charge of the Fission Product Rel ease Prograns
t hat were conducted by Morris Gsborne and Di ck Lance,
and people like that. | was also in charge of our
Source Term Prograns, and | was heavily involved in
devel opi ng the Source Ternms for NUREG 1465.

MR. BOYACK: Thank you.

MR. SCHAPEROW  Ckay. I'"'m not on the

Panel. |'m Jason Schaperow fromthe NRC. | amthe
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Proj ect Manager, and in charge of coordinating and
| ayi ng out the objectives and hel ping Brent with his
mssion to facilitate this Panel

MR. BOYACK: That was very good because
you gave ny introduction too. |'mBrent Boyack from
Los Al anps National Laboratory, and as stated, ny
objective is to facilitate the Panel

Now during the | ast neeting, we did have
sone coments that canme from the audience, and so |
think it would help our recorder if she heard the
names of each of the individuals. You' ve got them
all? Okay. Very good.

Al right. Wth that then, what | think
|'d like to do then is just go ahead and quickly
review the agenda with you. Wat we're going to do
first is have a presentation from Jason Schaperow.
And he's going to go ahead and tal k about the Desired
Panel Products, and NRC End Uses of the Panel
Products. 1'd like to give you just a little bit of
background for that.

| read the transcript -- tried to
carefully read the transcript fromthe first neeting,
and during that first neeting we were exam ning and
tal ki ng about many different options and things that

we ought to do. And there were conmments and issues
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that were raised that woul d tend to broaden t he scope
of the Panel. And so, given the need to cone to an
end point with reaching several of the objectives
regardi ng Extended Applicability of the Source Term
we deci ded that we needed to have a presentation t hat
woul d sort of clearly identify what the NRC, the
primary custoner, wanted and needed out of this, so
that's the first presentation

Now after that, and after the break, then
what we'll have is we've asked our French col | eagues
to go ahead and present to us the results of their
research in France. And then following that, a
description of the PWR Fuel and cladding at High
Burnup, and a response to the scenario.

Now t he t hought here was that it woul d be
very good if we had a comopn perspective on the
specific characteristics of H gh Burnup Fuel that we
wer e consi deri ng as we went ahead and went t hrough the
Source Term Applicability effort, and then we could
have | unch.

Now what | needed to ask, | know that
t here have been sone preparations that have been made
by Dana Powers and by Tom Kress, based upon our first
nmeeting. Tomsays he has a handout, and Dana refuses

to really tell nme what he had, but did you have
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i nformation you either wanted to present by way of
handout s, or otherw se?

MR  POVERS: well, 1 think | could
probably chat alittle bit about what I know about the
restructuring of the fuel.

MR. BOYACK Ckay.

MR. PONERS Changes i nthe m crostructure,
how you go about cal cul ating -- how you have to keep
this booth nodel in change to reflect that, and how
this coul d possibly inpact the rel ease fractions that
end up in your tables with the Source Term

MR. BOYACK All right. Now, Dave, did you
-- did | see that you had material there, or are you
just -- did you have any material you wanted to
present ?

MR. LEAVER  You know what, | just -- |
had copies of the transcripts of the first neeting.

MR BOYACK: Ckay.

MR. LEAVER: And just somne ot her reference

materi al .

MR, BOYACK: kay.

MR. MEYER. Could | say that Dana, from
what | heard from Dana, that his coments would

probably fit nicely after m ne, because | have sone of

those microstructures to show

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

12
MR. BOYACK: Al right. Well, | thought

what we would do is handle it the follow ng way.
There's alittlebit of flexibility. Infact, there's
alot of flexibility in the schedule. You'll notice
if you go to the back of the agenda, that once we --

once we cone to the afternoon of today, we have
literally a day and a half with just a statenent that
we' re going to continue our discussion on PAR Source
Term Applicability, so what we'll do is as we finish
the Pre-Planned Presentations, then we'll have the
presentation of any additional information. And |
| i ke Ral ph's suggestion that Dana coul d go ahead and
continue his shortly after Ralph's. Now that nmay be
after the lunch break, depending on where we are in
time. And so, we'll hear fromDana, fromTom and at
t hat point, | believe we'll enter into our di scussions
of the Source Term Applicability for the PWR Low
Pressure scenari o.

Let me just briefly describe how we
pl anned to handle that, so that if there is any
comments or questions, then you can go ahead and | et
me know before -- by noon or after.

What |'ve doneis tried to consider howwe
could go ahead and produce information that would

facilitate the preparation of the docunent, so |
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brought a projector that | can hook up to the
computer. And what | planto dois basically on line,
project on the screen here your comments, sumary
comments as we go through the various Source Terns
phase by phase. And the hope here is that in effect,
we will sort of, in witing, with your concurrence,
have t he key points associated with the Applicability
statenents that are nade. And then we'll go ahead and
process those, and at the end of the day we'll al
transmt the files to Jason. He'll have themprinted,
and they'll be available tonorrow At the end of
tomorrow, they'll be avail abl e Thursday norni ng.

And the thought here is that in this
process, we could essentially wite the tables and the
justification on line, and then we won't be trying to
extract that information solely fromthe transcript.
| have found out that by going back to the transcri pt,
that's a good source, but it's always a slightly
i mperfect source. Better to see it in witing, and
we'll dothat. So those are the initial comments that
| have. Are there any questions or coments, either
Menmbers of the Panel or the Audi ence have?

Al right. Well, with that, et ne just
indicate that | have two pieces of information |I'm

goi ng to pass around for the Panel Menbers, and those
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in the audience to sign up. The first is just the
attendance list, and if you go ahead and put vyour
nanme, institution, tel ephone nunber and enmai | address
on that. And then the second is primarily the Source
TermApplicability Panel has the contact information.
|"ve updated that to reflect any information that I
received fromyou, and so if you go ahead and take a
| ook, and make sure that that's still all correct.

Ckay. Well, withthat, let's go ahead and
proceed with the agenda as printed, which is to have
the first presentation by Jason Schaper ow.

MR. SCHAPEROW Ckay. |'mgoing to |ead
off the meeting here with a presentation on Overvi ew
of what we're hoping to get out of this as far as this
Expert Panel effort, and also to nention a few of our
t hought s and perspectives on where we think there may
or may not be issues, or at |east what we're aware of
at this point.

|"dlike toskiptothe third slide. The
second one just gives an outline of the talk. The
objective of this work, as we are hoping, is to have
a Fi ssion Product Source Terns, a recomendati on from
t he Panel on Fi ssion Product Source terns for reactors
usi ng Hi gh Burnup Fuel s for this neeting, and t he next

nmeeting we hope to go through MOX Fuel s.
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The approach, as far as we understand
that's going here, is to reconstitute the Panel, the
original Panel that developed the basis for the
revi sed Source Term as nuch as we coul d. I n that
regard, we've asked that Dr. Kress, Dr. G eseke and
Dr. Powers to conme and be Menbers of this Panel.

Thi s approach i nvol ves consi deri ng recent
data and insights frominternational experts, and we
are very pleased that Dr. Clenent and Dr. Evrard have
been able to conme and tell us about what they're
wor ki ng on, and to give us their insights.

W expect the Panel will be very heavy in
di scussi ng t he physi cal phenonena af fecti ng t he Source
Terms. And finally, we are looking for
reconmendat i ons on howthe Revi sed Source Termshoul d
be nodi fied, if needed, for H gh Burnup and MOX Fuel s.

Now I'd like to go over the Regul atory
Applications for the Revised Source Term and this is
an area that | have been very heavily invol ved i n over
the | ast several years.

The mai n application, as | seeit therein
my Source Term is that what we' ve done i s we' ve t aken
the gap in early in-vessel rel ease phases, and we've
used that for our LOCA Design Basis Analysis. The

Regul ation used to be called PAR 100 for this. I
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t hi nk the newregul ationis 50.67, but actually, there
is -- and under this category, the main application,
as | understand it, has been individual dose, the
excl usi onary boundary, typically at the fence |ine of
the facility, thel owpopul ati on zone di stance, and - -
which is further out, and doses to an individual in
the control room

The second i temli sted here, "Contai nent,
| sol ati on and Val ve Cl osure Tine", that's been keyed
on the one point which is the start of the gap
rel ease. W' ve had sone detailed thermal-hydraulic
calculations for a | arge grade LOCA, and we've got a
gap release start tinme of about 30 seconds.

And simlarly, for a BWR we've got a gap
rel ease start time of two mnutes, so it takes two
m nutes fromwhen the pi pe shears off until you start
havi ng fuel rod failures.

Now we've al so used the Revised Source
Term to look at the integrated dose for equipnent
qgualification in the contai nment. W' ve exam ned the
post acci dent shi el di ng, sanpli ng and access usingthe
Revi sed Source Term And finally, we've also used it
to look at hydrogen generated by radiolytic
deconposition of water, and that particular issueis

covered in Regulatory Guide 1.7.
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Al so, we believe that the -- all four
phases of the Source Term could be used for Severe
Acci dent Ri sk Assessnent. And we actually applied
this in one case for arecent -- for a study of spent
fuel pool accidents, where we needed a Source Term
and we didn't have detailed Severe Accident Code
cal cul ati ons, so we needed a generic source, and what
can we use? And we used this. W felt this was the
best Source Termto apply. W did nodify it sonewhat,
to account for special conditions of a spent fuel pool
accident, but we started with it.

W believe there are a |l ot of benefits of
using the Revised Source Term in |icensing, and
i ndustry does too. W've had a nunber of plants cone
in, voluntarily come to the NRC and say we'd like to
apply the Revised Source Term And this costly for
t hem because they have to go through the |icensing
process. They have to pay not only for their re-
anal ysis for the Revi sed Source Term but they have to
pay for us too, to say that you can use the Revised
Source Term And | tal ked with our |icensing groupin
Nucl ear Reacti on Regul ati on, and what |' ve gotten here
isalist of the license anendnents that we' ve i ssued
so far.

|'ve got six plants |isted here, and t hese
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have all done these LOCA analyses with the Revised
Source Term Also, there are three applications under
review with the Revised Source Term

Now |'d like to talk a little nore about
t he approach for this Expert Panel effort on Source
Terms. Again, we are asking the Expert Panel to
recommend how the Revised Source Term should be
nodi fied, if necessary, for H gh Burnup and MOX f uel s.
We're doing this in a series of three neetings. The
first nmeeting which we held in Septenber was the
project kickoff, and the current neeting, we would
| i ke to ask the Expert Panel to tackle the Source Term
for Hi gh Burnup Fuel. And in the final neeting, we'd
li ke to tackle the Source Term for MOX fuel

MR. PONERS: Jason, you began your
presentation by making it clear that timng is an
i mportant part of the Source Term Do we have
i nformation on how the timng of fuel rod behavior
changes as it noves up the Hi gher Burnup, things |like
rod bursting, ball ooning?

MR. SCHAPEROW | amnot aware of any, but
| probably wouldn't be. Ralph Meyer would be nore
know edgeabl e in that regard.

MR MEYER We can talk about that a

little. We have -- we'll talk about this |ater.
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MR. SCHAPEROWN Go ahead, Ral ph.

MR. PONERS: It seens |ike you have a | ot
of people that work with the Source Terns, and
relatively few people, with the exception of Ralph
t hat thought about clad. And when you think about
timng aspects of the first two portions of the Source
Term you're really tal king about clad event.

MR. SCHAPEROW The first two? The first
one, | would say, istheinitial failure. Wat's the
second?

MR,  POVERS: Well, clad has enornous
affect on the way fuel degrades, which is what
controls the second part of it.

MR. SCHAPEROW All right. Yeah. If it's
okay, we could tal k when Ral ph gets up at around 11.
Is that okay? We'Il discuss the quality aspects.

MR. MEYER: | don't want to give you too
much hope because the experinmental work that wll
answer Dana's questions is just underway, and we don't
have answers. W can talk about it alittle, and |
woul d say that | mvery skeptical that there'll be any
changes in the timng of rupture or other events
during that phase of the accident that would nmake a
di fference. But at this point, that's nere

specul ation, and there are a couple of areas where
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this and the manner of the gap activity. |If you're
going to generalize the term"Source Terni, the word
"Source Term'', and use it not only to cover the severe
accident release, but also to cover gap activity,
whi ch I know St eve La Vi e uses for things |ike control
room habitability. Then there is work underway on
that as well, which is not yet at a point where good
answers can be given, sothere'salittle problemwth
timng of trying to push. In these two areas, | would
say we're of f by about a year, but not nore than that,
so we can tal k about this nore during ny presentation.

MR, SCHAPEROW Yeah. W feel very
strongly that we'd |ike the panel to talk about the
need for experinents, the need for research on the
experinmental area. And | flagged it in here |ater on
as | wite confirmatory research, or what have you
But the idea is to -- what kind of experinents do we
-- or Code Cal cul ati ons m ght be beneficial to support
t he recommendati ons of the Panel.

Based on what | heard at the first neeting
and what we've been kind of pushing here is we're
hopi ng that the Panel will judge the applicability of
each aspect of the Revi sed Source Term and to | ook at
each phase of the Source Term as well as the area of

chem stry, the physical chem cal form of the Source
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Term

| f Panel Menbers, or the Panel believes
that an aspect of the Revised Source Term is not
applicable, we're asking the Panel to state why they
think that's the case, and suggest an alternative for
what we coul d use. Again, we're al so aski ng t he Panel
to identify necessary or desirable confirmtory
research.

MR. BOYACK: Let ne just interrupt for a
m nute. Ralph, in your presentation are you goingto
outline the research that's underway? That may not
have been sonmething we asked you to do during the
first pass at suggesting you cone here and tal k to us.

MR MEYER  Well, | don't have it on a
slide, but we can certainly do it verbally.

MR BOYACK: If you will, yes.

MR. SCHAPEROW Just to summari ze what we
tal ked about in Septenber, we went over the overall
Program objecti ves, and di scussed pot enti al
approaches. W had a presentation by Akihidi H daka
of JAERI on their Vega experinents, and what they've
done in the area in H gh Burnup and MOX. And we began
tal ki ng about some of the Hi gh Burnup issues. And
t hought that | heard at the neeting that the general

feeling of the Panel was that the Revised Source Term
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was okay in the area of physical and chem cal form
Probably didn't see any big changes there.

For this neeting, thisisalittle bit of
a rehash of what Brent said this norning. W' ve asked
Ral ph  Meyer to talk about H gh Burnup Fuel
characteristics. He's beeninvolvedinthat for quite
a while now We're pleased to have a presentation
today by IPSN on their core's work, and then we hope
to go through in great length each aspect of the
Revi sed Source Term

And finally, on Thursday afternoon, we've
asked for a briefing on the MOX Fuel characteristics
to prepare for our final neeting, and we've got a
gentl eman from Framatone who's gong to be talking
about that by the name of Patrick Bl anpain. And
finally, we've asked you to bring your schedules to
select the next -- the final neeting dates.

As Brent mentioned, we'd like to try to
keep the project as short as possi ble, the objectives
as smal |l as possible so that we can nake this doabl e.
And we'rerequestingtheinitial evaluationbelimted
to a maxi mum Burnup of 75 gigawatt days per ton for
the maxi mum fuel rod or maxi mum assenbly burnup.
Stick with one cladding. | just put Zirlo down here,

for lack of anything -- if we should do M instead,
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that's fine. | really wasn't -- don't have any
feelings either way. Start with PWR and fromwhat |
heard at the first neeting, | think all we need to
really focus on is the | ower pressure scenario.

The | ast day of the neeting, we hope to go
t hrough the BWR, the process for BRW And finally, if
time permts, we would like to tal k about the other t
type of cladding that was nentioned, the inplied
cl addi ng.

MR. PONERS: The ori gi nal Source Ter mt hat
was published by 1465 specified the fission product
rel ease, but acknow edged the fact that these non-
radi oactive materials m ght have a substanti al i npact
on the transport through the piping system and
certainly would have an inpact on the behavior and
contai nment, and invited the user to invent a Source
Termfor the non-radioactive materials, and one tinme
suggested sone anmount of non-radi oactive material s,
but that was deleted in the final version of 1465.

In the course of applying the Source Term
to advanced reactors, | think we've sone diversity of
views on the nmagnitude of the non-radioactive
materials acconpanying fission products being
rel eased.

Is it your aspiration to continue to not
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address this non-radi oactive Source Ternf

MR. SCHAPEROW Okay. | think there still
are sone ball park magni tudes i n NUREG 1465, for the
non-radi oacti ve rel eases and t he contai nment. 1 think
the format of the docunent was changed, and they got
kind of buried in the text. Dave's got it there.

MR. LEAVER | think you're right, but I
just can't find it.

MR,  SCHAPEROW But you're absolutely
right thought, that it certainly has a very strong
affect on deposition in the reactor cool ant system
and it also has strong affect on deposition in the
cont ai nnent .

MR, POVERS: Well, if you stick to the
| ower pressure scenario, it does not have nuch affect
on the deposition in the primary piping system

MR KRESS: It does.

MR. PONERS: |It's always going to affect
cont ai nnent .

MR. CLEMENT: It mght have an affect on
chem cal forns * deposition *.

MR. KRESS: Yes, it mght, but | don't
think it's likely to have nuch of an affect.

MR. SCHAPEROW Yeah. | think --

MR. KRESS:. Because those things don't --
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MR. SCHAPEROW Yeah, | think that with

regard to deposition in the containment, | -- the
attention of the Panel was not to tal k about that.
But in as nuch as it affects deposition in the RCS, |
think we do need to tal k about that.

MR,  KRESS: It mght have an affect on
this chemcal form so --

MR. SCHAPEROW In the chem cal form

MR, KRESS: And if we're dealing with
simlar part comng in, it could, especially in the
| ate revolatilization --

MR,  SCHAPEROW Al right. W can
certainly talk about all of that. That's fine. |
guess I'd like to suggest when we get to that, that
part of our talk or our discussion, that today and
tomorrow we can tal k about that.

MR. LEAVER: | have a question on this
focusing on the | ower pressure sequence. There are a
| ot of other sequences besides the |ower pressure
sequences that are interesting. And in fact, if you
| ook at it froma probabilistic standpoint, you woul d
be -- probably be nore interested in smaller breaks,
rat her than extrenely | arge breaks, which you' d need
to get a | ower pressure sequence.

| guess ny understanding has been that
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while there certainly was consideration on |ow
pressure sequences in 1465, and perhaps naybe even
stronger words were used |ike reference. "' m not
sure, but I really think the way that this has evol ved
in terms of applying this to operating plants, is
we've tried to look at -- we really tried to applied
the Source Termin a way that it woul d be appropriate
for a variety of different kinds of sequences.

W wanted to be sure that we didn't do the
analysis in such a way that there could be sone
sequence that would give worse rel eases, or worse
doses. Just tal king now, you know, w thin reason.
Clearly, there are extrenmes here that one could go to,
but would probably be not appropriate from a
probabilistic standpoint. So while I think you need
to think about |ow pressure sequences, | don't
understand why we're -- maybe we're not, but | don't
think we should be conpletely focused on that. I
t hi nk we shoul d be thinking about a variety of break
sizes and elevated pressure in the primary system
sinply if for no other reason than from a risk
per spective, because that's what ri sk assessnent tells
you is really significant. And there are sone
di fferences.

MR. KRESS: | guess | have a different
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view on that, and we need to keep within our mnd a
di fferentiation between desi gn basi s Source Terns and
Real Source Terns.

MR. LEAVER:  Uh- huh.

MR. KRESS: Now to nmake the design basis
nore realistic, doesn't nean you can factor in all of
the types of sequences behavior. It nmeans you do a
little nore with timng, and a little nore with the
guantities, but you still have to retain the -- what
| would call a kind of defense and depth concept, and
t hat you need a desi gn basis source to be robust, and
to be nore on the conservative side with respect to
the quantities rel eased because it is a design basis,
and you want to be able to design your systens to deal
with what would be the nbst -- a nore robust Source
Term so you don't want to deal with these maybe
hi gher probability or higher frequency ones, but have
| ess Source Terns --

MR LEAVER Right.

MR KRESS: -- and the timng is
different.

MR LEAVER Right.

MR. KRESS: So I would say the focus
shoul d be on | ow pressure types of severe accidents

that give you generally the worst Source Termand t he
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fastest timng, which are the two things you want to
be robust in your design basis.

MR. LEAVER | don't disagree with what
you said, but if you take that too far, what wil
happen is -- for exanple, take a large LOCA type
event, the timng for release for a | arge LOCA event
is very fast, and what woul d happen, if you use that
type of a sequence to dictate your timng, you could
drive the design towards, for exanple, a spray system
that's a rather short duration spray system And
there are plants that have such spray systens, and
when you demand -- when you have a timng of say one
and a half or two hours, those spray systens don't
work very well because they may | ast for 45 mi nutes,
sotimng is an exanple, or duration of release is an
exanpl e where you wouldn't want to stick with the
characteristics of LOCA --

MR KRESS: | may --

MR. LEAVER: Under st andi ng t hat we ki nd of
keep that perspective.

MR.  KRESS: | maintain that's probably
nore i nportant for the GAP rel ease, by the timng, fix
things like valve isolation closure tine. Wth
respect to the spray --

MR LEAVER Right.
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MR KRESS: -- the duration of the

rel ease, thetimng whenit starts and the durationis
really driven a whole lot by the rates at which the
core heats up, and the rates at which it -- the core
gets uncovered. And that timng doesn't change
tremendously with pressure, the type of accidents you
have, | don't think, so | would still say you get an
acceptable timng with a |ow pressure release for
t hose type of things. And that doesn't throwtoo nuch
of a dislocation in how you woul d desi gn your spray,
| don't think. So I personally -- so | would still
stick with my focus on the |low pressure type of
acci dents, design basis Source Term

MR. SCHAPEROW The NRC nmade a regul atory
decision to use | ow pressure for deposition. W take
t he rel ease nagni tudes --

MR. LEAVER. In the RCS you nean?

MR. SCHAPEROW That's right. That RCS.
You said that right in that 1465, in the begi nning of
the section that tal ks about the magnitudes. And it
says, "W are hereby using a | ow pressure sequence to
tilt towards conservatism" But you'reright. | have
seen sone cal culation, if you have a | arge break LOCA
wi th a doubl e- ended pi pe break you could nelt the core

down f ast.
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MR LEAVER: You could rel ease --

MR. SCHAPEROW You coul d cause things to
happen i n about a half an hour or so. |f you have two
i nch break, that helps -- the two inch break is still
a |l ow pressure sequence, and that will -- that draws
t hings out to a couple of hours, which is --

MR. LEAVER: You need these -- | can just
tell you this. The cal cul ations showthat if you have
a -- there are spray systenms out there that are
desi gned to basi cal |y exhaust thensel ves in | ess than
an hour and has a significant inmpact on dose versus
t he spray systemthat can operate for two, or three,
or four, or six hours, or twenty-four hours, soit's
just sonmething that -- to keep in mnd, that the
smal | er breaks can push the release out in tinme, and
demand that mtigation systens be able to function for
t hat period of tine.

MR. KRESS: Yeah. M feeling is to deal
with that and risk based space and justify an
exenption fromusing the Design Basis Source Term by
using risk argunments after the fact, whi ch woul d be ny
approach there.

MR. BOYACK: During our --

MR. KRESS: There are ways to deal wth

that problem in the regulatory systemis all |I'm
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sayi ng.

MR. BOYACK: During our first nmeeting, we
covered and addressed sone of these sanme topics.
Since ny contribution to the Panel is not technical,
but rather procedural, as | read through the
transcript, and as | reflected on the first neeting,
the one thing that was clear toneis if we tended to
broaden the scope, then we couldn't neet -- work
within the paranmeters that have been set, which was
the nmeeting we're currently in, and one nore neeting
to cover also a MOX Fuel covered in the | ast neeting,
that we had to go ahead and proceed down sone
definitive line.

Now, Dave, you raised other questions
about sonehow do we broaden the context or the
consi deration, and the comments | heard at the | ast
nmeeting and pursued with the NRC was that this may not
necessarily be the l ast step. It may be the | ast step
for the Panel, but then there m ght be sone foll ow on
activities that either the utilities or the NRC m ght
engage in. But here, the thought was we had to focus.
W had to get through the process once, and so we
sel ected the scenario that is nbst consistent withthe
one that was covered in NUREG 1465.

MR. SCHAPEROW  Why don't we all touch
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upon this a little bit nore when we get to that
particul ar aspect that you think is timng sensitive,
that we need to talk about, Dave. 1'd like to go on
and talk a little bit about --

MR. POAERS: Before you go on though --

MR. SCHAPEROW  Ckay.

MR. PONERS. -- | want to pursue this a
little nore with Dave, because |I think he raises an
i mportant point here, especially -- for a lot of
reasons.

Can you tell nme, since you're famliar
with these things, how depressurization procedures
enter into the Design Basis accident considerations,
especially for small breaks?

MR. LEAVER: You nean i n operating pl ants?

MR. PONERS: Yes.

MR. LEAVER. Well, there are sone pl ants,
| think that have no way to depressurize, at | east for
certain sequences, and then there are others that do,
so -- and | think that probably accident managenent
procedures would tell the operator to depressurize,
but -- and, you know, I'"mcertainly -- | was invol ved
alot in the devel opnent of -- not in the devel opnent
of 1465, but we had a | ot of neetings and tal ked a | ot

about it. And | understand that the |ow pressure
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sequence is -- was one that was enphasized.
All 1'm saying is when we get into
def endi ng what we do all in the Source Term we just

need to be careful that we don't do an anal ysi s which
maybe works fine for a particular type of sequence,
and then in sonme other kind of sequence it really
doesn't hold up, thenit's hard to defend. And we get
t hese questions at the NRC when we do these anal yses
and cone i n and present them and | think they're good
guestions. So I'mjust saying, let's just be aware
that for a risk standpoint, certainly for BWRs, | arge
breaks are in the graphs.

MR. PONERS: Well, what |'mtryingto find
out is that if we have a depressurization and the
energency operating procedures don't return all
sequences into | ow pressure sequences?

MR. LEAVER: If you can successfully
depressurize, then they would, but there are lots of
sequences where you can't do that. And there are sone
plants that don't have the capability to do that.

MR,  POVWERS: So there's a significant
vulnerability to just Jlooking at |ow pressure
sequences.

MR. LEAVER | think -- | wouldn't cal

it, necessarily, a significant vulnerability. And I
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don't -- | didn't nmean to take this much tinme. 1'm
just saying that when this -- this Alternate Source
Termis a-- | think representative is the best word

|"ve seen, and you need to be careful when you apply
it, that you're just aware that there are other
i mport ant ki nds of sequences, ot her than those are | ow
pressure, or maybe start out as a |l ow break and go to
| ow pressure. A high pressure station blackout is an
exanpl e.

Now Al ternate Source Term does nake the
very i nportant assunption that the contai nnent systens
function as desi gned, and contai nnent remains intact,
SO -- but even with that assunption, there are still
different ways for core nelts to progress. And we
just need to be aware of that, and not | ock oursel ves
into decisions that work well for |ow pressure
sequences, and don't wrk for other Kkinds of
sequences.

MR.  BOYACK: Is it fair to say that
utilities have sonehow been aware of this for sone
time. They've had NUREG 1465. They' ve been aware of
its shortcom ngs, or areas where it may not be
appl i cabl e, and have dealt with that -- been aware and
deal with it?

MR. LEAVER: | think they are aware, quite
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aware, and | think part of that is because when they
come to defend what they' ve done, the NRC has asked
t hese questions, sol thinkthere's arole for certain
integrated view of these things, a risk assessnent
approach, if youwill. It doesn't have to be the main
thing, the QA calculation can be a |ow pressure
sequence, but one just has to be aware that not al
sequences are | ow pressure sequences, and it can nmake
a difference.

MR. KRESS: What does being aware nean in
your m nd, Dave, that we do somet hing about what we
say the Source Termis, the timng?

MR. LEAVER  Well, I'mnot sure -- Tom
|"mnot sure | followwhat you said on -- in response
to ny comment earlier, but | think as we go through
this today, if we are nmaking a decision in my mnd
that may apply well for a | ow pressure sequence, but
not so well for a sequence where the retrocool ant
systemis a 600 PSI, then | woul d ask questions about
it. That's what | would do.

MR, KRESS: Sure.

MR. G ESEKE: It seens to ne it cones out
of a matter of philosophy or intent herealittle bit.
Qobvi ously, there's a w de range of potential accidents

and sequences, and those will have a w de range of
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outconmes in terns of the Source Terns.

The question is, and nobody doubts that.
The question is what are we trying to | ook at here,
and what are we trying to use as a -- | don't know,
representative sort of representative Source Term, or
a Source Term for conparative purposes. | think we
have to realize there are bounds on beyond, you know,
uncertainty ranges in all this, but I think we're
| ooking at what's representative, and we call it a
Design Basis accident as opposed to the full
probabilistic course with -- and | don't know how you
ever represent that ina-- fully, without doing this
for about 25 years. And | don't think they want the
Panel to go on that |ong.

MR, LEAVER  No.

MR, SCHAPEROW One of the things | could
bring this afternoon, |I could bring a page show ng t he
sequences that were used to conme up with the timng
It's one of the pages in 1465. If | don't have enough
copies of 1465, I'Il just copy that page, and we can

| ook and say here's the sequences that we used. So

anyway, |I'd like to continue, if that's all right.
This is -- I'mgoing to -- | have four
slides here, one for each of the phases of the -- one

of the phases that we've identified in a severe
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accident. And to just really briefly sunmarize our

understanding of -- the NRC s understanding of the
rel ease. And maybe if | heard of somewhere an
applicability issue, I've tried to identify it here.

|"m sure there's a lot of applicability issues out
there that | don't know about, so anyway.

On the first slide, |I've got the Gap
rel ease, and the start tine of the Gap release is
identifiedin NUREG 1465. It's the earliest fuel rod
failure following a |l arge break LOCA. And as | said,
we' ve done some cal cul ati ons wi th our bi g codes, EPRI
and MELCOR to |l ook at this type of thing. Actually,
EPRI, not MELCOR

The end tinme of the Gap rel ease i s defined
in NUREG 1465 as the point in time where the fuel
tenperature gets high enough so that the pellet
rel ease gets going.

And finally, the magnitude of the Gap
Rel ease in NUREG 1465 is identified as the -- that
which is diffused to the gap duration operation.
Al so, the magni tude coul d be af fected by depositionin
the reactor coolant system That was not consi dered
i n NUREG 1465.

On the applicability of the Gap rel ease,

in NUREG 1465, the Gap release is small conpared to
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the early end-vessel rel ease. M guess, and again |'m
not on the Expert Panel, but ny guessis it will still
be small when we get done here conpared to the in-
vessel rel ease.

And also, I've talked alittle bit to our
fields people. I"ve talked to Harold Scott in
particul ar about sone of the work that they're doing
ri ght now, and there is data becom ng avail abl e based
on some experinents. | believe it's the Holden
experinments. W' re actually going to have nunbers for
hi gh burnup fuels, what's been put into the gap as a
result of operation, so what | -- ny pitch here is |
don't think we need to focus on this too nuch in the
panel neeting, especially if we have troubl e com ng up
with a nunber. W're going to have sone data. I
think we're going to be able --

MR. LEAVER. At this nmeeting we'll have
some, or next neeting?

MR. SCHAPEROW It will probably be sone
ti me next year. | heard the experiments are currently
ongoing, so | heard like in spring or sumrer we'l]l
have sone data. Let ne leave this to Ral ph. | guess
he can nmention it a little bit later this norning.

On the early -- this is supposed to say

early end-vessel release. On the early end-vessel
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rel ease the start time of this was the end tine of the
gap release which is when the fuel tenperature gets
hot enough to start having significant rel eases from
the fuel pellet.

MR. KRESS: And the significant woul d be
what ?

MR. SCHAPEROW The significant --

MR. BOYACK: That's twice for that word
t oday.

MR, SCHAPEROW  Well, when you | ook at
t hose curves and you see it getting above a coupl e of
percent, it's a subjective -- it's judgnment. It was
a j udgnent when the work -- when the nunber was cone
upwith. Andtheendtineis fairly straight forward,
a lower head failure. That was the end of tine of the
early end-vessel rel ease.

The magnitude being determned by the
rel ease rate during the fuel heat up and degradati on.
The ti m ng of the | ower head failure, and we di scussed
these at the last neeting. And also, the affect of
deposition which we were kind of surprised to see
that the deposition was pretty high even for |ow
pressure scenari os. | think we -- I'mtrying to
remenber the nunber. Was it 50 percent, or was it --

it was a fairly high numnber.
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VMR. LEAVER Yeah, it was, | think. o

course, that depends on the | ocation of the break and
a lot of things.

MR,  SCHAPEROW But the applicability
i ssue that | thought | heard at the | ast nmeeting was
-- the big one was the rel ease rate. There seened to
be a feeling that the release rate may be higher
during this phase, and you nmay even rel ease all of the
vol atile fission products such as iodine and cesium
during the -- in this phase.

MR. MEYER  Could | nmake one comment ?

MR, SCHAPEROW  Sure.

MR. MEYER: That first line that you had
on both slides, fuel tenperature reaches point of
significant release fromfuel -- frompellet. That
real |y doesn't happen in the previ ous one when you're
tal king about the gap activity. During the Design
Basis portion of the |oss of cool ant accident, fuel
t enper at ures are al ways goi ng t o be bel ow 1200 degr ees
Centigrade, sothere's -- it's a tine when the pellet
itself is cooling down before the in-vessel severe
damage starts to take place, so | don't think -- |
don't think it's a significant part of the previous
slide when it starts like this.

MR SCHAPEROW The ex-vessel release
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begi ns when the | ower head fails, and the -- sone of
the curiumis relocated to the area bel owthe vessel
The end time we've said is when the debris has cool ed
sufficiently so that the significant quantities of
fission products are no | onger being rel eased.

| believe an end tinme was chosen when
about 90 percent of -- | forget the exact nunber but
it was supposed to be a definitive point when nost of
the -- certain fission products were rel eased.

MR.  KRESS: Now does 1465 include ex-
vessel rel ease?

MR. SCHAPEROWN Yeah, it does.

MR LEAVER It does but --

MR. KRESS: It has a separate table for

the --

MR SCHAPEROWN Yeah. |It's part of the
same table, but a separate columm, | think

MR. KRESS:. A separate col umm.

VR. SCHAPEROW Yeah. The only
application that 1 -- we've looked at that for

equi pnent qualification, what woul d happen i f we had
an ex-vessel release. We've also applied it, as
you're aware, for the spent fuel pool risk say |ast
year. Those are the two uses that I'mfamliar with

t hat we' ve done, but other than that -- |'mnot --
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don't think we've done anything with those ex-vessel
rel eases.

