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UNI TED STATES OF AMERI CA

NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
SOURCE TERM APPLI CABI LI TY PANEL
+ 4+ + + +
VEDNESDAY
FEBRUARY 20, 2002
+ 4+ + + +
ROCKVI LLE, MARYLAND
+ 4+ + + +
The Panel net in Conference Room 4-B-6,
One White Flint North, Rockville, Maryland, at 8:30
a.m, Brent Boyack, Mbderator.
PRESENT:
BRENT BOYACK
BERNARD CLEMENT
JIM @ ESEKE
TOM KRESS
DAVI D LEAVER
DANA PONERS

JASON SCHAPEROW
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P-ROGEEDI-NGS
(8:46 a.m)

MR. BOYACK: All right, let's go ahead and
begi n then.

VWhat | would like to dois just reviewfor
a monment what we are going to do today. There's also
been a few questions that have been asked about
procedure, and | think those would be worthwhile
coveri ng.

Let me first deal with the matter of the
docunentation that will be produced as the product of
this activity. Mst of the people are aware that ER
is pulling together a docunent that has pi eces con ng
fromvarious individuals. |'ve just giventhetables;
nost of this, conpiled sone front-back parts. Then
after this neeting | believe I will have the major
pi ece of work to do, which is to get the tables and
t he associ ated chapter or chapters that tal ks about
that information

After we do that, then the docunent will
be conpiled and it will be sent to the panel nenbers
for reviewand comrent. You should feel entirely free
toreviewthat, conment onit as you feel appropriate.

W will have to do our docunent updates

and revisions by email, .pdf files, Wrd files, et
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cetera, whatever you can work with, so that you can
work with all the docunent and provi de your coments.
Those in general will be incorporated, and then they
will have to go back, and what we'll do probably is
any changes made coul d be put in color. So that when
you get the file back, you can | ook and see what has
been changed since you last sawit.

MR. LEAVER  Just regular text editing
woul d hi ghlight that.

MR BOYACK: Wll, there 1is that
possibility of doing that, but | find that they're
awfully hard to read sonetines.

MR, LEAVER Ch, okay.

MR. BOYACK: Because they have --

MR LEAVER So you've done this before?

MR. BOYACK: | guess t hey have a mechani sm
where you can just have the changes shown, and that
woul d work, nostly just to do that. The real key is
t hat the changes will be highlightedin away that you
can easily discern them

Now we' I | work on the schedule and talk a
little bit about that tonorrow.

The second question that cane up was a
little bit about whether we are going to refine the

BWR t abl es specifically, and that portion of the BWR

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

280

tabl es i n which we have multiple entries, one for each
i ndividual. Wat | have tried to do is explain what
| perceive to bethe NRCpolicy or priorities. | wll
go ahead and say this now So if it doesn't agree
with what Jason feels, then he will go ahead and
correct ne.

W have had a very ambitious set of
obj ectives for this neeting. That is, the PAR source
termapplicability, the BARsource termapplicability,
and MOX source terns, if youwill. W have had three
meetings to acconplish this. O course, the first
meeting was very nmuch of a startup neeting. W nade
good progress in the second neeting. W have nade
good progress in this meeting.

The NRC has basically told ne that what
they want is the panel's input on all three areas. So
we haven't elim nated anyt hing. W have worked on the
PWR, we've worked on the BWR, we' |l be worki ng on MOX
today and tonorrow. But we do have a definite tine
limt, and that tine limt is three o' clock tonorrow
afternoon, when we all turn into punpkins.

So what will happen is that we will go
t hrough t he MOX t oday and as nuch as we need t onorr ow.
If there is any tinme left, then we can cone back and

talk about these, the BWR and PWR -- we have
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i ndi vidual values -- to see if a little nore
di scussion brings you to single values as a panel. So
time will be the determ ning factor on whether or not
we conme back and | ook at PWR and BWR anynore.

The real key is to get to the end, to get
t he panel's input on PWR and BWR. \What we have done
thus far in each of those areas i s satisfactory to the
NRC, as | understand it.

Now the question is, well, who will go
ahead and process these nultiple inputs to cone up
with source terns, say, for the BWR and the answer to
that is the NRC staff will do that. We will not do
that as a panel. We will not do that as authors of
the report, unless we are able to cone back and cone
to these single itens.

MR. NOURBAKHSH: So the report will have
what regarding tables?

MR. BOYACK: It will have, essentially,
the tables regenerated in the form that we've
generated them M guessis that we will not nane the
i ndi viduals, but we will show their val ues.

MR. G ESEKE: So then | presune that the
NRCw || take that -- | assune they want to do anot her
one of these sorts of reports --

MR BOYACK: | don't know the answer to
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t hat .

MR. 3 ESEKE: -- tables with single val ues
in then?

MR. SCHAPEROW | think what we are goi ng
to need to do is | ook at the needs area, because a | ot
of the nunbers are based on best judgnment, and there's
an idea that they may even go back and do sone code
cal cul ati ons and nmaybe even a few nore experinments,
particularly in the MOX area.

The two i deas t hat we have been di scussi ng
at great length is ideas of inproved, better data,
nore recent data, better data, and the second idea
being the effect of burnup. W are going to try to
think this through on our conclusions in both areas.

It seens to me that the mpjor effect we
are seeing is that of the nore recent data and the
better data, the nore recent data being better
i nstrunented and better analysis. So that's one
I ssue.

The other issue is the burnup issue. It
seens to be much |l ess of an issue as far as changi ng
the nunbers. We will need to sort through that after
our nmeeting. | don't think we are going to have tine
to do that in this neeting

MR. LEAVER: There is data for burnup, and
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therereally isn't for the MOX. That is the problem
You m ght not see nmuch of a difference for MOXif you
had t he dat a.

MR. SCHAPERON We will have to westle
with that after the neeting. W certainly aren't
going to be able to resolve that today or tonorrow.
| guess there is a far outside chance we may be abl e
to call another neetingin afewnore nonths. | doubt
it, though. | don't know. That's in the back of ny
mnd as a possibility, if people are available and
all.

But I think we really just need to get
t hrough MOX as best we can, and the NRC is going to

try to draw conclusions and provide directions on

programm ng. It would be nice to be able to publish
anot her document |ike that, but I'mnot sure we're
quite thereyet. | don't knowif that's di sappointing
or not.

The thing is again this issue of what we
call back-fed, or whatever you've got, and now we've
got sone higher nunbers in certain areas, not as a
result of higher burnup, but as a result of inproved
i nsights from recent experinents. But we have to
westle with that issue a little bit.

| don't knowif you have anything to add,

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

284

Jay, in that regard.

MR. BOYACK: Let me return then to the
activities for today. W are going to be working on
the MOX area today, MOX source term

The procedure is that we are going to
first -- well, second -- bring up the table that we
tal ked about yesterday. That's the table which we
will go ahead and try to list the differences, the
characteristics that have differences between t he MOX
and the LEU. If we see any research needs, we can
identify themat the tine, but it is not absolutely
necessary. We will go through that table.

Now once we get that information down,
which sort of serves as a foundation, conmmobn
viewpoint, then we will go see if we are able to do
the source termtables. Now prior to that, we have
two other pieces of information, very brief.

One of them was Steve Nesbitt wanted to
just make a few points about MOX Steve, you are
willing to arrange for sonebody to cone in and talk
about power --

MR. NESBI TT: W said we would do that on
t he | ast docunent.

MR, BOYACK: So that will be tonorrow

af t er noon?
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MR NESBITT: Right.

MR. BOYACK: Now by that tinme, we wll
have very little time to go back and do anything with
the tables, if it'sineffect. Nowthe primary factor
there was that you heard us tal king about the fact
that the additional power would |lead to additional
rel eases, and that may have been affecting one or two
of the people's input regarding source ternms. So it
woul d help if we could have that before the tine in
time to react.