The magnitude, again it's determ ned by
the release rates during the core-concrete
interactions, and there are sone statenments later in
NUREG 1465 that if one were to be able to get fl oodi ng
of the containnent, that you could significantly
reduce the ex-vessel release.

Actual 'y, Dr. Powers did sonme work on t hat
several years ago. He did sone -- actually, he had
sonme pretty bi g decontam nation factors for overlying
wat er pools. And applicability issues, | wote here
that |I'mnot aware of any, but that's me. |'msure
there are sone, and I'msure they will be discussed
during the nmeeting. | probably should have I eft that
bl ank. It was a little bit presunptuous of nme to
wite not aware.

MR. POVERS: Well, even if you excuse
i nventory affect, you know, it's hard to cone up with
anything. | nean, after you nelt the fuel it's kind
of forgotten what happened to it in the reactor. The
i nventory affects, you know, okay. But your Source
Termis given as percentages
SO --

MR. SCHAPEROW Yeah. |In ternms of burnup.
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MR. POVNERS: Yeah. |In burnup you change

the inventory, but if you discount that and recogni ze
that Source Termis a percentage, it's pretty hard to
come up with anything there now, and you can go on.
There's an approximation built intothis viewthat the
ex-vessel release is predomnantly core-concrete
interactions. That's saying that there's no Source
Term due to steam expl osions. And that's renarkabl e
because there is a very |l arge Source Ter massoci at ed
i n WARSH 1400 that is steamexplosions. |In fact, that
was the big one. And it says that these high pressure
sequences, that there's no direct -- high pressure | ow
ej ection source flow, so are any of those affected by
bur nup?

Wll, once again, it's pretty hard to
figure out how burnup affects chem cal behavior of
fuel that is nelt. Now what nelting is, is the
greater equalizer in this world by plotting the
affects of burnup, so | don't have any troubles with
you di scounting the inventory issue.

MR, SCHAPEROW Finally, late in-vessel
rel ease, that also starts when the | ower head fails.
That's howwe define it, and we have an end tinme of 10
hours after | ower head failure. And it appears to ne

that this end time is certainly -- is kind of
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arbitrary. | think we did sone work, Sandi a did sone
wor k a coupl e of years ago for PHEBUS t o show t hat you
could keep getting late in-vessel releases for a
while. It was not |like a specific end point. As |ong
as you had sone kind of flow through the system you
could keep getting releases by revaporization or
revol atilizati on.

Finally, ~can the magnitude here as
determ ned by revapori zati on, and I' mnot aware of any
applicability issues, but we'll get to that, | guess,
when we get to that again.

MR, POVERS: I would take strong issue
with attributing the | ate rel ease as bei ng det erm ned
by revapori zati on.

MR LEAVER Right.

VR. POVERS: |  would think that
revapori zation is but a conponent of it, and that
strongly plants a specific conponent to it. That in
fact, the magnitude of | ate rel ease could be affected
by t he degradati on of residual fuel withinthe reactor
core, because we know that cores don't nelt down
uniformy. And giventhe right configurations andthe
right kinds of designs, that's it's affected by air
i ngression. Now, | commented the air ingression was

deliberately not included in the NUREG 1465 Source
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Term

MR. CLEMENT: | would add, also the
duration can be affected because this is -- 10 hours
is a very |ow process. You nmay imegi ne severa
affects for which your * will be emtted in a nuch

faster way, so air ingression, that's one. Another
one is trying to reflooding your * and you have hi gh
steamflow and things like that, so it could be nuch
faster than 10 hours in certain cases, not all the
cases.

MR. SCHAPEROW And this is also -- we
believe this is also a very inportant part of the
Panel's effort istotal k about determ natory research
and to identify what will be necessary, and al so what
wi Il be desirable.

There are -- |'ve listed here a coupl e of
progranms that are underway that | think are in the
necessary category. They go -- they're, of course --

t hose are necessary for our work, and there may be
ot hers that maybe we'd like to do that aren't being
done right now, and there may be others that |I' mnot
awar e of.

MR. POAERS: You wite down PHEBUS wi t h no
extender on the end of it.

MR. SCHAPEROWN Onh, |I'msorry. | think
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there's supposed to be sone high burnup tests com ng
al ong and MOX test.
MR PONERS Well, in PHEBUS-FP | don't

think there are any high burnup tests. Nowthere is

-- there have been di scussions of fall lines to feed
this FP. I'mhardly the one to tal k about it. Mybe
Bernard could talk to us about those, but -- and

there's al so sonet hi ng cal | ed PHEBUS LOCA whi ch seens
appl i cabl e.

MR, CLEMENT:  Yes. In fact, the first
part is possible followng prograns on severe
accidents, with the three main scopes of testing MOX

fuel, so with the fuel degradation, and al so Source

Term fromthe fuel. High burnup fuel. Not making
experinments as conplicated as present ones. That
means that there will be no experinmentation on the

contai nment * but fuel degradation. And the third
part would be | ook at what happens when you try to
refl ood the degraded core. | nean, the - what were
the experinents in core that show that you may have
hi gh hydrogen flowrates i n such configurations. You
may al so have very fast Zirco-oxidationthat, in fact,
woul d enhance the fuel degradation *. And also, this
probl em of the resuspension, revaporization of what

deposited previously in the RCS, because you may
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change the flow rate, the tenperature, the oxygen
potential and so on, so this is one -- these are *
| i ke to investigate. And the previous LOCA Programi s
really to address the LOCA questions * bundle
configuration, but staying at the design basis with
the 1200 Cel si us maxi mum cl addi ng tenperature and so
on. We are thinking about it now.

MR. SCHAPEROW 1'd just like to nention
the -- inthe area of facilitation, we're very happy
to have Brent Boyack as our facilitator. He's got
enor nous amount of expertise in this area, as well as
in reactor accidents.

MR POVERS: I have to comment that
there's an i nmedi at e di screpancy. | mean, we've got
to clarify this right away. How do you spell this
man' s nane?

MR BOYACK: As on the slide.

MR. POAERS: | would never give you a C

MR. BOYACK: The question is which way
woul d you go.

MR POAERS: | remain nmum

VMR,  SCHAPEROW W' ve asked Brent to
basically lead the Panel effort, to lead the
di scussion, be up here with summarizing the Panel's

j udgnents and recordi ng everything, and it's -- he's
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going to have an extra hand, | think, for this job,
and he'll have to use both sides of his brain
i ndependently. At the end --

MR. BOYACK: Dana is willing to give ne
the extra hand, but | also want to make sure that we
qualify how that's delivered.

MR KRESS: Backhanded.

MR. SCHAPEROW And finally, | have two
bull ets here at the end of this slide to suggest that
sonet hi ng that m ght help us nove forward withit, so
we're all basically on the -- literally on the sane
page. At the end of each day, Brent is going to pass
out a typed sunmary of what we came up with, so around
5:00 today, Brent is going to hand out, hey, this is
what the Panel's judgnents are. And thenif -- we're
aski ng your indulgence to naybe take a look at it
sonetime before tonorrownorning. Andif you have any
nore comments tonorrow norning, we can tal k about it
at that point.

MR. BOYACK: Well, let me just correct
that. Actually, | don't have a mechani smfor getting
it out of the conputer here at the NRC thing for
printing. Wat happens is that at the end of each
day, | go ahead and wap that up, and "Il email it to

you as PDF file, soit will be available to you first
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t hi ng next norning.

MR. SCHAPEROW Well, if yousendit to ne
like at 4:45, 1"l run upstairs and print it out and
bring it down for the Panel. | nean, that's just

taking a few m nutes.

MR. BOYACK: If I canget it done, I'Il be
glad to dothat. | certainly will be able to give you
what | have.

MR. SCHAPEROW  Ckay.

MR. BOYACK: The question is | have to
emai |l it.

MR SCHAPEROW All right. Ckay.

MR BOYACK: | just --

MR.  SCHAPEROW Wwell, how about a
di skette, how about a three and a half inch diskette?

MR.  BOYACK: The conputers don't have
those. A zip drive is all that 1've got.

MR SCHAPEROW |'m sorry.

MR.  BOYACK: VWhat we'll do is fine,
towards the end of the day | can go ahead, and | just
need access to a tel ephone I|ine.

MR SCHAPEROW Yeah. That's not a
problem There are |ines here.

MR, BOYACK: All right.

MR. SCHAPEROW But yeah, | really would
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like to pass it out before -- not out totry to burden
the Panel at all, but it's only probably a page or
tw. | don't -- it's not going to be a long thing.
You can take a quick look at it tonight or tonorrow
norni ng, and we can tal k about it at the start of the
nmeeting, just to make sure that we're all together

| f sonebody's views were not properly represented,
we'd like to know that as soon as possi bl e.

And finally, Brent alluded to what he's
calling a product. W'd |like to have a Panel report
on recomendi ng a six chapter report. This could be
changed a little bit. This is just kind of an idea
who the players are, what people are going to do.
W' ve asked Mbsen Khati b-Rahbar to pull together an
i ntroduction chapter. W' ve asked Hossei n Nour bakhi sh
to summari ze what's -- in a couple of pages what's in
1465, to kind of lead us into hey, here's what the
Panel thinks. And then finally, we' ve asked Mdsen to
al so take a | ook at what we've done inthe first three
chapters, and summari ze conclusions. And simlarly,
chapters five and six will be just |like three and
four. We' Il again have the Panel recommendati ons and
t houghts, and finally a conclusions chapter on MOX
fuel .

Wth regard to schedule, after everything
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is pulled together after this neeting, we're goingto
try to get sonething to the Panel sonetinme in January
so that you fol ks can take a ook at it, again prior
to the last neeting, so if you have any concerns, or
agai n, things weren't captured properly, or there are
sonme additional disagreenents, we could tal k about
those at the |ast neeting.

Finally, 1'dliketo present avery sinple
calculation | didyesterday, and thi s does not address
alot of the issues that Dave Leaver has raised. It's
got a lot of applications that Revised Source Term
but this is what | like tocall ny -- I'll pass this
out. It's too hard to read. This is what | call ny
generic dose calculation with a Revised Source Term

| guess it'salittle bit hard to read on
t he overhead, but |'ve given you a handout. This is
-- |I've taken a reactor, a typical 3000 negawatt
thermal reactor. This is supposed to be a LOCA does
at the exclusionary of boundary. 1've taken a 3000
nmegawatt reactor, used t he Source Termfor 1465, which
isthe -- I"'mcallingit the in-vessel release. It's
the conbination of the Gap and early in-vessel.
Cont ai nnent | eak rate, agai n anot her typi cal nunber of
.1 percent per day. The next thing is the dispersion

factor that we used, just -- | pulled a nunber that
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may be typical. It my be alittle |ow actually, 10
to the mnus four seconds per neters cubed. A
breathing rate for sonebody digging a ditch. And
finally, we use an exposure period of two hours, the
person is standing there for two hours.

| didthe dose cal cul ati on wi th our Design
Basi s Code and canme up with about 6 remfor a person
standi ng there for two hours, because the accident is
going along. The containnent is in tact, but it's
| eaking at this very, very small rate, at a Design
Basis rate.

| did this just to see, as Dave Leaver,
had said, well, what's inportant? As we're going
through our discussions today, what mght be
i mportant? \What things m ght deserve maybe a little
nore attention than others.

VWhat hits ne inthe eye is iodine. | had
nost of the doses fromiodine, and then foll owed by
cesium and strontium

MR,  KRESS: You need to be a little
careful with those, for thinking in terns of failed
contai nnents. This would | ook different, andit m ght
| ook differently if youwere thinkinginterns of | and
contam nation. The cesi umwoul d probably occupy nost

of that term
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MR.  SCHAPEROW | agree wth you

conpl etely.

MR. KRESS: And strontium So you think
-- you need to keep in mnd there's nore than one
regul atory objective of the Source Term

MR. SCHAPEROW  That's true. This is
i ntended to be I'i ke, again, our Design Basis LOCA Dose
Cal cul ati on.

MR KRESS: Right.

MR. SCHAPEROW This is a person standing
t here breat hing heavily at the site boundary. But Dr.
Kress is right, long termstuff, you know, this has
got short half life for one thing. 1lodine is gone
after like a nonth or so, soyou're left with cesium
a 30 year half life, and maybe -- possibly rhodiumif
you have air ingress, and that's inportant.

MR POAERS: |'minterested, Tom \hat
are those Regul atory Objectives in the Source Ternf
You said there's nore than one.

MR. LEAVER Well, one of themis to be
sure you have a robust contai nnment, that doesn't fai
under Design Basis conditions, but nmay fail under
other conditions. And it's those other conditions
that worry ne.

Actual ly, fromthe standpoint of uses on
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the Source Term | don't think | attach nuch to this
ki nd of curve, because you're really dealing with how
to design your systens, and so it's not -- you know,
| worry about those other things in R sk Base, so |
may have m sspoke a little bit.

MR. LEAVER. Well, one Regul atory use of
the Source Termis to give you a basis fromwhich to
design mtigation systens.

MR. KRESS: Yeah, and that --

MR. LEAVER And t he nost i nportant thing
is to keep the containment in tact. |If you do that,
t hen you' ve sol ved nost of the problens that we all
you know, think about. But there are other things
too, that you can do. And in sone cases, | think in
our operating plants we've done the things that we
didn't need to do, but maybe we're getting a little
smarter now. But certainly, the fact that a huge
anount of the dose as iodine, | think if you're
tal ki ng about a 30 day dose, |ike controlling dose,
t hat m ght even be nore, because not nuch aerosol gets
out. | nean, now you're tal king about organic and
maybe a little 12 that tends to control the dose, so
it is a basis for designing mtigation systens.

MR. KRESS: Yeah, | agree. You're right.

MR. SCHAPEROW Ckay. That's all | had for
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the Panel. | guess | was going to ask -- | think the
next itemis we would like to ask the French to talk
about their work on their experinments.

MR. BOYACK: First thing we do is take a
br eak.

MR, SCHAPEROWN Ch, |'msorry.

MR. BOYACK: Al ways take breaks. Fifteen
m nutes, if you could come back at 10. Restroons are
on the second fl oor here if you need those. And under
the current conditions, we have to be escorted if we
go off the floor, so if you need to go down to get
coffee or sonething like that, we'll have to have an
NRC person wal k down with you

(Wher eupon, the proceedi ngs went off the
record at 9:48 a.m and went back on the record at
10: 06 a. m)

MR. BOYACK: Charlie Tinkler.

MR. TINKLER: Yeah. The point | want to
make, when Jason was showi ng the pie chart with the
i mportance of different radi onuclide groups, you know,
the message | got -- | get out of that is that for the
Regul at ory anal ysi s, the i nportant radi onuclide groups
are the volatiles, iodine and cesium And | thought
about your question, Tom about well, what if you

weren't worried about the worst two hour dose to an
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i ndividual at the ARB or the LPZ. What if you had

ot her concerns that you wanted to be addressed? And
| think nobst of our nost spent fuel pool work
i ndicated that issues |like |and contam nation were
still oftendriven largely by the cesiumdose - okay -
which is in the group of volatiles, so not likely to
change. And | only say that when the Panel gets to
del i berating sone of the low volatile radionuclide
groups, where the uncertainty is |arger, and NUREG
1465 struggl ed with mean and 75'" percentile, because
t he nunbers were -- they have -- there's a potenti al
for a much wi der spread on the nunbers there, that the
panel when it considers it's deliberations, reflects
on things Ilike that where for nost of our
applications, and remenber we're concerned about the
early in-vessel and gap release, it's pretty nuch
driven by the volatile groups. And to us, at |east,
i n our sinple way of thinking about it, that makes the
problemattractable for us interns of applicability.

MR BOYACK: Al right. Thank you.

We're now going to continue on with our
French col | eagues, who wi || be di scussing with us the
French data. 1've beentoldthat it's sort of athree
part presentation. Al so, | wanted to acknow edge t hat

we had indicated to them we didn't really know how

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

57

| ong they woul d need. We're not in any rush, so take
alittle bit longer to go ahead and go through the
data which is, | think, certainly the right thing to
do. And the one thing | did want to check, do you
have handouts to give to the --

MR. CLEMENT: Not for --

MR. BOYACK: So after the thing, then we
can go ahead and do that. So we'll go ahead and turn

it over to our French coll eagues, and who wi || speak

first?

MR CLEMENT: | will speak first.

MR. BOYACK: Dr. Cenent.

MR CLEMENT: So | will start, in fact,
with a kind of introduction that will be the first

part of our presentations, that will be another view
of the --
MR. SCHAPEROWN Dr. Cenent, the mke --
if you could --
MR. CLEMENT: GCkay. | have to speak here.

MR. SCHAPEROW If you want to be on the

other side, | can nove this over. Al right?

MR. CLEMENT: | have to speak here.
That's --

MR. SCHAPEROW Ch, okay. | can nove it

over there if you |like, whatever is -- whatever works
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for you.

MR. CLEMENT: Okay. So this will be * a
ki nd of i ntroduction for other presentations, so speak
shortl|y about experinental prograns, maybe about home-
made experinmental prograns because we use all that are
avai |l abl e, about * summary and studi es on reactors.
So this is just a selection of sone experinental
prograns that we are -- that we have used or are using
for assessing the Source Term so for fission product
rel ease, we have the ol d program HEVA, then VERCORS.
| will speak about in nore detail about VERCORS
afterwards, concerning fission product vapor or
deposi tion and condensati on. A programwas performnmed
a fewyears ago * devel oped. Here, |'ve forgottento
mention the program devoted to the release of *
materi al . One was enacted that was perforned in
G enoble for the rel ease of silveraniumcadm um and
now we are perform ng experinents on boron carbide
rel ease.

G ven concerning aerosol behavior of a
nunber of different prograns that all term nated * was
for the RCS. It was for the contai nment * was for the
* used for containment venting, so this part * now
t er m nat ed.

W' ve al so term nated a programrecently
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for the affects of spraying. That is named CARAI DAS,

with two parts. First of all, how aerosol is trapped
by the droplets and go the bottom floor, and how
iodine is either trapped by say wat er when goi ng down
with the droplets, or howit could be released if the
water is already dirty, and is an inportant *. This
IS just term nated.

Concerning iodine, in the past we have
made a nunber of bench scal e experinents in order to
neasure release of iodine by * interaction with *,
predi ction of organic iodides. There are a newseries
of experinents that will be launched that wll be
EPICUR, that will address the sane questions, but
trying to put nore enphasis on the kinetics of
prediction, and having really a good nmeasurenents of
kinetics of all these reactions.

CAIMAN is a * experinent. That was
dealingwithiodinechemstryincontai nnent, and CH P
is a newprogramthat we are now | aunching, trying to
get the chem stry of iodine inthe RCSin the primry
circuit. In fact, in our previous experinent, we
think that we have had sone volatile iodine in the
primary circuit, and we do not understand why, and we
don't have the explanation, so we're trying to nmake

nmeasurenents. You will see the presentation of PAR3
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by Monsieur Mchel Evrard, that it is an inportant
point for the Source Term

We * interactions between reconbi ner and
fission product. W' ve al ready | ooked at t he possi bl e
poi soning of reconbined air by fission products.
That's H2PAR, and we were | aunching a new programto
see what coul d be the prediction of organic iodide by
acting reconbi ners, | nmean, by thermal deconpensati on
of aerosol particles passing through the reconbiner.
This is a new experinmental program And also, the *

So for codes, we have a systemcode that's
nanmed ASTEC, so it's assigned kind of objectives and
it's MELCOR And we're also * for * in the
contai nnent that could be run either in stand al one,
but that are generally integrated in *. GCkay. O
that * and that could be coupled in that case *.
That's nore like in *. And * so you've got
ever yt hi ng. You've got here all the nanmes of the
nodel s, Diva for degradation *, you have transport *
SOPHAERCS * cal cul ati ons, and so on, so * concrete
interaction and so on.

Okay. Concerning fission product rel ease
* we have integrated what sone people call sem -
mechani stic * sem -enpirical *. |t depends how you

want to see it. The idea for such code is to separate
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the fission products in several famlies, and to nodel
only the dom nant nechanism for fission product
rel ease. For instance, for volatized, what is nodel
*,  (Okay? For sem -volatile you can * pressure, and
so on. And for non-volatile, at the tine being you
rel ease themas uranium Also, inthis * the urani um
volatilizationis *. That's for the * state.

Wien you reach the * fuel for volatile,
you consi der that they are all * at that tinme, and we
make thermal chem cal calculations for the rel ease
within the * pool, sothisis still to be inplenented
in the course. That's * in that case. Al so,
cal cul ation of rel ease of silveranium cadm umand *
car bi des.

W have * that is MFPRthat *, so naybe we
will not go into all the details about the *. You
have a solid solution of fission products in U®R+X
You have CSI. You have * containing barium cesium
*, and things like that. Ml ybdenum *.

MR. KRESS: |s burnup dealt with in that

MR. CLEMENT: Yes, it takes account the
bur nup.
MR KRESS: It does.

MR. CLEMENT: The code cal cul ates all the
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radi ati on history of the fuel, and thenit | ooks where
are the fission products, if they arestill *, if they
are mdway *, so all of this is calculated by the code
during the operation and during the severe acci dent.
* all the details just to save tine.

Okay. Concerning fission product
transport, and we have seenit's quite inportant. W
use SOPHAERCS Code, so that treats vapor * phenonena
wi t h honbgeneous *, condensati on and revapori zati on on
aerosol particles and * in both sites, chem sorphins
of vapors on structures. Cal culate * chem stry,
i ncluding 35 el enents, giving 84 species, and this is
* extended to 65 elenents. In fact, we have to cover
all the elements that may react, and also interpret
sonme experinmental * elenments of artifacts in reactor
situations.

This al so i ncl udes aerosol phenonena, so
do all of the nechanisns for deposition, settling *.
| rmean, it's quite classical * suspension and
aggl oner ati on.

kay. Finally, the * code, but maybe here
Il will not * to save tinme for the experinental
results, but in fact, we have a nunber of things that
are nodel ed i n gas phase chem stry, that nust transfer

fromgas to the liquid, and also in the Iiquid phase
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phenonena.

MR POVERS: Do you still believe that
there's ozone in the atnosphere to react with the
I odi ne?

MR, CLEMENT: W are -- there is a
possibility. W don't know exactly. It may act with
iodine, it may also distract sone organic form of
i odi des, so this could go in a good sense. But, in
fact, there are clearly conpetitions between the
reacti ons of ozone with iodine, and reactions of ozone
with other -- with netallic surfaces and so on, so if
ozone is trapped by netallic surfaces before having
reacted with iodine, the effect will be *, but we
don't know yet.

MR. PONERS: | have al ways consi der ed t hat
not -- | mean, people get enthusiastic about this,
ozone or nitric oxides, reactions to the iodide
strikes nme as the worse news one coul d possi bly have,
because it will act |ike a punp, to punp i odi ne out of
solution, put it in the atnosphere. It is
extraordinarily tiny little particles that will have
really long residence tine in the atnosphere.

MR. CLEMENT:  Yeah. In fact, we don't
have al | the experinental evidence to say yes or no at

this point.
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MR. PONERS: W may need to assenble a

Panel and take a vote.
(Laught er)

MR. POAERS: Brent would -- he can chair
t hi s thing.

MR. CLEMENT: GOkay. The |l ast vi ewgraph of
this first presentation, this will be what will be
expl ai ned by Jean-M chael Evrard |ater on, so we are
* our own reassessnent on Source Term Source studies
have been perforned between 1997 and 2000, so we have
taken into account all of the data and know edge
comng fromall of the experimentation and nodeling
effort, and we have used the determ nistic approach
based on a limted nunber of envel ope sequences. In
fact, again * but this will be explained by Jean-
M chel better than |I. W have used only | ow pressure
scenarios. This is our basis, but he will explain
that, | think.

MR. BOYACK: What was t he burnup basis for
this study?

MR. CLEMENT: Sone part of burnup is taken
into account where that * burnup is taken into
account. For gap rel ease, we have sone i nfornmation *
burnup, so it is taken into account. Were there is

no information, or few information - okay - experts
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have tried to take into account at a given point of
Vi ew.

MR. KRESS: \When one takes into account
burnup, does one | ook at the distribution of burnup
t hr oughout the fuel and the core, as the core is not
honogenous.

MR. CLEMENT: Yeah.

MR. KRESS: Do you account for this
di stribution sonewhat ?

MR. CLEMENT: In fact, at the end of the
day, in the results we get sone pages that can apply
probably to the *, because there is a distribution of
*. Infact, we're seeingthe -- thiswe'll seein the
next presentation, main affect on burnup for the data
we have from* experinents, * accel erates the rel ease
of *. So also, * conpress this phase in tine, but
when you | ook at the -- depends then what you want to
do with that for -- you know, French case, for
instance, we're interested to know what is in the
containnent if we are obliged to vent the contai nment
because of other venting system So in that case,
maybe it's rather long tinme after the first em ssion,
so maybe the conpression of time is not so i nportant.
But if you want to look at shorter *, then this

compression of tinme due to burnup may be of
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i mportance. |t depends what you want to do with your
Source Term

Ckay. Well, this was the first part of
our presentation.

MR. BOYACK: And there is plenty of tine.
Don't feel |ike you have to rush.

MR. CLEMENT: Questions now? The next one
is * from VERCORS and PHEBUS. | can stop now.

MR. BOYACK: Yes. And feel free to take
as much as you need.

MR CLEMENT: Ckay.

MR. BOYACK: There's no rush.

MR, CLEMENT: Ckay.

MR. POVERS: | guess in this issue of
het erogeneity of the core, the i ssue of heterogeneity
of the core that was raised as a question is
i nteresting, because | suspect that when the Source
Ter mCode Cal cul ati ons were done, that the -- aninter
core was assuned.

MR. KRESS: Right. It was, but | don't
think they even thought about burnup and how it's
di stributed throughout the core.

MR PONERS: Well, you shortly thought
about inventory.

MR. KRESS: The inventory, it is accounted
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for ininventory. They need to factor in the burnup,
and t he fuel managenment schene and so forth there, so
it is in the inventory, but it's the only place it
shows up.

MR. POVNERS: Maybe the only inportant
pl ace.

MR, KRESS: VWll, 1 don't think so,
because if it has the significant affect on the
fission product rel ease, you needto treat the core --
the different parts of the core separately. | nean,
we can't tal k about a whol e core nelt down and bur nup.
You need to think about what gets rel eased fromthe
different parts of the core, and it mght affect the
timng, it mght affect the anounts, because you m ght
melt down part of the core that says high burnup
before it has a chance to release -- that sort of
consi der ati on.

| thinkit could affect thetimng andthe
anount s, dependi ng on how much core i s at this nmaxi nrum
burnup |Ievel. You know, when | was doing nmny
cal cul ati ons, I recogni zed that I needed a
di stribution of burnups, and to factor that into the
calculation, but I didn't have it, so | couldn't do
it. And I'm regretting not having such a

distribution, because | could -- if | had the
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di stribution of burnup in the line up, | could have
factored it into nmy nodel, but | didn't have it, so |
didn't.

MR. BOYACK: GCkay. Any other questions or
conments before we begin the presentation? Ckay.

MR, CLEMENT: Ckay. So that involves
fission product release from fuel, and nmany
experinmental data. So experinental data com ng from
the first series of VERCORS tests, so in fact we have
t he si x VERCORS Tests, fromone to six. And the other
series of VERCORS, VERCORS RT and HT Test, that is
currently still in progress, so * facilities,
measurenents and *. RT2 and RT7 test is a MOX Test,
and HT1 is a high burnup test.

MR. KRESS: Did these tests vary the
bur nup?

MR. CLEMENT: For the two MOX tests?

MR KRESS: Yes.

MR. CLEMENT: Not for burnup. For other
t hi ngs, but not for burnup. And also, that this
probably you will know, there are sone results of *.

Ckay. So these * core tests have
obvi ously the true cl assi cal objective * kinetics and
total * fission products that also are denied in the

structural material, so as a function of a fuel
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temperature and also the atnosphere that could be
ei t her reducing, or oxidizing, or in between, or that
coul d change during the course of an accident andit's
simulation. So * Sources al so, and the chem cal * gas
phase. So this first series has been perforned from
1989 t hrough 1994.

Maxi mum tenperatures were about 2600
Kel vin, so that we're higher tenperature that in the
previ ous HEVA Program So basically, we nmake
experinments with the three * pellets that are taken
fromour nuclear * plants, * is kept so we keep the
radi ati ve cl addi ng and three pellets.

There are * pellets * depleted urani um
uraniumin the upper part and the | ower part. You see
onthis schene thisis * withinits cladding* uranium
pellets, and this is a radiographic of the sane t hing.

Ckay. Then this sanple is *, so in the
past it was * in Genoble. |In order to create short
life fission products, that nore or less for an
i nstrunentation and detectability question, you have
much better nmeasurenents if you are abl e to nmake * gas
spectronetry on short life fission product. So this
i nposes a constraint between the tinme of re-
irradiation in the reactor and the tine of the

experinment that nust be | ess than 400 hours in order
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to have a good detectability. So in the past, this
was easy because the radiation and experinment
performed on Grenoble. Nowirradiation is perforned
in*, but they managed to do that. They nmake a short
transportation. The * showthis before, soit's quite
cl assical system so you inmagi ne that you have three
pellets here, so inside a ceram c tube, and then you
have a * that i s heated by the high frequency furnace.
St eamhydr ogen, or a m xture of steamand hydrogen are
injected here in the bottom

What is material in this series of tests
goes through an inpactor that is not only an *
detectors. They are also * bits of stainless steel to
trap fine aerosols. So then it goes this way through
*. Ckay. Then to condenser, then this way you have
a possibility to go * gas chronmat ography. Here you
have a vol unme in which pass all the noble gases that
you can measure on line by gas spectronmetry, and here
you have a contract for nobl e gases, so * the system

MR. KRESS: Your fission product rel ease
nmeasurenent, is that second --

MR. CLEMENT: COkay. W have one online
detector on the fuel. Gkay? One online detector on
t he i npact or, one online detector onthe gas capacity.

MR KRESS: And the one on the fuel woul d
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be driven what's still in the fuel, you think?

MR CLEMENT: Yes. It nmeasures what is
staying in the fuel. |In fact, of the three pellets,
it's looking at the upper pellets.

MR. KRESS: And you used the change in
that to get --

MR CLEMENT: Yes. That's right.

Okay. The sanme thing that's just witten, so steam
hydrogen injection systemthat is superfitted at the
inlet, so the heating systemthat can go up to 2600
Kel vin, cascade inpactor, filter, gas capacity and
cold trap

Okay. So * there is an optical pyroneter
for measuring the tenperature of the crucible. It
doesn't neasure exactly the tenperature of the fuel
so calibration has been necessary.

MR KRESS: Do you run a tenperature ranp
rate up and then hold it constant?

MR. CLEMENT: No, you will see that -- in
fact, these experinments the first tenperature pl at eau
which was a | ow tenperature in order to oxidize the
Zircoloid cladding, mnimzing the interactions, and
then it's ranp. Ranp was sonetines interrupted by
smal | pl ateaus, but basically it's ranmp.

Ckay. So as | said, three gamm
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spectroneters. One on the fuel rod, one on the
i mpactor, and one for neasurenent of noble gases.

MR. KRESS: But what is the tenperature
ranp rate? Do you --

MR. CLEMENT: 1K per second.

MR. KRESS: So it's like Adiabatic decay
heat |evels.

MR. CLEMENT: Yeah. Okay. There are also
post-test anal yses, so the fuel is enbedded i n epoxy-
resin, and then we have x-ray neasurenents,
| ongi tudi nal gamma-scanning of the fuel. That' s
i mportant to have the final inventory. |In fact, not
only the fuel is gamma-scanned, but all the apparatus
* and all of the * of what is in the fuel, where is
it, where are fission products deposited and so on, so
this is a bone gamma-scan of all conponents,
cer anogr aphi c exam nationto see if there are changes
inthe mcrostructure of the fuel after the transient,
and physical chem cal analysis of sanples fromthe
| oop, mai nly by scanni ng el ectron m croscopi c, so here
is the answer to your question naybe. Ranp. No.
Yes. Ranp tenperature, 1K per second. That's here.

Okay. So in fact, you can see that npst
of these were tests were not at hi gh burnup except the

VERCORS 6, that goes up to 60 gamra day per ton of
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uranium Tenperature is in the range of 2500, 2600
Kel vi n.

Okay. The atnosphere is changed. You
have here the flowrate of hydrogen and here the fl ow
rate of steam In that case, you have sone oxi di zi ng
conditions. Here we have only hydrogen, so we have
nore oxi di zi ng conditions.

Ckay. For each * about what have been
seen |'d say as exam nations of the fuel after the
test, so the fuel does not have the sanme norphol ogy,
so we have | ooked in nore detail in the VERCORS 3 to
VERCORS 5 image, and the VERCORS 6. So |et ne show
the pictures. So this gives youa -- thisis -- this
gi ves you an i dea of the degradati on of the pellets at
t he end of the experinent, having in mnd that things
were at tenperature | ower than uraniumnelting point,
that there was already the fuel degradation. So in
VERCORS 3 through 5 it was maintained, but it was
severely damaged i n VERCORS 6.

The upper and central pellets have becone
much t hi nner, so they have been consumed on t he outer
side. |I'mnot sure it can be seen on the view graph.
No, it cannot be seen.

MR. KRESS: What i s your cruci bl e nade of ?

MR. CLEMENT: 1In these experinments it was
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either Zirconia or Radio Thoria. Radio Thoria. And
therefore, partially nelted in the VERCORS 6
experinment. These were * sone norphol ogy, changed
nor phol ogy, that is what you can see in VERCORS 4,
wi t h a hydrogen envi ronnment, and VERCORS 5, so you can
see t he nor phol ogy of the cladding. And here you can
see the interactions between the cladding and the
fuel. You have here, in fact, in this region rather
hi gher *. You can see in such tests, the kind of
porosities we can see in the periphery core zone of
the fuel, so sone norphology *. So the zone * in the
peri phery was a hi gher * burnup. GCkay? This is what
you can see *.

MR KRESS: The grains are about 15

m crons?

MR. CLEMENT: 15 microns *, yeah

MR KRESS: 1Is that both at the start and
the --

MR. CLEMENT: | don't think those -- when
fuel remains in tact, | think the grain size does not

change too nmuch

MR. KRESS: It doesn't have enoughtinmeto

MR.  CLEMENT: Yes. It's a high

temperature, but a short tinme so --
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MR. KRESS: Okay. Did it change in
bur nup?

MR. CLEMENT: Gain size, | don't --

MR. POAERS: Well, basically --

MR. CLEMENT: Basically yes, but not --

MR. PONERS: Wat you have is you burn

fuel, you get sone initial grain size growmh in the
first few megawatt days per tine.

MR. CLEMENT: Uh- huh.

MR. POWNERS: And then you pin the grains
and they can't grow, don't grow, until you get up to
t he point that you i nduce restructuring. And t hen you
go fromgrains that are like it says on the order of
15 microns to grains that are on the order of atenth
of a mcron.

MR. KRESS: They get that small.

VR. POVERS: Oh, yeah. In the
restructure, as |'m--

MR. LEAVER That occurs, restructuring, at
about what ?

MR. PONAERS: Well, nowyou're gettinginto
a conplication of nonenclature. W tend to think
about burnups over sone finite amount of the core.
Then you've got to think a little bit about the fact

that there is a burnup radio profile across a given
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pellet. Okay. |If | look at the |ocal burnup, the
particul ar region where the restructuring actually
occurred, | thinkit's actually a fairly sharp event,
right around 70 gigawatt days per ton. Okay? And
it's very detectible.

That is somewhat a function of what the
| i near power rateis, andthat's a conplexity. Andto
go into that conplexity, we have to discuss gas
bubbl es, and then lots of things like that. But you
can take locally about 70 gigawatt days per ton.

Now what that is, totranslate froml ocal
to a nore gl obal neasure, depends on whether you're
tal king about PWR Fuel, or BWR Fuel, what kind of
bur nabl e poi sons you have, how nmuch gadoliniumis in
it, things like that. Okay? But roughly, 50 gi gawatt
days per ton is the pellet average.

Now things we -- you know, once you
per suade yourself that that restructuring, that fine
m crostructure that he shows, that I' msure that Ral ph
will show nore of, whether that has a significant
i mpact or not, then you've got to discuss howthick it
i's, and how deep it goes and what happens to it as you
go through this tenperature transi ent that you ascri be
to the accident. All interesting stuff.

MR. CLEMENT: Ckay. Sone *, sowe'll just
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summari ze quickly. If you look at the * the [ ast
experinments, are no surprise for volatized fission
products, you are between 99 and 100 *. VWhat is
notable difference was what is taken in 1465 is
bariumrel ease. That isinthis experinent inportant,
SO --

MR. LEAVER  Bari un?

MR CLEMENT: Yeah, barium

MR. BOYACK: Just before the one you want .
The orange one. Yeah.

MR. CLEMENT: About here, up to 80
percent, or 55 percent, or 29 percent release of
barium so that's one difference with what is 1465.
But this is consistent with * HVI Test. Values are
sonetinmes different, but it's -- globally it's
consi stent. QO her points we can see * when it's
oxidizing. GCkay. That's not a surprise.

We saw that release of tellurium*. W
have to wait for the cl addi ng bei ng oxi di zed, but this
was null al so. Concerning the actinides, actiniumis
nore rel eased t han uranium that is nore rel eased t han
plutonium That's the order. That *.

Getting back to volume now, 1'd like to
show you how this graph, the volunme actua

distribution, so this is a distribution of the fuel
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before the test. This is the fuel after the test.
Ckay. That's * volune on this, sorry. But what is
i mportant i s when we | ook at both the vol une t hat was
staying here - okay - what is inportant is that not
all the volunme is still in the fuel, so this is
t her nrograns, and em ssion t her nography, soin effect,
i magi ne you have the fuel here, and vol ume has been
spread like that in aradial direction, sonot all the
vol ume that went out of the fuel was really rel eased
fromthe test section, but some went out.

This coul d be i mportant, for instance, we
ar e speaki ng about t he suspensi on or evapori zation, if
you have things like that, that this could be
| mportant.

MR. LEAVER What is the -- this is the
pel | et ?

MR. CLEMENT: This is the pellet, yes.

MR. LEAVER: And what are the white | i nes?

MR. CLEMENT: The white line is probably
an original dianeter of the pellets, so then it was
eroded here.

MR. LEAVER: The original dianeter of the
pel l ets?

MR CLEMENT: Yeah. It was eroded *.

MR. LEAVER. For the claddi ng?
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MR. CLEMENT: The cl addi ng was probably

her e.

MR. LEAVER.  Yeah.

MR. CLEMENT: This was erosion of the *.

MR. LEAVER: Okay. And there's no cl addi ng
on this pellet.

MR. CLEMENT: No. No. You will see that
on anot her experinment where it is maybe nore clear.
Ckay. So concl usions, at 2600 Kel vin, so no surprises
for iodine. Normal gas * cesium tellurium and
antinony, so nearly * delay for tellurium and
anti nony, but trapping on the unoxidized cl addi ng.
For sem -vol atized, there is nolybdenum *, rhodi um
The significance of this is that could be about half
of these -- of the release -- of the vol atized *. For
the sane experinment, you are able to rel ease about
half here of what you w Il release here, so it's
significant. High sensitivity through oxidizing or
reduci ng conditions, for instance, nolybdenum * and
oxidizing in volume * in reducing conditions. And
also a significant retention close to the fuel. |
nmean, we have -- as you have seen, we have this gama
measurenment that is on |ine neasuring what is in the
fuel. And you have the ot her gamm neasurenents t hat

are measuring what is * in the inpactor and *, so we
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know that it is an inportant retention, and this is
al so ganma scan

Continue for *, so for strontium
| ant hanum * between 3 to 10 percent of initial *,
deposit very close to the fuel. Zirconium?* so they
are already linked to the fuel. Negligible *. GCkay.
Only sone nol ybdenum and | ant hanum nmeasur enment s have
been measured in another experinment *. That is the
only one on whi ch a significant anount of | ant hanumis
measured. So this is in good agreenent with the ot her
tests, so H VI and PHEBUS-FP with the exception of
vol une.

MR, KRESS: Vell, was VERCORS 6 an
oxi di zing environnment or a reduced --

MR, CLEMENT: VERCORS 6 was --

MR. EVRARD: You have the table with the
condi ti on.

MR. CLEMENT: | have the table but it's so
much *.

MR. SCHAPEROW Yeah. | think that was
t he nost oxidi zed.

MR. CLEMENT: VERCORS 6, where i s VERCORS
67?

MR. LEAVER. That was .5 tighter than

the --
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MR KRESS: So it's oxidizing.

MR. LEAVER | think we need to think
about that, because if we're looking at fission
product rel ease i n sonme of the sequences, the question
is --

MR. EVRARD: Co-m xing conditions.

MR. KRESS: Yeah. |Is it doing oxidizing
condi tions or doi ng reducing conditions? | thinkit's
nore likely to be doing reducing conditions. |'m
not --

MR. LEAVER  Rel ease.

MR. KRESS: Yeah. You need -- right. You
need to run the whol e four codes to determ ne whet her
the rel ease comes from --

MR LEAVER Yeah. There's a table
listing all the conditions.

MR. KRESS: My question is what is it do
in real accidents.

MR. CLEMENT: Al right. Com ng back to
test with high burnup, so we have for the time being
two tests, VERCORS 6 and VERCORS RT5. | may not have
spoken about VERCORS RT5 because there were sone
experinmental difficulties, soit'sreallydifficult to
measure what was released during this test, so the

test anal ysis has been post poned.
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MR, KRESS: Ckay.

MR. CLEMENT: Maybe in the future, we'l]l
cone back to it, but it's nuch nore difficult. And
when the future test is done in 2002, with a *
radiation *, so we know that to conplete this
dat abase.

Ckay. General coments. In fact, we
observed what we call in the VERCORS the fuel
rel ocation at the given |evel of tenperature. Ve
observe online with this gamua spectroneter that is
| ooking at the upper pellet, when you |ook, for
i nstance, at elenents |ike europium or things like
that, for which your releaseis very ow. You observe
that given tine and tenperature a collapse of the
fuel . That is called fuel relocation. So with
i ncreasing burnup, this relocation appears at |ower
tenperature. Yes?

MR. SCHAPEROW On the -- there is a
cl addi ng around?

MR. CLEMENT: There is a cl addi ng around,
yes. But | mean, the cladding is fully oxidized.
There's no nore --

MR, SCHAPEROWN No support.

MR. CLEMENT: Yeah, no nore support. And

al so, it mght have interactions at such tenperature,

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

83

or that's probably a good expl anation. So the rel ease
of vol atized fission products appear earlier that in
| ower burnup tests. But | would say when you reach
this relocation tenperature here, that's nearly
everyt hing has been rel eased * burnup test. So that
was | was calling conpression in tine.

MR. KRESS: That may be -- 1'm sorry.
That may be -- the reason for that conpl ete rel ease we
need to keep in m nd may be because you're using a | ow
ranp rate and heat up.

MR. CLEMENT: Yeah.

MR. KRESS: So you're there a long tine
bef ore you ever get --

MR. LEAVER. Tinme and tenperature.

MR. KRESS: So tine and tenperature is
| mportant.

MR. SCHAPEROWN  \Wich test was the one
t hat conpares -- if you want to do an i sol ated | ook at
burnup, would it be conparing VERCORS 5 wi th VERCORS
6? Wuld that be the --

MR. CLEMENT: Strontium *.

MR. LEAVER. 5 is 38.3.

MR, EVRARD: | would say it's difficult
because there's no specific test we've -- where the *

done of * so there is a difference in the
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MR. LEAVER. Right. R ght.

MR EVRARD: -- of plateau and *.

MR LEAVER Right.

MR. EVRARD: That's so easy.

MR. KRESS: As long as | can get the sane

at nospheric conditions, then | could conpare it.

MR. LEAVER It's not clear that the --

MR KRESS: | can take care of the
t enperat ure.

MR. LEAVER  The atnosphere is not the
sane t hough.

MR KRESS: Yeah, that's what | need to
know.

MR. LEAVER  Yeah.

MR  CLEMENT: | have lost ny table. I
have | ost ny table.

MR. LEAVER You had that one table that
had - -

MR. CLEMENT: Yeah.

MR. LEAVER | was going to ask you to
hol d that one out.

MR KRESS: There it is.

MR, CLEMENT: kay. So the VERCORS 6 *

not small conparable with this one for the at nosphere.
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Ckay. For VERCCORS 3 --

MR LEAVER Ckay. And 3?

MR. CLEMENT: The duration of plateau is
not the sane for the atnosphere.

MR. LEAVER: That's a good one. That's 3
and 6. Yeah. Wre those the two that you said on
that other slide that you were conparing, 3 and 67

MR. CLEMENT: No, it was not a direct
compari son, no.

MR. LEAVER It wasn't?

MR, CLEMENT: No.

MR. LEAVER It was just a general
compari son.

MR. CLEMENT: Yes, a general

MR. LEAVER  Yeah.

MR, CLEMENT: Ckay. So --

MR. LEAVER: But that seens significant
that he's really concluding that this is faster which
this is a surprise, and -- but it's conplete in both
cases, SO --

MR. KRESS: Yeah. It's conplete in ny
m nd because you hold it a long tine.

MR. LEAVER. Right. Right.

MR. KRESS: The faster is not a surprise

to ne --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

86
MR, LEAVER  No.

MR. KRESS: -- because |'ve been saying
that all al ong.

MR. LEAVER. Right. Right.

MR. EVRARD: But | think there's a way to
* tenperature if the * on the table for *.

MR. KRESS: Yeah, but the reactors
generally go through two ranps. One of themis this
1 degree K, which is nostly an Adi abatic heatup. Then
you light off the clad.

MR. LEAVER Right. It takes off like a
rocket .

MR. KRESS: And then it changes an order
of magni tude or nore.

MR LEAVER  Exactly.

MR. KRESS: So you have two ranps that you
have to worry about, and you have to worry about how
|l ong you're in each one of them

MR LEAVER Right.

MR,  CLEMENT: So for summary, |ow
volatiles - okay - there is a question mark here
because it appears not so inportant, but * not so
i mportant *, and maybe it's an affect of this |ow
rel ocation tenperature. You don't have tinme to

rel ease all of these fission products, but we are so
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sure we can nmake thi s conclusion. Aconclusionif you
* about that now. So this was VERCORS series, and now
we have the series that is being run now That is
VERCORS RT and HT, so RT stands for -- HT stands for
hi gh tenperature, RT | don't renmenber whether it's --
| don't know.

MR. G ESEKE: Never m nd.

MR. CLEMENT: The RT tests are quite
sinplified tests. W just want to | ook at rel ease
fromthe fuel - okay - so we just put all of the fuel

* filters in which we trap everything that is

rel eased.
MR. LEAVER Rel ease of transuranics.
MR. CLEMENT: Everythingthat is rel eased
MR. SCHAPEROW  Those are RIT. That's
right. Yeah.
MR. CLEMENT: Transurani cs.
MR. LEAVER: Yeah, that's what it was for.
MR. CLEMENT: Thanks.
MR LEAVER Right.
MR. CLEMENT: Thanks.
MR LEAVER It's on this other slide.

MR CLEMENT: Yeah. And we make al so
chem cal analysis of the different parts of the

circuit inorder to have t he nass bal ance, and t o know
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where things are depositing.

HT Test also -- we also |look at the
retention in the circuit in the sinplified way. |
nmean, over the test * you have a thermal gradient
t ube, so we --

MR KRESS: Do you have --

MR. CLEMENT: A thermal gradient tube.

MR. KRESS: Do you have a t hermal gradient
tube bottle? Dana would [ike to see that.

MR. CLEMENT: We nmake cal cul ations of
vapor condensati on.

MR. PONERS: But that's --

MR. KRESS: That's not good enough.

MR. CLEMENT: In fact, that's aninportant
point. And in fact, in-- it is on this HTI Test that
we first tried to see if our calculations are okay or
not, because it's a sinpler continuation than other
ones, on whi ch condensati on peaks are wel | nmeasured in
the thermal gradient tubing. W are now in the
process of looking at * . Ckay.

MR, SCHAPEROWN  Why you say this is a
sinmpler configuration? 1In what way is it sinpler?

MR CLEMENT: Well, let ne show --

MR SCHAPEROW |'m sorry. | guess |

m ssed t hat.
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MR CLEMENT: | will showthe next slide.

MR. SCHAPEROW Ch, okay.

MR CLEMENT: So this is the * the sane
ki nd of furnace, and here on this filter you neasure
everything. * pyronmeter you neasure t he bottomand t he
top. You have online gamma spectronetry on the short
colum on the inpactor. Then you go to condensers,
drivers and cold traps, soit's quite sinple *. You
see here the furnace itself. You adhere the * tube.
And here the * filtering systemthat is *. The sanme
in*. Ckay. So the heating system over there.

MR KRESS: When you use your therma

gradi ent --

MR, CLEMENT: Yes.

MR. KRESS: -- in your pyroneter, wth
your -- | guess you're using a glass --

MR, CLEMENT: | didn't --

MR. KRESS: What does it ook is what |I'm
getting at? Do you have a --

MR. CLEMENT: We | ook at -- we knowthe --
what i s the tenperature * along with thermal gradi ent
tube, and we | ook at the peaks of vapor condensation
along with thermal gradient tube.

MR. KRESS: | was thinking about where it

| ooks at the fuel itself.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90
CLEMENT: No, no.

KRESS: How does that --

2 3 3

CLEMENT: The ganmma spectroneter?

MR. KRESS: Yeah. No, no, no, no. The
optical pyroneter.

MR. CLEMENT: The gamm - -

MR. KRESS: The optical pyroneter, that
gauges the tenperature of the fuel --

MR. CLEMENT: Optical pyrometer, in the
| ower part it's | ooking at the bottomof the crucible
in which is the fuel.

MR, KRESS:. Uh- huh.

MR. CLEMENT: And the one that is |ooking
fromabove is | ooking at the upper source of * --

MR. KRESS: You have one | ooking in the

ends.
MR. CLEMENT: Yeah.
MR, KRESS: You have a hole this way?
MR, CLEMENT: No. No, no.
MR. KRESS: Fiber optics.
MR CLEMENT: Fi ber optics, yes. They

resist for a while and then we have to change them
Okay. So you speak now about the true RT Test with
MOX. We'll cone back to the HT Test after that. So

RT2 and RT7, so there was one question about burnup.
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It's very simlar, 45.6 here, and 43 here. Sane ki nd
of fabrication. This one was probably -- my *
oxidizing atnosphere and this one in reducing
at nosphere. Ckay.

So fuel degradation, you can see here 1
through 5, so in the RT 7 Test, so this one, was
reduci ng at nosphere. The rel ocation of the fuel was
observed at 2700 Kelvins. In the RT 2 Test it was
observed 500 Kelvin | ower, 2200 Kelvin. Ckay.

So the only idea is that the interaction
between material would have been different in both
cases, because fuel doesn't * tenperature. Al so
i nteraction between fuel have been different. Maybe,
you know, *, nmaybe sone renmi ning Zircal oy.

Okay. Anyway, * tests on this relocation
tenperature problemis -- we think that it will be
performed * if possible before the end of 2002,
because it's quite an inportant difference, and we
want to try to understand why * would have been --

MR. KRESS: But in your test when your
fuel relocates, it's not nolten you said.

MR.  CLEMENT: That's why | say it
rel ocates, and | don't say it's nolten.

MR, KRESS: Ckay. Does the fission

product rel ease stop --
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MR CLEMENT: There is --

MR KRESS: -- or does it continue?

MR. CLEMENT: Maybe it's a coinci dence
that there is -- because that's the next chart.
| nvol ve the two tests of this * fuel, the tw tests,
whet her approxi mately the sanme tenperature history up
to this point here.

MR, KRESS:. Uh- huh.

MR. CLEMENT: There is fuel relocation,
and up to this point there is fuel relocation.

MR, KRESS: Ckay.

MR CLEMENT: Look at cesiumrel ease.

MR KRESS: A chemcal --

MR. CLEMENT: Cesiumis denied for this
test with his relocation tenperature, soit's earlier
-- for this test was lowrelocation tenperature. The
* two coincidents but we * for both tests.

MR. KRESS: Yeah. And it was all gone in
both cases before rel ocation.

MR. CLEMENT: Yes. GCkay. So it's * of
such * because it's not so easy to understand. Maybe
nore in detail * questions of norphology or things
i ke that, | don't know.

MR. LEAVER But it has nothing to dowth
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MR, CLEMENT: | nmean, | cannot imagine
that you have relocation at very |ow tenperature
wi t hout nucl ear action between UQ2 and ot her materi al .
You know, when you take * then you would --

MR LEAVER So there's no clad in this.

MR. CLEMENT: There is cladding.

MR. LEAVER. Onh, there is cladding.

MR. CLEMENT: There is cladding, but the
cladding -- thereis alowtenperature plateau at 1500
Cel sius, and the duration of the plateau is enough
for, I woul d say oxi di ze conpl etely the cl addi ng. But
maybe there is some interaction, | don't know. This
is the only explanation |I can see for things |ike
that, different interactions. And al so, fission
product may play a role. That's -- you know that if
you have sone pressure in the gas bubbles and so on,
that is different in both cases. This could play a
role with the interaction *. That's maybe an
interesting * for barium

You were asking ne how do you use the
ganma spectroneter with the fuel. Ckay? Sothisis a
vi ew of the signal of the ganma spectronmeter for the
fuel in RT 7 Test that's inverted, so that in fact,
the signal in reality decreases, it is inverted so

that this is *. Ckay?
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VWher e * exception of barium that's a bl ue
one. You have here *, and this is just a signal of
gama spectronmeter. Wat we can see hereis the first
bari um novenment that is going fromthe center to the
peri phery, and then wi th your gamrma spectronmeter you
have a nuch | ess shi el ding for neasuring your vol une,
and you have a greater signal of bariumthat doesn't
correspond to the release * original novenment. And
then the rel ease fromthe test section *. Only there,
so this is just to show you that there are very
pecul i ar behavi or.

MR. SCHAPEROW |s that because bariumis
a beta emtter or sonething?

MR, CLEMENT: Bariumis a?

MR.  SCHAPEROW Wll, is it a beta
emtter? Is that why --

MR CLEMENT: Oh, it's a gamm enitter
both. | nmean, it's emtter anyway, yeah.

MR,  SCHAPEROW So the other fission
products don't go through that m gration.

MR,  CLEMENT: No, no. But neasure is
gamra rays, not the beta.

Okay. This is a viewof the gas rel ease.
krypton, xenon. VWhat we observe, this is quite

classical, is that for each tenperature ranp here
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before a plateau, you have a big spike in the gas
rel ease. You can see ot her tenperature ranps, the gas
rel ease increases. Then it stops. Sanme here, soit's
not -- gas release is different fromiodi ne or cesium
releases. It's not the sane nechanisns. You have
this spikes and release during the tenperature
changes.

MR. EVRARD:. You have the final rel ease *.

MR. CLEMENT: Yeah, and the final rel ease
corresponds to fuel relocation. That's what --

MR. LEAVER And the orange curve is
t enper ature?

MR. CLEMENT: Yeah, tenperature. So this
is really associated with degradation *.

Ckay. Concluding the RT2 Test. kay.
Now i n RT2 Test, the release of volatile FPs earlier
than RT1l, that RT1 was made with * fuel. Okay? For
the -- onthe contrary, RT7 we have a del ayed rel ease,
so for the RT2 Test, * release with the UD2 fuel, but
this is not confirmed by the other MOX Test. [''m
sorry for this confusion, but that's rel ated.

Ckay. Now we are in the process to make
* interpretation, because we don't have yet all the
nmeasurenents for these tests. In particular, the

actini des nmeasurenents, we don't yet have the results.
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This is inportant for MOX fuel *.

VR. BOYACK: Does your detail ed
interpretati on have sonething to do with this, also
runni ng some of your conputer codes, and trying to
under st and - -

MR. CLEMENT: There are two points. Wen
| say the interpretation, in fact the analysis of
experinmental results is not term nated because not al |
are available *, and then we analyze this test with
our conputer codes. Yes.

MR BOYACK: Ckay.

MR. CLEMENT: That could be *. [If we just
want to | ook at if what the current status of the code
that is used in ASTEC, that is ELI SA, is okay or not,
we use ELI SAfor conparing with the experinent. It's
a kind of wvalidation process. If you want to
understand nore detailed features, for instance,
fission products are released earlier because there
are * what is the size of the bubbles and so on, there
we use an FPR It depends on the goals.

MR. KRESS: Your nodel you said was a | ot
li ke the one that's in Victoria?

MR. CLEMENT: Yeah, | think so.

MR. KRESS: It's a diffusion based nodel .

MR CLEMENT: Yeah.
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MR. KRESS: Have you tried to use the data

to back up the uraneous type of coefficients?

MR. CLEMENT: In fact, we use -- we use in
fact the nodel of diffusion, so it is diffusion
coefficients that are depending of tenperature, and
al so of the pure oxidization, so this is taken into
account. In fact, as | said before, for these the
fission coefficients, they have been adjusted in
experinmental research in the first series, because *
so we don't take into account other possibilities, so
* coefficient *, you know, that should be. Ckay.
Probably for high burnup fuel and we use a * nodel
| i ke ELISA, probably you will have to use a second
popul ati on of volatilized Fps, that the begi nning * no
nore in the grain, but in the grain boundaries. That
could be a sinple way of using sinple codes for *.
Because here it is not enough to nodify the fission
coefficients. You have to take into account whet her
therepartitionefficient * grain outside or grainin,
so that's not truly an avenue.

kay. So * to the VERCORS-HT, so here is
the fuel. GCkay. Here is the * with gamma detector
The thermal gradient tube. Then the flowis devel oped
with either * an aerosol filter that traps everyt hing,

or at a given tinme on an inpactor * granular *
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nmeasurenent. Okay. Then we have, | think, the gas
capacity here for measurement of noble gases. Then
the cold trap, and gases can be sent to gas
chromat ogr aphy, so while * to this part of the system
for the transport.

Okay. This is a view of VERCORS-HT1 for
hi gh tenperature tests. Okay. So the release is
still high, like * 100, volune 4900, so quite
| mport ant. And | said before for the first tine,
i mportant for rel ease of ruthenium 8 percent, so that
-- and al so europium 9 percent. Sothisis the first
time we have quite inportant * of this |owvolatized,
but this experinment was at a rather high tenperature,
and |I'm sure HT1l, | think at higher tenperatures.
Ckay.

MR LEAVER For a while for 1.

MR. CLEMENT: For a while, yes.

MR,  POWERS: Vel l, having very high
tenmperatures for awhileis of interest, if we ascribe
tothe belief of sonme that there's a protracted period
i n which you have nolten fuel on the | ower head bei ng
retai ned there because of thetinme it takes to conduct
heat into the | ower head.

MR. CLEMENT: Yes. | nean any way in

the --
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MR. POAERS: You will note | did not say

| was a subscriber to that.

MR. CLEMENT: No, and just on your point.
| nmean, when the fuel is liquified so it goes down,
that's clear. Remind that in these experinents you
got online neasurenents of all these imges, so you
can make your * at the stage of the experinent that
you want. Ckay. Because just |ook at before this
i mportant relocation * and say okay, in that case it
goes to the lower head. | amnot going to * for this
phase. You can pick the release -- the tinme you want,
because this is a view of the fuel relocation. This
i s a gamma scanning initial state, okay. And thisis,
| believe, is zirconium95 so that stays in the fuel
You see the * went down, and there -- if there was
nothing to stop it - okay - it would have went --

MR. KRESS: This mght be a good tine to
break. This -- I've been of the opinion a long tine
when fuel liquefies it becomes liquid, that the
fission product release turns off and quits. And |'m

| ooking for sonme validation of that opinion by

experi nments. Not only relocates, because it can
rel ocate and still be in the solid state.

MR. POAERS: |'msure that you don't nean
t hat .
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MR. KRESS: | -- what | think happens,

Dana, is that you end up creating a pathway for the
fission product to get out that's a further di stance,
because you' re no | onger dealing with grains. You're
dealing with a bulk liquid, and that the diffusion
coefficient throughthis bulkliquidisdifferent than
the diffusion through the solid state. And that
basically, it turns off because it gets such a -- a
much sl ower rate.

MR. PONERS:. Yeah. You just nean the nass
transfer goes to --

MR.  KRESS: The mass transfer goes to
zero.

MR. POVERS: Vell, it goes slow You
don't nmean it turns off.

MR. KRESS: Well, |low enough to say it
just quits rel easing.

MR, POAERS: Oh.

MR. KRESS: And that kind of gets --

MR. POAERS: That's a big off.

MR. KRESS: Yeah.

MR,  POVERS: The trouble is with that
view, isyousay it turns off, people will forget that
when it goes down a rod button and things |like that,

the mass transfer goes very high. And it's only when
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it's in a stagnant pool that you nean the nass

transport --

MR KRESS: Yeah. It doesn't --

MR. PO/NERS: Yeabh.

MR KRESS: But that's --

MR. G ESEKE: It's noving then. It's a
rel ease, | would think.

MR KRESS: Yeah, but that's --

MR. G ESEKE: Because you're refreshing
the surfaces. You're noving it all around.

MR. PONERS: You better say yes, because
he's got PHEBUS data that shows every tinme they
rel ocate fuel they get a big burst of aerosol coni ng
t hr ough.

MR. KRESS: | will believe that, but if it
ever gets to a pool, then | think it quits.

MR. PONERS: Yeah. | nmean it didn't quit
down. It's closed down.

MR G ESEKE: Yeah. It slows down.

MR. PONERS: Al right. And it may be
even worse than you think because you' ve got to have
this relatively | ow convection within the pool, but
t hen you have this frozen or crust --

MR. LEAVER The crust has a bi g inpact on

t hat .
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MR. CLEMENT: GCkay. So this gives you an

i dea of the fuel novenents. GCkay. This is -- okay.
It's the sane for | anthanumand europium GCkay. It's
not so inmportant now. Ckay. This gives you a --
that's a thermal gradient tube so * response to the
tenperature, that you can see on this scale. And here
you have cesium deposits, iodine deposits, and
tellurium deposits, so you can see the peaks are
clearly identified, sowe are nowtrying to interpret
that. cesiumbehaves differently, as you can see. |If
you look at tellurium this really looks like a
beauti ful vapor condensati on peak with a -- sonet hi ng
quite sharp, then a * and so on.

MR. KRESS: But it's an iodine conpound
t hough.

MR, CLEMENT: It's an iodine compound,
yes.

MR LEAVER 800K

MR. CLEMENT: Here it's up to -- maxi num
is up to 750K. Okay. The tellurium peak is |ess
beauti ful but maybe there are trophics. 1 don't know.
W have to |look at that. Ckay. And for cesium
sonmething else happened. It's not only vapor
condensati on. kay. So either we have several

speci es of aerosol depositions here, but all we have
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the vaporization of sonme cesium species, the
deposition and then the vaporization, and everything
i s deposited that way.
MR. PONERS: What's the tube made out of ?
MR, CLEMENT: Huh?

MR PONERS: What's the tube nmade out of ?

MR. CLEMENT: The tube is made -- | don't
r enmenber . lt's netallic *. | don't renenber. I n
fact, | think that's -- if you look at the other

ki netics of cesiumwe have probably t he suspensi on of
cesiumin this experinment. This is probably what *.
Ckay.

Ckay, tal ki ng about transport. W neasure
al so what arrives in -- * what arrives in the filter
that is at the end of the experinent. So you will go
to iodine, cesium nolybdenum This is *, so that
t hese experinments can be really used to assess the
nodel s for the transport in the vicinity of the * in
a simple configuration. GOkay? So we should be able
to calculate such a sinple continuation before
conmpl eting nore conplicated ones.

Ckay. So main conclusions, so for the
vol atile fission products the rel ease was total about
2600 Kelvin, so *. In fact, if it continues a

transient of rel ease of volatile *, deposition may --
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all things remain in the * in the thermal gradient
tube. And for the sem -volatiles FP, 50 percent of
rel ease of * in nmolybdenum so it's quite inportant
and * taken into account for the chem stry efficient
product in the RCS. They mght interact with other
fission products. OCkay. The deposition in the upper
part of the furnace, thermal gradient tube in the *
have been neasur ed.

For lowvolatile - okay - with ruthenium
nept uni um cesiumin 5 and 9 percent, nore significant
rel ease for lanthanum as | said before, europium
| ant hanum was about 8 percent, and nost of these
fission products were deposited in the upper part of
t he furnace. | nmean, the low volatile fission
products are deposited nuch closer to the fuel than
the volatile ones. And no rel ease for zirconium So
wat ch for the recent test and future test in VERCORS,
so we have perforned the FP-3 Test in June 2001, with
a 47 gigawatt day per ton fuel in oxidizing
at nosphere, and silverani um cadm umwas added to t he
system just to cause the inpact on the transport of
fission product * fuel. kay. Anal yses ongoi ng
Future tests, tests will be performed next year. HT-2
in April, so we're using atnosphere. That was

i njection of silveraniumcadm um U2 was four cycl es
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radiation. RT-6 in Septenber. U2 very hi gh burnup,
six radiation cycles. And we are discussing
presenting the possibility toperformanair injection
just at the very end of the test, in order to see if
we see * or revaporization of the deposited rutheni um

Ckay. So that's all for VERCORS.

MR. EVRARD: The VERCORS facility will be
cl osed --

MR, CLEMENT: Yes.

MR EVRARD: -- at the end of 2000,
because the VERCORS facility will be closed in the *,
and to * plan for future experinment in *, but not
bef ore 2005. | think that's -- | nean, with this
smal | er device *. But it could be interesting, |
t hink, for going nore for * in a MOX fuel, because |
think we are * very nuch on MOX so far

MR. CLEMENT: Ckay. Should I go on on
PHEBUS or - -

MR BOYACK: Yes.

MR, CLEMENT: Yes.

MR. KRESS: Well, you know, one thing this
points out is we need to decide by sonme sort of
exercise of the codes as to whether we think our
rel ease for the Source Termis going to be taking

pl ace i n oxi di zi ng condi ti ons or reduci ng conditions,
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because it makes significant difference, particularly
on some of the | esser volatiles. So we'll have to --
but that's a function of which sequences we want to
| ook at, and do t he cal cul ati ons of where we think the
fission product occurs in the sequence as it
progresses. | think that's one of the points we need
to think about.

MR. LEAVER: Yeah. | nean, it |ooks |ike
that's al nost nore i nportant than whether it's MOX or
uo2.

MR. KRESS: Probably.

MR. CLEMENT: So PHEBUS probably no nore
than * VERCORS. So four tests have been perforned so
far, FPT-0 in 1993 which *, so it was a fission
product rel ease froma bundl e of 25 drops i n oxi di zi ng
at nosphere, 51 in 1996. The burnup was 23 gamma wat t
days per ton. Physically the test was quite simlar
to the FPT-0 * oxidizing atnosphere. Okay. What
means oxi di zi ng?

In that case, we have during the Zrcal oy
oxi dation phase, 50 percent of nore Hydrogen at the
outlet of the bundle of the first section, sothisis
t he nmeani ng of oxidizing atnosphere in that case.

FPT-2 in Cctober 2000, so 32 gama watt

days per ton of uranium so * reduci ng at nosphere. So

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

107

reduci ng neans we had steam starvation for Zircal oy
oxi dati on, and we nmeasur ed one 100 percent Hydrogen at
the fuel outlet.

FPT-4 in July 1999, so 33 ganma watt days
per ton. It was released from debris bed, pre-
fabricated debris bed.

MR. POAERS: It might be useful to point
out how | ong you neasured 100 percent Hydrogen at the
outl et.

MR CLEMENT: It was about nore than 15
m nutes, 18 mnutes, soit's not -- it's one part of
the transient *, so sone anount of fission product has
been noticed in these conditions. And another part
has been noted in oxidizing conditions.

MR.  KRESS: s this Hydrogen generated
fromthe plant or --

MR.  CLEMENT: It was from Zircal oy
oxi dat i on.

MR. KRESS: It was Zircal oy oxidation.
You didn't inject.

MR. CLEMENT: No. For instance - okay -
you have had in the FPT-2 Test for the high rel ease of
nol ybdenum so consistent with what |'ve shown you.
But this rel ease of nol ybdenum di d not happen during

this phase, but during the peak up phase after when
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t he conditions were oxidizing.
MR. SCHAPEROW |'mKkind of curious too.

So what you have is a very slow flow rate of steam

into the --

MR CLEMENT: No.

MR. SCHAPEROW And no Hydr ogen goi ng into
the --

MR. CLEMENT: You have very slow -- yes,
very --

MR, SCHAPEROW Just steam going in.

MR, CLEMENT: We just inject steam

MR.  SCHAPEROW And it turned into
Hydr ogen.

MR. CLEMENT: And * by Zircal oy oxi dati on,
yes. Okay. Well, just like to point out what are
the, I would say, the differences with what we've
spoken before. Ckay. So for volatized * the results
are consistent with the picture we have had, * for
kinetics and *. Cbviously, you have to recal cul ate
with your * actual tenperature is * and so on, and so
on.