Now before | turn the time over to Steve
Nesbitt for just a nonment, is there anything el se t hat
anybody wants to bring forward to the panel before we
conti nue on?

(No response.)

Ckay, Steve, you have a few conmments?

MR. NESBITT: Yes. First, there was a
couple of followup itens fromyesterday. There was
a question about the kind of power history that the
MOX fuel assenblies would see, we think, in our
fol ders, and we operate on them

There is sone information on that,
al though it doesn't present it side by side with the
LEU fuel, but the power histories are generally

simlar. There is sone informati on about that in the
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Fuel Qualification Plan, particularly I think it's
Fi gure 8-2.

That ki nd of | eads ne into a bigger thing
that | wanted to talk about. | had been under the
i mpression that you, as a panel, had been provi ded t he
Duke, COGEMA, Stone & Webster Fuel Qualification Plan
for mxed oxide fuel for review as a part of this
activity. Based on the discussion yesterday and | ast
ni ght, | guess now | understand you didn't get that.
Maybe everybody didn't get it or all that kind of
t hi ng.

There's a fair amount of information in
there in terms of our overall approach for getting
regul atory approval for use of MOX fuel here in the
United States that | didn't bring out in the
di scussi ons back i n Decenber because | thought it was
kind of inherent there in material that you may not
have seen. | guess | want to cover a coupl e of things
there. | promise |I'll be brief.

But the fundanental basis for our
appl i cation, upcom ng application, to get approval to
use mxed oxide fuel in the United States is that
m xed oxide fuel is very simlar to uraniumfuel, not
i denti cal, and sone of those aspects of differences we

brought out in Decenber, and you're well aware of.
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One of those differences that bears on
what you're doing being the fact that obviously the
plutoniumis invery small, dispersed, plutoniumrich
particles throughout the fuel rather than being
conpl et el y honbgeneous. But recogni zing that there
are sone differences there, fundanentally, it's
ceramic oxide fuel with simlar characteristics,
predom nantly urani um

When it cones to source term | am going
totell you sonmething that | think everybody in this
roomknows, but I'mgoing to tell you anyway. Pardon
me if I'"mpreaching alittle bit.

Here in the United States we enploy a
fundanental |y conservative approach to using source
terms for the analysis of design basis actions. W
use a source termfroma core nelt event for accidents
that don't give you core nelt. That is consistent
with the conservative determ nistic phil osophy that we
used to license nucl ear power plants, and it served us
very well.

As Dave Leaver pointed out to me a couple
of mnutes ago, it is water under the bridge, and
we're certainly not ©proposing to change it.
Neverthel ess, it is a nmajor conservati smthat we need

to keep in mnd, I think, as we nove forward.
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Al ternative source term we at Duke Power
view as predom nantly a good thing. As | have
di scussed, we are planning to nove forward wth
application of alternate source termfor our plantsin
the near-term

It offers -- and the words are quoted from
NUREG 1465 -- "a nore realistic portrayal of the
anount of fission products present i n contai nment from
a postul ated severe accident."

NUREG 1465 al so says, "Rel ease fractions
are intended to be representative or typical rather
t han conservative or boundi ng values. The rel ease
fractions are not intended to include all potential
severe acci dent sequences, nor to represent any single
sequence." | think everybody knows that, but | think
it's worth a rem nder every once in a while.

So what are you guys goi ng to do t oday and
tomorrow on MOX fuel? Well, the way | see it, the
fundanmental question before your panel is: |Is the
NUREG 1465 alternate source term reasonably
representative of plants that are operating with sone
fraction of the core being m xed oxide fuel, in light
of theinherent uncertainty inarepresentative source
termthat's derived froma conbi nati on of experinents

and cal cul ati ons that nodel conplicated, interrel ated
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phenonena in the thermal hydraulic and chem cal and
mechani cal area, and gi ven that there is a fundanental
conservatism that's inherent in how we apply these
source terns in regulatory space that we shouldn't
| ose sight of?

So, with that being said, | don't presune
to answer the question for you. You all are going to
answer the question.

MR. KRESS: | don't wunderstand your
fundamental conservatism The reason | don't
understand it is because primarily I"'minterested in
preserving a level of risk that's acceptable. | do
that by this somewhat stylistic approaches and DBAs,
and then couple themw th sone sort of switchterm to
design a systemthat's robust against all accidents.

| don't knowthat puttingin asourceterm
like we put in, or coupling in that manner, is
conservative or not. In fact, it very well may not
be, if I"'mtrying to preserve a level of risk that's
acceptable fromthe standpoint of really |ooking at
the risk. | can't make that connection between the
desi gn basis phase and this phase. | don't know t hat
we're conservative at all

MR, SCHAPEROW | would like to further

suggest that this is what the agency uses to
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denonstrate their protection of the public against a
severe acci dent without core cooling. Thisisit. W
al so do have evacuation plans, but | tend to agree
with Tomin this regard.

MR NESBI TT: And |I'm not challenging
that. | think I'"'magreeing with it.

MR. SCHAPEROW Ch, okay.

MR. NESBI TT: But what |'msaying is that
that's not all we use it for. | nean, we use it to
determ ne, for exanple, whether the results of aloss
of cool ant acci dent are acceptable or not froma dose
perspective. You mght argue that, well, we're not
really just |looking at |oss of coolant accidents.
We're really | ooking at anything that m ght happen.

MR. SCHAPEROW That's right. This is a
| ong-terml oss of cool ant acci dent that we're | ooki ng
at .

MR. NESBITT: Yes, but we look at it in
both contexts, and in risk base | agree wth
everyt hing you said, Tom W dothinkit's inportant,
and we have a lot nore risk insights nowinto how our
pl ants operate than we di d when the ori gi nal |icensing
basis was constructed back in the sixties and
seventies. W have probablistic risk assessnents and

safety goals, and all that kind of stuff, that give us
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nore i nformati on about how we stack up in that area.

Again, I'mnot tryingto answer a question
for you all. That's what your panel is going to do.
|"m throw ng out, | guess, the way that | see the

guestion, which is that, given what the alternate
source termis used for, i s what we' ve got appropriate
for application to MOX fuel? If not, are there
adj ustnments that can be nade? And if that's not the
case, is there additional work that can be done to
fill the gaps?

| wasn't here at the first neeting, and
maybe that's what the NRCtol d you, or maybe they told
you sonet hing else, but | guess I'mthrowing it out
because | wanted to have an wunderstanding, if
possi bl e, that that is what you all are doi ng or maybe
you all are doing sonething else. Maybe that's a
guestion for the NRC nore than it is for you all

MR. KRESS: | think what we're doing is
actually trying to carbon copy what was done in the
past with regular fuel, in the sense that we' ve
devel oped the design basis source termthat sonehow
conmes out of information about how a core nelts and
howt hese fi ssi on products get i nto a contai nment, and
what those quantities mght be, representative of a

range of accidents. Then we are going to take those
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and apply themin the design basis phase.

Nobody has proven to ne that that's the
best way to regulate. It turns out that it's pretty
good because, if you go back and look at all the
plants that resulted, the design that resulted from
this, they' ve been pretty safe froma ri sk standpoi nt.

So we are taking a leap of faith, but
that's probably a good way to do it, and, in fact, may
be a conservative way fromthe standpoi nt of, is there
a design that's realmy sonething like the risk
acceptance criteria?

So what | think we're doing is we're just
goi ng back and repeating that. The only differenceis
MOX may have a different set of fission product
rel eases over a range of accidents. W' re just going
to repeat the sane process. W didn't knowif it was
going to work the first tine, and we don't knowif it
is going to work this time, but it mght. The proof
of the puddi ng i s goi ng back and doi ng a conpl ete ri sk
analysis to show that you didn't really achieve it.

See, the problem is what | envisioned
going on is -- we'll take Chapter 15, "Range of DBA
Accidents.” W'Ill use a newsource term if sonmebody
comes upwithit, and it shows nme all of the triggers

of nerit that you have to neet.
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NESBI TT: Hopeful ly.

KRESS: Hopefully.

2 3 3

NESBI TT: O not.

MR. KRESS: If you're not, you'll have to
change sonething in the design of the plant --

MR. NESBI TT: Ri ght.

MR. KRESS: -- like the |eak tightness of
the fuel or the contai nment or sonething, or you may
have to do sonething, back to sprays, or whatever.
But it |ooks to ne |like the source termis not a stone
plate in neeting those Chapter 15 figures of nerit.
The possible exception is the |l eak tightness or the
cont ai nnent .

MR NESBITT: And the controller.

MR. KRESS: And the controller. Those are
t he drivers.

So what we're going to do here, com ng up
with a source term assunmingit is goingto be higher,
it can give you some grief because you're going to
have to show that the end | eakage of the petroleumis
maybe di fferent than you t hought or the | eakage i s the
same. | think that's about the only -- it's not going
to do nmuch to your equi pment qualifications or muchto
your isolation. It's not going to do anything to

ECCS.
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So what's going to happen is you're
clearly changing the risk significantly if you have a
much hi gher source term You can really change the
risk significantly, although affecting the design
basis phase is relatively insignificant. So | have a
real problemw th going in on the design basis phase
only. | think you're going to have to conme forth with
here's the design basis phase; we need all these
t hi ngs, plus, here's our risk analysis to showthat we
did get out --
MR. NESBITT: And that's exactly what |

wanted to add, and that's laid out in our Fuel Qual

Pl an. In addition to addressing the design basis
accidents, it is our intent to performfull level 3
PRAs for --

MR KRESS: Well, that's what | was
| eading to. You will need --

VR NESBI TT: For a side-by-side

compari son of the risk involved.

MR. KRESS: Yes. Watever we use in the
way of thinking and nodels and data to devel op our
design basis source term you will need those nodel s
in thinking, in doing your risk analysis. That's
where | think a lot of this is going to be nost

useful, because |I think you can neet these Chapter 15,
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no matter what we cone up with, because we're not
going to do that nuch to it. But when you go to do

your risk, you can't just use the nmap; you can't use

it. It doesn't have the right fission product rel ease
for what you've got init. | think that's where what
we're doing is going to be useful to you. 1t's going

to tell you what you have to do to do your risk
anal ysis better for this.

This it the perspectivethat | thought I'd
throwin. So | see the thinking and the nodels and
the data we're using here, it's probably going to be
nore useful to you than the actual source termwe cone
up with.

MR, MARTI N: |"m Bob Martin. ["m the
Project Manager for the Nucl ear Reactor Regul ation
here in Rockville, focal point for conmunications
regardi ng MOX. Several of other NRR nenbers are with
us today: Steve Lavie and Jay Lee.

The report referred to earlier, the Fue
Qualification Report, is one that Duke has submtted
tous. Qur nost recent revision of it is April 2001.
They submitted it for information to the NRC staff.
It has been useful as an information reference for us
since then. | have a few copies in ny office, which

"1l share with you today. "1l send them to
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reproduction and 1'll have copies for you tonorrow.
| have a recent summary of mnutes,
summary of a neeting we had here regardi ng research
activities; also, information that's on the public
record. 1'll make copies of that and provide it to
you before you | eave.
MR. SCHAPEROWN | appreciate that. 1'm

pretty certainthat | mailed it at |east to the panel

menbers. It was a while ago. It was nonths ago |
sent it to the panel nenbers, that's true. | can go
check. | think | have a pile still in nmy office. |

can go check on the break.

MR. BOYACK: Al right, Steve, was that
your conments or do you have any ot hers?

MR. NESBI TT: Yes, that was basically it.
A specific question cane up yesterday about the power

profiles for the LTAs and the MOX fuel assenblies.

There is a figure in that report -- | think it's
Figure 8-2 -- that shows sone additional infornmation
onthat. | don't thinkit's any earth-shattering fact

that's going to change any concl usi ons of the panel.

MR. BOYACK: Al right. Nowif | recall
fromyest erday, what we said we woul d do first is that
we would go through a few nonents where we talked

about various characteristics that we thought were
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i mportant, go ahead and i ndi cat e t he LEU behavi or, the
MOX behavior. If | understood that right, thisisthe
type of thing that we m ght do: MOX assenblies in the
core, zero in LEU and 40 percent in the MOX case; the
plutonium in the tw cycles, 1 percent in LEU, 3
percent in MOX; cladding with zircal oy, M. This was
just nmy attenpt to take a fewthings and start to |i st

t hem

So that's what | would |like to do now, is
to have you identify the characteristics that you
t hi nk are wort hwhil e taking i nto account, and then we
wi Il go ahead and just distinguish between the LEUs
and the MOX

MR. CLEMENT: | think the nost inportant
di fference betweenthe two fuelsisthemcrostructure
of MOX as conpared to LEU.  Because in MOX you have
two phases, too many phases for the fuel. You have
t he plutoniumrich aggl onerates which are roughly of
the size, say, of 16 mcronmeters, and inside are
uraniumrich matrix.

That neans that, in fact, nearly all the
fission wll concentrate in the plutoniumrich
aggl onerates, and this is where fission products will
be created. As a consequence, if we speak of |ocal

bur nup, | ocal burnup in the plutoniumrich
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aggl onerates will be very high for the same average
burnup on the pellet. Mybe it's difficult to get an
answer .

MR.  KRESS: And not only that, vyour
di stance between fission products is very small --

MR, CLEMENT: Yes.

MR KRESS: -- and we have a chance for
themto interact with each other where they didn't
have in the --

MR. CLEMENT: And a high concentration of
fission products.

MR. KRESS:. Yes, exactly.

MR,  CLEMENT: There is a very high
concentration of fission products in the plutonium
rich agglonerates. This will inpact on where are the
fission products because you know there are several
different phases. So this will inpact on where are
fission products -- | nean whet her they are di ssol ved
in the mtrix, whether they are in netallic
preci pitates, whether they are in the gray phases. |
don't know if you' ve got the sanme phases wth
pl ut oni umor whet her they are inthe grain boundari es.

So, as a sunmary, you coul d say i mpact on
the repartition of fission products in different

phases. So, generally speaking, different repartition
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of fission products in the different phases.

MR. BOYACK: Did | captureit -- well, go
ahead.

MR. CLEMENT: This is also influenced by,
| will say, plutoniumin thernmochem stry. That's not
exactly the sane as urani umt hernochem stry. So when,
for instance, we have to calculate the repartition of
fission products in the different phases and in the
solvent test matrix and grain boundaries and gray
phase, in netallic precipitates, we have to take into
account all the thernodynam c equival ents, including
speci fic plutoniumthernodynam c properti es.

MR. KRESS: \Which depends on the |ocal
concentrations.

MR. CLEMENT: The | ocal concentration.

MR. KRESS: Yes, | agree with you. That's
the main difference; that is going to affect things.

MR, CLEMENT: So specific plutonium
t hernochem stry, 1'd say.

MR. BOYACK: Is that MO or MNAL?

MR KRESS: MO

MR. CLEMENT: | don't know.

MR KRESS: One word.

VR, CLEMENT: It should be also the

i nfluence of the surrounding matrix to | ook at the
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gases. If you look at the gases, you wll very
qui ckly have bubbl e i ndi cation, bubble correlations,
bubbl e i ssues, and so on. Then when they cone out the
boundari es, you could have resolution of bubbles in
the matrix al so.

MR. BOYACK: If you want me to summari ze
that one, you're going to have to help ne.

(Laughter.)

MR CLEMENT: How could | do that?