Low rel ease of barium only 2 percent, so
this was troubl esone because there are a nunmber of *
experi nents where you rel ease barium in PHEBUS *, so

what is our current interpretation. But | say we are
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not sure of that. W have made several dynamc
calculations inthe solid state, addi ng sone oxi di zed
zirconium or oxidized Iron in the UX2 netrics, and
calculated the vapor pressure volume of such a
m xture, * that it is greatly reduced, so you don't
have the proof. That is what we've got by
t her nodynami c cal cul ati ons to explainthis difference.

Infact, inall the* tests you don't have
the Iron that you have in PHEBUS * Zrcaloy. And
dependi ng on the experinment, in VERCORS t he Zircal oy
i s supposed to be fully oxidized so not tointeract so
much. | think in sone tests * there was interaction
bet ween Zircal oy and rut heni um

MR. KRESS: There definitely was.

MR. CLEMENT: Yes. So maybe it's * but
that's *. And for ruthenium we have always this
specific *. There is a significant release fromthe
test * matrix, but nearly all what is released is
deposited in the upper part of the bundle, and only a
few percents are released fromthe bundle, so these
are quite general conclusions. Again, this * the
guestion of what happens if some air arrives on *
deposits, would it be fully oxidized and go out?
That's a probl em

Concerni ng the fi ssion product transport,
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in fact in PHEBUS FP experinment we have sinul ated *,
a steamgenerator and a cold *. So the tenperature of
the hot | eg was at 700 Cel sius, and the conditions of
t he experinents all of the volatile fission products
were transported as aerosol at 700 Celsius, with the
exception of iodine. That neans that cesium was
condensed, * was condensed.

We neasure low retention in the steam
generator. The * are estimate the retention by a
factor of about 2 as conpared to the PHEBUS-FP
experiments, so we go directly to the concl usions.

There i s sone gaseous i odi neinjected from
the primary * to the <containnent during the
degradati on phase, and the significant one. It is
maxi nrumduring t he cl addi ng oxi dati on, the FPT-1, and
it is higher in the hot leg that was at 700 Cel sius
than in the cold leg, that was at * Cel sius.

You will see later on the -- from the
presentation of Jean-M chel Evrard how we have taken
that into account in our own Source Term*, but it has
been taken into account.

Then when iodine comes into the
containnent it reacts with oxidized silver * to form
non- sol ubl e species, and this reduces the * inhibited

radiolytic |2 formationinthe conditions of these PT-
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1 experinent. So nost of the --

MR KRESS: Was your silt water stirred?

MR CLEMENT: It was -- was is --

MR KRESS: Was it stirred because the
silver iodine tends to settle to the bottom

MR. CLEMENT: Yeah. That is what we have
nmeasured. It was sedi nmented.

MR KRESS: Sedi nent ed.

MR. CLEMENT: Sedinmented in the bottom
Yeah.

MR KRESS: Sl ow sedinentation.

MR, CLEMENT: It's a rather slow
sedi nent ati on, because probably small particles. So
nost of the * containnment during the FPT-1 Test was
com ng fromthe *. Then our interpretationis that it
reacted with the paints in the atnosphere. This is
because at the end of the test we measure nostly
organi c iodides in the contai nnent vessel. And that
is -- was probably * comng fromthe sun. | think
it's solely by reaction with the atnospheric paints.

MR. KRESS: And in these tests, you had a
-- the steam was condensed in the m ddl e?

MR. CLEMENT: The steam was condensed in
the mddle, and *.

MR. KRESS: And that would tend to carry
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the iodine towards the -- away fromthe wall?

MR. CLEMENT: Yes. Yes. | nean, you may
have reactions of iodine * by different processes,
because if you -- when steamis condensed you w |
have al so iodides that will conme on the condensing
surface, and these iodides may also react with the
pai nts.

MR. KRESS: Oh, the condensing surfaces
t hemsel ves - -

MR. CLEMENT:  Uh- huh.

MR. KRESS: Ckay.

MR. CLEMENT: Just because in a reactor
bui | di ng you condense sone pai nted surfaces.

MR, KRESS: Ckay.

MR CLEMENT: Ckay. This will give you
some * stopped it by that, but okay. So t he experi nent
was conducted with -- this is the tenperature in red.
This is the Zircal oy cl addi ng oxi dati on, and here is
t he end of the experinent. Here is the nucl ear power.
So just to show you sone data, so here, for instance,
is the xenon neasured release fromthis experinment.
So this first picture is * Zrcaloy cladding
oxi dat i on. In fact, during the course of the
experinent, at that part we have had the formation of

a mol ten pool, during this PT-1 experinment. GCkay? So

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

113

a large part of the fuel that was in the upper part
went into the lower part. And we see a decrease of
xenon, followed by an increase at the end of the test.
In fact here, we have few novenents, where hot
material were comi ng down and hitting * fuel in the
| ower part, and causing this xenon rel ease, so we w ||
goto that for I would say nost of the el enents. This
was a review of the flowrates. This is integrated
measurenent for iodine. This is the same one for --
xenon was different neasurenents. In fact, *. Here
you have * tellurium You can see that it's quite
simlar to *, except thereis |less when is during the
oxi dati on phase starts later on. Ckay. That for
cesium 137, so * inportant, and you can see here for
cesium 85 percent at the end of the test, a rel ease

fromthe *.

Here the rel ease was di fferent Kkinetics.
That's ruthenium GCkay. That's * are negligible, but
you can see that the kinetics are not the sanme as for
cesium It is released later on. This is * of the
kinetics, but the release is very low. This one is
nol ybdenum so 55 percent of the release for
nol ybdenum and this is uranium so * in that case *

is not correct. It doesn't take into account the
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deposits just about the fuel because they were not
wel | neasured. For all other fission products this
was taken i nto account, so the kinetic * of uraniumis
not *. Conpare with release of cesium cesium and
uranium not at all the sane.

Okay. This was neasured also the
depositions in various parts of the circuit. Hereis
t he kinetics of -- deposition of iodine in the steam
generator, sothisis what is nmeasured *, and this is
what is derived. This * fromthe *, so we can see
that we have several * phases. The first oxidation
phase, that is here, with Zircal oy. Here what we call
the main release phase, and at the end of the
experi nent when we had sonme fewer novenents, what we
call late oxidation phase, because in fact, hot
material comng in cold regions have oxidized
remai ni ng Zircal oy.

Okay. We have got the sane pictureinthe
contai nnent vessel, so where you can see the
repartition of that *, so in the outer part is the
total mass reaching the containnent. This is the
total mass. That is deposited * the sane. Then you
have what i s cal cul ated to be deposited by * settling,
whi ch i's cal cul at ed to be deposi ted by

di f fusi ophoresi s. Okay. And here * iodine into
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contai nment vessel. So *, but these are the
nmeasurenments, this one.

Wien | say cal cul ated, it's not cal cul at ed
by cal cul at ed by code cal cul ati ons * fromexperi nent al
measurenents. Okay. Then what is inportant is what
was neasured as a gaseous iodine fractions in the
cont ai nment at nosphere, so these * are a response to
the gaseous iodine neasurenent fraction from the
bundl e inventory. * one percent, here is your
percent. So here at the beginning is the rel ease
phase. Then we have this phase here during which all
of your sol ar deposition either by settling or by * in
t he begi nning. So you can see that the concentration
i s maxi mum at the begi nning, and then i s decreasing.
Then here we have a specific feature of the previous
experinment. We have alarge fraction of aerosol s t hat
are deposited on the vessel bottom that are not in
sunp water. In fact, we wash all these aerosol s that
are on sunp bottom and put themin sunmp water, and
then we start * nore than *.

Her e we can see an i ncrease of * infection
and there is * concentration. The curves here
corresponds as what is in the sunp water from the
signal of the gamma spectroneter, so the decrease

does not correspond -- the decrease in concentration,
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the response to sedinentation, settling of silver
i odi de.

Okay. |If we conme back to the overall *
of * probably need a copy of this table so we could
have t hat, of what havi ng neasured as krypton xenon *.
i odi ne, rubidium cesium technetium antinomy as
vol atil es. barium ruthenium strontium * the
fission products. So this table, in fact, we have
what is in the test bundle zone. GCkay. What is in
the fuel here, and the upper plenum above the fuel
Then we have what is deposited inthe hot | eg, what is
transported at the neasure point of the hot |eg, what
i s deposited in steamgenerator, and the sanme for the
cold leg. So this gives you an idea of the kind of
measurenment we get to the end. GCkay. And these are
other * so neptunium uranium plutonium zirconium
cadm um rhenium silver, and strange things. uranium
that is an artifact * instrunent. And we al so neasure
the * lead that seens conpletely distributed, but is
probably a pollution, but we have the sanme royali st
kinetics as fission products, so that's probably a
coincidence. So this gives you sone ideas about *
FPT-1 and * FPT-1 *.

Let's say sone words about the first *

FPT-2, so simlar as far as FPT-1 for the overal
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rel ease. Then things are found, not surprises. Xenon
rel ease starts before cesiumand iodine. Tellurium
rel ease starts after the end of cladding oxidation,
and nol ybdenum has not been released during this
cl addi ng oxi dati on where we had 100 percent Hydrogen,
but during the oxidizing foll owi ng heatup phase. * of
barium so we are doing this reducing phase. And *
trapped in the hot leg. |In precedent experinents it
was not trapped or maybe *. In that case, we have
changed the conditions in the sunp water and i odi ne
was | argely soluble in sunp water, but the PH of the
experinment was al kaline so it changed many things.
Gaseous iodine concentration in the containnent

simlar to FPT-1 in the short term and lower in the

| ong term

G ve an idea of experinent for this is
versus tine. This is a measure of the *
concentration, so was 100 percent here. This is

i odi ne concentration in the contai nment as nmeasured,
so with one part of the release during the reducing
at nrosphere, and one part in the oxidizing at nosphere.

The | ast curve here gives you an idea of
the aerosol release. That's quite *. That's an
optical monitor in this, so you can see an i nportant

peak here at the end of the oxidation phase. And
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anot her inportant peak, and say near the end of the
experinment. This is * tine before. W have seen
progression of our nodel nolten pool, a * of our
nolten pool in the experinent. So again, as in
previ ous FPT experi nents, you have al ways an i nport ant
relation -- you have always inportant relations
bet ween what happens on aerosol fission product, and
what happens on fuel degradati on.

MR  LEAVER This is -- the min
difference is the reducing?

MR. CLEMENT: As conpared to * for the
fuel fission product rel ease, yes. Conditions for the
contai nment were different. The overall nass flow
rate was al so | ower, so that we have had nore deposits
in the RCS, but that's | ogical. And al so, from a
chem st * point of view, there was Boric Acid injected
in the system

MR. LEAVER  And the sunp chemi stry was
t he sane?

VR. CLEMENT: Sunp chemistry was
different, no.

MR LEAVER It was different.

MR. CLEMENT: In FPT-1 it was -- PH was
acidic, and tenperature was low at the end of the

experinment, 90 Celsius and PH5. Here at the end of
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the experinent PHis 9, and tenperature is 120, so
sunp chem stry different.

Okay. This is sunp chem stry. That's *
for first results of FPT-2, so this is a view versus
time. Time is rather long of a gamra spectronetry
measurenments on the sunp water. In fact, we have two
gamma spectroneters, one | ooki ng at the bul k, and one
| ooki ng at the bottomto see what has been settl ed.

Ckay. VWen we look at the gamm
spectroneter that goes at the * this gives an i dea of
the solubility, for instance, here and here also is
settled down * here during this phase. You have a
constant val ue that corresponds -- that gives us the
fraction of iodine but that is soluble.

Wien you | ook at the other spectroneter
that is this one, you look at what is settled *
partitioned here. Then we meke this washing phase,
and we have a rapid increase, and then a rapid
decrease, then a *. \Wen we stopped the experinent
Wi th decreasing the tenperature * changes in the
solubility of iodine, sothis gives you an idea of the
data on which we are working and presenting. So this
was ny last slide. |'mfinished.

MR. BOYACK: Any questions or comments on

t hat ?
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MR. PONERS: O her thanit's spectacul ar.

MR. CLEMENT: Thank you.

MR. PONERS: It's an amazi ng set of tests.
It showed us things that we believed, and it showed us
things that we didn't know about. For exanple, the
one we didn't know about, of course we didn't know
that silver was going to chonp on iodine in the
contai nment, and never took it into account in any of
t he nodeling. The other --

MR. LEAVER That happened in the |ot
t hough, didn't it?

MR. POAERS: What did you say?

MR. LEAVER Did that happen in the |ot?
Wasn't there silver iodide observed in the lot? |
t hi nk there was.

MR PONERS: \hether it was observed or
not, nobody took it into account.

MR. LEAVER  Yeah.

MR PONERS: And never recognized how
pervasive an effect it would be. The other thingthat
has al ways struck nme that the test showed, the PHEBUS
Test showed especially, is that notion of the fuel,
changi ng of the floww thin the core, and changi ng of
the gas conposition within the core are at |east as

I mportant as changi ng tenperatures on fission product
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release. And we build sinplified nodels that have
fission product release driven by tenperature, just
isn't true, and we want the details of thetimng. It
probably doesn't make a huge difference for the
volatiles if all you' reinterestedinis the integral
releases. |If you're interested in timng and things
li ke that, and the progression, and you do get
interested in those things when you' re dealing with
behavi or in the contai nment, our nodels are just not
up to the chore. And it suggests that they just need
to recogni ze mass transport, what PHEBUS is driving
throughto. Unfortunately, it's extrenely conplicated
mass transport, so |I'mnot sure how you recognize it.

The -- on the things that it confirnmed,
probably -- there are lots of things that it really
di d not support. That is, you get alot -- you get a
substantial fraction of the nobles, you get a
substantial fraction of the cesiumand i odi ne. W see
a little nmovenent of ruthenium and tellurium which
unfortunately is orthogonal to our intuitions onthese
things, and we're still sorting that out.

It also confirms the fact that once you
get into the contai nment, you do get m xed aerosol s;
that is, the aerosols are very quickly becom ng the

sanme conposition, kind of a wuniform conposition.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

122

That's very inportant because that's an assunption
built into every one of the aerosol nodels, that if we
didn't have confirmation of that, the aerosol
physicists would be slitting their veins because the
alternative isreally really intractable. The iodine
very quickly cone gaseous iodine concentrations,
what ever they nmay be very quickly cone to a steady
state. That too is a very inportant confirmation
because it's just that details of the Kkinetical
processes are not so i nmportant as | ong as you get the
sources and syncs correctly cal cul ated. And of
course, that in itself is a problem because you've
got paints, and steels and things |ike that that are
conplicated, but if you get the sources and syncs
ri ght, what goes in with the atnospheric chem stry is
not so nearly -- It's a mxture of things. |It's just
exactly which one integral test to do for you, confirm
things and tell you about things that you shoul d have,
if you' d been smarter and paid attention, |ocked and
woul d have then extrapolated it to reactor acci dents.
You woul d probably have better nodels.

Il will coment also that one of the
bi ggest benefits that cones out of the tests is that
you get alot fromthe expendabl e results, but you get

a lot nore because they have these meanings with
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progranmmati c groups of lots and | ots of people getting
t oget her and putting eyeballs on the planning of the
tests and the test results, and those insights that
come out of the nodeling probably are at | east as good
as the experinent results thensel ves.

MR. BOYACK: Ckay. Thank you. Anybody
el se? Any other comments? Nowthere was athird part
of the presentation

MR, EVRARD: Yes.

MR. BOYACK: And how!| ong approxi matel y do

you think that takes?

MR. EVRARD: | would say maybe a half an
hour .

MR, BOYACK: No, no, no. It's not too
long. It's just a matter of when we have | unch.

MR. EVRARD: Maybe a little nore.

MR. BOYACK: You think a half hour? Well,
| think if it's the half hour, we would go ahead and
have the presentation and we'll take a |lunch break.
There's still food down there at 20 after. Right?

MR SCHAPEROW It's up to you. You're
runni ng the neeting.

MR. BOYACK: Why don't we go ahead t hr ough
your presentation then.

MR. EVRARD: (kay.
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MR. BOYACK: If we get to 1:00, we'l

st op.

MR.  EVRARD: So the last part of the
presentation is related to the -- to our work on the
reassessnent of reference * for the application of the
data we collected *. So in a general point of viewin
France, we have two types of Source Term One for
design basis accidents, and | think that the main
difference with the NRC approach is that for this
desi gn by these accidents, we consider only *. That
nmeans we consider that there is * of the core, and
there's no degradation of the pellets, sothe -- only
the rel ease of the gap inventory *. And the Source
Termare used to design instrunentation. | forgot to
mention the qualification of equipnent to define
accessibility, and to assess *. And we have all the
Source Terns for severe accidents in order to design
energency pl anning for those type of accidents. And
for this severe acci dent we consi der the scenario, we
are comenting with vessel rupture and with a |ong
termloss of containnent integrity. W conme back to
this point later.

So personal ly, I'mnore invol vedin severe
accident, but for the purpose of this neeting, | tried

to collect informati on about what is doing in France
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in the field of design basis accidents. So * Source
Termfor different situations in design conditions.

For instance, for a |large break * there
are two different sets of assunptions. One, to assess
what * inpact, and for this proposal we consider that
there is one sort of cladding rupture of the core, and
5 percent release of noble gases, and 2 percent
rel ease of volatile fission products. That means
i odi ne and cesium

MR, KRESS: WAs that 2 percent and 5
percent out of those fuel s that conpose t he 33 percent
clad failure, so the whole core --

MR. EVRARD: Because yes, that's 5 percent
and 2 percent have been accunulated in the gap, and
all this amount is released during cladding rupture.

MR. KRESS: But released from 33 percent
of the tubing.

MR, EVRARD: Yes. Yes.

MR. KRESS: Ckay. That's fine.

MR. LEAVER: So five-thirds of a percent

of the noble gas -- according to the rate nobl e gases

MR. KRESS: That was my question. Yeah.
MR. EVRARD:. Yes. And there are sone -- a

different assunption for -- to assess * existence.
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That nmean 100 percent of cladding rupture and 5
percent of nobl e gases and volatile fission product.
| don't think that * that assunption. And so far, the
Source Terns are applicable to U®2 fuel up to 52
gi gawatt days per ton, and MOX up to 37.

MR. LEAVER Wiat is the difference
bet ween system operability and --

MR. EVRARD: That nmeans all the
applications and * inpact.

MR, LEAVER: You nean like filtration
systens and things |ike that?

MR,  EVRARD: Yes, and instrumentation,
and accessibility.

MR LEAVER  Ckay.

MR.  EVRARD: So as we gathered the
extension of this assunption to high burnup fuel and
MOX fuel, there are di fferent kinds of work i n France.
The first one is feedback of the duration of fuel, so
EDF perform measurenments on * in order to determ ne
the gap inventory of fission products. So for the *
burnup, so far up to 60 gigawatt days per ton, for
U2, and also for MOX fuel. So this gives data on the
anount of fission product cunulated in the gap at the
end of the life of * core interactor.

There are also an In-pile experinment
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programnanmed FLASH, whi ch has been perforned in order
to neasure the fission product release under LOCA
conditions. And fromthis experinent, which have been
performed many years ago, one involved * burnup fuel
* 50 gigawatt days per ton. At -- the main outcomnes
of these works is that *. That neans bel ow 52 and 37,
the volatile fission product contained in the gap is
| ess than 1 percent of the core inventory when you
nmeasure the gap inventory in * after the *.

It increases up to 5 percent for 60
gi gawatt days per ton for U2 fuel, and 40 gi gawatt
days per ton for MOX fuel. It's around this value, so
you observe a rapid increase of the contai nnent of the
gap for these values, and the FLASH 5 experinent,
whi ch i nvol ved the high burnup fuel, appeared to be
above * val ue. It seems to be higher content of
fission product * gap for burnup of 50 negawatt days
per ton, so the assunption is that a part of the
volatile fission product * are also being rel eased
during the transient * the anbunt * the gap also a
part of the fission product *.

So EDF al so perforned sone cal cul ation
with the * code which sinulates the fuel * fission
product production and *. And if we consider that all

of the amount of fission product accunulated is
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grained * supposed to be released. This -- the
conclusion of this calculation is that about 10
percent of the noble gases of the inventory of the
wat er coul d be rel eased, and this could increase upto
20 percent for nost. So this information com ng EDF
and * between EDF and *, so this information only for
t he purpose of the work of this group.

MR. LEAVER  Could you repeat what you
just said. | didn't understand it. Sonething to do
with PDF and | PF.

MR. EVRARD: So this * from EDF.

MR LEAVER In the last bullet?

MR EVRARD: Yes, all this information.

MR LEAVER  Ckay.

MR. EVRARD: |s the work perforned by EDF
to * about hi gh burnup and MOX fuel, and t he ext ensi on
of the use of this fuel * property of EDF.

MR. LEAVER. Wbul d t hat suggest that -- is
there sone rethinking going on about the release
fractions for the desi gn basis accident as aresult of
this information?

MR, EVRARD: Excuse ne?

MR. LEAVER: The first slide that you
showed had a desi gn basis accident in which you were

rel easing 5 percent for the 33 percent that had cl ad
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trouble. Now this data suggests maybe that nunber
shoul d be a bit higher, at |least that's what | think.
Is that -- so is there any thinking going on about
possi bly changi ng that?

MR. EVRARD: Yes. The discussionis about
how-- uptowhichlimts we can aut hori ze hi gh burnup
and MOX fuel. And if we go below * change the
assunptions for Source Termuse. And there are also
prograns and progress with MOX fuel by EDF with two
parts. One part is to -- is out-of-pile experinents
in Genoble, whichis aprogram-- the * Programwhich
triedto neasure the rel ease under LOCA condition from
the pellet, and fromthe gap. And maybe in the future
in-pile experinment |ike FLASH on MOX fuel , but that's
that tests that have been decided so far.

Okay. Sothose aretheinformation | have
about high burnup in fuel during design basis
accident. So the second part is relative to severe
accidents, so | want to nake a short history of the
reference Source Termfor severe accident in France.
So in 1975 to 80, there were first studies in severe
accident, and the definition of * Source Term and
then to S-1, S-2 and S-3. S-1is * accident | would
say was early rupture of containment, and * the

envi ronnment .
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S-2 was a delayed release, a long term
rel ease, but without any filtration. And S-3 was a
long termrelease with filtration by the soil, for
i nstance. And so we -- | can give you the val ues of
this Source Term So for each one, you have a | arge
rel ease of noble gas for sure, but also of iodine,
about 60 percent of iodine, and 40 percent of cesium
For S-2, it was about 3 percent of iodine, and for S-3
it was about .8 percent of iodine.

MR. LEAVER s this release from
contai nnent or fromthe fuel?

MR. EVRARD:. From contai nnent, vyes.

MR. LEAVER: From cont ai nnent .

MR. EVRARD: It's where the Source Term*
cont ai nnent .

Okay. So followi ng the severe acci dents,
there arethe -- there was i npl enent ati on of energency
procedures, includingasystemof * of the contai nment
bui l ding, and there * of S-3, taking into account this
procedure of filter *. So the -- for the emergency
pl anni ng, we have considered that * was S-3 Source
Term and that we neans that we suppose that early
rupture of contai nnent have al owprobability, and can
be excl uded. And for the long term rupture of

containnent, there will be either the filtration by
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the filter venting systemor the filtration by the
soil is case of basement nelt through, for the
enmer gency pl anni ng desi gn and t he purpose of this S-3
Source Term

So from* we have perfornmed a study to
assess the S-3 Source Term In order to consider the
new know edge on the release and on the * fission
product, and associating materials to take into
account the i nprovenent, i npl enenting t hese pl ans, and
as nentioned by Bernard Cl enent, this work i s best on
a determnistic approach, best on a limted nunber of
acci dent sequences, which can be considered as * of
all the spectrum of accidental sequences. And only
| ong termcont ai nment rupture woul d consider * with S-
2, S-3 *.

So the accident sequences we have
considered are three | arge * LOCA sequences, which are
t he AC sequence in * term nol ogy, with the |inestone
concrete. That neans it involved an initial failure
of contai nment spray, and the * until sunp tenperature
reach about 130 degrees for it's core nelt, with *
cont ai nnent *.

The second sequence is an AHC sequence
with also a | inmestone concrete, with initial failure

of * and a failure of containment spray * circul ation
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water, so it's involved an early core nmelt and the
rel ease through the venti ng systemof the contai nnent
ri bbing. And the last one is an EC sequence with a
siliceous <concrete, initial failure of * and
cont ai nment spray, and due to the choice of siliceous
concrete, we have rel eases through the basenent.

So as concerns the * of these sequences,
we consider that these sequences are * of the | ast
spectrumof sequences consi dered by the * assessnent,
because as a * factor which are taken into account,
are not the facts that a |large break is considered,
but is due to other assunptions. The first one is
del ay before core uncovery, whichis due mainly tothe
delay before * failure, and not to the *. The
unavail ability of cont ai nnent spray, t he
unavail ability of steamgenerator cooling, and not to
have the facts that the break i s consi dered in the hot
| eg.

W are also performng conplinentary
calculations, that means small break and station
bl ackout to confirmthe previous ways * cal cul ati on.

There are two main points anongst others
whi ch have been considered and developed in this
study. The first one is related to fission product

rel ease from the fuel and from * system and the
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second one is *, so |l will focus on those two points.

So the first one was based on the critical
review and the * of available experinental result,
agai n from HEVA- VERCORS experiments, fromalso H/ VI
experinments, from* test, that neans PHEBUS-FP, and
from TM - 2. And this leads to a selection of
reconmended val ues * fromthe gap, fromthe core, and
at the break of the RCS by a group of experts. So |
wi |l give you the conclusion of this group of experts.

So the val ue which have been consi dered
for the gap release, the classical ones, nmeans 5
percent for nobl e gases, and 2 percent for iodine and
cesi um MR. LEAVER Now where is that
-- that's the same nunber of the --

MR EVRARD: Yeah. So at the nmonent of
the study, we didn't consider especially high burnup
and MOX fuel at that point, but in the proposal * you
will see that the main point is the rel ease of iodine
and * of iodine, so the release of iodine is
considered total fromthe fuel, so -- and the inpact
of the Source Termon the environment is *. So | wll
say that the i npact of the high burnup and MOX, seens
very limted to these concl usions.

The rel ease fromt he fuel inside, fromthe

fuel are the follow ng, so we take 100 percent of the
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rel ease for noble gases, also for iodine in burnup.
About the sane for cesium and for rubidium for
tellurium antinony and *. W didn't find any
significant release for *. W considered a rel ease of
10 percent for strontium which is * release *
experi nment. About 50 percent for barium As
mentioned by Bernard Cenent, the significant
di fference between the VERCORS and PHEBUS result *

maxi mrum val ue. And we obtai ned a val ue of 10 percent

of ruthenium for ruthenium | think there is a good
agreenent between PHEBUS and VERCORS for -- in this
experi nment. 30 percent for ruthenium again from

VERCORS results. 90 percent for nolybdenum and
technetium values taken from VERCORS and PHEBUS
results. And 10 percent for Lant hani des and eur opi um
and cerium

MR LEAVER Certainly, they're nuch
better than TM. That was -- you nentioned TM was
one of the -- part of your review.

MR, EVRARD: Yes.

MR. LEAVER: Yeah. And you | ooked at the
nunber - -

MR EVRARD: * The value of * different
from | ant hani des and europium And 10 percent for

europi um and cerium and neptunium 1 percent for
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plutonium also 10 percent for uranium and that's
all. And to -- during the cal culation we * kinetic *,
we consider first the release of volatile fission
products, between the begi nning of core degradation
and a point which is an arbitrary fraction of the
total interval between the beginning of core
degradation and *, and a second release of |ess
volatile fission product between this point and *,
which is a very arbitrary assunption. And the
conti nuous rel ease of * material.

So as we got the assunption for rel ease
fraction at the break, we observed that t he experi nent
there was an inportant deposit for low volatility
fission product near the core. And we nmade the
assunptions that the experinental deposition in
VERCORS and so with PHEBUS were envel ope of the *
deposition in the upper structure of the vessel
i nteractor, because this structure -- the geonmetry of
the structureinteractor i s nuch nore conplicatedthan
in the experinental facility, so we can i nmagi ne t hat
the deposit in the reactor will be nuch higher, so
t hat was the assunption. So the concl usion was that
we consi dered no deposition for * volatized el ements
*. Deposited fraction of 30 percent for volatile

elements like cesium rubidium tellurium *. A
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deposited fraction of 18 percent for element |ike
strontium barium ruthenium and so on, and a
deposited fraction of 20 percent for uranium So this
neans to this result 100 percent for noble gases
i odi ne bur nup, about 70 percent for cesium tellurium
nol ybdenum and technetium 10 percent for barium 6
percent for rhodium 2 percent for * cerium and .2
percent for zirconium 1 percent for wuranium 2
percent for neptunium .2 for plutonium

MR. KRESS: |s that 1 percent of the total
core inventory you're witing?

MR, EVRARD: Yes.

MR KRESS: That's a |ot of aerosol.

MR. LEAVER It sure is. That's about
2, 000 pounds of aerosol.

MR. EVRARD: In terns of conparison with
t he assunpti on of NUREG 1465, so as nmenti oned bef ore,
the * Source Term were assessnent concerning severe
accident, so no design basis accident, including
partial core nelting. So we consider in general nore
hi gher rel ease fraction for volatile and sem -vol atile
in our study. As a * we consider * core concrete
interaction. The long termin-vessel release have
been taken i nto account in the I PSN, whi ch we consi der

very, very few deposition in the reactor coolant

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

137

system Particular articles we consider a break in
the hot leg so there's no *. And for the nonent, we
didn't consider the affect of air in the long term
And but | would say that the total release are
conparabl e for a |arge nunber of elenment, so we've
tried to provide the result inthis table. Soif you
conpare the total release for | PSN Source Term and
the total release in the NUREG 1465, including gap
rel ease, early in-vessel, ex-vessel and late in-
vessel, that means applicable to severe accidents, we
have not so different val ues except for nolybdenum
W have 12 percent and you have .5. For nol ybdenum
and technetiumthere is a very large difference. W
have 70 percent and you have .5.

Al so, for -- thisis for rhodium | think
it's 6 percent against 25, so in term of gl obal
release it's not so different. But the particular
point * in-vessel release is very different.

| also have a view graph about iodine
behavior. 1 don't knowif it's very connected to the
di scussion today. |It's up to you if you want to --

MR. BOYACK: You might as well showit,
yes.

MR. SCHAPEROW  Sure, you cane all this

way .
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MR. EVRARD: Ckay. So the other main

poi nt of the reassessnent of Source Termis relatedto
t he behavior of iodine, in particul ar because PHEBUS
experinments have shown new * on the behavior of
iodine, so | would try to underline * all the main *
we have considered in order to reassess the behavi or
of iodine. So the first point was that we consi dered
that a part of iodine release at the break of the RCS
was under * force. As nentioned, it is * FPT-O and
FPT-1 Test, so there are many difficulties * to this
application. There's the PHEBUS Test break * cold | eg
of the reactor, whereas it is |located on the hot |eg
of the RCS in the assessnent of Source Term
assunptions, so we can try to reconstruct the -- what
woul d happen if the break were in the hot leg from
data fromPHEBUS, but it was difficult. Andthereis
a conpl ex chem stry in the SCS due to the * rel ease of
many * which interact --

MR KRESS: In PHEBUS, the fuel
tenperature is driven by fissioning.

MR CLEMENT: It depends during *.

MR. EVRARD: By fissioning, but duringthe
cl addi ng oxi dation there is nore chem cal power.

MR. KRESS: | was wondering what the

rel ease of the silver is driven by, since it doesn't
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fission, and --

MR, CLEMENT: | nean --

MR. KRESS: It lags in tenperature around
in the fuel or --

MR. CLEMENT: | mean silverized -- okay.
When the silver * phase you've got * slow ng down *.

MR. KRESS: It fails before the fuel
starts rel easi ng?

MR, CLEMENT: It fails before, yeah

MR. KRESS: Ckay.

MR. CLEMENT: It fails, infact, after the
cl addi ng rupture, before the --

MR. KRESS: Oh, so there's a gap rel ease
but --

MR. CLEMENT: Yes. And then it relocates
at the given level, it fissions or not, and thenit's
fromits tenperature that the vapor pressure of silver
* cadmum and so on is released. It's really a
process of * down of materials. It is heated up by
t he surroundi ng fuel.

MR. EVRARD:. So thernodynamn c cal cul ati on
about 700 degrees with a * naterial show that
oxi di zing atnosphere * with other components nore
stable than *, getting to a fraction of iodine under

* formequal to a maxi mumof 2 percent. W did see a
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condition representative of reactor condition during
nost part of * | think too nmuch | ower val ues, so there
i s an inconsistency between the experinmental result
and the result from sone thernodynam c cal cul ati ons.

MR. KRESS: Why di d you choose 700 degr ees

C?

MR. EVRARD: Because it's about the
temperature of -- if the break were at the hot |eg
t hi nk.

MR. KRESS: That woul d be where t he break
| ocation is.

MR, EVRARD: Yes. Yes.

MR. KRESS: Ckay.

MR. EVRARD: And so we consi dered t hat the
nost reasonabl e assunption was to retain the val ue
again fromthe FPT-1 experiment, | think 5 percent,
which is already a value considered in previous
studies, but | think there is a very large * this
value, so it's not a very * assunption

The second point is silver-iodine
interaction. For the PHEBUS * shows that the silver
at the sump was * for iodine. |In other respects *
show that Agl is highly stable under radiation, so we
have consi dered that i odine was definitely trapped in

the * for 900 negawatts, because enough anount of
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silver. Onthe contrary, for 1300 negawatts, thereis
not enough silver, so the *.

As we got * so the -- we consi der that the
nol ecul ar i odi ne goes to wet painting surfaces and *,
and coefficient which is a function of sone
t emper at ure. Mai nly because the nol ecul ar i odine
transfer into in-gas painted surfaces. That was al so
an outconme from PHEBUS experinent, so we consider
first all thelow* function of water tenperature, and

function of the highest water tenperature reached by

*

MR, LEAVER | n-gas neans not wet?

MR. CLEMENT In-gas phase --

MR, EVRARD: Yes.

MR, LEAVER It neans not wet.

MR. EVRARD:. Paintinginthe* part of the
cont ai nnment .

MR, LEAVER Ckay, but -- all right.

Qut si de of the sunp. Yeah. Well, wet could be the --

MR. EVRARD: Yes, the first * sunp.

MR. LEAVER. Wt neans the sunp?

MR. EVRARD: Yes. kay. More detail. So
one inportant point is organic iodide * by iodine
pai nt i nteraction, sowe consider that theinteraction

is a predomnant way to * organic iodide in our
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reactors. There was no *, so we made anot her vi ew of
experinental data, but this data underline * results,
so we nade very sinple assunption. W don't consider
any Kkineti c. W consider a ratio between organic
i odi de and i odine tracked on paint in the gas phase
equi val ent to 10 percent at any tinme. So 10 percent
of the nolecular iodine which is trapped from the
paint is converted into organic iodide. And this is
a value of 10 percent or present the * fractile of
representative experinment. That's a conservative *.