MR. KRESS: The fact that you have a high
concentration of fission products |ocally nmeans you' ve
got a lot of xenon and krypton there. It actually
makes [ittl e bubbles easier thanit would be if it was
di stributed. So you can meke the bubbl es easier, and
they're local, and they're not stable or they m ght
nove. They can nove down tenperature gradients and
thermal gradients, and as they nove, they're
encountering a different chem cal environnent, and
t hey can go back into solution or not, or whatever
happens to them | don't know what happens to them

MR CLEMENT: All these differences in
structures could inmpact on the fuel degradation
processes. That, inturn, could inpact onthe fission
product careers.

MR BOYACK: So what is --
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MR.  CLEMENT: So fuel degradation

processes m ght be different, could be different, and
f uel degradation processes inpact on fission
trajectories.

MR. BOYACK: So is there anything that you
understand currently about the difference between LEU
and plutoniumthat | could put?

MR, CLEMENT: Well, make the conparison
with differences between high-burnup fuel and
noder at e- burnup fuel. 1In high-burnup fuel it is nuch
nore easy to have -- for instance, you have |iquid
zircal oy, having access to fuel for dissolution into
actions, and so on, and less inpacts on fuel
degradation and less, also, inpacts on fission
products rel ease kinetics.

Here for MOX | don't know, but |'mjust
saying that, as soon as your structure is different,
degradation process is linked to interactions with
other materials, my be different.

MR, BOYACK: kay.

MR. CLEMENT: And fission product rel ease
ki neti cs may be affected.

MR. BOYACK: And may affect which kind of
ki netics?

MR.  CLEMENT: May affect the fission
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product rel ease kinetics.

MR, BOYACK: Ckay.

MR. PONERS: Let me ask a question and
reflect my own i gnorance maybe. Suppose we have a 16-
m cron particle of plutoniumin a sea of uranium and
we have a fission event there. The recoil will push
the fission product nmaybe about 4 microns? So it
conmes to rest not in the UX2, but in the uranial
| attice by far and away nost of the tine.

Wth 16 mcrons, if you figure anything on
the outer 4 mcrons, it can push at | east half of its
fission products out intothe lattice. That turns out
to be seven-eighths of plutonia can push half of its
fission products out into the lattice.

MR. CLEMENT: Yes, | agree with you there.
|"ve seen sone calculations of the zero state for
reactivity in accidents where they calculated a
signi ficant amount of gases that are urani al by recoil
processes. That has to be taken into account.

MR. PONERS: And it neans that the uranial
| attice adjacent to the inclusion is positively
bonmbar ded by hi gh-energy, high-mass particles. So it
surely nmust be structured so it doesn't | ook anyt hi ng
like the lattice, the bulk lattice?

MR. KRESS: | think that's wapped up in
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one. | think you're right.

MR. BOYACK: \What |'ve listed so far are
m crostructure, thernochem stry, fission product
concentration, fuel degradation processes, and is
t here anyt hi ng el se you want to summari ze out of these
| ast points that Dana nmade in a way that | can get
t hem down?

MR. KRESS: | think the effects of these
things on the microstructure and restructuring the
m crostructure -- 1'mnot sure howto say it, but what
Dana i s saying is you' re changing that m crostructure
inadifferent way by the fissioning process that you
woul d in a regular LEU fuel.

MR. CLEMENT: Changes in the wuranial
| attice.

MR, KRESS: Yes.

MR. SCHAPEROW It seens |ike alot of the
area wouldn't be affected, though, because it is a
very concentrated effect. There are probably | arge --
it seems like there mght be large -- not |arge
swat hs, but there are areas between the inclusions
where you woul d have it conpletely intact, where you
don't have any fissioning at all.

MR. KRESS: Sonething's got to give. You

kind of have a structure there that's a little bit
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rigid.

MR. POAERS: What | was wonderingis, if,
in fact, you push all or some significant fraction of
the fission products, maybe it's half, sonme
significant fraction into the host lattices, thenin
those lattices thereis no fission intake in place to
any great extent in that host lattice, but the fission
products are starting to nove their grain boundaries
much like they would in any -- so you develop an
i nterconnected mcrostructure fromalittleisland of
hi ghl y-di srupt ed areas. Does that nmean anyt hi ng ot her
than you get the interconnected porosity leading to
the gap quicker than you would in straightforward
urani a fuel ?

MR. KRESS: | think the evidenceisinthe
porous tests, which shows that you take a MOX fuel
elenent and run it through the tenperature of
transient, and you get nore and earlier release. So
it's sonething about MOX fuel is reflecting this in
basically nore easily-rel eased fission product.

MR. LEAVER But, Tom there was anot her
VERCORS test of fuel, too, that had the sanme result.

MR. CLEMENT: That's right, but if you
|l ook at the data that we have for gas-releasing

operation, thisis alsoanindicationthat it tends to
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be higher in MOX fuel than for |ow enriched uranium
fuel for the sanme burnup. So this is an indication
that the repartition of fission products is not the
same main operation. So it is not the sane before
starting of an accident.

MR. LEAVER  You're talking about RT 1
versus RT 2?

MR. CLEMENT: No, I'mtalking about what
people just do by puncturing the gases after
degradati on and measuring the anount of other gases.

MR. LEAVER Right, right, the EDF data,
yes.

MR. CLEMENT: They are different for a
different burnup |evel. That neans that the

repartition of fission products, this is only for

gases, but --

MR LEAVER Right.

MR. CLEMENT: -- but, generally speaking,
it is different. This wll affect the subsequent
fission products released. That's why a big

di fference. Maybe it's not al ways pessim stic, but if
it turns out that trappinginnetallic agglonmeratesis
nore efficient, this would be |ess pessimstic.
That's very conpli cat ed.

If you'll renenber during our |ast
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neeti ng, Dana has explained to us in his presentation
several things about what happens in mcrostructures
when you have vacanci es for oxygen, on/of f, and so on;
expl ai ned the possible wall of barium buffer for
oxygen potential, and so on, and if you change a
repartition  of the various things and the
concentrations, and so on, you will change that. So
we cannot just say that the fission products are the
sane. It will be affected anyway.

MR KRESS: W' ve got experinental
evidence that MOX fuel releases nore and earlier
Certainly | don't want to argue experi nental evi dence.
These are real |y believabl e reasons as to why the MOX
fuel may behave different ina fission product rel ease
standpoint. Al we're doing is explaining the data.

MR. LEAVER: Yes, we certainly have that
evidence in the RT 1 versus RT 2, but then you didn't
see it inthe HI 1 versus RT 7. Al I'msaying is
that | just think we need to understand why you're
seeing it in one test and not the other before we take
this too far.

MR. KRESS: | don't understand why you say
that. Wat are you looking at that tells you this?

MR. LEAVER: |'m | ooking at a slide that

was presented by Bernard yesterday.
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MR. KRESS: \Which slide are you talking

about ?

MR. LEAVER: |'mlooking at, it's the | ast
slide, the third bullet.

MR. CLEMENT: Yes, that slide |l nentioned
yesterday the sentence is not correct. The contrary
effect on RT 7 conpared to RT 1, what is collected is
rel ease of volatile FP. Volatile FP in RT 7 is not
earlier than in HT 1, as a concl usion.

MR. BOYACK: So if you take the second

bull et and insert "not," "is not earlier" --

MR. CLEMENT: No, no, the third bullet.
The third bullet.

MR. LEAVER: The second bul l et is okay.

MR, BOYACK: (Onh.

MR. LEAVER: What he's sayinginthethird
bullet is it's not the opposite; it's the fact that
you didn't observe this earlier rel ease.

MR. KRESS: And that's wherethe "not" is.

MR. CLEMENT: Sonewhere it should be the
rel ease of volatile FPin RT 7 is not earlier thanin
HT 1.

MR. KRESS: | don't think that tells ne a

lot. It tells that it depends on the tenperature of

transient you' re going to. You could release in both
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of themat about the sanme tine, if you had the right
tenperature, and one of themnmay get rel eased faster
than the other. So you m ght get released nore in a
given timefrane. That's not inplied in that
st at enent .

MR BOYACK: Let ne ask Bernard, what |
put up there for fission product release is your
conclusion from the French test; that is, |large

anounts of fission products released earlier if it's
pl ut oni unf?

VR, CLEMENT: Rel eased earlier in RT 2
tests. A large amount of volatile fission products.
You shoul d have volatile fission products. Ckay.

MR. KRESS: Fission product rel ease tends
to be a continuous thing. Wen you say, when does it
start releasing, it's hard to say when it started.
This is a continuous thing.

MR. CLEMENT: But at agiventinmeinthis
transient, you find nore --

MR. KRESS: One is higher than the other
during agiventineinthe transient. | think that's
a general statenent.

MR. LEAVER. Certainly the RT 2 versus RT

1 suggests that, and there is the EDF data that was in

the slides that Steve Kollie presented at the | ast
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meeting on the fission gas being factor two or three
greater in the gap

| think Bernard has said that the French
are still trying to explain what happened with RT 2
versus RT 1 and the fact that it apparently didn't
happen in RT 7 versus HI 1, which is kind of
i nteresting.

MR, KRESS: Look at this curve here, in
t he asterisked | i ne, which conpares RT 1 and RT 2, and
| ook at the fission product cesiumrel eased for RT 2
and the one for RT 1. You can clearly |ook at that
and say, oh, yes, the RT 2 started earlier and
rel eased nore, but that's because down at this |evel
of RT 1 you' re probably rel easi ng, but you're just not
picking it up within the uncertainty of your ability
to neasure. It's releasing. So you can't really say
one started earlier than the other. It's just if you
conpare the curves all al one there, one is higher than
the other. And I think you can say that for RT 7,
t 0o.

MR. LEAVER: Well, there's not a curve for
RT 7 and HT 1. Al we have a statenent.

MR. KRESS: |'mreadi ng between the |ines.

MR LEAVER  Yes.

MR. KRESS: W had an RT 7 curve in the
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previ ous handout | ast tine that showed the i odi ne and
the cesium release, and clearly for that tinme of
transient you' re getting nore and earlier rel ease than
you woul d have --

MR. LEAVER: | was just going on the basis

of the statement on this slide, which says that it's

t he sane.

MR KRESS: Yes.

MR. CLEMENT: WMaybe it woul d be better to
say higher releaserates than "it starts earlier.” So

hi gher rel ease rates.

MR. KRESS: Higher rel ease rates woul d be
a better way to say that. | think that's pretty clear
and related, and these earlier things that Bernard
t al ked about arerel atively good expl anati ons for why.
It would be hard to convert those things into sone
sort of nodel, but it hel ps your thinking on why this
m ght be.

MR. PONERS: Suppose that we accept the
stipulationthat therelease rates of fission products
are higher in the case of MOX

MR BOYACK: Vol atile fission products?

MR. PONERS: Vol atile fission products.
But let's just concentrate on the volatiles, cesium

and iodine, things that rel ease conpletely,

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

311

essentially, during the core degradati on process. So
you can release it faster, but you can't rel ease nore
t han 100 percent.

MR KRESS: Yes, that's exactly right.

MR. POAERS: But you want a source term
that reflects that it's faster. Does that say that,
i nst ead of having the in-vessel rel ease portion of the
source termto be one period with a constant rel ease
rate, one ought to have two periods?

MR, KRESS: You're representing the
transient as a matter of two. You m ght do all right
with just shortening the overall transient tinme and
still having the uranial --

MR. POAERS: As a first approximtion, the
i nput that you need to nmelt MOX is about the sane as
what you need to nelt | owenrichnment uranium | can't
imagine it'swildly different. The nelting point may
be a little bit different.

You go through this, so that that overall
time period has to be about the sane. | nean, | can't
say how --

MR. KRESS: To the end of the accident
when the stuff falls down.

MR. PONERS: Yes, penetrates the vessel or

sonmet hing |ike that.
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MR. KRESS: That tinme period is about the

sane.

MR. POAERS: So you are kind of fixed on
t hat .

MR KRESS: Yes.

MR. PONERS: But if you want to have a
hi gher rate, you're also kind of fixed on releasing
100 percent. You can't rel ease nore than 100 percent.
So it looks to ne like if we want to reflect higher
rates of release, we have to do sonething about
breaking up the interval.

MR. KRESS: Part of this is you may
rel ease 100 percent from 40 percent of the core, but
not 100 percent fromthe rest of the core.

MR. SCHAPEROW Are you suggesting that
the fission product release may be the main thing
that's affected by going to MOX and not fuel
rel ocation nor head failure timng, and things Iike
that? This is the one big effect that, if any effect
is affected --

MR. POAERS: M order of approximationit
woul d be that, that the entropy is roughly the sane.
That does not address the i ssues of reactivity events,
but if I'm tal king about just a conventional LOCA

analysis or transient analysis, | mean the first
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order, the anmpunt of heat that |'ve got to get into
t hi ngs i s about the sane. The ampunt of clad |'ve got
I s about the same. The steamreaction, the boil down,
is going to be about the sane.

So, | mean, | ~can't even see wld
differences in the core degradation process. There
my be differences that develop when the clad
interacts with the fuel because you' ve got little
islands that are incapable of holding a lot of
interstitial oxygen, but you' ve got a fission process
that's generating interstitial oxygen, so they're
pushi ng the oxygen out into the UO2 lattice. They
haven't dropped down the nelting points on you, and
make a zirconiumattack on the fuel alittle bit nore
aggr essi ve.

But in the heatup fromthe point at which
t he cl ad bal | oons and ruptures to the point you get to
wild tenperature escalation where the clad goes
nolten, it's kind of hard to say why.

MR, BOYACK: Any other simlarities or
dissimlarities you want to talk about? I was
checking with Steve here before the neeting started.
In his handout of last neeting, if you | ooked at the
core layout, the interior 36 units right around the

central core are all LEU, and then fromthere on you
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have your 40 percent, whatever constitutes the
totality of the 40 percent of MOX, then out just a
little bit from the center periphery. So | just
wanted to note that, since we talk about core
progression and nelt appears to be coming fromthe
center outwards.

MR. NESBI TT: And, Brent, | et ne throw out
one other thing. | don't consider this a major
factor, but |I think it is something that ought to be
remenbered. Inthe tine period before nmelt sequence,
the decay heat fromthe MOX fuel is |ower than the
decay heat from the uranium fuel. It's not a big
deal. It's just a 10 percent. | think we are tal king
about differences that are in general on the | evel of
nuances.

MR. BOYACK: So your statenment was a few
percent | ess?

MR. NESBITT: Yes. | have presented a
graph | think that gave a little nore detail

MR. KRESS: The decay heat matter may be
nore i mportant for the MOX than it is the LEU because
they' re going to be about the same. If | |ook at sone
of the data, you think about how a core heats up and
goes into its oxidation transient, then a | ot of the

rel ease, the MOX fuel, is going to be during the decay
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heatup time, whereas in the | owenriched LEU fuel you
generally get very little. Unless it's very high
burnup, you get very little release during that
period. Release really comes about during the severe
oxi dation transient.

Sothere'saqualitativedifferenceinthe
rel ease tim ng because you're releasing earlier, and
it's comng out during the decay heat whereas --

MR  LEAVER Don't you think that
oxidation is started, though? |If you look at this
curve, the tenperature --

MR. KRESS: \Which curve are you talking
about ?

MR. LEAVER: Thi s one that shows t he del ay
of RT 1 versus RT 2 --

MR. CLEMENT: Oxidation is not typical of
a severe accident test, that kind of test. The
oxi dation takes place during the one-hour plateau at
1500 degrees.