This is a picture of the result of
representative experinment onthis formati on of organic
i odi de by venting, and so we consider it a value of 10
percent whichis the -- in the upper part of the cl oud
of points.

As concerns the 1900 negawatts, we
consi der the organic iodide * by honbgenous reaction
bet ween nol ecul ar iodi ne and Mt hane. So in this
reactor the * | oads are partly nmade wi th boron carbi de
so they coul d produce * during the oxidation of boron
carbide. So in this one also there are *, so in the
study it's been assumed that all the carbon was
converted into *. So when we consider this
assunption, estimated * of * and iodine, * 10 to the

mnus 4, and 5, 10 to the mnus 8 nole per liter
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Under this condition * indicated that about 5 percent
of iodine could be converted into organic iodide.
Okay. This is a value which | didn't consider.

Anot her point is absorptioninto concrete
in the annul us space between the inner wall and the
outer wall of the containnment for 1900 negawatts
because on this reactor thereis a doubl e contai nment.
This is a part al so which has to be consi dered, so the
volatile iodine my be in contact with the bare
concrete of the annulus space. And so there is no
result on this *, so we consider that there was no
action with concrete of iodine.

MR. POAERS: Most concretes when they are
pl aced are placed with both an air entraining agent
and a curing conpound on top. Both of those were
organic, and they are unsaturated organics. In a
radi ol yti c environnent, woul dn't one expect the iodine
to react with those organics?

MR. CLEMENT: (Translating into French).

MR. EVRARD: Ckay. So | would just give
the * of this study. So for |ong term containnent,
which I'm taking into account * of aerosol in
nol ecul ar i odi ne by the * venting system or the soil.
Short termradiological inpact is mainly due to the

organi c i odi de, and produced by the *. But the anmpunt
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of organic iodide released is of the same order * S-3
Source Term so we found that they were the sane *
fraction of a percent released, but the nechanism
whi ch have been considered on the iodine * are quite
different than those which have been considered 20
years ago, so maybe *.

The assunption nmade for iodine * seens
conservative, and for the radiation * program |ike
PHEBUS- FP, but al so experinments on * CAl MAN, CHI P and
EPI CUR. There was * ampunt of aerosol released from
the containnent in the severe accident has been
| argely reduced by a factor of 10 to 100, and this is
mai nly due to the i npl ementation of pre-filter inthe
* venting system so the long terminpact of severe
accident is, therefore, |l argely reduced with these new
assunptions. That concludes ny presentation.

MR. BOYACK: Probably what we ought to do
is if there any conmments, we ought to pick those up
after lunch. Wat | propose to do is this, if you
coul d have sonebody bring us back up at 20 after 1.

MR SCHAPERON Al l right.

MR. BOYACK: And that neans for sure we
can get started by 1: 30 on our di scussions, but you'l
need to have sonebody shepherd us up.

MR. SCHAPEROW  Yeah. Ckay. "1l be
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there. 1'lIl be downstairs in the |obby at 1:20. |
want toreiterate what the security procedures are for
peopl e.

MR BOYACK: Yes.

MR. SCHAPEROW | thi nk especi ally Bernard
and Jean-M chel mght not be famliar with them

MR. BOYACK: The real key here is that
once you get in the el evator space, fromany place on
t hat we have to be escorted, so sonebody will take us
downstairs. There is a cafeteria downstairs on the
first floor. W can eat there, stay in the | unchroom
but as soon as we conme in fromthe | unchroomback into
t he el evat or space, we have to be escorted. And we'l |
be picked up again at 20 after 1:00, and brought back
up to this room

MR SCHAPEROW Yes. And there are
restroons right at the other end of the elevator in
t he | obby right here. Every floor has got restroons
next to the elevators.

MR, BOYACK: Ckay. So we'll cone back.

(Wher eupon, the proceedi ngs went off the
record at 12:39 p.m and went back on the record at

1:33 p.m)
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AAF-T-EERNOON S E-S S I-ON
(1:33 p.m)

MR,  BOYACK: Ckay. Let's resume, and
Ral ph Meyer is going to talk to us about burnup fuel

MR. TINKLER: Hey, Brent, I'd like to ask
a question regarding the French presentation of M.
Evrard. You tal ked about the contribution to organic
i odide frompaints, and I' mjust trying to understand
alittle better about the situationw th paintsinthe
French reactors. These epoxy, these organic paints,
is it primarily painting on the contai nment wal
itself that's the paint of interest inthis particular
i nventory?

MR. EVRARD: It's the painting on the
concrete wall.

MR TINKLER: Is it all containment, the
contai nnent building, or all interior walls, or all of
t he above?

VR, CLEMENT: I think it's on all the
wal I's. | renmenber when we nmake t he scaling factor for
t he Federal sinulation of containnent vessel --

MR. TINKLER  Ri ght.

MR. CLEMENT: -- we have introduced this
part of painted surface on which there is

condensati on, but we have al so i ntroduced one part on

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

147

whi ch we don't have condensation, just *, and you are
not condensing the steamon all the surfaces of the
cont ai nnent, so * --

MR. LEAVER You have steel lined
cont ai nnent .

MR. CLEMENT: On the 900 --

MR TI NKLER:  No.

MR LEAVER  You do not.

MR. TINKLER Well, the 1300 negawatts are

onl i ne.

MR. CLEMENT: On the 1300 there is
no --

MR. TINKLER: Right. Well, 900
al ready --

MR LEAVER  Ckay.

MR. TINKLER: That's why | was wondering
whether it was --

MR. LEAVER. Even on the 900 you' ve got,
obvi ously, interior --

MR. TI NKLER Yeah. And there's | ess need
to coat those surfaces than there is on the unlined
i nternal surface.

MR. CLEMENT: |In fact, * designed at that
time and tested for what we call in France, design

basi s acci dent .
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MR TINKLER: Right.

MR. CLEMENT: So that * noderate Source
Termbase * with the contam nation of the paint, so |
t hink everything is -- on internal *.

MR,  TI NKLER: And | know you're also
| ooki ng at polyneric liners on the inside of the 1300
nmegawatt reactors too, the sane issue. Ckay.

MR. MEYER  (Okay. Ready to go?

MR. BOYACK: W are ready to go, Ralph
Thank you.

MR.  MEYER | want to go over sone
features of high burnup fuel both in the design and
t he operation that could have sone inpact on Source
Term but | will say right up front that having gone
t hrough this and t hought about it, my own concl usion
is that there's not likely going to be much of an
affect of burnup on the Source Term And you don't
have to take that at face value, but I just show you
were sonetinmes, you know, you --

MR KRESS: W can go hone now.

MR. MEYER:  You give the concl usion up
front, and then you get back to the conclusion at the
end, so howl'mgoing totry and do this is by | ooking
at afewthings. First, just to mention a few aspects

of the design, because there have been sone changes in
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the fuel design in order to reach the hi gher burnups.
And then show you sone results of sone cal cul ati ons,
| ook at some m crographs of high burnup and not so
hi gh burnup fuel, and then a couple of concl uding
comment s about possible inpact on the Source Term

I n designing fuel rods for high burnup,
several things have changed, and | have a coupl e of
slides with nunbers on them But the cladding for
PWRs has | argel y changed nowfromstraight Zircaloy to
zirconiumalloww th some ioniuminit, and sonetines
also sone tin. Zrlois being supplied now excl usive
-- | mean, it's all that Westinghouse is supplying.
They're not supplying -- did | say Zircal oy? | neant
Zirlo. Zirlo is now the entire product |ine of
West i nghouse, and Framat one has i ntroduced Mb here in
the U S.

In addition to that, | want to mention
t he pl enumsi ze because pl enumvol unes have i ncreased
quite a lot. And we've seen plenum | engths ranging
from 5 inches to 15 inches, really large plenum
volumes. And | would say that the plenumvol une and
the fill pressure which are -- work together as design
vari ables to make sure that at end of |ife the rod
pressure is not too high in relation to system

pressure. So plenumvolunme and fill pressure you can

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

150

t hi nk of as designer variables. | nean, they change
all the time, just dependi ng on what particular core
they're trying to fit, so there is no single val ue of
pl enumvol une of fill pressure which are going to have
an af fect on sonmet hing i nportant to us at hi gh burnup.
Those change quite a bit.

The -- | put this in so you have it in
your handout. This shows the conposition of several
cl adding alloys, Zircaloy, Zirlo and Mb, along with
two Russi an al |l oys, Alloy E-110, whichis the standard
VVER cl addi ng that's been used for years in Russia, is
very simlar in its basic conposition to Mb. And
alloy E-635 is a Russian alloy that is not used,
al t hough has been under devel opnment for nmany years in
Russia, and it's simlar in conposition to Zrlo.

| ookedto seeif absorber material s were
changi ng much, and there's not a lot here in terns of
change. O course, concentration in anounts of
burnabl e poi sons have increased. The BWR fuel
general |y use gadolinium urania gadolinium mxture
right in the fuel, and those concentrations are now
approaching 10 percent gadolinium There's still in
the PWR silveraniumcadmumis still used as a main
control rod ingredient. There had been haf ni umrods

t hat Westinghouse introduced sonme years ago, and
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t hey' ve discontinued that, so | don't know if you
would find any or not, but certainly in terns of
t hi nki ng about what's going to be in the chem cal soup
down t here, hafniumcontrol rods is not inthe picture
any | onger.

There are a nunber of control rods, as we
saw in the earlier presentation, and PARs, which is
principally silveriniumcadm umw th some B,Calsoin
t he same rod, just as a sort of axially zoned absorber
mat eri al .

West i nghouse has used pyrex gl ass and B,C
i n burnabl e absorber assenblies, and nore recently,
t hey have begun usi ng burnabl e absorbers right in the
fuel rods, but unlike in the BWR case. This is a
coating of boron, zirconiumbolide, | guess, on the
i dea of cladding to form an integral fuel burnable
absor ber. But, you know, there's already boron
ar ound.

There's an erbium absorber that's being
tried out now, as sort of a substitute for a
gadol i niumabsorber. | mean, it's mxedright inwth
t he fuel, and takes | ower concentrations of erbiumto
do the sane job that the gadol i niumdoes, so you m ght
find alittle erbiumin the soup.

By and large, | think you have fromthe
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absorber nmaterials, the sane nmaterials that you
t hought you had before. Alot of silverinium cadm um
in PWRs, and gadoliniumin BWRs.

These pretty pictures come froma report
that we' re about to publish. W had a sunmer student,
as we did a lot of calculations with FRAPCON | ast
sunmer, and we've witten a report with a |ot of
typi cal design information about PARs and BWRs in t he
U S., along with these cal cul ati ons. And we're about
ready to publish it, and that's where these figures
cone from And the only point I wish to nake from
this figure is that in the BWRs, as we've noved to
| onger cycl es and hi gher burnups, the larger rods in
the small er arrays have di sappeared in favor of sone
smal | er rods. There are no nore seven by sevens.
Ei ght by eights are on the way out. Mbst of the BWR
fuel is nine by nine, and ten by ten. And just as a
point of calibration, we found as we were going
t hrough and | ooking up all of these properties this
sumer, that BWR nine by nine fuel rod is virtually
identical to a PAR fifteen by fifteen fuel rod.

In fact, one manufacturer, we could tell
by | ooki ng at the nunbers, is using the sane cl addi ng
to the sane pellets in the two products. But thisis

useful in terns of trying to bring these two
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popul ati ons together in your mnd, because they are
very simlar.

In the PWRs, there's essentially no
change. PWRs are pretty nmuch stuck with the geonetry
that they originally chose for the plant. 1t woul d be
a big effort to redesign, or to refabricate control
assenblies where you slip the rods around a little in
order to accommpdate a different geonetry.

MR. POAERS: Coul d you change t heir heads?
|s that going to get revisited?

MR. MEYER: Well, that's an interesting
guesti on. | know that BNW in fact, had sone, at
| east conceptually, plans to convert fifteen by
fifteens to seventeen by seventeens. As to whether

any of these BNWPl ants with the new heads woul d nmake

t hat change, | have no idea. |'ve heard nothing on
t hat score. It's possible, but no one is talking
about it.

So then quickly to sunmarize the design
changes, | arge pl enumvol unes chosen along with fill
pressures in order to have operating fuel rod
pressures that are not nmuch above the reactor system
pressure. New cl addi ng all oys for PWRs, sone but not
much change in control nmaterials, and small di aneter

fuel rods in BWRs.
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Now sone of t hose desi gn changes wi || have
significant affect on the |oss of cool ant accident,
which you're interested in. During the design basis
part of the event where we're | ooki ng mechani stically
at the behavior of things, and so |I'mnot suggesting
t hat these changes in features that |'mgoing to talk
about don't have an affect on the accident behavior.
But when it conmes down to getting the Source Term
itself, is where | question whether these changes are
going to have a big affect.

Ckay. Now !l et ne run through a fewof the
calculations, and I'mnot going to go into any great
detail, but I wll tell you that the two sets of
calculations that I will showyou were fuel rods that
started out at 9 kilowatts per foot, and then ran at
a constant power of 9 kilowatts per foot out to, in
this case, 50 gigawatt days per ton. You see the
point right there where the center line fuel
tenperature starts dropping off, is where the power
started ranping down to an end point of 5 kilowatts
per foot.

W had to ranp the power down at sone
point inthe cycle, because with the given enri chnent,
and our constraint of conpleting the lifetine in

approxi mately four years, resulted in this schene.
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And it's just a schene that we adopted, but it's a
fairly typical one that's used for a |lot of
cal cul ations. So what you see here, the features t hat
you see, and | don't need to bel abor these, but this
first peak in tenperature is a fuel densification
peak, and then as the fuel density stabilizes and fuel
swel ling starts to expand out and fill up the gap, you
eventual Iy cl ose t he gap, and gap cl osure occurs about
here. And nowtenperature starts increasing again as
the t hermal conductivity degrades, sothese-- there's
alot of wiggles to these curves. And if you go back
and | ook at t he phenonena that occurring during nornma
operation, then you can understand nost of these.
The one point that | want to make from
this slide to renenber again is that the maximum
t emperature, and maxi num stored energy may not occur
at beginning of life. You see, there's a second peak.
Now in this particular case, it's a little |ower.
Wll, this one isn't. This tenperature is a little
hi gher than the initial tenperature. This is the
stored energy whi ch you use in a LOCA cal cul ati on, and
it looks like the stored energy is not quite high as
the first peak, but this is just one calculation at 9
kilowatts per foot. And so, the point is that there's

a | ot of burnabl e poison used that hol ds down initi al
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reactivity, and so peak power can occur nuch later in
cycle than beginning of life.

It used to be we just assuned everyt hing
was |limting at beginning of life, and you can't make
t hat assunption safely with these high burnup fuels.

MR. PONERS: W hear interest anong the
PWR comunity in trying to achieve the sanme ki nds of
proper upgrades that are going on in the BWR
community. If -- 1 mean, the strategy onthat is very
uncl ear right now, I'll admt, but do you think that
they will be operating at higher |linear heating rates
than this 9 kilowatts that you've quoted here?

MR. MEYER Well, 9 kilowatts per foot is
not a limt. 1It's only a nunber that | picked for
this illustration. The -- 1 think in the PWRs,
they're limting, or their heat rates are controlled
by t he | oss of cool ant acci dent anal ysis, and the only
way that | can see that that would increase is if you
found some way to reduce the prediction of peak
cl adding tenperatures in your LOCA analysis. And
this, of course, is one reason why t here had been such
keen interest in Risk Inform ng 50.46, and naking
ot her changes which may not conme to pass. But, |
nmean, that's the source of the interest in that.

| don't necessarily see -- | don't see any
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increase. | mean, you're asking me for an opinion
My opinion is | don't see any big increase in |inear
heat rate comng for either the Ps or the Bs. The
trend, in fact, has been to bring down the | i near heat
rate, particularly in the Bs, by going to nore and
nore rods in a bundle. You can get the assenbly
power, the bundl e power up, but the individual rod
heat rate is down.

This is fission gas release and rod
i nternal pressure for that same PWR cal cul ation. The
-- if you start | ooking at every wiggle inthe fission
gas rel ease curves, you're going to go crazy on this.
But I'll tell you that this nodel has sone threshol ds
in it, and this sharp increase at this burnup
corresponds to hitting one of those thresholds in the
gas rel ease nodel .

MR. POVERS: Whi ch nodel was used to
cal cul ate this?

MR. MEYER. This is a nodel, | think, they
call the MASSIH Model. |, personally, don't know a
| ot about the nodel. | think it's a bunch of things.
"' m going to unkindly say clugged together, because
you're going to see some really strange behavior in
the BWR cal cul ation on the fission gas rel ease. But

the thing that I do know is the people who put this
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together are sitting on top of tons of fission gas
data, largely fromHal den, but fromother places, and
they see these funny features that are threshold
effects. You don't get anything out until you reach
the tons of tenperature, and it starts Kkicking up
really well. There is sone pressure sensitivity so
that the difference in pressure between the PWR --
systempressure between the PWR and t he BWR, because
the rod pressure is adjusted to the system pressure,
has an affect, so that you don't see, even for the
same tenperature in calculations for a Band a P, you
don't see exactly the sane fission gas behavior. But
| do believe the nodel, in spite of its rather
unsophi sti cated fi nal appearance, is well calibrated.

MR,  POVERS: That's -- | nean, that
fundanmental ly i s the chal | enge, that you can calibrate

these things with extrenmely sinplified physics in

t hem

MR MEYER  Yes.

MR. PONERS: And in fact, we use themall
the tine. And we've essentially -- sane bubbles

exi st, and then -- but don't do anything.
MR. MEYER  Yeah
MR.  POVERS: And that seens to raise

guesti ons, does one i ndeed reach t hreshol ds of burnup
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wher e t hi s negl ect ed physi cs suddenly turns on, and it

woul d af fect up or down the final nunbers that you're

gi vi ng.

MR. MEYER Well, this threshold is not a
burnup threshol d. | think it's a tenperature
t hreshol d.

MR. PONERS: Yeah, but they're a function
of --

MR. MEYER It's a function of other
t hi ngs. The confort that you shoul d take here is that
the test program that's cranking out these data is
wel | ahead of industry burnups, taking data up in the
range of 100 gi gawatt day per ton fuel rods.

MR LEAVER  \Whose test programis this?

MR. MEYER  This is Hal den

MR, LEAVER | n Norway?

MR. MEYER  Yeah, that's it.

MR. LEAVER Is the NRC hel ping to fund
that, or have sonme involvenment in it in any way?

MR. MEYER. Yeah. Two -- well, several
U.S. organi zations are nenbers or associ ate nenbers.
The NRCis a full nenber. W pay a big fee annually
to support a large joint program EPRI is an
associ ate nmenber. Westinghouse has taken over CE's

associ at e menber shi p, and | thi nk @ obal Nucl ear Fuel s
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has taken over GE s associate menbership under the
fuels part of CGE

MR. LEAVER: So this is to neasure -- at
| east sonme of the tests are designed to neasure
specifically these kinds of affects in Lightwater
Reactor fuel like we burn in the United States?

MR. MEYER  Yes. Yes. Absolutely.

Now this is a calculation of oxide
t hi ckness that was al so a burnup at three el evati ons
in this same case. | don't want to pretend that we
can do straight up calculations of oxide thickness
because we're using an older sinplified EPRl nodel
t hat doesn't have enough parameters in it to really
accommodate variations in water chemstry and all
ki nds of things, but it cal cul ates ball park nunbers,
and it shows a trend that I want to show here.

First of all, there is a strong increase
as you go fromthe bottomof the core to the top of
the core because tenperatures in the PWR core are
increasing. And of course, there's an increase in
time as you go out in burnup. For calibration, the HP
Robi nson Fuel that we received this year at Argonne in
our test program has a nmaxi num oxide thickness of
about 110 microns, whichisalittle off-scaleonthis

figure. And it has a burnup of 72 gigawatt days per
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ton, so that point is somewhere up here.

| al so have -- this is kind of interesting
and fairly recent. This is actual profile of oxide
thickness ina Zirloclad fuel rod that is goingto be
tested in Cabri next spring. It's a rod that has a
burnup. | think the burnup here is about 73 gi gawatt
days per ton, and it was a Zirlo rod manufactured by
ENUSA i n Spai n, and burned i n the Van Deos plant. And
SO you see peak oxide thickness, even in this Zirlo
rod, of 100 m crons.

Now everyone in the industry would say
well, gee, this is pretty high for a Zirlo rod. W
don't expect nost of themto be up that high, but the
point is, you can get substantial oxidation on Zrlo,
as well as on Zircal oy.

Now the BWR is a little different. 1'm
showi ng here the sanme 9 kil owatt per foot series for
the BWR, just sort of a match to the PWR one that |
showed. It -- okay. So it's -- in this calculation
the power starts down at 40 gigawatt days per ton
i nstead of 50, that's a difference. That was i nput so
here's the fission gas nodel which is -- it's very
hard to understand all of the features of this result,
but you see the nunber is in the right ball park. But

one thing you' re going to notice hereis that the fuel
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rod pressure inthe BWRdidn't drop of f when t he power
dropped of f, because in the boiling water reactor, the
| ocal tenperatures are not a function of the |ocal
power . It's boiling nore or less at a constant
tenperature, sothe burnup tenperature stays up there.
And also, in the boiling water reactor, for that
reason, there is very little axial grading in oxide
thickness. It's at |east inthe range that we plotted
here for two and a half feet fromthe bottomto nine
and a half feet fromthe bottom The tenperature was
nearly const ant and produced t he sanme oxi dation | evel.

It's al sorather |l ower thaninthe boiling
wat er reactor. W have a fairly high val ue cal cul at ed
here, but that really is just the way we set the
cal cul ation up. W have Linerick rods up at Argonne,
and the Linerick rods have a burnup of about 57
gi gawatt days per ton, and a maxi mum oxi de thi ckness
of only about 10 m crons.

So the observations that | thought m ght
be relevant to Source Term consi derations were that
t he peak power can occur later in life. The gas
rel ease, which I'Il call here the gap rel ease, does
show a strong burnup enhancenent. |In the exanples |
show, the rod pressure did not exceed the system

pressure, but in higher power cal cul ati ons t hat we ran
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it did exceed system pressure. And al so, cladding
oxidation at the top of the core in PWRs can be very
high, but in BWs it's relatively low at all
el evati ons.

Now | want to look at a few
m crostructures, and | don't want to spend too nuch
time on these, but | think there are a couple of
interesting things to see.

This is a Surry rod at 36 gigawatt days
per ton, and | ' mgoing to say that this rod | ooks |i ke
a low burnup fuel rod. And | have two charts to show
here. The fuel has no maj or change in m crostructure.
It's pretty uniformall the way across. It's got big
cracks in the fuel pellet. And if you |l ook nore
closely at the gap between the cladding and the
pellet, nowinthis, the claddingis the light col ored
phase, and the pellet is over here. This dark gray
area here is, in fact, an open gap. There's a very
smal | anmount of oxide, zirconium oxide on the |ID of
t he cl addi ng, but not much, and the gap is open.

Now t he rest of the m crographs that |I'm
going to show --

MR. LEAVER  When you say -- Ral ph, you
say the gap is open?

MR, MEYER This is the gap. Now you
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can't tell fromlooking at that gray area there that
that's open, but we can tell by going in with a
m croprobe or a scanning mcroscope that there's
nothing there. That's just filled up with epoxy nelt
fromthe netal ography nelt.

"' m going to show you sonme others where
it's not open. Now that was at 36 gi gawatt days per
ton, and this one is just 50, so we've just gone from
roughly 40 to 50 gigawatt days per ton, and now we
have a fuel rod that |ooks |ike a high burnup fuel
rod. It still has the large pellet fragnents, but
it's developing a porous rim And I'mgoing to show
you now t he sanme fuel rod cl oser up, and see what we
can tell fromthis.

Okay. Start on this side. This is the
fuel, and this is the rimregion. It has a |ot of
fine porosity conpared to over here toward the center
of the fuel where the pores would be larger and | ess
dense. The cladding is the light region in the
picture, and this gray phase in between is, in fact,
zirconiumoxide. Andit's all stuck together. It's
bonded to the cl addi ng, so you' ve got this porous rim
structure on the pellet, a heavy |ayer of zirconium
oxi de, and t hen the zirconi umcl addi ng st uck t oget her.

Here is another simlar view The
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interesting thing here is that when the fuel cool ed
down, you know, the pellet is going to shrink nore
than the cladding, and so you have to open up sone
open space, and it actually cracked the rim to
acconmodat e t he shrinkage, so the shrinkage in these
hi gh burnup fuel rods on cool down i s acconmpdat ed by
opening up the gaps between these big pellet
fragments, or creating sone new fragnents in the
pel | et, because the pi eces of fuel out by the cl addi ng
are bonded very strongly to the cladding. And | can
just say as a practical matter that in the | aboratory
when we try and defuel a piece of cladding, it's
virtual ly inpossible.

You can't do it mechanically. W drill

out the bul k of the fuel, and then etch the rest of it

with -- | don't know what, nitric acid or sonet hing.
Wiy doesn't it eat the cladding? | -- well, tell ne,
Chem st Dana, what do we -- how do we pull this off?

W di ssolve U2 wi thout touching the zirconium

MR PONERS: You want to dissolve the U2
wi t hout touching the zirconiunf

MR. MEYER  Yeah

MR,  POVERS: Vll, nitric acid with a
smal|l trace of oxidant like an iron would do it for

you.
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MR. MEYER. Ckay. Then that's what we

use.

MR. PONERS: You don't mind etching the
clad a little bit, a little HF hel ps.

MR MEYER. This is the Linerick fuel.
It's 57 gigawatt days per ton. There's sone things I
coul d point out fromthis mcrostructure that | think
"' m not going to bother with, because you can -- if
you stare at this one, you begin -- you can see sone
rim structures in here. This one is beginning to
restructure a little.

Renmenber the old LMFBR fuels, you get a
central hole, and a col utmar grain region, and equi ax
grain region. Well, this is starting, just barely
started to restructure. And in this case, it's not
qui te centered.

MR. KRESS: All your grains are square.

MR MEYER It's a --

MR. POVERS: Those are bl ocks. We're
going to give you --

MR. MEYER It's a body centric cubic
materi al .

MR. POAERS: Good answer.

MR. MEYER Yeah. kay. Here's a closer

view that shows a |l ot of these mcro cracks near the
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surface where it's shrinking --

MR LEAVER \What's the burnup on this?

MR. MEYER 57 gi gawatt days per ton. And
a third one. This is showing the mcrostructura
changes across the radius. | don't think that they're
particularly interesting. And again, out near the
cladding, here is a tightly bonded fuel wth
essentially no zirc oxide in the gap. You renenber,
the BWR cl addi ng doesn't oxidize very nmuch on the
outside, and it doesn't oxidize very much on the
inside, but it still is bonded to the pellet.

And then finally, we found this picture
froma Hal den report, that shows cl ose porosity on one
face, and interlinked porosity on the other face.
It's like how does it do that, but this is the
evolution from that at high burnup where the pores
link together, and create the easier pathways for
m gration of the fission gases to a free surface.

Ckay. So in summary, the high burnup
affects begin to appear in the 40 or 50 gigawatt day
per ton range. There's tight bonding between the
pellets and the cladding. The outer regions of the
fuel pellet is porous. This is therimregion. It's
gassy. It's got microcracksinit. There's alot of

oxidationinthe PANRfuel, but little inthe BWR And
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the porosity becones interlinked at high burnups.

Now you wanted to focus on the |oss of
cool ant accident, and | didn't prepare a lot on that,
but if you want to tal k about cl addi ng behavi or during
| oss of coolant accident, we can do that. | think
there's a limt to the relevance of that to Source
Term And let me just go over this very crudely.

During the | oss of cool ant accident, you
have a high tenperature transient. The cl addi ng
bal | oons and bursts at a relatively | ow tenperature,
around 850 or 900 degrees Centigrade. W expect that
this ti ght bondi ng between t he cl addi ng and t he pel | et
is going to affect the ballooning deformation, and
we' re about to test that at Argonne, but haven't yet
run such tests, so |l can't say for sure at that tine,
but it's very likely that that burnup affect will have
a big affect on the ballooning process.

MR. PONERS: Wuld it be relative to the
tenperature you expect the clad to balloon and bur st
i s the nonocl adi ¢ tetragonal phase change at zero
to --

MR. MEYER: l"ve -- it's -- I'"mpretty
sure it's entirely in the |ower tenperature, one of
those. Which is which?

MR PONERS: The nonocl adi c.
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MR. MEYER: Ckay. Because | -- Harold,

you may recall. | think the other one occurs at |ike
1600.

MR. SCOIT: It sounds high, but | can't
remenber right now.

MR. MEYER  Yeah. | think it is. [It's
hi gher than this. This is occurring right smack in
the m ddl e of the phase transformation in the netal,
inthe Zircaloy, or the Zirlo or the Mb, but | didn't
check the oxide nunber

VMR POVERS: When we go through the
nonocl adic and tetragonal for the clad that is
oxi di zed on the inside, so you have a distinct ZrQ2
region. You' re not working with some cubic sol ution,
won't it delam nate at that point?

MR MEYER: | don't know. But again, |
doubt that it nakes any difference for the foll ow ng
reason. \What you probably have in mnd is the affect
that this oxide coating has on the oxidation rate.

MR. POANERS: No, I'mstrictly thinkingin
terns of your bonding.

MR. MEYER  Yeah

MR. PONERS: And when | go through this
phase change which is a densification phase change,

sonmething's got to give. And the place to give, given
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t he nature of the phase change, is that it's going to
shatter the grains of the zirconiumthat's going to
amount to a del am nati on.

MR  MEYER Yes. And what's the
consequence?

MR. PO/ERS: Wll, now we have a
continuous flowpath fromthe top to the bottomof the
rod at the periphery, just |ike we've always assuned
it woul d be.

MR. MEYER: You're tal ki ng about internal
gas communi cati on?

MR. PO/NERS: Yeabh.

MR. MEYER Yeah. We kind of expect that
during t he bal | ooni ng def ormati on, that we nmay open up
some gas conmuni cati on

MR. POAERS: |f you don't ball oon because
of the bonding, then the ball ooning just occurs | ater
i ntime when you go t hrough t he phase change, woul dn't
it?

MR. MEYER No, | don't think so. | think
the -- | thought you m ght get on this subject so |
went quickly and pulled out sonme other things.

Basi cal ly, what we have here is plastic
instability that occurs right at the point of the

uni form el ongati on.
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POVNERS: That's in the netal.

MR

MR MEYER In the netal.

MR. PONERS: | nean the --

MR. MEYER | thought -- | just don't see
where you're going with this. Wat --

MR. POAERS: W' ve got zero U2 | ayer.

MR. MEYER  Yeah.

MR PONERS: -- between the clad and the

MR MEYER  Yeah.

MR. PONERS: |It's tightly bonded because

MR. MEYER  Ckay.

MR.  POVERS: -- there's a nice solid
sol ution between the U2 and the zirconium

MR. MEYER  Yeah.

MR,  POAERS: Ckay. Now | take the
zirconiumoff, and I go through a phase change whi ch
changes the nol ecul ar vol une.

MR. MEYER:  Uh- huh.

MR. PONERS: Okay. Andin particular, the
densification. COCkay. Sonething-- either we're going
to put this oxide under incredible tensile strength,
or it's going to fracture.

MR MEYER  Yeah.
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MR.  POVERS: At that point, don't you

del am nate the clad fromthe fuel pellet?

MR. SCOTT: The distance m ght be --

MR. MEYER  But what's -- okay.

MR. PONERS: It's goingto be equal to the
vol ume change.

MR. MEYER: But | nean, bursting happened
600 degrees earlier, and peak cladding tenperature
came 400 degrees earlier or 200, whatever the nunber
was. | nmean, you're way out there. You have no
pressure containnent in the rod any |onger. It's
al ready vent ed.

MR. POAERS: Sure. Now how can it vent?

MR. MEYER It ruptures in the range of 8
to 900 Centi grade.

MR. PONERS: 1've got a big gas vol unme up
her e.

MR. MEYER  Yeah

MR. PONERS: 1've got an incredibly high
resi stance, full pathway to where your burst is.

MR. MEYER Ckay. Well, | knowthere's a
flow resistance, but | don't think the resistance is
infinite.

MR. POVERS: Do you have perfect

conmmuni cati on?
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MR MEYER  \Wat ?

MR.  POVERS: Do you have perfect
conmuni cat i on?

MR. MEYER. No, but we don't have zero
conmuni cation, and so | think all we need is one hole
in the cladding, and it will vent.

MR. POVWERS: That's pretty much zero

resistance, isn't it?

MR MEYER: It's just not infinite
resistance. |It's any resistance but infinite. This
isalong termtransient. It's goingto sit up there

for mnutes before the tenperature sails up to the
tenmperature where the oxide is going to change face.
Maybe nore -- maybe tens of minutes. | don't have ny
time scale here. Can you hel p me out, Harol d?

MR. SCOTT: M nutes?

MR. MEYER: Fromthe tine you -- well,
you're in a severe acci dent now, and you have to tel
me howlong it takes because t he desi gn basi s acci dent
is going to be over by design when we get 17 percent
oxi dation, or thereabouts, at 1200 Centi grade. And at
this point, it's beentherealongtine, toaccunulate
t hat anount of oxidation mnutes, and it ruptured at
850, plus or mnus 50 degrees C, and sonehow now a

severe accident is going to develop. You're goingto
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fail to cool and quench, and the tenperature i s goi ng
to go on up. | think by that tinme, it alnost
certainly have no pressurized rods remain.

MR POAERS: Wy is that?

MR. MEYER  Huh?

MR PONERS: |I'mstill lost. Wiy is it
not still pressurized?

MR. MEYER  They all burst.

MR. PONERS: It broke down here. You got
a high resistance flow pathway to a pl enum up here.

MR,  BOYACK: You two have different
perspectives. You say it's got resistance, therefore
it will pressurize very slowy or not at all. Ralph
feels like it's porous enough or the cracks are such
that the resistance path isn't all that --

MR. MEYER: If it's a high resistance,
it's still going to leak, just as long as the
resistance isn't infinite.

MR. POAERS: The timng, the --

MR. MEYER  Got a long period of tine.

MR. POAERS: Somehow | guess |'mm ssing
your point. \Wat difference does it nmke that the
clad is bonded to the fuel?

MR. MEYER It's going to make a big

difference in terns of the design basis LOCA
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cal cul ation

MR, PONERS: How so?

MR. MEYER: Because it's going to affect
the strain. | nean, this is hypothesis nowbecause we
-- the test hasn't been run, but |"mpretty sure that
these rods are not going to balloon with this |arge
bal | ooning strain that you get for cladding where
there i s no bonding. And so, the ballooning strainis
used in the analysis to calculate a flow area
reduction for the thermal hydraulic cal cul ation, and
that will be different.

Now when it conmes -- when you go beyond
this and you get into a severe accident, then | don't
see the relevance of this type bonding. It's just
stuff that's going to nelt.

MR. PONERS:. Because right nowthere is an
enor nous amount of problemfor us if there's no flow
pat h, because then the only release we're getting it
down around the | ocation until such tinme as we get rid
of the cl ad.

MR. MEYER: Thisisthe--1 thinkthisis
the only place you're going to get the gap rel ease, is
fromthat single point of rupture.

MR,  POVERS: Wll, | think maybe you

changed the definition what you nmean by gap rel ease
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when you changed the tim ng on the rod. But even nore
t han that, between the tenperature of the rupture and
the tenperature |I bust ny clad open broadly, I need a
pathway to get release out of the thing if it's
bonded.

MR MEYER It --

MR. PONERS: There's no way to get fission
products out, transport down along the gap is zip,
unless | rupture it.

MR. G ESEKE: This -- each of you guys
give me a nunber. W're going to fail the cladding,
and |I'm just going to say there's zero pressure
outside. How long does it take for that rod to be
pressurized?

MR. MEYER: I"m going to give you a
nunmber, a mnute.

MR. G ESEKE: A minute? See he's saying

t hat fast.

MR. PONERS: Yeah, that's essentially an
open gap.

MR. G ESEKE: So you're tal king the sane
as the gap.

MR, PONERS:. Yeah.
MR. G ESEKE: See, that's why you guys

aren't understandi ng each other. You're saying it's
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going to go slower than that, 1 think.
MR. KRESS: |f he pressurized it quickly,

| don't see how the bonding affects the strain.

MR  MEYER Wll, the strain, the
bal | ooni ng strai n, that happens very quickly. | mean,
t he bal |l ooning strain happens -- the strain happens

bef ore the burst.

MR. LEAVER He's saying that the bonding
is going to reduce or delay the -- hold it together

MR KRESS: He's pulling the clad out.

MR LEAVER Exactly. You strainit.

MR. KRESS: But if the gas can get down
there that fast, that's not -- that bond i s not going
to hel p nuch. 1It's fighting agai nst the gas pressure
is what it's doing, and | think the gas pressure is
going to just come down to it, strains and all. It's
| i ke tearing sonething |oose. You've got a crack
you're driving up, and that gas pressure is going to
overcome any ki nd of bondi ng.

MR. LEAVER: Well, | guess he's sayingthe
experiment hasn't been done yet, but --

MR, KRESS: Well, if the experinent is
done right, |1 don't think it's going to affect your
strain.

MR. MEYER  Ckay.
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MR. LEAVER But | guess nore inportantly,
you' re saying for purposes of this discussion, this
Conmittee's objective, is your view, right or wong,
i s that high burnup affect internms of the Source Term
for severe accidents is mnimal. That's what | hear
you sayi ng.

MR. MEYER That's right. 1 haven't made
all the points yet tofully cone to that position, and
| may get challenged nobst severely on the last two
points that |I'mgoing to make, but --

MR. BOYACK: Is it fair to say that there
isreally no experinental data that would tell you one
way or another? You' d have to -- and will the Hal den
data help at all?

MR. MEYER: Hal den -- well, actually,
Hal den is planning a LOCA Test, but we wi |l conduct
our test at Argonne |ong before the Hal den Test. W
are probably six nmonths away fromrunning this test.

The apparatus is fully constructed, and it's been

checked out with un-irradiated material. 1t's being
nmoved into the hot cell, and the test will be done
first with Limerick fuel. We'll run a nunber of them

but they are sections of fuel rods that have the fuel
left intact. The sections are about 15 i nches | ong.

They will be pressurized. Dana wi ||l have pressure
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gauges at both ends of the rod, at the end with the
pl enum and at the end without the plenum And the
whol e purpose of that designis to be able to see how
qui ckly the gas can flowfromthe pl enuminto the fuel
rod.

MR. BOYACK: So in this case, there is an
answer out there.

MR MEYER | think so. | think we
can --

MR. BOYACK: In the future.

MR. MEYER: Now this doesn't go to the
oxi de phase change i n del am nati on because we' re not
studyi ng t hat hi gh tenperature regi on, but at | east in
t he tenperature range up to 1200 Centi grade, where you
will get ballooning rupture, depressurization, and
rapi d oxi dati on, we should have all features present
in the test, although sonme of the tenperature flows
will be in the wong direction, and that's where the
-- | mean, we're heating fromthe outside and that's
where the Hal den Test will conme in and see if there's
any problemwth that. They'll do a nucl ear heated
test.

MR. PONERS: Aren't you going to have to
-- what you have to do after you observe the

depressuri zati on and t hen say now how does t hat scal e
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up seven and a half feet.

MR. MEYER  How does that what?

MR. POWNERS: How does that scale to seven
and a half feet? It depends on the nmechanics of the
bond.

MR LEAVER  You've got 15 inch rods.

MR. MEYER It's about 15 inches. The
Hal den rod i s about twi ce as | ong, so we have a better
chance. W're very aware of this.

MR. POAERS: Are you going to have a rod
spacer, a rib spacer?

MR. MEYER: W' re tal king about having --

we're not going to apply any intentional nechani cal

constraint inthe axial direction. The Japanese have
done a | arge nunber of tests where after heating up
and allow ng the test section to elongate, they then
grab it in an Instron machine, uphold it during the
cool down. And it has a huge affect on the amount of
enbrittlenent that you need to severe the rod during
cool down. We're not going to do that.

We do have a lateral constraint which is
very much like a grid in the Argonne Program and in
t he Hal den Programwe' re tal ki ng about putting a grid-
| i ke structure at the upper end of the test specinen

in order to affect the flow, the coolant flowin that
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region.

MR. POAERS: But you know positively that
i f you get ballooning, grid spaces make a difference
out before that ballooning propagates. Now if you
don't get any ballooning it doesn't matter, but --

MR. MEYER | -- you know, from what we
know about the ballooning process 20 years ago, |
don't think you have to count on a grid spacer as the
thing that's going to upset the uniformtenperatures
and limt --

MR. POAERS: It puts another constraint on
it. Agrid keeps the balloon fromgoing any farther.
There's 65 tests that they did that showed that.

MR. MEYER  That showed what ?

MR. POWNERS: That showed that the grid
spacers -- | mean, you've got these really strained
structures right around the grid spacers.

MR. MEYER. \Whose test are you -- what

country?

MR. PONERS: U.S., D ne Hanford.

MR MEYER Harold is going to --

MR. SCOTT: The water will collect near
the grids and that' Il sort of cool, so that may nake

sonme affect. Let me just suggest in the limt, his

scenari o that the gas doesn't conmuni cate, as soon as
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the plenum tenperature gets up to 850 C, then the
plenumis going to burst, and then your LOCA, your
severe acci dent LOCA, that's maybe an extra coupl e of
mnutes. Right? If there's no ECCS comng in, you
know, the rod gets up to 900 C. It doesn't balloon
because there's no comunication, but a few mnutes
| ater the plenumis at 900 C. Now it bursts, so |
don't think it really matters whether it bursts a
mnute or two earlier, or a mnute or two |later. But
| think these experiments with grids -- | nean, how
| ong were Hindell's balloons, maybe a foot |ong?

MR. MEYER  Yeah

MR. SCOTIT: W' ve never seen bal |l oons nore
than three or four inches |ong, except for those.

MR. MEYER. Hindell's -- for the record,
Hi ndell's ball oons Harold referred to as -- what was
his first nane, Ed?

MR SCOIT: HEd.

MR. MEYER He was in Britain and he did
some tubes heated in a furnace. And they were heated
very uniformy, and he could blow -- we call them
sausage bal | oons, really | ong extended bal | oons. Qur
concl usion was that the | ocal tenperature variation,
just by the normal variationin pellet centering, and

chi ppi ng and other things were perfectly adequate to

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

183

| ocal i ze the ball ooning. And in all of the tests that
we did with internal heaters, we got |ocalized
bal l oons and not the |ong balloons, so we're not
trying to readdress the questions of the 1970s and
1980s, but to inquire does burnup have an affect on
this.

MR. BOYACK: |s there any short paper or
presentation materials that just capturethe series of
Argonne tests that are planned? The reason | ask
that, of course, is one of the things, we don't need
to propose things that are already covered. And it
woul d be nice to know what is covered by the Argonne
test.

MR MEYER: W had -- did we have a
presentation at Water Reactor Safety Meeting a year
ago? So | think this past year we called it the
Nucl ear Saf ety Research Conference in Novenber, andin
previous years it was call ed the Water Reactor Safety
I nformati on  Meeting. And there have been
presentations for the last two years by Argonne
Nat i onal Laboratory. This year they presented sone of
t he oxidation kinetic results on the Linerick rods.

Now we publ i sh transacti ons which are two
paged sunmari es, and proceedi ngs which are full | ength

papers. The proceedings, the full |ength paper is for
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the nmeeting that was just held in October of this
year. That has not yet been published, and will not
be published until some tinme early next year, so
that's why | was inquiring about the one before that.
You can find a full length paper in the proceedings
for the Water Reactor Safety Meeting of 200.

MR. BOYACK: And that would cover the
matri x?

MR MEYER That would cover -- that
should -- | think it covers the whole thing. You
m ght get a pretty good overviewin the transactions
of the 2001 Nucl ear Safety Research Conference, but
t hat paper was -- the nost recent paper was focused
nostly on the oxidation kinetics neasurenents on the
hi gh burnup Linerick fuel rods.

MR. BOYACK: Harold, is it possible for
you to look and find the |ast paper that was
avai |l abl e?

MR. MEYER  Oh, sure.

MR.  SCOIT: You want sonething that
descri bes the Argonne Program

MR BOYACK: Yes.

MEYER: Yeah. Sure.

BOYACK: Thank you.

2 3 3

MEYER: | don't knowif I'mgoing to
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be able to get off of this line --

MR. BOYACK: Wt hout sonebody com ng over
a rail and strangling you, you nean.

MR. MEYER Just keep in mind that during
t hi s design basi s phase of the accident that the fuel
pellet tenperature, at least the <center |line
tenmperature is actually declining, and it's just
equi li brating. You've lost nost of your heat
transfer, and so the cladding tenperature is rising
up, and the center tenperature is falling down, and
t he whol e thing stays bel ow 1200 C

| know this old CORSOR nodel is old and
over-sinplified, but | think the concept is still
useful. You can tell nmeif it isn't, to think of the
severe accident Source Termreleases as a two step
process. And the first stepis that it's got to get
out of the solid material to a free surface, and then
the second step is it's got to make it fromthe free
surface up i nto what ever at nosphere i s above the core
material at that tinme.

For the volatile species, the rate
limting stepis novenent through the solid rmateri al.
And they get to the surface, and they're already at a

tenperature where they are vaporized, and away they

go.
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For the non-volatile species, it's the
ot her way around. They get to the free surface
qui cker than they vapori ze because t hey have | ow vapor
pressures. Now why do | take such a sinplistic view
of things, and that is because by and | arge, the non-
volatile species cone out nore or less at the sane
rate, a lot nore rapidly than the others. And the
| ess vol atil e species cone -- have rel ease fractions
that line up in the order of the vapor pressure of the
speci es of that el enent, the species that we believe
exist. And this was work done back in the early 80s
by, was his name Reynolds from the University of
Virginia, and Dick Lorenz and others have put these
data together. And all | did was to take this
apparently ranking by vapor pressure, and go | ook up
all the vapor pressures, and recast this old CORSOR
nodel w th wuranous expressions for those vapor
pressures, and sone adj ustabl e coefficient infront of
it.

Now so the point here thenis that if you
don't change the chem cal species of the el enent, as
a result of going to high burnup, then its rel ease
fromthis high tenperature core debris is going to be
the sanme as it was at | ow burnup

And ny next slide was lifted froma neno
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that Richard Lee gave nme, and his nmeno nentions Dana
and Carl, and there's Richard. And it says, by and
| arge, that the UQ2 matrix is not saturated wth
fission products, rare earths and transuranics are
soluble up to a couple of percent and so forth, and
hence, no new chemi cal species are expected. So if
you get no new chemical species as a result of the
hi gh burnup affects, | don't see that you woul d have
a net result on the severe acci dent Source Term This
is not the gap release, Steve, for sone other
considerations. This is the severe accident Source
Term

And then finally, it'sny final slide. In
t he hi gh burnup programpl an that we issued a couple
of years ago, we engaged in a little specul ation and
cane to a conclusion that we didn't think that the
hi gh burnup process woul d have an af fect on the Source
Term And our rational went along these lines. |If
anything, there is a reduction in the anount of
unoxi di zed zirconi umbecause you've got alittle nore
corrosion going on. And therefore, when you get down
to processes | i ke the high pressure ej ection, you have
| ess for the fire, and so that -- if anything, that
shoul d tend t o decrease what gets i nto t he contai nment

eventual | y.
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There's enbrittlenent of the fuel cladding, but we
couldn't see how this would have any affect on the
chem stry of -- this hightenperature chem stry of the
soup that you have.

You do get an enhanced gap rel ease during
nor mal operation, but inthe Source Term these gases,
the noble gases and the iodine are essentially
rel eased fully anyway, so the fact that you get a
littl e enhanced gap rel ease wi th the high burnup fuel
woul d not seemto have any affect on that.

Now for sure, there's a shift in the
fission product spectrum There's a change in the
i nventory, and when you put the Source Termtoget her
with the inventory, you' re going to get a different
answer . But the Source Term with just a bunch of
fractions, and it's just those fractions which I'm
trying to address. And after going through all of
this, really don't see any strong indication of an
ef fective burnup on those rel ease fractions.

| could also say that the ACRS did not
agree with that concl usion.

MR KRESS: | can attest to that.

MR. POAERS: But what do they know, huh?
MR. MEYER: But | never understood their
MR

KRESS: Look at these French results.
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It fliesinthe face of these French results. There's
a burnup limt, you ve got nore rel ease faster

MR. CLEMENT: | think you are seeingthere
will be a change in the *. That's clear. You are
al so seeing that there will be no change inthe *. 1In
the final * up to 100 percent. Okay. There will be
no change, but the change in the kinetics * was high
burnup during the heat up phase will be greater than
t he change you have with the gap release *, so it's
not the gap rel ease what will be the nopst inportant
change on the kinetics of fission product, volatile
fission product release. It's what's happened after.
Your volatilized fission product will be released in
a much nore extent at a much | ower tenperature. This
will make the difference.

MR. MEYER  Yeah, | --

MR. CLEMENT: Mbre than the gap rel ease.

MR. MEYER | agree with that, but what do
you do in NUREG 1465? You just put down the fina
numnber .

MR. CLEMENT: Yeah. | nean, it depends
what use you nake for Source Term For instance, for
the use we are making, | nean for the * of energency
procedures to know if we have to evacuate the

popul ati on or not 24 hours after the begi nning of the
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accident. Maybe it's not so big a change, but when
you make probabilistic * assessnent studies, and you
have * probabilities, that's another story. If you
just look at the final nunber for volatile fission
product - okay - * to 100 percent, that's it. If you
want to see what happens in a nore probabilistic, then
you wi I | have taken *. 1t depends what you want to do
with the Source Term eval uati on.

MR.  KRESS: You know, what's going to
happen i s i nstead of the 100 percent of the i odi ne and
cesiumbeing partly coming fromthe i n-vessel rel ease
and partly fromthe ex-vessel release, it's all going
to be in-vessel release with the high burnup. And
t hat changes the ti m ng consi derably because you don't
have to wait nowfor the nelt to get out and interact
with the concrete. It's going to conme out a |ot
earlier, so those are two -- you're going to get al
of the nobl e gases, all of the volatiles, and they're
all going to be in-vessel releases. | think that's
the difference you' re going to see, and that changes
the tim ng.

MR. MEYER It doesn't change -- |'m not
trying to argue with you here.

MR. KRESS:. Yeah.

MR. MEYER: It doesn't change the tim ng
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of the -- was it Richard that tal ked about the -- you
know, this old study where we | ooked at the timng for
t he purpose of the contai nment isolation valve.

MR. KRESS: That certainly won't change
t he gap.

MR. MEYER: There you just |ook at when
this --

MR. KRESS: It's probably not going to
change the gap.

MR, MEYER: -- when does the rupture
occur, and it's a very conservative picture.

MR. KRESS: Yeah. It's probably not going
to change that, 1'Il agree.

MR. MEYER: No, | agree with you. It's
going to affect in-vessel and the tim ng.

MR KRESS: Now NUREG 1465 has a tota
amount of start tine and arate for in-vessel rel ease.
What it's going to do is it's going to change the
total ampbunt, and it's going to change that rate.
Those are the two things it's going to change, |I'm
pretty sure.

MR. MEYER  Ckay. Well, | think --

MR KRESS: But how much it changes is
going to depend, in ny mnd, is what fraction of the

core has that high burnup conpared to -- you know, |
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don't knowif -- you know, when we tal k about 70, 000,
that's the peak burnup

MR. MEYER  Yeah

MR. KRESS: And | knowit sure has burnups
di stributed t hrough t he whol e core. You know, you may
not change t he average core burnup very nuch. | don't
know. It depends on how nmuch it changes t he aver age.

MR. MEYER: But right now we have limts
on burnup, and the limt is on the peak rod, soit's
average for the peak rod, and that limt is 62.

MR. KRESS: Yeah.

MR. MEYER: And so, the peak assenbly is
about 57, 55, 57, and --

MR. KRESS: 55, 57 what?

MR. MEYER: 55, 57 gigawatt days per ton

is --

MR. KRESS: Ch, okay.

MR. MEYER:. -- the average for the peak
assenbl y.

MR. KRESS: Yeah, that's just for the peak
assenbl y.

MR. MEYER. And now you -- | don't know
what the average is for the core, but it's | ower than
t hat .

MR KRESS: Yeah.
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MR. POAERS: But you want to renenber that

one of the outcomes coul d be achi eved, and before with
t he Source Termperspective, thereis noreason not to
| et you go to 100,000. For all of the --

MR. KRESS: Yeah.

MR. PONERS: | nean, that's -- and | nean,
that's not an inconceivable outcone if you say gee,
yeah, it cones out a little faster, but -- and | do
have a tinme associated with that in-vessel rel ease.
Okay, | narrow that up by 10 minutes, or | nake it
into two segnents. It doesn't make a very bi g change.
Then you'd say at least from a Source Term
perspective, there's noreasonnot tolet it goto 100
gi gawatt days per ton, and they can sol ve this probl em
of clad iodizing up on them They can -- then you
could let them go to very high burnups, and that
seens a sound soci al and econom c basis to wanting to
go, a 100 gigawatt days per ton

MR, KRESS: So | think in terns of high
bur nups --

MR, POANERS: Well, limt it to75. 75 is
very i nteresting because you can do t hat wi t hout goi ng
over 5 percent fairly easily. WelIl, not easily but
you get decreasing returns to scale, but there's | ot

of reasons to do that, because you can run two year
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cycl es. There are lots of advantages, economc
advant ages. There's soci al advant ages too.

MR MEYER: There's no talk in the
i ndustry that |1' maware of goi ng beyond 75. 1In fact,
t he next increment fromwhere we are now, from62 to
75, is not super valuable in terns of econom cs.
think it gives sone el bowroomthat the industry woul d
like to have if it could get it.

MR. POAERS: It's val uabl e not froma fuel
bur nup perspective, but the fact that you' re going to
your outages. That's where you get the advantage, |
mean two year cycles.

MR. MEYER. | don't see -- | nean, there's
no one that | know is working toward the next
i ncrenment beyond that.

MR. POVERS: OCh, we've got people
designi ng reactors where they want to go to seven year
fuel .

MR. LEAVER Ral ph, what about the affect
of high burnup on oxidation potential in the fuel.

MR. MEYER  Ask Dana.

MR. POVERS:. Yes, we can tal k to you about
t hat .

MR. BOYACK: Okay. We have a commrent over

her e.
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MR. LA VIE: This is Steve La Vie from

Nucl ear Reactor Regul ation, and | i steni ng what Dana i s
sayi ng and what Ralph is saying, it's not the LOCA
that's going to keep us fromlicensing the 75 gi gawat t
day fuel. It's the fuel handling accident, which is
based on only the gap activity.

MR. POAERS: Yeah, gap activity has --
mean, gap activity is really interesting because it
was t he stepchildinthe severe acci dent anal ysi s, and
we said that it existed. There's actually a cool ant
activity that everybody forgets about that's actually
in 1465, but that was a -- that was not only a
stepchild, that was an unadm tted bastard son, but we
didn't focus very much attention onit. And when 1465
cane out, |lo and behold, what gets all of the
attention? It's the gap rel ease.

MR. MEYER Well, | didn't nention -- |
don't think | nentioned what was going on on that
score, but there is work going on to address the gap
activity. There was a --

MR. POVERS: But you see, you have
problens really even what you nmean by gap activity
when there's no gap.

MR MEYER There is distributed free

volune, it's just not --
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MR. KRESS: You're just defining what gets

out --

MR. MEYER -- necessarily out of the gap.

MR. POAERS: Free volune release. How s
t hat ?

MR. KRESS: |t gets out when you break the
clad, that's the gap right there.

MR. POAERS: Wiat did you say?

MR. KRESS: |t gets out when you break the
clad. That's the gap.

MR. PONERS: Well, it's not clear to ne
what that is.

MR KRESS: | know.

MR. MEYER. Well, |ook, we had a node
called the ANS 5.4 fission product rel ease standard
nodel , and t he advant age of that nodel was that it had
the mathematics init that you needed to cal cul ate t he
rel ease fractions for the short |ived isotopes,
because nost everything we talk about are just
rel eases for stable isotopes. And this MASSI H node
is just for stable isotopes. And the old ANS 5.4
nodel was done in the late 70s, early 80s. The
hi ghest burnup LWR fuel rod in the database for ANS
5.4 had 19 gigawatt days per ton on it.

MR. POAERS: | thought it was 23, but
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it's --

MR. MEYER And the rest of the -- the
hi gh burnup data that we had up into the 30s and 40s
was all breeder reactor fuel. So that -- ANS
reorgani zed the Standards Conmttee ANS 5.4, and t hey
are pulling together data, a lot of which are now
comng fromthe Sweep Gas rigs at Hal den. They're --
over the years they have been runni ng those, and t hey
still have them And we have two people from the
Hal den project who are on this ANS 5.4 Standards
Comm ttee. Gary Col stadt fromthe Hal den project, and
Tony Turnbull who's an independent consultant now,
working with Carl Meyer and sone ot hers.

Now we were going to try to check on the
st at us. Did you have any luck finding out when
they're going to finish?

MR,  SCOTIT: No, but they started to
collect the data. | think they're waiting to sort of
make sure it's going to be the right format, and t hen
the Commttee would get this set of data and | ook it
over. And Carl thought it was about maybe three tines
t he amount of data we had before that you were tal ki ng
about. And you guys are doing sone work - right - on
Sweep Gas in France, sone initial experinents besides

Hal den, so we have a lot of new information. It's
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much better quality, and it's being collected. It's
in the collection stage.

MR. MEYER. And it's high burnup so -- but
this stuff goes slowy, so | would say a year or two.
And until that tinme, you're kind of stuck wi th using
t he stabl e gas rel ease or sone cl uged up reduced val ue
of that for your assunptions. And the stable gas
rel eases are a little high, so they, you know -- so
that's where we are on the gap activity.

MR. BOYACK: Anything else for Ral ph?

Ckay. Thank you.

Wiat I1'd like to do is I'd like to take
just a few mnutes to talk about the process of
continuing on. And then we'll take a break. After we
come back, | believe in some way shape or form Dana
and Tom have sone information to discuss with us. |
was going to share, but |'ve got -- share with us,
|"ve got -- until | hit the term

MR, PONERS: W noticed that about you

guys up at --

MR MEYER Don't like to share.

MR.  BOYACK: |"m not supposed to set
nyself up. | just finally want a PCfor all the work.
This Mackintosh -- one of the great things about

Macki ntosh is you can do wonderful graphics.
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KRESS: Very good.

BOYACK: Yeah.

KRESS: I wish mne wuld do that.

2 3 3 %

BOYACK: And it just has that | ook to
it, so what | wanted to do is | just wanted to get a
sense of whether this was a reasonabl e way to proceed,
which is at | east the way we' ve t al ked about and t hi nk
we're going to proceed. So let's assunme for a nonent
that we were dealing with nobl e gases, and we were at
the point we were asking ourselves about the
applicability of the gap release for noble gas.
That's one of the val ues off the table there, we woul d
start, so that you have this given Source Term Then
we ask ourselves is this Source Term from 1465
applicable. If the answer is yes, then what we'd |i ke
todois we'dlike to understand why, and record that
i nf ormati on.

On the other hand, if the answer is no,
t hen the question, | think, naturally conmes, well, is
t he Panel about to guesstinmate, esti mate, or ot herw se
speci fy a new val ue.

Now if the answer to that is yes, then
we'd |li ke to know what the value is, and we'd like to
know the rational. W would record this. On the

other hand, | think at least there's the possibility
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that at sone point during all those tabul ar val ues,
t he Panel may say we just don't know And if that's
t he case, then we once agai n want to di scuss why. And
the reason | asked Ral ph about the current planned
research and so, is because there is sone research
t hat's pl anned and ongoi ng. W' ve been tal ki ng about
that, and over the next year, year and a half, it
appears li ke there's a significant anount of new data
that's going to be generated. And so we nmay j ust want
to acknow edge and highlight it, if that's -- if
there's sufficient newresearch planned. But if not,
if there's nore research needed, then that was one of
the charters of the Panel, which was to identify if
you think that there's literally a gap on this Source
TermApplicability; that is, we're not ableto ableto
specify a new value, and there's not data or
experinmental prograns underway to generate that, then
what is it that's needed to fill the gap?

So | believe that's what the -- what we're trying to.
Jason?

MR. SCHAPEROW |'d just like to add that
two of those blocks, the upper right hand and the
| ower |eft hand, again we get -- if the Panel is
willingto specify nunbers at this point, maybe partly

on the basis that this other researchis basicallyto
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confirmit, |ike ongoing VERCORS tests, for exanple.
MR. BOYACK:  Yeah. | wasn't trying to
gi ve the Panel a way to say no on every point. | was

just indicatingthat thisis one of the possibilities.

MR, PONERS: | think it's very inportant
to understand that the existing table is really not
fundanmental | y a product of an expert elicitation. The
exi sting tabl e was gener at ed havi ng | ooked at | ots and
| ot s of cal culations, andthat's -- those cal cul ati ons
presumably did a certain anpunt of this integration
that Tom's worried about, but | don't worry about it
at all, because | knowbefore we just didit all as in
the light fuel, and didn't worry about the variability
of burnup, but maybe you should in this case. So
really, you're |ooking at expert elicitation and
adjustment to the table.

MR.  BOYACK: Yes, and | certainly
acknow edge that. The whol e process, the effort, the
| evel of effort, the amount of time that's put into
this is relatively small conpared to the first
activity, so |l think the objective is to go ahead and
extract as nuchinformationinarelatively small tine
period, and then as to howthe NRCw Il use it, other
than docunented in a NUREG CR, |'m not sure. The

intent, | guess, was discussed earlier today in
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Jason's presentation. But anyway, this is how I
perceive the process. And basically, an orderly
process where we go one by one through the table,
after having col |l ected what ever set of informationis
going to be collected, so that was the Jerry
presentation |ast meeting, or our French coll eagues
this nmeeting, what you and Tom had to say, Ralph's
presentati on, and then any di scussi on t hat goes al ong
with that. But basically, to work through the tables
and then just ask ourselves. It seens to me we end up
down one of those three paths on each and every val ue.

MR. G ESEKE: For each and every val ue on
the table, you're saying.

MR. BOYACK: Yes. So where l'd say start,
gi ven Source TermApplicable, then at that point we'd
go through multiple times. We'd go through it for
this one, and this one, and this one, and this one,
and so on through the table, is ny perception of how
we proceed. And then we'll find out whether it's
doabl e or not.

Any questions or conment about that?

MR. LEAVER: Well, there m ght be anot her
-- you can put your drawing -- | nean, it depends on
how you want to | abel this, but | think one answer to

the top dianond there might be we don't know, or
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maybe. Is it applicable or not?

MR. BOYACK: No, | don't think that's
accept abl e. | mean, to ne, that we don't know or
maybe i s a no, because you aren't willing to put down

a val ue, so you just work down t hrough the rest of it.

MR. LEAVER: Okay. But that mght be a
little easier to explain than a no no. If it's a no
no, then the NRCis sitting there with sonething t hat
people are saying it's not right, but we don't know
what it is. But, you know, it mght turn out to be
right, if we do the research, and maybe it is right.

MR.  BOYACK: So let nme -- here you're
willing to put dowmn a value. Right? G ven Source
Term Appl i cabl e.

MR LEAVER Right.

MR. BOYACK: You cone over here, and the
guestion | ask, "Are you abl e to specify a new val ue?"
That one, seens to ne, to be yes or no, not maybe.

MR, LEAVER. That's yes or no.

MR. BOYACK: Yeah. So --

MR. LEAVER: That wasn't the one | was
tal king about. | was tal king about the one up above.
The answer to that one m ght be maybe.

MR. BOYACK: GCh. Well, | guess what |

coul d put is yes, and everything el se. And that m ght
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qualify --
MR. LEAVER. Yes and not yes.
MR. BOYACK: Yes and not yes.
MR. LEAVER. Well, | nean, that's how you

PRA Table too. There's really not ano, it's yes, and

not yes.

MR. BOYACK: You want ne to ri ght down not
yes?

MR. LEAVER. | think --

MR. BOYACK: | understand the point.

MR LEAVER  Yeah.

MR. BOYACK: If there's no objection, then

let's take 10 mnutes. |f there anybody that wants to
go down and get coffee downstairs?

(Wher eupon, the proceedi ngs went off the
record at 3:08 p.m and went back on the record at
3:24 p.m)

MR. BOYACK: All right. Let's go ahead and
resune. And | think the first thing to do as we
resume is to give Dana and/or Tom in whatever order
t hey deem appropriate, the floor. Let themwalk us
t hrough sonme material that they generated as a result
of discussions last -- or at the first neeting, and
basically, their wllingness to go ahead and

assimlate sonme informati on and show us the result.
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So, Dana, | believe you' re first on that.

MR. POAERS: Ch, okay.

MR,  BOYACK: He's got slides right.
Qobvi ously. Ckay. Just a nonent. Let her --

MR. POAERS: |f was you, Brent, | wouldn't,

but since it's her, | --

(Pause.)
MR. POAERS: Well, let ne start by saying
that -- to thank Ral ph for his presentation, because

you're going to find out right at the beginning that
| don't repudiate anything | wote in the past about
t he Source Termfor severe accident, for high burnup
fuel. That in fact, when we |ook at nobst of the
categories of fission product rel ease associated with
t he Source Term you conme up and you say well, it can
change alittle bit at nost. |In sonme cases, it won't.

For instance, for thelife of nme, | cannot
i magi ne how ex-vessel releases will change at all
because once you' ve nelted the fuel then the ef fect of
burnups go that you can't detect any nore.

MR. KRESS: The affect | envision is that
it changes the inventory. It's no |longer there to be
rel eased.

MR. PONERS: Yeah. You have to your math

bal ances right. You have to get the sums right.
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MR KRESS: Right.

MR. PONERS: Ckay. In other words, rel ease
fractions better all add up to one, or two, depending
on how you count.

MR KRESS: Right.

MR. POVNERS: When | think about the late
i n-vessel release, | say it comes up -- it's conposed
of three things, degradation of residual fuel
revapori zation and air i ngression. Air ingressionwas
actually not taken into account, and that m ght
deserve sone attention at sone future date, but |
don't think it's part of this agency.

The degradation of residual fuel, if
there's any affect on burnup here, it's going to be
whatever we identify up in here. And this is very
likely to be profoundly affectedif there's a profound
affect on burnup up here, because of the way they
organi zed the cores. And what's residual in the core
| ate in an acci dent that doesn't nmelt down pronptly is
t he peri pheries, and the peripheries were intended to
accurul ate high burnup fuel, so there's no direct
affect here. |It's affected here.

Now | cavalierly say there's not much of
affect. | remnd you that the gap rel ease really was

the stepchild of all these things, because it's
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trivial in severe accidents base. W didn't care what
t he gap rel ease was, 1 percent, 5 percent. It nade no
difference at all. W were dealing with 30 and 40
percent, and so we didn't devote alot of attentionto
this gap rel ease. And what one gets surprised by is
t hat when 1465 was published, a lot of attention was
paid to the gap rel ease, particularly to the tim ng

But, you know, magni tudes now nake a difference, fuel
handl i ng acci dents which are just gap rel ease events
suddenly become a difference, things like that. And
SO you' ve got really a coupl e of phenonena you need to
worry about up in here just immediately, and that's
what the gap inventory is. And we've never really
sorted that out to everyone's satisfaction. And
whet her you can -- what it nmeans to release gap
i nventories.

Now | rem nd you that when you thi nk about
gap inventories, we tend to think about it as that
rel ease that occurs when the cl ad breaks, and you get
a depressurization of the rods. Speaki ng of the
Mal i nauskus experinents done in the 80s, nmany years
ago, and which they did exactly that. They get the
rod up, it broke, things canme up, the major danage
canme out and they called this gap rel ease, and then

t hey had diffusional rel ease.
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The gap release in 1465 parlance is a
littledifferent. It's first half hour of rel ease, and
a half an hour is the tine that you go from 800
degrees up to 1200 and beyond, so you have to bend
your thinking alittle bit around on what you nmean by
gap release here. |It's not just the gap inventory.
It's what's released in the first half hour.

I n-vessel release, you -- we've already
t ouched upon the problemthere, is that if | rel ease
100 percent of the cesiumin that portion of the fuel,
it nelts and falls into the lower plenum | can't
rel ease 200 percent, so | can't change -- it didn't
matter what burnup does unless it depresses that
rel ease, reduces the nunber. |It's still going to be
100 percent.

There is a tine associated with it, but
that's really the tinme of core degradati on and vessel
penetration, so that's not going to change very nuch
one presunes. And there are a lot of things to | ook
at here, but you're going to run into sonme concept ua
difficulties.

What | have been trying to do since our
| ast neeting is to |l ook and see is there anything that
changes this a lot? Are there things up here that

affect the gap inventory that we real |l y ought to think
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about, so that's really ny focus.