MR. LEAVER The tenperature scale is cut
of f on m ne.

MR. CLEMENT: This is oxidation takes
pl ace at | owtenperature duringthis one-hour plateau,
and at the end you have got the tallying that this is

ful ly oxidized. So this oxidation phase is not rather
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typi cal of areal accident. Just recall people wanted
to measure fissionrel eased during this heatup wth an
oxi di zed carrier. That's where that kind of trend is.

MR.  KRESS: Hs ranp rates going up to
that are typical of the decay heat ranp rate. You can
see during that first ranp rate he's starting to
rel ease significant anounts of cesiumand i odine with
VI 2 during that first ranp-up rate. You woul dn't get
that with the LEU fuel. It would wait and start
rel easi ng sonewhere --

MR. LEAVER: Except you are getting it in
RT 4, and that's --

MR. CLEMENT: No, but not before --
there's a difference in the fuels.

MR. LEAVER: Well, it had zirc oxide in
it, though, right?

MR.  CLEMENT: There's some urani al
fragnents that have oxidized as shards.

MR KRESS: | don't think that that
particul ar transi ent, an LEUfuel of a noderate burnup
of about 30, 000, you woul d start rel easi ng t hat cesi um
until you got at |least halfway into that flat part.
Sonewhere in there you' d start releasing it.

MR. CLEMENT: This releases is nore --

MR. KRESS: Yes.
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MR. CLEMENT: Whether it is high in MOX

it's much nore --

MR. KRESS: So there was a qualitative
difference inthe release as it's related to the core
heat up transient.

MR. LEAVER: Well, it | ooks |ike the m xed
oxide, the volatile release will occur at |ower
t enper at ur es.

MR KRESS: Well, it will start faster at
| ower tenperatures.

MR LEAVER  Yes.

MR. CLEMENT: What we'll see on this test
, RT 2 as conpared to RT 1. So, as | nmentioned
before, RT 7 is different. At the time being you
don't know why. What we have |listed at the beginning
isjust articulationof all the different effects that
may affect the fission product rel ease, and they are
different. This explains this difference and this
explains also why RT 7 is different fromRT 2.

MR. LEAVER It woul d be nice to have that
expl anation of why you don't see this effect in RT 7.

MR. KRESS: | still think you see a faster
rel ease rate in RT 7 than you would in LEU fuel. |
still think you see that. |I'mmning my menory from

the slide that we saw |l ast tine.
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MR LEAVER [|'ve got it here.

MR. KRESS: Oh, you've got the RT 7 slide
fromlast tine?

MR. LEAVER: Yes, it's inthis package, if
you want it.

MR KRESS: | didn't bring it.

MR. LEAVER |'"'m not sure which slide
you' re tal king about, but this is package.

MR. KRESS: | didn't bring the package
with me.

MR. LEAVER | don't know about two tine
intervals because | think in a kind of a stylized
rel ease such as we're doing here, whether we want to
try to get that conplicated, but there is certainly
sone evidence, at least if you |look at RT 2, that we
coul d argue that the interval should be shorter than
what's in 1465 now for the vol atil es.

If you say by 1.3 hours, or whatever it
is, for PAR, U2 fuel may be half that or two-thirds
of that for MOX fuel, but, of course, MOXfuel is only
40 percent of the core. So take that into account.

MR. BOYACK: Tom do you want to speak
into the m ke in a sense that all the peopl e can hear?

MR. KRESS: The slide | have doesn't have

the scales on it. So we have to kind of think what
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t he scal e m ght have been.

G ven this tenperature transient here and
this release rate of cesiumand iodine, | think if |
had posed the sane tenperature transient on LEU fuel,
the release would have actually had the sane
characteristics in the sense that it would come out
| ater and | ower.

MR. LEAVER: You're saying that maybe t he
tenmperature profile of the two tests woul d expl ai n why
they' re the sane?

MR. KRESS: Yes, because there's a big
di fference on rel ease.

MR LEAVER  Yes.

MR. KRESS: That's exactly right. It
could explain a lot of it.

MR. LEAVER  \Wat ?

MR. KRESS: It could explain alot of it.

MR. LEAVER It could. W just don't have
it. W don't have it.

MR. KRESS: Yes. W have the profile; we
just don't have the scale for it. | can probably
guess what the scale is, but |I'd be guessing.

MR. POAERS: Suppose we had all kinds of
data, every bit of data you would want to have from

MOX t hat was gener at ed usi ng reactor grade pl utoni um
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Wul d that hel p you on understandi ng what was grade
pl ut oni unf?

MR. KRESS: Yes, | love data. |If | had
reactor grade plutonium and the kind of data that
Clenment is producing with his tenperature transients
and release rates, if | had it for at least two
el enents separated far enough apart in their rel ease
rates, | could make a correlation for the MOX that |
could translate into a whole core.

MR.  POVERS: What |'m asking you is,
suppose | got you this data, everything you asked, but
| got it for reactor grade plutonium Now | ask you
to cal cul ate the behavior of fuel nmade with weapons
grade pl ut oni um

MR. KRESS: Oh, reactor grade nmeani ng end-
of -cycle EQ2 matrix pl utoniunf

MR. PONERS: Fuel plutoniawithaninitial
substanti al anmount of 240 i sot ope versus only about 6
percent of --

MR. LEAVER. Ch, okay. So you're saying
MOX fuel but reactor grade, okay.

MR. KRESS: | don't know, | don't think I
have a way to translate that into the weapons grade.
| think it would be different.

MR. PONERS: So you're saying you didn't

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

321

really doit on MOX made wi t h reactor grade pl utoni unf

MR. KRESS:. |It's better than nothing, but
| woul d rat her have particul ar needs, which | presune
I s weapons grade. |It's better than not having any.
If I didn't have any, | would take it and presume it
was representative, but I wouldn't be able to stand up
in court and back that up

MR. NESBITT: Could | add I think a piece
of information that m ght bear on that? The plan for
producti on of weapons grade MOX fuels to adjust the
master mx of the blend such that the anount of
fissible plutoniuminthe plutoniumrich particlesis
equi valent to the reactor grade MOX that is used in
France and that t he data which you are seeingis from
| know t hat doesn't address everything that you coul d
possibly raise, but the intent there is to nmake the
power profile withinthe mcrostructure be as sim|ar
as possible to the reactor grade MOX experience.

MR. SCHAPEROW One of the outcones of the
meeting is hopefully toidentify not just the need for
nore experinments, but how much they' re needed;
confirmatory or pre- are essential before we're able
to say, hey, let's go ahead and |icense. It's a
guestion of the degree of need. That's it. W would

|i ke to assess that.
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MR. KRESS: It would be nice to take one
of their pieces of fuel using their MOX and replicate
one of these tests to see that there's no difference
i n behavi or.

MR. BOYACK: This seens to ne to be one
area where | think | would like to give an action item
to the panel nenbers, and that is on the research
needs, where you can sit down and focus individually
for atime on research needs. You would focus on data
t hat you coul d then process into code. W could send
t hat by way of a letter, because | think that woul d be
really alittle nore structured than what we do here,
and | think it would be very hel pful.

MR.  KRESS: I think significant data
already exists in this programthat the French have,
and if we could sonehow purchase it, it would go a
long way. | think a replicate experinment using the
real fuel they're going to use with one of these tests
to show that there's not nuch difference would give
you a | ot of confidence in at | east that these can be
extracted to their tradition

| think probably | ooking at the matri x of
tests they have, they' ve probabl y got enough dat a t hat
| can do a lot with, if we could sonehow purchase it

fromthem
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MR. LEAVER: Tom | et ne foll owup on that

poi nt. Bernard, though you obvi ously can't share data
that is proprietary to sone agency in France, in your
opi nion does a substantial anpbunt of quantitative
i nformati on exi st on some MOX tests in France?