"1l focus first on what changed i n the gap
release, and |I'm really not trying to calculate
things. I'mreally trying to figure out what | need
todoto calculate things. What is an adequat e nodel ?
VWhat's the tine interval for gap rel ease.

An in-vessel release is anything that
affects the releases of the noble gases, cesium
iodine and tellurium and anything changed
qualitatively down here. And we'll discuss things
| i ke we see nore barium burnup, boron release, wll
have been rel eased and things |i ke that, whether that
m ght cone about .

VWhat | wll coment is there is an
i mponder abl e associated with the in-vessel release.
| n-vessel releases is associated wth core
degradation. A lot of it occurs when the clad is in
tact. Alot of it occurs when the clad is attacked in
the fuel, and a lot of it occurs during candling and
melting. And burnup may affect those processes.

NUREG 1465 was based on a bunch of
cal cul ations that assumed a particul ar nodel of fuel
degr adati on. It assumed that candling, as clad
interact with the fuel, you formsone |iquid, you nelt

it and drain down, pretty nmuch like we saw fromthe
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PHEBUS experinents, not greatly different fromthat in

concept .

When you go to high burnup fuel, you're
tal king about a ot of fission gases in the fuel. A
| ot of fission gases, as you'll see, that are | ocated

at the perineter of the fuel, causing fuel cladding,
and nechani cal interactions. You heat themup. Those
are the kinds of things that predi spose you to get
fuel foam ng.

Fuel foaming was first identified in high
burnup, | nmean in the fast reactor world. And it was
driven by producing a |l ot of fuel gases, vapors, that
caused foamng in the fuel pellets. W startedto see
it in sone of the experinents with |light water fuel,
but it's driven not by vaporizing fuel. It's driven
by the fission gases, and here we've got a |ot of
fission gases. |Is it possible that we fuel foam ng
here that woul d change the node of degradation? And

t he ki nds of foam ng that we have seen in sonme of the

experinments is substantial foamng. It expands the
fuel pellets by a factor of 2. It would block the
fl ow channels. It would change the fl ow of gases to

st eamand Hydrogen t hrough the core. Probably reduce
t he mass transport to the core region, and | et you get

much hi gher fuel tenperatures.
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| call this the great inponderabl e because
there really is a question of do you get fuel foam ng
for the high burnup fuels or not. You can do all the
cal cul ati ons you want to one way or the other on that.
Actual ly, the only thing that answers that is go do an
experi nment on degradation of high burnup fuel and see
i f you get fuel foam ng, and see if it affects things.

MR. KRESS: And the problemwithit isit's
probably driven by nobl e gases, and a | ot of the tests
we do on noble gases are not --

MR. POAERS: You rel ease them

MR. KRESS: And you then you need to do
this experinment correctly to find out --

MR. POVERS:. Yeah, you' ve got to be careful
withit. Andthere' s just alot of things you' ve got
to be careful about on doing fuel foam ng experinent.
Wrsethanthat, it's probably atransitory structure.
That is, you foamup. You sit there for a while. It
col | apses down into a pool. Now a pool formed from
fuel foam ng, fuel pool forned for candling | ook about
the same. Ckay? So you've got to track what's going
on in the experiment fairly carefully. You can't do
cal cul ations with systens | owon Cogena, | have a fuel
foam ng nodel, so I'mnot going to worry about this.

Here is the mental picture | have of high
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burnup fuel, and this is a cartoon, trust ne not
driven to scale. | did that deliberately.

MR. KRESS: Did you make this on the
Macki nt osh?

VR,  POVERS: |l -- Bill Zack put this
t oget her for ne on the Macki ntosh. Actually, it's far

better than t he Macki ntosh could do, whichis the air

jettison clad with oxides on both sides of it. 1've
depi cted hydri ded netal here, just because | |ike the
i dea of hydrided netal. In fact, | think --

MR. KRESS:. Your hydrides are oriented in
the wong direction.

MR POVERS: Yeah, but | couldn't -- |
realized that after | had drawn the picture, as a
matter of fact.

MR, SCOIT: Turnit onits side and you'll
get it.

MR POVERS: It doesn't nmtter. By the
time we get to the tenperatures it will dissolve back
into the fuel, into the clad anyway, and what not.
| ve depicted some oxide on the inside. Ralph tells
me this okay for PWR, but he didn't want to see this
with any BAR. This is just PWR fuel clad and what not.

Then over here | have fuel grains |ike

we're used to seeing them They're 10, 15, maybe even
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20 micron type fuel grains. Fission products gases
are borne in those fuel grains. When you think about
fission gases, you say gee, how rmuch fission gas --
you want to bear in mnd when we tal k about fission
gas, we're talking about a |lot of gas. Roughly a
quarter of every -- one-fourth of an atomis produced
for every -- of fission gas atomis produced for every
fission event roughly.

Tomw || ask ne what a quarter of an atom
| ooks like. It's alittle pie-shaped section, Tom

MR. KRESS: A quarter of an atomis A-T-O
or any of them Pick out one.

MR. POAERS: 1It's one of those, and that's
why you have multiple kinds. And it turns out you get
about four tines the nunber of xenon atons as you get
Pepti de at ons.

The fi ssion gases are enornously i nsol ubl e
in the fuel, and so the fuel is very quickly
supersaturated in these gas atons. And you say wel |,
obvi ously, nucl eate bubbles here. Try to calculate
the nucleation rate for bubbles in fuel. 1t goes as
t he exponential of the cube of the surface energy.
You aren't goi ng to honbgeneously nucl eat e gas bubbl es
inthis fuel inny life time. GCkay. And the reason

bubbl es nucl eate i s because you get fission tracks in
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here, and that generates little tiny bubbles, one to
ten nanoneter type bubbles in the fuel

Then we have here the high burnup
structure, HBS for those of us in the know. And this
is the restructure region where you have little tiny
fuel grains. Instead of these big 10 mcron grains,
.1to .3 mcroneter grains, and great bi g gas bubbl es,
one, two, even four mcron.

MR. KRESS: | know what the B.S. stands
for, but what does the H stand for?

MR PONERS: It's a whole lot of B.S.

MR. MEYER: \What was wwong with our .M ?
Real | y. Nobody got a nane for it.

MR. POVNERS: Yeah. Well, kind of. Ralph
rai sed a real good point. You see this here. What
characterizes this here? The fuel has restructured.
If I take an x-ray of the diffraction pattern of the
fuel over here and the fuel particles here, what's the
difference? This is nmuch purer uraniumdioxide. It
has alattice paraneter. It seens to reflect only the
Al pha damage to the lattice, smaller than the lattice
structure that I woul d have over here. It contains no
fission gases. This has fission gases that are
saturated in.

MR. KRESS: VWhat are those little black
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dot s?

MR. POAERS: Say this again?

MR. KRESS: \hat are those little black
dot s?

MR. POVNERS: The black dots are the fuel
grai ns.

MR. KRESS:. Uh- huh.

MR. PONERS: And then | have bi g bubbles in
there. And now what we would |ike to do is -- okay.

This is a structure here. Now how far does the affect
reflected in this structure propagate into the fuel
her e?

MR. KRESS: Wuld that constitute the gap
i nventory?

MR. POAERS: No, | haven't tal ked about gap
i nventory yet. These bubbles here don't comuni cate
to anybody yet. W're working on that. Okay. But
right now as drawn here, they don't conmmunicate.
They're -- |I've shown no gap here. This sucker is
bonded. Now are there pat hways through t hat bondi ng?
| nmean, is that really one -- | don't know. How fast
isit can we communi cate fromthe plenumat thetopto
Ral ph' s breakdown here? Two-thirds up, two-thirds
down? | don't know. It is going to vent in a m nute?

Ral ph tells nme it wll.
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MR KRESS: Those little shal es around

t hose bubbl es don't | ook very strong to ne.

MR. POAERS: They're pretty strong right
now because |I'mat |ow tenperature. |'m working on
it.

Well, tocontinueon, if I recall thisrim
Ral ph, 1'mgoing to get what | call the chicken and
t he egg probl emhere, which you can see fromthis is
t he grains have restructured and you' ve produced big
gas bubbl es.

The chicken and the egg problem is did
restructuring lead to the big gas pores, or did gas
pores lead to the restructuring? And maybe that wi ||
explain why | call it a high burnup structure and not
an event. M.

MR. KRESS: You called it rim at the

bott om

MR, POVERS: | called that little piece
there the rim because that's where all the
correlations are wittenin. And | -- here are just

sone features of the rim

When does it forn? LOCA burnups around 72
gi gawatt days per ton. Pellet average burnups around
51. They depend a |lot on the power --

MR. KRESS: You say LOCA versus pellet
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aver age. You're talking LOCA at the edge of the
pel | et.

MR. POWNERS: The average for the region
that we call the high burnup structure. OCkay?
Because presumably it's extraordinarily high at the
very front face of the pellet, and it falls of
exponentially across that rim and thenit's actually
kind of falling out across nost of the rest of the
fuel. There's not rmuch plutonium

Ckay. Wiere this thing -- if we just run
our fuel alittle hotter, we'd never see this. GCkay?
So it does depend on how hot the fuel is. The width
of that rim region, that high burnup structure,
roughly linear with burnup. Now the question is --

MR. KRESS: You' ve got the actual nodel
t here.

MR.  PO/ERS: Vell, it's an actua
correl ation.

MR KRESS: Correlation.

VMR PONERS: And this is the non-
conservative correlation. There's al so aconservative
correlation here. This tells you how big it is.

MR, KRESS:. Uh- huh.

MR. PONERS: And this is in ternms of LOCA

burnup here, indicates you plug a nunmber in. Ckay?
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I f you want to rel ate LOCA burnup and the rod average
bur nup, roughly you want to clad by four-thirds.

MR. KRESS: Do | get a negative by using
the rod burnup?

MR. POVERS: Yeah, you can. For | ow
burnups you'll get negative nunbers there, in which
case it's zero. GCkay. We don't have gripping grains
for themon the outset.

Ckay. And the question, you know, is
restructuring | ead to gas bubbles, or do gas bubbl es
| ead to restructuring? This has been a debate in the
literature over the last three years, and there are
conmpeting nodel s onthis. Jeff, for instance, got one
t hat says oh yeah, restructuring gives you bubbl es.
Most of the rest of the world says no, it's the other
way around. Here are just sone nore features of the
rimregion.

MR KRESS: Does it matter which one?

MR. PONERS: |If we're going to predict it,
it does. And I'll nake an argunent that says yeah
and things get worse when you go through transient.

MR MEYER: Keep in mnd that the LOCA
power in burnup in the real area tine.

MR. POWERS: Yeah, it's extraordinarily

high at the surface. It falls -- it's roughly
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exponential across it, and so when | correlated
linearly like that it's a |lot of averaging. And in
fact, nost people now a days believe it's linear |ike
that only up to burnups of |like 70 gi gawatt days from
the pellet as a whole, and after that it starts taking
off on you in a nore exponential fashion.

MR. KRESS: In general, the 70 gigawatt
days per ton, what fraction of the pellet dianeter is
t hat ?

MR,  POVERS: Well, that's what you're
calculating with the rim

MR. KRESS: How hi gh does that nunber come
out to be?

MR. POVNERS: Well, it's afewnicrons at --
for 60 gigawatt fuel, and as you approach 80, it goes
up to 1,000 microns. | nean, SO you can get to --

MR. KRESS: But it's aninsignificant part
of the radius essentially.

MR.  POWERS: It's a small part of the
radius. It's a huge fraction of the --

MR KRESS: It's --

MR. POAERS: | nean, it starts getting big
on you qui ckly, as you go up beyond 70 gi gawatt days
per ton.

MR KRESS: Is it a real significant
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fraction of fission product inventory in the fuel?

MR. PO/AERS: Yeabh.

MR KRESS: That's where |I'mworri ed.

MR POANERS: It's roughly -- | nmean --

MR KRESS: Because nost of the nodels |
use, assuned the fission products are pretty evenly
di stributed. Now you're saying nost of -- a |lot of
them are out near the rim

MR. PONERS: At 60 gigawatt days it's small
for an average. Pellet average is 60 gigawatts, the
rimregionis real small. Okay? Now you get across
70, 75 with the pellet a whole, it starts getting
pretty big.

Porosity in this region is about 20
percent. Big time porosity in the high burnup
structure at the rimregion.

MR KRESS: This is dating --

MR. PONERS:. Yeah. |Interestingly enough,
this rimmaterial has a higher fraction of toughness
than the bulk fuel. How can this be? The stuff is
porous, and then you think about it. \Wen you grain
size is small and your pores are big, all the cracked
tips blunt. Oay. |If you have little pores and big
grains, then pore act as stress risers and cause the

cracks to propagate. This stuff is fracture tough,
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and so all those fragnents of fuel that you' re usedto
seeing, well, they're getting blunted out by this
restructuring zone.

MR KRESS: How does it neasure in the
fracture toughness of this?

MR. PONERS: Actually in-- first intheir
hardness. It's got --

MR KRESS: Wth the hardness.

MR. PONERS: And then they did a stress
propagati on of the fractures out fromthe indenter,
and got KI1C val ues.

MR KRESS: And just like you do with
the --

MR. POAERS: Yeah. And the grains in the
regi on, they don't have any krypton and xenon i n t hem
or at least not very nuch. And relative to bulk,
they're enriched in cesium GCkay. cesiumgoes up, SO
now!l wishl had Ralph's little picture of his fission
product rel ease, but you think about diffusion nodels
for cesium little tiny grains, big porosity. Well,
does that lead to rel ease fractions?

MR. KRESS: Shows them way up high.

MR. PONERS:. Yeah. So food for thought.
Ri ght ?

MR KRESS: Unh- huh.
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MR,  POWERS: Okay. A few high burnup

structures. Like |l said, if you were to run the fue
hot, higher |inear powers |less tendency to formrim
structures. Okay. And that's because you can't form
any bubbl es. The fission gases will be dissolving in
the fuel rapidly. And in fact, you probably can't
propagate this rim structure conpletely across the
fuel. As you get through the hotter and hotter
regions, they just won't form any nore. The
predom nant amount of evidenceis the restructuring of
the fuel is caused by the formation of big gas
bubbl es.

MR KRESS: |Is there a limt to the rim
structure in normal operatingtenperatures, because of
t he tenperature grading?

MR. PONERS: Yeah, | think so. | don't
t hi nk anybody has ever gotten there, but | think it
is. Okay. Wat we restructuring is doing is you're
creating a bubble, and creating a huge string field
around it within the lattice. And what that lattice
wants todoisit wants to relieve that string energy,
and it does that by form ng dislocations. And pretty
soon you get a net of dislocations, and you get what
are called dislocation cells. And then the cells say

| don't like to have a | ot of di sl ocations around me.
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I"'m going to form a new ring, and you get this
restructuring.

MR KRESS: Thernodynamcs 102 is it?

MR. PONERS: Well, certainly didn't cover
it any thernodynamcs |'ve ever done, but that's
essentially what you're doing, is you're putting
energy into the systemto try to relieve the super-
saturation. The bubbles, in fact, are over-
pressurized. They're creating a huge string field
around it. The lattice has got to react to this
eventual ly at sone point, and it does it by creating
di sl ocations. Dislocations --

MR.  KRESS: It wants to mnimze its --

MR, PONERS:. |It's trying nmadly to reduce
it's energy. It produces these dislocations. At the
poi nt where di sl ocati ons start becom ng ent angl ed, and
you get a net of them and the easy way out of that
hi gh energy state is to a newring. Even though per
se that, you know, if | conpare the energy bel owthe
little grains to one great big grain, well, the |ow
energy stays one very big grain, but in this high
di sl ocati on.

Okay. This stress fuel is driving. Nowl
ask you this question. W put the fuel in to a

tenperature transient. W're ranping up the
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tenmperature, at not too outl andi sh of a rate conpared
to say the reactivity insertion. Put unreasonable
wei ght, or pressurizing the bubbles, aren't we going

to be inducing nore stress around then? What woul d

cause this rimregion to grow? | don't know the
answer to that. It seens like an issue to think
about .

What this kind of mechanism says is the
affect of this high fissionrate at the perineter is
goi ng deeper where you see this actual rimstructure
on the outside. And then it can't propagate under
sone kinds of transients, so it mght be nore
pervasive than just the little rimthat you see.

It looks to me like all of this | eads you
to say gee, for |ow burnups around 60 gi gawatt days
per ton, it's an interesting but not wvery
consequential thing. As you start going beyond 60,
and you start getting, you know, substantial changes
inthe fuel structure. So the question comes down, we
want to calculate the fission product release from
this stuff, and we sure |like this Booth type

approxi mations. And | throw CORSOR into a Booth |ike

approxi mation, as well. And is that an adequate
approxi mation for this? Even -- especially when you
realize if | apply Booth, little tiny grains, |I'm
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going to get sone nmuch nore rapid rel ease of things
| i ke cesium and i odi ne.

There are al ternatives avail abl e t o Boot h,
nor e sophisticated treatnments of the material that do
count for burnup. They have been calibrated for
cal cul ati ng behavi or during normal operation. That

i's, they've been paraneterized for normal operation,

and not -- nobody has attenpted to apply themto an
acci dent transient. Ckay. There's no reason you
couldn't.

The ot her issue that arises hereis inthe
Boot h type approxi mati ons, you're saying the rel ease
islimted by transport to a surface, and then vapor
pressure. That transport through the porosity to sone
vent pathway is a zero resistance sort of thing. And
with these relatively highly damaged fuel s, that may
not be true, and we may need to put an additional
resi stance in. And people have spent sone tine
devel opi ng t hose.

There are a |l ot of phenonena associ ated
with these alternatives, and ny point onthis slideis
not to say that you need to take these into account.
Just to sinply say there are a whol e | ot of phenonena
t hat are nodel s t hat have not traditionally takeninto

account, to calculate how things -- how bubbles
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behave, gas bubble mgrate in this fuel. And in
particular with Booth nodels, we basically say the
bubbl es are pinned. They don't nove. They're fixed.
And then what's happening is that you're really
getting transport of fission products via atomc
mobility to a free surface. Okay? Everybody has
known that's not really true, that the bubbles are
fixed. They're just kind of fixed.

The other thing that's not trueis the once
formal bubble, an atom in that bubble isn't there
forever, that infact, it's continuous, it's a dynanic
surfing. They're redissolving and com ng back in.
And FRAPCON, | just -- nothing against FRAPCON. |
pi cked FRAPCON out of the list. Al of the nodels
have sone subset of these phenonena that they don't
i ncl ude. FRAPCON recogni zes that fission bubble --

fission gas bubbles at the grain boundaries can
redi ssol ve. And this is FRAPCON and on of its
i ncarnations. | have no i dea which one. But here are
all these other mechanisns that are not included.

MR, MEYER  Excuse ne, Dana.

MR. PO/NERS: Yeah.

MR. MEYER It matters whether it's 2 or 3,
because 2 did not have hi gh burnup affects that kind

of form 3 does.
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MR. PONERS: Ckay. This is definitely 2.

MR. MEYER 2 has been out of print for a
nunber of years now.

MR. POVERS: But that's the |ast one |
read, Ral ph

MR. MEYER | think we'll get you an
aut ogr aphed copy of 3.

MR. PONERS. You've already given ne an
unaut ogr aphed copy.

MR. MEYER  Oh, okay.

MR. POWERS: But that doesn't nean |'ve
read it. It's a big document, Ral ph. Gve ne a
break. | read the high points of it. | didn't go
t hr ough and | ook at nechani sms, and it's not ny point.
That |' mjust saying there are | ots of mechani sns t hat
i f you want a nore sophi sticated treatnent, you' ve got
to do a lot.

VWl l, Ralph made the point that if you
don't change the chemi cal formof things in the fuel,
you're really not going to change the fission product
rel ease during the in-vessel phase very nuch at all.
And you'll get the inventory affect, but you' re not
going to get -- see things that were at .0025
fraction release junmping up to 10s and 15 percent

fraction release if you don't change the chem cal
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form And chemical form it's clearly a function of
t enper at ur e. And presunmably our release nodels
reflect that tenperature. 1It's a function of oxygen
potential, and what we use right now nust surely
reflect that oxygen potential in fuel upto acertain
| evel of burnup. But does the burnup affect things
any further?

Wl |, yeah, it does. And the first thing
burnup does, it does affect the defect structure, and
| sinply cannot resist | aying out the defect structure
for these fuels. | just love this stuff. This is
great. This looks like real science, doesn't it?

This is how you calculate the oxygen
potential in defective fuel. Abnormal uranium atons
getting oxidized in what the literature calls smal
pol arons. You will spend weeks trying to find out
what in the world do they nmean by "small pol arons”.
And all it nmeans it's a 5 val ent uranium on a urani um
site, rather than 4 val ent uraniumon a uraniumsite.
They also have large polarons which are 3 valent
uraniumon a uraniumsite. You have vacancies on the
oxygen site.

MR. KRESS: You're knocking off el ectrons.
I s that what you --

MR. POVERS: Yeah. You're taking the
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electron off, putting it on an oxygen atom sticking
t he oxygen atominto aninterstitial site. And oxygen
ininterstitial |ocations can conbine with vacancies
on the oxygen lattice to form oxygen

MR KRESS: Right.

MR. PONERS: Then you get this kind of an
interaction. plutoniumon a uraniumsite interacting
with uranium on a uranium site can form a snal
pol aron, and a trival ent of plutoniumatom and | have
hi ghl i ghted t hat one because that has alot todowth
what the oxygen potential is in the LOCA region.

MR. KRESS: These things are going both
ways.

MR. POVERS: Oh, yeah. These are all
equilibrium Yeah. There'snoirreversibilityinthe
defect structure. Then you form these defect
conpl exes, and defect conplexes are -- people that
like to dothis like nme just get really excited about
def ect conpl exes, because this is where our little
xenon atons like to sit.

MR. KRESS: You've got all those little
t hi ngs congl oner at ed toget her.

MR. POVERS: Sur e. Yeah, they charge
relative to each ot her

MR. KRESS: They charge relative to each
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ot her, and they just hook on.

MR. PONERS: Yeah, these hook up together.

MR. KRESS: And that's where the xenon
i kes to go?

MR. POAERS: Yeah. It just |love -- xenon
is like --

MR. KRESS: Way woul d xenon want to be
t here?

MR. PONERS: Because xenon is huge. It's
enormous conpared to everything else in here.

MR. KRESS: Soit's |ike avapor, it'slike
a surface tension affect?

MR. POAERS: Well, it just can't sit on a
| attice site because it's too small. Ckay. So it's
| ooki ng for sonething big, and these things are big.

MR, KRESS: | see, so that's why it |ikes
it there.

MR. PONERS: Yeah. And this is just the
general | ant hanum speci es here that hooks up to form
t hese t hings.

MR. KRESS: That's al nost anal ogous to a
gas surface tension on a solid, isn't it?

MR. PONERS: Well, it's al nost exactly that
because it's the forces fromall the surroundi ng at ons

are just getting very, very repul sive and keeps trying
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to push the xenon out.

MR. KRESS: Ckay.

MR. POAERS: And t hey choose charge pel |l et
and mass pellets, and out of this you can get an
oxygen potential .

MR. KRESS: You've got to have a rate cut.

MR  POVNERS: No. This is equilibrium
stuff.

MR. KRESS: You can do the thernmodynam c
delivery --

MR. POAERS: Yeah, well --

MR. KRESS: But you've got to mnimze the
free energy.

VMR  POVERS: Yeah. You mnimze the
energi es on these things, the charge bal ances. And
you' ve got to know the end, and you fit it a little
beta to get the delivering constants.

MR, KRESS:. kay.

MR. POAERS: You've got to know what the
concentrations of these things are.

MR. KRESS: But you have to assune this is
all on equilibrium which neans that the constants
are --

MR. POVERS: Yeah, because you're just

novi ng el ectrons. They nove |ike the engines.
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MR KRESS: They really hurl.

MR POWERS: Yeah, they fly around. Now
when you do this, you nmake a couple of assunptions
about how cesi um and bari um behave. You say cesium
well it's a uranate, it precipitates out. It's a
different structure so it doesn't engage. You say
barium forms a zirconate, and that's boroscite
structure. It's insoluble in the dioxide. The rest
is zirconium that you form by fissioning. The
zirconiumis right on the peak for one of the fission
curves, and there's a lot of it. It goes into the
| attice, and so the -- you run this through and you
end up with sonething that |ooks like this. The
oxygen to netal ratio which dictates the oxygen
potential here, andit's aninput in your cal cul ation.

What you started with has a termthat's
affected by the fractional burnup. Burnup tinmes the
yield of bariumand the yield of cerium plus yields
of lots of other things, so to answer your question,
Dave, yeah, oxygen potential gets affected by burnup.

MR KRESS: |t goes up?

MR PONERS: Yes.

MR. LEAVER It goes up. Yeah. Not too
much.

MR. PONERS: Well, | said yeah, it goes up.
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And two things you have to bear in mnd. In none of
this nodeling did | take any oxygen and react it with
the inside of the cladding. Gkay. And you have this
magi ¢ equation. This nol ybdenum di oxi de buffer, and
what this is, is molybdenumis present in the fuel as
an alloy, an alloy with nol ybdenum |ike technetium
and rut heni um rhodi umand pal |l adium and it can react
wi th oxygen, performloading dioxide in the lattice.

MR KRESS: |Is that only in m xed
di oxi de - -

MR. POVNERS: No, no.

MR KRESS: It's in all the fuel?

MR. PONERS: Yeah. It happens al nost -- |
mean, all those little bubbles that I showed you in
t he fuel particles, they' re pinned because that's the
preferred | ocation for these allows to precipitate.
Ckay. They're all over the fuel. In fact, when you do
| i ke an el ectron di ffraction of fuel or atransm ssion
el ectron mcroscope, these alloys, of course have
i ncredi bl e scattering power relative to the lattice.
That's all you see. You can't see anything except
those little things sticking up at you.

Thi s al |l oy hol ds t he oxygen potential kind
of at the sane value. It acts like a buffer, but

because it's in an alloy, you can overwhelm this
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eventual ly. As you start pulling the nol ybdenumout,
it becomes | ower and | ower activity all the tinme, and
so there's a point where this buffer kind of gives up,
and that point is up around 75, 80 gi gawatt days per
t on. Ckay. So you're kind of comng up to an
asynptote and then it starts going away, if the clad
doesn't interact. The clad would act like aninfinite
si nk of oxygen, because there's a lot of it, whatnot,
but you've got a lot of things in the way of the
oxygen.

MR. LEAVER This is all happening in the

MR. PONERS: Yeah. Yeah, well that's what
we' re tal ki ng about .

MR LEAVER Right.

MR. PONERS: It's not out of the rim |
mean that's what we're in right now The sane thing
is going on in the bulk fuel, but I just don't worry
about it very much right now Ckay.

MR. LEAVER: That wi Il change the rel ease
of Moly too.

MR. POVNERS: Yeah. And | think that's what
you --

MR. LEAVER: Sonet hing we need to do.

VMR. PONERS: Well, and | think that's
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sonet hing that you -- | mean, everything |'ve said, |
keep saying well, | didn't take this into account. |
didn't take this into account, and this -- | think

that's where you need the experinental data, to tel
you whether to pursue this further than |I've done on
t hese obvi ously careful |l y thought out and el aborately
produced Macki ntosh viewgraphs, is that before you
i nvest a huge anount of effort, you need a little
experinmental data. And we've got some hints here, and
we're certainly seeing My going up, but not that,
you know, suggests hey, this saturation is actually
occurring. But I think 1'd like to think a |ot nore
before | got too excited about Mdly, because you know,
t hi ngs beconme conplicated. And when you try to do
things formally and publishable, you end up doing a
| ot nore than ny finely produced and careful ly crafted
Macki nt osh - -

MR. MEYER Dana, there was about a 20
gigawatt day per ton difference between the BWR
Li merick fuel that had no I D. oxidation and t he hi gher
burnup fuel that had sone ID. oxidation, so | don't

know i f you nmake a connection there or not.

MR PONERS: Yeah. | saw it in your
presentation. | went gosh, that's really weird.
wonder what that tells ne. It nmust be telling us
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sonmething, but | don't know what it is right now,
Ral ph. You got ne.

Vel | now sone nore finely crafted
specul ation, cesiumrel ease. Cearly, cesiumrel ease
depends on the vapor pressure. W know it's a
function of the tenperature and the chem cal form
What ki nds of chemical fornms are you going to have?

When you t hi nk about this, nost peopl e say
gee, the cesiumis really hanging around this fuel as
sone sort of uranate. And this is a really conplex
wor | d, because you' ve got trioxi des BCs, and di oxi des
BCs.

MR. KRESS: That's the cesium that's not
cesium matter.

MR. POAERS: Yeah, which is nost of it.

MR KRESS: Most of it.

MR. PONERS: And this clearly is a very
strong function of the oxygen potential. |If you go
t hrough and just do the routine thernodynanics, the
speci es that sticks out to you is actually this class
of species called the Zirconates, and there are a
bunch of them | call it CS2. And 02, and can be a
bi g nunber.

MR. KRESS: As no vapor pressure always

ar e.
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MR. PONERS: They -- once you get up to a

bi g nunber there's alnost no activity of cesiumin
there at all. That kind of thing, you know, gets you
really excited if you're trying to explain why T™M
would nelt down and retain sone of the cesium I
woul d -- the other one that sticks out at the x-ray
guys are the cesiumstannates, and t hey see t hemwhen
they do x-ray diffraction of the gap region of fuel
They see these cesium stannates in there.

Wll, of course, if these are what's
i mportant, and we switch to M6 fuel, now what? What
replaces it? Well, presumably it's -- but they're all
strong functions of the oxygen potential. And as you
go up in oxygen potential here, then you form nore
conplicated of these species, and reduce the cesium
pressure. And it as formand have ri cher abundance of
zirconium you get the higher ends up here. And as
you correctly saw, the vapor pressure is -- it's a
huge affect.

Wl |, how about i odine? iodine has al ways
been a probl emfor us chem cal |y, because we general |y
concede that there is surely at sonme tine in a fuel
rods |ife nmust be seizing iodine in the gap region,
because | think sone guys at Oakridge actually found

it by actually diffraction.
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MR KRESS: Yeah. W finally sawit.

MR. PO/ERS: What else could iodine
possi bly be? Wll, there is sonething -- iodine does
cause a stress corrosion cracking and cl addi ng, and
there is sone chem cal species associated with that.
What ever that species is, that could be another
speci es here.

The bigger nmystery to us is really
sonet hi ng Bernard nentionedinhis presentation, isif
| " ve got cesiumiodide and |'ve got nol ybdenum com ng
off this stuff, | knowthat this particular reaction
wants to go that way, and that tends to free up Hi
whi ch at these tenperature pronptly turns into atomc
i odine. So why don't | see nore gaseous i odi ne com ng
off the fuel? And naybe we do com ng off the fuel
and it reconbi nes sonmewhere in the transport. And
assuredly, the peopl e doi ng PHEBUS cal cul ations inthe
pi ping systemwith gillions and gillions of iodide
speci es, seeiodide formng, silver iodideformngthe
gas, and lots of things.

MR. KRESS: You get this second equation
wi thout the Moly there, and the gas -- yeah, take the
Moly out. And we did that, and it's nostly cesium
i odi de.

MR POAERS: Uh- huh.
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MR KRESS: And that's -- we did -- we

never stick anything else in the gas --

MR. POAERS: That's right. That's right.
| mean, the way -- | nmean, we did that for years, and
years, and years. And the thing that -- the
i nnovation that's occurred in that kind of nopdeling
with Victoria code and forgive ne, what's the --

MR CLEMENT: SOPHAEROCS.

MR. POAERS: SOPHAERCS. You know, | try
not to think about it. It skips my mnd. VWhat
t hey' ve done i s they' ve been sticking these things in
i ke crazy. And they stick themin as fast as they
can --

MR. KRESS: Do they have a gas phase
chem cal equilibrium nodel ?

MR. PO/NERS: Yeabh.

MR KRESS: It doesn't do kinetic.

MR. POVERS: Some guys have done sone
ki netics in the gas phase. | get very unenthusiastic
about doi ng kinetics tenperatures above 700 degrees
Centigrade, because the kinetics hold fast at those
t enper at ur es.

MR. KRESS: So you just assume everything
is in equilibriumat that tenperature.

VR. POVERS: Yeah. I get very
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unent husi asti ¢ about doi ng equi li bri umat tenperatures
much bel ow 700 degrees Centi grade because t he ki netics
are all slow

MR. KRESS: The trouble wth that was as
you cone down in tenperature and going through the
primary system the equilibrium is continually
changing and it's getting slower. And the questionis
where do you freeze that? And that was always the
guestion we westled with quite a bit.

MR. PONERS: The vol canol ogi sts have
westled with that equation -- | nmean, that question
when they're | ooking at CO2 rati os and the gases t hat
cone of f vol canoes.

MR. KRESS:. Uh- huh.

MR. PONERS: And you can -- the nice thing
about those gases, they're a conplete set, so you can
actually back calculate it. And it cones in just
about 700 degrees Centigrade, just every tine.

MR. KRESS: Oh, that's interesting because
that's where we hit it. That's where we put it on the
cesi um i odi de.

MR. POAERS: That's very cl ose.

MR. KRESS: Yeah.

MR. POVNERS: Well, the question | ask is

you get this one. Thisis anicereaction, and if you
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form the cesium Zirconates and cesium uranates,
they're alot better reactions. They go alot farther
to the right, and we don't see a hint.

MR. KRESS: So the whol e point is you m ght
get a lot of gas iodized if you change this chem cal
form through high burnup.

MR. POAERS: You get a lot nore Moly out,
you know, you start to worry about that. And nowl "I
confess ny ignorance. | don't wunderstand the
tellurium release at all, not zero. I"m totally
confused by it.

Sone contend that telluriuminteracts with
the clad, and until you oxidize the clad, you aren't
going to get any tellurium rel ease. And if that
happens, it surely must be formation of --

MR, KRESS: Tellurides.

MR,  POVNERS: -- Tellurides Dbecause
tellurium and zirconium are just not happy canpers
t oget her. And, of course, if we instead have M
cl adding with nol ybdenum instead of tin, what does
that do with that particul ar mechani sm

O her peopl e observe in their experinents,
thetelluriumdidn't cone out because the telluriumis
still in the fuel. Well, if --

MR KRESS: | don't understand --
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MR. PONERS: -- that's volatile, why inthe

world could -- didit stay in the fuel when i odi ne and
cesiumcane out? The only thing | could think of is
critiquing this alittle bit out here, but all these
el enments form nice lovely, stable, really stable
Tel l uri des.

MR KRESS: They never see each other.

MR. PONERS: They have to. These are on
the insides of the gas bubbles. That's where these
all oys form

MR KRESS: In the rimregion.