MR. CLEMENT: For MOX behavior in severe
acci dents that you call nmeltdown, | think that nost of
the information is in France. Oher people did not
perform experi nments.

The ot her source of data is what happens
in reactor accidents where you have an international
corporation, for instance, where people | ook at al so
what happens to MOX, what is the MOX structure, what
will be the inpacts, and so on.

MR. KRESS: W are focusing just on LOCAs
now, and there is need for reactor and source, too.

MR. CLEMENT: Yes, that's right.

MR. LEAVER Jason, |' msurprised that the
NRC hasn't been poking around at |east if the French
have a | ot of data. Hasn't somebody fromhere been at
| east involved in that or --

MR. SCHAPEROW |'m sure Lee has. He's
not here right now, so |l really can't speak for him
He's been our contact and working with the French.

MR. LEAVER  That's got to be the nost
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cost-effective way to get sone data conpared to
runni ng our own tests.

MR, SCHAPEROW  Well, actually Tom did
poi nt out one advantage of doi ng your own test, which
s we can use weapons grade |evels.

MR. LEAVER: Yes, but even there, | nean,
maybe the purpose of such tests would be to confirm
what the French have done. W haven't really used the
French dat a.

MR CLEMENT: Data you will get for the
studi es perfornmed for reactivity-initiated acci dents,
t hat you an use for severe accidents, mainly concern
the initial repartition of gases in the fuel, where
t hey are | ooki ng at or they focus on gases, but not on
fission products, and they are | ooking at, where are
t he gases before the transient? This can be a bit of
usabl e source. \What happens during the transient is
not apt to give an initial repartition and study the
initial repartition of gases. You can use that inthe
zero state form So your accident rises, but only for
gases, not the detail of all the fission products.

MR. BOYACK: Ckay, so what | wrote, using
Tom Kress's nane, of course, liberally, is that you
believe that a good deal of data exists from French

tests, and if acquired by the NRC, could be used for
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correlation and devel opnent, and could be used for
appropri ate code tools.

MR. KRESS: That's exactly my position.

MR. LYMAN: Can | just raise sonething |
raised at the last nmeeting, | think, for the record?
| don't think it's clear that the specs for the
m crostructure ECSs as selected in the existing Fuel
Qualification Plan in a sense -- you know, it's a
process that's used in France. We need to clarify --

MR. KRESS: Yes, that's why | wanted this,
using actually their spec --

MR. PONERS: They told us that the review
of the MOX fuel fabrication facility, they said that
the spec was different.

MR.  NESBITT: Wth respect to the
plutoniumrich particle size and distribution and
things like that, is it the same?

MR. POAERS: They claim-- all | knowis
that --

MR. NESBI TT: I can't speak to that
neeting because | wasn't there.

MR. PONERS: Sonmehow sonebody's going to
tell the truth on this or I'"'mgoing to get really
irritated.

MR. LYMAN: Here is the spec. The specis
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t he neans concerni ng whi ch particle distributionshall
be less than 13 m crons. I think, from what |'ve
seen, it's smaller --

MR. NESBITT: That's a different issue.
That's the difference between actual manufactured
paranmeters versus the spec. O course, you don't
manuf acture the fuel exactly on the spec. The spec
specifies an upper limt for these paraneters. You
can't manufacture anything that way. |It's just not
physi cal | y possi bl e froman engi neeri ng perspectiveto
do what you're tal king about.

MR. BOYACK: | amgoing to interrupt for
a nonent here. \Wat | need to understand fromthe
panel, whether this is germane to what we are trying
to do. | understand it is an issue, but I'mnot sure
it is an issue for the panel as we deal with trying
to --

MR. KRESS: It is anissueif you want to
take the French data and say it's applicable to
t heirs.

MR. BOYACK: Ckay. Wy don't you conti nue
then? That's fine. | just wanted to nmake sure that
it was applicable to what we were doi ng.

MR. LYMAN: Let ne just finish. Here's a

spec that says that 95 percent of the plutonium
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required will al so have an effective di ameter of |ess
than 100 m crons. That's where the fuel qualification
cones in.

But, according to a report fromthe | PSN,
2 percent of the clusters for the U S. fuel may have
a nean size higher than 100 m crons --

MR. BOYACK: You're going to have to keep
your voice up because | can't understand you. You
sai d what ?

MR. LYMAN: That 2 percent of the clusters
have a nean size higher than 100 mcrons for just
France, while the DCS factor would be 5 percent, at
| east no nore than 5 percent the nunmber greater than
mcrons. So that's one difference in the spec.

MR. NESBI TT: | have no i dea what docunent
you are referring to, but the spec's the sane.

MR. LEAVER: Yes, it sounds |like the |I PSN

you' re referring to was sonme observati on about the as-

manuf act ured fuel . That's not a spec; that's for
sure.

MR. BOYACK: kay, | would like to
continue on now. All right, let's return -- any nore

difference --
MR LYNAN: I'"'m sorry, let ne just

clarify. The IPSN, this is a record by Shumanz. It
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said a maxi num of 2 percent of the clusters may have
a nean si ze hi gher than 100 m crons, according to the
fabrication specifications.

MR. NESBI TT: | have no i dea what t he | PSN
docunent you're tal king about is or anything. | can
assure you that, as far as particle sizeis concerned,
we' re using the sane specification as the current one
using --

MR. LYMAN: Well, can you get confirmation
of that?

MR. NESBI TT: W have.

MR, LYNMAN: Then why is there a
di fference?

MR. BOYACK: Ckay, so are there any other
characteristics?

(No response.)

Let ne tell you, of course, what we'll do
is actually finish this statenent and we'll take a
break. Then we'l|l conme back and start filling in the

source termtables.

So is there anything else, any other
characteristics that you wanted to have in mnd
regardi ng di fferences between LEU s behavi or and MOX
behavi or that would potentially affect the source

code?
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MR. PONERS: It seenms to ne | guess there
are two things that weigh heavily in ny mnd. Every
attenpt that we have undertaken to predict fission
product rel ease adopting a first-principles approach
has floundered. And it flounders on the challenge
t hat you do one experinment, you get one result; you do
anot her experinment, you get a different result. In
order to do that, people bring up nore paraneters than
Carter's got pills, and newphenonenon to expl ai n each
of these things.

Then in the face of that difficulty, we
have gone to a far nore enpirical approach, which is
t ake some data of variable quality, put it on a plot,
dream up some straight line you can run through it,
and run through and explain why things deviate from
the straight line, sonetinmes by a |ot. Convi nce
yoursel f that the straight line is the one you want.
Derive sone paraneters fromit and say that's what it
i'S.

Now the process is probably not that
horri bl e when you | ook at fission products that are
rel eased early in the transient. That would be the
cesium and i odi ne. | don't think we run into any
probl ens on that.

The process probably has sone real
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guestions if yougotothe norerefractory material s.
As | have repeatedly said, |I sinply don't understand
tellurium

But, despite that history of being unable
to use first principles to predict fission product
rel ease, | keep com ng back to this. It seens to ne
| need to understand better how the oxygen potenti al
varies as | come fromthe bul k urani a approachi ng one
of these inclusions, and whether | get to the point
t hat, because plutonia has |l ess ability to sustain an
excess of oxygen, | amsaturating out ny ability to
buf fer that oxygen potential with noly.

It becones a concern because, when you
| ook at what are the inventory differences likely to
be, they are all fairly small except for the one
el ement that we really don't understand very well, and
that's the rutheni um behavi or

MR, KRESS: | don't know how you neasure
this, but it looks to nme like it would be mnimal to
fill out the calculations, this part of it, if you
have a good solid state chem stry code.