MR.  POWERS: Everywhere you've got a
bubbl e.

MR. KRESS:. But the only place you' ve got
a significant bubble is in the rimregion

MR. POAERS: The rimregion. Ckay.

MR. KRESS: Yeah, so why would it see it
before is we never had a rimregion.

MR, POAERS: Oh.

MR. KRESS:. Because they never got --

MR. PONERS: Well, howconme | can't get the
telluriumout of ny fuel?

MR KRESS: It gets tied up in the clad.

MR PONERS: It wasn't in the clad -- |

nelted the clad off ny fuel.
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MR. KRESS: Ch, then you can --

MR. POAERS: And | still couldn't see the
tellurium

MR. KRESS: Well, every tine |l didthat it
came out |ike you wouldn't believe.

MR. PONERS:. Well, the questionis, isthis
affected by burnup? Well, |I've already told you that
as burnup goes, we start pulling this out. W don't
really do a whole lot to these things, because we
never get high enough an oxygen potential. You do
tend to form-- there is sone potential for formng a
pl utonium Palladide and whatnot, and we tie up
pal | adi umand conpete with the formati on of pall adi um
Tel luride and whatnot, affected by oxidation.

The upshot of this is yeah, |I can find ways

that look like they have the potential of changing

fission product releases. | don't find a snoking gun,
except possibly for the nolybdenum because | am
saturating out that -- as you burn the fuel and you

start saturating that, you just run out of nol ybdenum
You just run out of the gas.

Wien people in the literature cal cul ated
that, they treated the nol ybdenumas though it was a
pure species, soit's acting as constant as a functi on

of burnup, whenit's not really. It's actually worse
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than that, so you definitely see that com ng up. You
just run out of gas in the nol ybdenum and so you can
see reasons for getting nolybdenum rel ease, and
getting higher oxygen potentials, especially out at
the rimregion. And you can see things that could
shade the ot her rel eases one way or another, but you
don't see the snoking gun. And that's all | have.

MR. BOYACK: Ckay. Tom you have -- are
you going to stand up at the front?

MR. KRESS: Yeah, because | cantalk better
here. | can | ook at your body | anguage.

MR. BOYACK: You can turn off the --

MR. KRESS: | do not have slides, so you
guys could just pretend there are slides up here.

MR.  BOYACK: You want to hand out the
material ?

MR KRESS: Not yet.

MR. BOYACK: Not yet. He wants to keep you
spel | bound.

MR. KRESS: Yeah. And first, | want to say
that | think the stuff that Dana just tal ked about is
wonder ful stuff, focuses your attention on what m ght
be inmportant, and why things |ike PHEBUS and ot her
experinments do what they do. But it also points out

why | personally ama very believer in enpiricismin
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data and enpirical nodels in this business of fission
product rel ease.

| just don't think we're ever going to be
able to nmechanistically nodel all the things that
goi ng on.

MR.  POVERS: Except for the defect
structure. You can do really well.

MR. KRESS: Yeah, but -- so when | deal
wi th fission product release, I'mrelyingvery heavily
on data and enpirical correlations of the data. One
of the things | use is the Booth npdel that Dana
debunked to sone extent. | have a handout which |
would like to pass around, which is called, "The
Justification of the Use of the Booth Mdel." 1"l
pass that around. And there are sides that slide up,
and ' mnot going to go into themany nore ot her than
to say that alot of these things Dana tal ked about in
ternms of novenent of bubbles, novenment of fission
products w t hin bubbl es and wit hin grai ns, changes of
grain size, et cetera, can be captured in enpirical
nodel if you have enough data. And the data has to
i nclude a sufficient range of burnup. And it has to
be data that's taken in such a way t hat when you t ake
t hat hi gh burnup fuel out of the reactor and put it in

a test chanber, that it preserves the things that will
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affect the results. And what you m ss there, because
usual ly the stuff sits around for years, and things
decay away. Your xenons, your kryptons, xenons decay
away, and you don't have this gas that may affect this
rimaffect. You may not get a rimaffect that's |like
the one you have in the reactor, so when | use
enpirical data to calibrate a nodel, you have to
realize it wasn't -- may or may not be exactly what
you get in a reactor. And even in the case like
PHEBUS, where you take old fuel and stick it back in,
and re-irradiate it to build up the fission products,
you' re not going -- you' re not building up the fission
products the sane way they were in the reactor, so you
get a difference. So these are qualifications to
enpirical nodel.

And what 1've done is taken the things |
need to nake an enpirical nodel. Does anybody have a
bl ank vi ewgr aph?

MR. PONERS: Tom naybe you better point
out to people, especially our visitors from France,
that this is witten in Tennessee.

MR. KRESS: This is witten in Tennessee,
and it's al nost unreadabl e. What | need first is ny
enpirical nodel tal ks about diffusion coefficient,

D0e-Q RT. And this is an enpirical relationship, and

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

247

the justification equation witeup | passed around
gi ves you sort of justification for why that woul d be
a good way to do it.

| don't intend for these diffusion
coefficients to mean diffusions of fission products
t hrough grain surface. That's not what |'mtalking
about. |'msaying when you take everything that goes
on in the fuel to get out a fission product in terns
of its nmovenent through the various passageway, that
this will be a type of equation that will correl ate.
And | know that because |'ve used it and correl ated
fission product with it, and it does pretty good.

Now what do | need in order to use that for
hi gh burnup? Well, obviously, | need DO and | need Q
all functions of burnup. This is enpirical
correlation, | need data over a range of burnup, and
| need to extract these fromthe data.

VWell, the first probleml encounter is you
get data where the tenperature cones up and goes up to
anot her ranp, goes up, and you get -- that's the
tenperature. And you get some sort of fission product
rel ease of various species. This is maybe the
fractional rel ease versus tine.

Now this may be a particular fission

product. Let's call it cesiumright now The first

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

248

problem | have is how do | take this curve and get a
DO and a Qout of it? That's the first probleml have
for that burnup, because this is the data | have.
Vell, 1've done this, and it's not easy,
and what you have it 2 degrees of freedomw th the DO
and Q and sonetines you have to -- you can fit this
curve with nore than one set of these DOs and Qs, and
that's the problem What | attenpted to do is use the
flat parts to sone extent, and | can extract out of
that fission product release, | can fit that to a
constant tenperature, DO and Q and | can plot D
versus 1/ T, and | get a slope. The slope is the Q
and the intercept isthe thing. | can do that. 1 can
best fit that to these flat parts, and that's what
|"ve attenpted to do to devel op ny nodel. And then |
go back and use the Booth type equation to show t hat
it fits this curve real good if | do that. So I can
get it -- by working very hard, | can a DO versus Q

out of one of these tests, and then | can make this

pl ot . If I have a lot of tests like this and
di fferent burnups, | can do this plot.
Wll, the DO one in front tends to be

linear. It looks like thisif I plot it. This thing
over the burnup range | have tends to be linear. |If

| plot the logarithm of the Q versus burnup, that
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tends to linear on a logarithm scale, but |'ve done
this for nostly Oakridge tests, but Oakridge tests
only run up to about 40,000. And they weren't all the
sanme, so | didn't have maybe two or three points, two,
sonmetimes three, and it's not a good dat abase.

| didn't have the French data which I'd
| ove to have the whole thing so | can do this to it.
| didn't have the Japanese data. And when | plotted
these things, | didget two correlations for DO versus
burnup, and Q versus burnup, and | put up a burnup
nodel into ny equations. And that's what's in here.
That's ny scatter rate. Nowthe problemis, | don't
want you to take this nodel too seriously, because |'m
still working on it, and | did this on the plane
al nost. Could | have anot her one of these vi ewgraphs?

MR. POVERS: Tom if | could just
interject, Bill Turnbull. Ral ph nentioned Turnbull in
connection with the Hal den experinents. When he set
up his diffusionto coefficient nodelingwith-- it is
a function of burnup, so that he had -- so instead of
having strictly uranates, that at lowtenperatures it
cane out wth a kind of a constant diffusion
coefficient at |lowtenperatures, that he had a cut off
in the burnup affect at 40,000 -- | nean 40 gi gawatt

days per ton.
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MR. KRESS: Well, that's part of ny problem

because ny data only goes up to about -- now one of
the problens with it is, if | use these correlations
that the data | have falls on, and extrapolate | i ke --
this is like 40,000 a year. |If | extrapolate this
one goes below. Thisoneis all right. It's onalog
scal e. This one goes bel ow zero, and it doesn't mnake
any sense, so | knowthat's wong, and | need to curve
it over. | need -- ny correlation is clearly wong
when | extrapol ate, so |l want you to keep that in nm nd
because what | did was | put these two nodels which
fit the RNL data very well, and fits the -- | fit the
Japanese Vega 1 data which at 47, 000 negawatt days per
ton, so | put that one in nmy nodel also, and it fits
invery well, so ny extrapolation up to 47,000 wasn't
bad. But extrapolating up to 70,000 does take this
bel ow zero, and | don't know what it does to it, but
it takes way down on the slope scale. So ny problem
i s extrapol ating the data | have in order to see what
affect burnup is going to have on ny fission product
rel ease nodel .
| did that anyway. | ran the cal cul ation
and this is the results of the calculations for three
cases, 35 --

MR. LEAVER. Is this all one thing?
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MR KRESS: VYeah. And -- it's all hooked

together. One case -- three cases hooked together so
just -- give ne that. | don't want you to take ny
original, but you can have this one. But what | did
was took the nodel | have for a whole core heatup,

whi ch neans | don't have di stribution of the burnup --

MR. LEAVER The entire core, is it
what ever - -

MR. KRESS: -- and decided to on a
honmbgenous heat up.

MR LEAVER Right.

MR. KRESS: So youw |l seel have alittle
nomencl ature that says fracti on of the core assunedto
go through this equals 1. What | have to do is | can
put indifferent fractions for that core goi ng t hrough
di fferent heatup ranps, and different burnups, but |
hadn't done that, so that's another thing that's w ong
withthis. It's the whol e core heating up honogenous,
and it's for Surry. It's plant specific, so that the
timng is related to reactor itself. And what |'ve
done is with three cases, a burnup of 30,000, a burnup
of -- | think I did 47,000, and | did a 70,000, and
| ooked at the rel ease of fission products | get from

t he enpirical nodel
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And what you'll notice, I've got it for
three phases. One of themis for adiabatic heatup
ranp. The ot her phase is ranp driven by the oxidation
clad. Then there's a third phase after that where
say that as the fuels nelts and candl es down, there's
something | call a whole tine nelt which is hard to
come by, but | figured out a way to estimate it. And
so for -- I've shown the fission product rel eases
fractions for those three phases. And based on this
nodel which needs a | ot of work because | need to --

I"m extrapolating it outside of its database, and
what you'll notice is that the -- when you get up to
t he hi gh burnups, if | can extrapol ate that far, which
| know | can, you essentially release all the noble
gases, and all the volatiles.

Now | have another problemin here. Wen
| rel ease other fission products, | don't have a full
set of these enpirical relationships for DO and Q for
all the fission products. W just don't get that, and
| have another way that | do that called a relative
volatility scale. And | use the scale | have for
burnups at Oakridge, which are like 35 to 40,000
megawatt days per ton. And | just used that relative
volatility scale to get the releases in the fission

products. There's nothing in nmy mnd that says that
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scale mght not change also as you go to higher
bur nups, so what |'msaying thereis you don't want to
bel i eve what you see for the lowvolatility elenments
here because ny nodel is probably not good for those.
But what it does showis the tim ng changes. You get
-- at the higher burnups you get volatiles rel eased
earlier, and a lot of them get released during the
adi abati c heatup ranmp at 70, 000, wher eas previously at
| ower burnups, nothing gets released hardly during
t hat part except the gap. You have to drive off the
oxi dation driven kinetics to get nmuch of a rel ease.

The other thing you learn with this nodel
is that these rates matter, that the faster you heat
up the tenperature in whole nmelt, that you rel ease
| ess fission products, because it's a time and
tenperature type of thing. And if you heat up rea
fast and nelt, you really inhibit fission product
rel ease, as opposedto holdingit at just 1 degree per
K per second, over along time, that tends to rel ease
it all. Wereas, if you got up to the sane
tenmperature real fast, you freeze it in the fuel, so
that's a consideration you have to keep in m nd when
you' re tal king about a whole core nelt.

That's really all | wanted to tal k about.

| can use this nodel to help us if | had nore data at
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hi gher burnups to inprove ny enpiricism

MR. POAERS: | have al ways been fasci nat ed
by the anti nony because we pay so little attention to
it.

MR KRESS: About what, Dana?

MR. POWNERS: The antinony, because we pay
so little attention to it.

MR. KRESS: Well, that's another thing. In
using this relative volatility, I anchored ny curves
wi th antinmony, and we know for a fact that antinony
gets tiedupintheclad, just like telluriumdoes, or
gets tied up somewhere. And it may be a poor choice
to anchor this nodel with, but the data | used to
anchor it was data fromfuel that didn't have any cl ad
on it, so that it's a proper anchor if you do that.
But you' ve got to be careful and not use data that has
clad on it.

| woul d rat her use anot her anchor with sone
other data. | just didn't have good data for other
fission products and it looks like in sone of this
French data, they had sone pretty nice other fission
products used to anchor with. It will be very hel pful
to ne.

MR. POAERS: It | ooks the antinony rel ease

in your nodel, if I'"minterpreting things correctly,
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goes through a valley, and is a function of burnup.

MR. KRESS: No. That's probably one of the
problems with the fact that | extrapolated too far,
and | got that negative thing.

MR. POAERS: Ch, okay.

MR. KRESS: And that's what | wanted to
warn you about. No, it definitely does dothat. It's
that negative -- I've got to fix the nodel so it
doesn't through a negative value w th DO.

MR. BOYACK: Are there any ot her questi ons,
or conments, or observations regarding either Dana's
i nformation or Tom s?

MR PONERS: Well, it seens to ne that if
| were thinking about burnup af fects on rel eases, that
you calculate the mninmum affect with your nodel?
Because you're saying all the chem cal conditions are
the same, and the only thing that's changing are the
di ffusion coefficients.

MR KRESS: Absol ut el y. But what | am
saying is that if you take the fuel that is going
t hrough thi s burnup, and then freeze it |i ke quenching
the -- if you freeze a lot of the chemstry in the
fuel, what | don't get then is when you take it back
and reheat it, how nmuch have you changed, by letting

t hings stay and set there. And how nuch have you --
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MR PONERS: Yeah.

MR. KRESS: How much do you affect this by
whether or not you're in oxidizing conditions or
reduci ng conditions? And ny nodel -- basically | used
the data from QOakridge that was in reducing
conditions, so that's another thing you need to -- ny
nodel is for reducing conditions. And you have to ask
yoursel f what conditions should we be viewing in the
actual, you know, design basis accident.

MR. PONERS:. But | take it, just as the
kind of a mininmum a mniml affect.

MR. KRESS: Yeah, that woul d be a good way

MR. PONERS: Anything el se that you added
into your nodel is going to make a bigger affect.

MR. KRESS: Bigger affect.

MR. POAERS: | nean, you're getting kind
of --

MR. G ESEKE: It could be counteracting
affects.

MR KRESS: | can't --

MR. POVNERS: Well, it's kind of hard to
come up with those, and then you have -- but yeah, |

| ook at your 70 gi gawatt cal cul ation, and | | ook at --

and | said gee, you got 1 percent barium rel ease
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her e. He's got tenths of a percent of ruthenium
rel eased, tenths of percent of |anthanum | mean
t hese are substanti al nunbers here. | nean, relative

to what you see at the |ower burnup, so what you're
saying is yeah, | nean there's -- it's non-trivial
factor.

MR KRESS: That's right.

MR. PONERS: And if that's the m ninmm -
okay - everything el se makes it worse.

MR. KRESS: Yeah. That's exactly what |'m
sayi ng.

MR. PONERS: That there's not cause to stop
at this point. | mean, it doesn't bl ow a whistle and
say you're wasting your tine.

MR. KRESS: That's exactly right. And |
sure would like to have a ot nore data to fit this
enpirical nodel.

MR. BOYACK: Bernard.

MR. CLEMENT: Maybe | have one *. Wien we
tried to cal cul ate the VERCORS experiments with high
burnups, with our ELI SA nodel that is basically also
di ffusion calculations, so it seens that it's quite
difficult for high burnup to obtain the neasured
rel ease with only one single relationship such as the

diffusion. It seens that things behave as if we have

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

258

several popul ations of fission products, maybe | ocat ed
in different parts in the fuel, and that we need --
MR. KRESS: And that would be a real
conplicating factor in any enpirical data.
MR. CLEMENT: | nean, even w thout going
through very conplicated nodels, because * very

conplicated nodels, but you have sonme difficulty

conprising *. Maybe there could be some sinpler
solutions *. | have one possible *, and | apply such
t hi ngs.

MR KRESS: Yeah. | was --

MR. CLEMENT: And so a sinplified way.

MR KRESS: It could be. Yeah. You know,
there's lot of faults in there.

MR. CLEMENT: But you al so cal cul ated our
nechani stic nodel. For instance, cesium Zirconate,

cesium uranates, changing * potential but you have

nothing to validate our calcul ations. That's the
probl em

VMR, BOYACK: I'"d like to deal with the
guestion that sets us up for tonorrow. | think what
we'll dois finish up about 5 today. There's no sense

getting a mpj or start, or tryingto get a ngjor start,
but there was this question that came up in several

presentati ons about the nature of the environnent,
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whet her it's an oxidizing or a reducing environnent.
And so | was -- I'"'mnot sure | fully understand that.
| understand the question. |'mnot sure | understand
t he under pi nni ngs of that question as to one of these
| arge break LOCA scenarios. And | guess what |'m
hearing is that as you go through that transient, you
have a change in this environment. And you're trying
to ask the question do we use one or the other of
t hese environnents for |ocating the Source Term So
the first question | had, was this i ssue addressed at
all in NUREG 1465, as to the nature of the
envi ronnent ?

MR POAERS: 1465 is based on a bunch of
cal cul ations that people attenpted to the best of
their ability at the time to have consistent
scenari os.

MR BOYACK: Al right.

MR POAERS: | nmean, that was the thrust.

MR.  KRESS: Yeah, but when you run
somet hing |i ke the Source TermCode Package, which to
sonme extent anchored the thinking of NUREG 1150, the
-- what the Source Term Code Package does is uses a
nodel for fission product release. It doesn't know
anyt hing about, whether it talks -- you know, it's

just a nodel, but it doesn't have any affect on that
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oxi di zing --

MR. BOYACK: Yeah.

MR. G ESEKE: So it does nake an adj ust nment
in sone of the rates when some of the species are
oxidized I think. After sone tine, there's a change
in rates, because of the anmount that is oxidized
presumably. It's pretty sinplistic, but --

MR KRESS: W did that for tellurium

MR. G ESEKE: Yeah.

MR. BOYACK: Is it essential that we nake
a decision now at this point when we're trying to
di scuss 1465 Applicability, Extended Applicability.
| don't have the technical basis nyself, sol'mtrying
to ask the questions to get us through the issue.

MR. KRESS: Well, if youlook at the French
dat a on fission product rel ease of the various speci es
between the various tests, it looked to me like it
made a really significant difference as to whether it
was oxi di zed conditions or reducing conditions.

MR. CLEMENT: You've got differences in
vapor pressures of sone sem-volatile fission
products.

MR, KRESS: Yeah, and that's where it
mattered nost. And you don't get all the --

MR CLEMENT: Even -- | nmean, for i nstance,
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for nmolybdenum it's -- the high release is in
oxi dizing conditions. Ckay. So in reducing
conditions, the release is not the sanme, so maybe you
can find conditions where not all cesiumis cesium
Mol ybdate, if there is cesium Ml ybdate in the RCS

MR. KRESS: Yeah.

MR. CLEMENT: So it m ght have an indirect
affect also in that.

MR. KRESS: And ny feeling is if you run
t he MELCOR or cut out RELAP, just cut out for a whole
core, for PWR | ow pressure accident, what you get is
the boildown, and then you start boiling and
uncovering the core, and early on as the core starts
heating up on its adiabatic ranp. It's cooled a
littlebit. It'salittleless than adiabatic -- that
you're in a highly oxidizing condition. Those are
nostly steam going by. Wen you get up to the point
where you start significant reaction with the cl ad,
that you're doing it first uphighandit's -- and the
runaway oxidation is making its way down the fuel
The up high, vyou're alnbst conpletely reducing
condi tions because it's nostly Hydrogen up here at the
top. And that's where the fission products are being
rel eased, right into the reducing area. And nost of

t he accident, or reducing the fission products is in
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-- my opinionisinto areducing environnent. And |'m
not sure of this though, and | think it would be
hel pful if we had sone cases. Just maybe you can dig
them out of the old reports to see what environnment
we' re tal ki ng about, because it may col or your vision
of whether you get these sem -volatiles to a large
extent out, or not.

MR. LEAVER. Yeah. 1've got a slide here
that has sone information on |ow volatile chem cal
formas a function of oxygen potential. It mght be
worth just taking a look at this. This is from a
nucl ear technol ogy paper of about 10 years ago, soO

maybe there's sonething better, but this shows --

MR. KRESS:. | recognize that. Bob W sner
did that?

MR. LEAVER | got this -- | don't think
so. It was -- it's actually been in several papers.

This is Holland, Zuppetti and Hauger.
MR, KRESS:. Kkay.

MR. LEAVER So | guess this is some TM,

post-TM .

MR. KRESS:. Uh- huh.

MR. LEAVER: But you can see that the Mly
here -- it -- this shaded region is the steamHydrogen

region that you would get during an accident, so
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dependi ng on whet her you're reducing or oxidizing --
reduci ng m ght be say down i n here, and oxi di zi ng may
be towards the top. And you can see that you go --
the Moly becones oxidized here part way up, so this
woul d say that if you' re nore towards the oxidizing
portion of this, that you get higher -- expect to see
hi gher Moly. You see oxide form ng and you get hi gher
Moly rel eases. But everything elseis -- well, maybe
not everything, but a lot of the other fission
products are a |l ong ways away fromthis. For exanple,
| ant hanum and cerium and strontium and barium are
down here, so variations over this region wouldn't
affect that. And then rutheniumis quite a ways above
it. You al nbst have to put air in there to get
rut heni um oxi de which -- and we worry about for |ate
i n-vessel, but for the early in-vessel, you woul dn't
expect to see that high oxygen potential.
MR. KRESS: Those are condensed oxi des.
MR. PONERS: Condensed oxides. Right.
MR, KRESS: And | don't know how you --
MR. POVERS: Well, it gives you a
m sl eadi ng view on the formation of volatile oxides.
MR. LEAVER. Well, yeah. | nmean, the -- |
guess this is the region of interest out here. You

know, nolten.
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MR,  POVERS: | think the trends are
correct, but if you nake it -- you just can't cone in
and say gee, | won't get any rutheniumvapors at all

because everything is rutheniumnetal inthis, that's
true, but it doesn't tell you anything about the
equi | i brium between that netal and say RuQ2 gas.
There's al ways sone vapor pressure with RuQ2 gas.

MR. LEAVER: Sure. No, | -- certainly.
was only -- | was just -- this at | east gives us sort
of a way to think about sone of these questions that
are being asked about the reducing versus the
oxidizing affect, and this is just |low ball --

MR, CLEMENT | think it's nuch nore
conpl i cated because you have to think about oxygen
potential within the fuel. And then you have to think
t hat oxygen potential in the gas phase, and then you
have to calculate the vapor pressure of a given
species over a mxture within the fuel, so it's -

that's not so easy.

MR KRESS: | think you're right.

MR. BOYACK: | guess, first | appreciate
your explanation because it related it back to the
mechani stic and unf ol di ng of the scenari o, but I guess
| heard you say that if you had to i Mmedi ately make a

choice in your case, you would take a reducing
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environnent. That's representative --

MR,  KRESS: | would like to have that
confirned, validated by |ooking -- going back and
reviewing -- you know, it's been a long tinme since

|'ve | ooked at those core nmelt cal culations to see,
and they exist in sonme of the reports, so | would just
like to --

MR, TINKLER What 1'd like to say is that
| know that we had earlier discussions about | ow
pressure scenari os, and i nportance of basically tying
this to low pressure scenarios with respect to
deposition and retention in the RCS. |'mnot so sure
you want to tie all the chemstry assunptions

necessarily to a scenario dependent description

though. | think you want this to be a little nore
general. In ny own view, you want it to be alittle
nore general. |If you think the affects of chem stry

are that pronounced in affecting the volatiles forns
of radionuclides, and | think all the evidence
suggests that it is, I think youwant to cast alittle
wi der net on that particular aspect of it. | don't
think you want -- if you think you're going to get a
lot of benefits from a reducing environnment
suppressing the release of sem -volatiles and |ow

volatiles, |I'd be cauti ous about that, because |
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think --

MR. KRESS: Because this is a design basis
acci dent .

MR. TINKLER: Because it's a design basis,
and because there are many severe acci dent scenari os
where you'll be reducing for a while. You' Il be
oxidizing for a while. The extent to which
radi onuclides are released directly into a reducing
environnent will also be a function of how well you
think you're calculating the flows, bypass flows
around hot regions, and then back into the center of

the core in the upper axial elevations.

| just -- my owmn view is that unless the
Panel feels strong -- and | agree, we should provide
--we'll trytofind sone information on the nature of

it, but I think you m ght want to consider oxidi zing
environnents in addition to the reduci ng envi ronnments
to -- at least to sonme practical degree.

MR KRESS: Yeah, | think you're right.

MR. TINKLER: Ckay. Because, | nmean -- you
know, then you -- | mean, suppose we have scenari 0s
where it's a slower boil off, or a sem -high pressure
react, natural circulation in the core.

MR. LEAVER O you get a little bit

i nj ection.
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MR. TINKLER: You get alittle injection.

You know, all that stuff. |If that's going to nake a
factor, a large factor in some of the sem -volatile
rel eases, I'mjust not sure you want to pinit all to
t hat .

MR. BOYACK: Pl ease stay standing up for a
m nute now. That was just partly the | ow pressure
resi st ance.

MR. KRESS:. Yeah. | renenber your coment,
and that woul d be rel evant.

MR. LEAVER: Yeah. | mean, that point.
think there's two or three other things that coul d be
different too, and this is one of them

MR. BOYACK: So let ne see --

MR TINKLER:  That doesn't mean | don't
t hi nk you shoul dn't use sone of the characteristics of
| ow pressure, perhaps for retention and deposition,
although I think you can still keep in mnd other
pressure scenari os. | don't -- | have ny own
definition of what that nmeans, but for this particul ar
i ssue of chemical formand volatility, | think you
want to be a little broader in your considerations.

MR. BOYACK: If some of you are wondering
about the dynamic that's going on here, I"mworried

about, or concerned about just getting through the
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process once. And to do that process once, to ne,
means one specification and get through it.

MR. TINKLER  Ri ght.

MR. BOYACK: Nowit may nean t hat over here
to the side we keep a list, and to ne, if the Panel
wanted to say well, it was either oxidizing or
reduci ng, that would be fine, or high pressure, it
just has to be one. And the reason | say | think it
has to be one is because as soon as we start to say
well, okay, let's do this and that, then we have a
hard time getting through the process once, and so it
real |y depends on what the NRCwants, but | do -- |'ve
had this discussion with Jason, quite a few, and I
really hounded himon it. But basically --

MR, Tl NKLER: If we could give you one
nol ar ratio for one duration we'd do that too, but one
of the reasons people run tests under different
conditions is they're not sure exactly how these
accidents will proceed, and they want to know how it
m ght be affected by those conditions.

MR. BOYACK: | understand all that. Now
the question is when we get to the end of Thursday
m d- aft ernoon, can you tell ne what you would like to
have us |eave here at the NRC, or have we soon

thereafter |eave, because the reality is that if we
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put too many optional descriptions, we won't get any
of them That's why | amvery serious about at | east
trying to find one specification, go through the
process once. See what the outcone is, recognizing
that may or nmay not be the end that you want to end up
W t h.

MR. LEAVER Let me junp in here. | read
the transcripts because | mssed the first neeting,
and | -- well, | alnost read them | didn't quite get
t hrough them but --

MR. KRESS: You went to sleep

MR. LEAVER: There's a very interesting
di scussi on about whether we start with 1465 and do
| i ke a Delta of 1465 due to burnup and MOX, or whet her
we reinvent 1465, or sonething in between. And this
whol e subject is hard enough. | nean, | think we
can't ignore the things that we've | earned since 1465
was done. Sonehow that has to be captured, but it
seens to nme that one response to Charlie that m ght be
appropriate hereis dothe Delta, whichis -- whichin
itself is not easy.

MR, BOYACK: No.

MR. LEAVER  kay. And then nmaybe keep
track of things that m ght also be -- that we need for

consi deration, that perhaps 1465 either didn't
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address, or wasn't explicit on whether it addressed it
or not, and maybe what the inpact of those m ght be.
But the Delta alone is going to be tough. | nean,
don't even know if we can do that, you know, because
| mean, we've got -- we don't have enough data, and
maybe it will be a bunch of nos to gointo the left on
your diagram And if we try too many things, | just
don't think we'll -- we won't give the NRC sonet hing
t hat they can use.

MR. TINKLER And that's our first wish, is
that we address the Delta. Okay. So whatever warts
and flaws are in 1465, and whatever we | earned since
then, to the extent we can generally reflect upon
t hose things, we would. But, you know, keeping in
mndits uses, and the fact that it's arepresentative
Source Termdoesn't -- there's not a claimthat it's
bounded on --

MR. LEAVER |t doesn't envel ope everyt hing
that --

MR. TINKLER Yeah. |It's not a claimthat
it's bound on any particular --

MR. KRESS: | tell you what | really could
use before | get to that point, and that is what
fraction on the core areas at what burnup, when we

tal k about 70,000 negawatt days per ton, that's just
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part of the core.

MR. TINKLER  Right.

MR. KRESS: Nowif | had a distribution of
that, that would help ne to know t he answer.

MR.  LEAVER It's a very inportant
guestion, extremely i nportant question for this group.

MR. KRESS: Yeah. Soif we could findthat
out sonewhere before Thursday, you would have -- it
woul d help nme on this Delta a |ot.

MR. TINKLER: Okay. Now with respect to
produci ng oxidi zed environnments, the fact that the
1465 doesn't specify specifically environnment, m ght
cause you to think that it's intended to be broadly
appliedtodifferent environnents, whi ch woul d suggest
t hat you' d have to at | east think about both kinds of
environnent in that instance, mndful that we' ve got
to keep it --

MR KRESS: Yes.

MR. BOYACK: But | couldlivewth that, as
| ong as we could nove along with that environnent.

MR. KRESS:. Design basis accidents do not
have to be consistent.

MR. TINKLER: They rarely are.

MR, KRESS:. They rarely are.

MR. TINKLER  They rarely are. Ckay.
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MR. KRESS: And | agree. You mght have

for one part of it, you m ght have reducing, and for
another part of it you m ght have oxidi zi ng.

MR, Tl NKLER: Ri ght . Unless it's -- |
don't know. It's something else to think about, you
know, during it certain parts of the Zirc oxidation
escalation, it's reducing. But whether or not the
fission products energe i medi ately at that time, or
alittle later when it's maybe not quite so reducing
in that particular region. Below it mght be
reduci ng, but then our ability to calculate flows in
this core thernohydraulically, and the flows that will
be seen by the fission products enmerging into the
stream-- well, | don't -- that's a tall order.

MR. KRESS:. Yes. Beyond our capability.

MR. TINKLER: And, you know, even wi th our
i mproved cal cul ati ons, thernohydraul i cal nodeling of
the coreis still pretty coarse, pretty coarse, so --

MR KRESS: Yeah. And ny fall back on
those conditionsistotry toboundit to some extent.

MR, TINKLER To try to what?

MR KRESS: Bound it to sonme extent.

MR.  TI NKLER: Well, you've got to be
careful when you do that though. | nean, you get --

you go too far in that direction, you end up with
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something that's probably too far in that direction

MR. KRESS: Yeah. And upper bound is
everything gets rel eased.

MR. TINKLER:  Yeah.

MR.  POVERS: Let's say that about 40
percent of the iodine that's released as a gas, and

li ke 1 percent of the particul ates.

MR. BOYACK: |'m going to take just one
nore m nute here and show you what we'l| be enbar ki ng
upon tonorrow, and how we'll be doing it.

MR. LEAVER. Now we know why you didn't do
any of those guys, you used 1 percent for the other.

MR. BOYACK: In effect, what | propose for
tomorrowis the following. You'll seethat |I've taken
the top line here, noble gases, and | have the gap
rel ease, the early in-vessel, ex-vessel, late in-
vessel, and these are from1465. So as we started our
di scussion, | guess we would do duration first, but
|"d pick one of the releases. Here on gap rel ease
what there would be is a little bit of discussion
Maybe we' d al nost go down the little matrix question
first for each one of these, and thenif we -- what
propose to do is try to extract here are the key
poi nts of the discussion, and just put those down, so

there m ght be on one of these, there m ght be three
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or four of these points.

When we sort of finishupthe discussionin
that area, then I'd say okay, let's see if there's
sort of a general understanding or belief about what
that is. There may be cases where you just have
different opinions, and | would try to record those.
But that is the process by which | envision letting
you have the chance to go ahead and see the witten
i nformation that would be provided to you in draft
form

After we have done the gap rel ease -- now
there was some discussion it would be best to stay
with the noble -- the same release, in this case,
nobl e gases, and then after we' ve done t he gap rel ease
go to the next phase, and go through the phase, the
four phases, and so we woul d just nove on. And that's
ny proposal for howwe do this tonorrow. And we have
-- right now we have about eight hours of discussion
time devoted to going through the PAR.  And as you can
see, there's a fair nunber of values. Fortunately,
there's a few zeroes, and maybe they' || stay zeroes.

MR KRESS: One hour for each one.

MR. BOYACK: One hour com ng down you say
now.

MR KRESS: Yeabh.
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MR. BOYACK: Possibly. Well, sonme of these

may -- you can see there's a fair amount of simlar
behavi ors on sone of those, |ike the noble netals, and
| ant hani des. | don't know whether that will play out
simlarly when we talk tonorrow or not. Maybe we'l]l
be able to just refer to some of the prior argunments
that we had done on other itenms, so that's where |
plan to go. And | think this will give us a chance to
nove through and come out with an end result.

W'll Jleave the total table on the
vi ewgraph, and we'll offer it here and you'll be able

to see the text. GCkay? Should we adjourn? Say yes

sonmebody.

MR, SCHAPEROWN  Yes.

MR. BOYACK: Yes. Thank you

(Wher eupon, the proceedi ngs concl uded at
5:04 p.m)
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