MR. PONERS: Well, it seens to ne that,
whenever you try to do solid state cal cul ations, |'ve
al ways ended up one paraneter short. It doesn't

matter how nmuch physics | put in. | always end up one
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par anet er short.

W' ve had some |luck doing it when we've
made mass spectropi c nmeasurenents of fission product
rel ease. That certainly hel ped. The problemwe' ve
always run into in doing that is that what we observe
by putting fuel in a high vacuum heating it up, any
of the fission products com ng off seens to bear no
resenbl ance what soever to what we get when we put fue
into a reactor and heat it up and neasure what's
comng off of it.

It's very frustrating. | don't want to
overenphasi ze getting first principles, stated in
first principles approach, because |'ve never seen it
wor k yet. We keep edgi ng toward nore and nore cl osely
to first principles, but we still have a nodel that
basically relies on root diffusion. W just don't
have the diffusion proficients to put into it.

MR. KRESS: That's exactly right. W can
extract sone out of this data. That's what | woul d do
with the data. | would extract the diffusion
proficients out of it or as many of the el ements as we
have transients for.

MR. BOYACK: Anything el se?

(No response.)

Let's take 15 m nutes. Let's cone back at
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20 after 10:00, and at that time we will go ahead and
start on the source termtables. W'I|l begin with
dur ati on.

(Wher eupon, the foregoing matter went off
the record at 10: 05 a. m and went back on the record
at 10:28 a.m)

MR. BOYACK: | have in ny hand four copies
of the updated MOX Fuel Qualification Plan dated April
16, 2001. Il would |ike the panel nenbers to have
access to this during our discussions.

What | woul d like youtodois forgo | unch
and read this during the lunch hour. | don't need to
read it, so |l will be going to |unch

Tomorrow we' Il tal k about action itens,
but | et me go ahead and formal i ze one action itemt hat
| mentioned a fewnmonents ago. That is, we would |ike
t he panel nenbers to send a letter to Moshen Khati b-
Rahbar with your input regardi ng not data needs.
guess we call it data needs. Research needs, yes, is
a better word. This is specific to MOX

The current thoughts are that what we
woul d do then is that we would create an appendi x in
the report and we woul d i nclude those letters. So be
awar e that they woul d have public distribution and be

in the docunent.
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MR LEAVER Is this aletter fromall --

signed, one single letter, coordinated?

MR. BOYACK: No, i ndividual.

MR LEAVER I ndi vidual .

MR. BOYACK: |'ve handed out this table.
We found out that neither of us knows how to get the
NRC machines to print |andscape, no matter how many
tinmes we tried. So the first colum is cut off a
little bit, but I think you can go ahead and figure
out what it was we were covering or trying to cover
t here.

That, of course, is a table that just
givesyoualittle bit of the characteristics. Really
the ternms are all show ng up in the MOX behavi or, and
the contrast conmes fromthe statenent.

So now what we want to do is see what we

can do with these tables. If the pattern follows
yesterday, | did update the tables so we have the
naned i ndividuals here, and of course I'Il attribute

what ever received to the wong i ndividual after | get
past the first person, the first entry. But you guys
kept nme straight yesterday; |'m hoping that you'll
keep me straight today.

If we cone up with needs in a particul ar

area, then we can do that. O herwi se, the letters
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will be the primary vehicle for doing that.
Now when | presuned this -- as soon as |
say the first person, Dave Leaver, what do you think

about the duration for the various phases, gap

rel ease, early vessel, ex-vessel, |ate vessel, then
we'll maybe want to have a few nore pieces of
di scussion. But if not, we'll continue on.

| have |isted up at the top here t he NUREG
1465 tinmes. That's where the table canme from W may
have to struggle through this first one, but let's go
ahead and give it atry and see what you have to say.

MR. LEAVER  Well, | guess one genera
thing I have to say is |I'm struggling with how to
characterize not only ny own estimates, whatever they
may turn out to be here, but for the whole group how
to characterize these estimates in the sense that, if
we are not careful about how we conmunicate this and
how we present it, how we characterize it, that one
could pick up a docunment that's produced at sone
future point and msinterpret what it's saying.
Because | really don't believe that we have a basis
for estimating these nunbers.

Having said that, we can certainly nake
estimates, and in the process of making these

estimates we can di scuss what we know and what we
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don't knowin a manner simlar to what we've done this
norning, and that's a very valuable process. But |
think that needs to be captured, the fact that maybe
nore inportant than the nunbers thenselves are the
caveats and the statenents of what we know and what we
don't know.

So, having said that, | have no problem
wi t h tal ki ng about nunbers or directions that nunbers
could go, but I would maybe, Brent, urge you as the
facilitator to make sure that in the end that this is
-- | think, for exanple, these estimates are different
in ternms of our certainty, or |ack thereof, conpared
to what we did for burnup. Now we struggled wth
burnup, but here we really don't have a | ot of data.

So you just need to be careful you don't
have a table with a bunch of nunmbers and sonebody
picks this up and says, "Ch, here's the answer.”
Because | don't believe that in the end that that's
what we're going to do here.

MR. BOYACK: Okay, let ne ask a few nore
qguestions about howto handle this. Let me tell you
what | intended to do. Then it may be that with your
i nput then | do sonething nore or change direction.

My thought is this: that | would go

through the discussion portions of each of the
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transcripts, and as | read those, I"'mgoing to flag
those, cut them out and paste theminto a separate
docunent. That will beconme the rawmaterial for neto

create the text for the chapter that contains these

tables in their fullness. So, as you express
reservations, | will capture reservations, and | w ||
make those very clear in the text. Nowyou'll have a

chance to review that.

What we woul d al so have to do is in the
concl udi ng chapter, which Moshen i s putting together,
then we would have to pull out a few of these key
poi nts and punch themhome in the concl udi ng secti on,
too, of the report. So that was how | envisioned
handl i ng this process-w se.

After the draft had been prepared, you
woul d, of course, have the chance to review and say
there's sonme things you didn't capture here that |
want captured, and then we woul d, of course, capture
this on the review stage.

There were a couple of conments. Mbdshen
and Jason?

MR.  KHATI B- RAHBAR: Yes, one inportant
thing | think for the record is the inportance of the
ECCONO s report, not ny report or G enn's report. So,

therefore, you fol ks have to stand behind it.
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MR.  SCHAPEROW Yes, it's going to
receive, hopefully -- we're going to send it out for
your close scrutiny after we get it put together.

MR. BOYACK: My guess, that will be two
assignnments. It has to be because you have to see
what comments ot her people put in.

MR.  SCHAPEROW So we'll nmake sure
everybody's views are correctly represented in the
report. But the particular issue at the table, |
t hi nk Dave' s got a good poi nt on t he peopl e not taki ng
this thing and running too far with the table itself.

Il would |I|ike to suggest that one
i mprovenent, there would be a big footnote or a big
thing either at the end of the title or right at the
very bottomof the footnote saying" This table, the
nunbers are uncertain because of X , because of the
| ack of data. So sonebody doesn't wal k away with the
table and try to start inplenenting it all over the
pl ace.

MR. BOYACK: We can certainly dothat. So
did | understand you? Wat we did is reach -- we'll
shoul d put a footnote at the bottomof the table that
says, "This table is no darn good."?

MR, SCHAPEROW | would say it's based on

what, the presentations on | ost data from | PSN which
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| acks a Y axis or sonething. | don't know. | nean,
what ever the --

MR. BOYACK: Dave has given a very clear
statement of it, and everybody here understands it.
That is, we had this discussion on the way over to the
other building. That is that, when you' re dealing
Wi t h opi nion, infornmed, expert opinion, the quality of
t hat opinion is highest whenit's inforned by a good,
solid database, which the nenbers understand
rel atively the same way.

VWhat we' re | acki ng here i s that database.
It's only a partial one. It's a sparser set of data
than exists for the LEU. So in arelative senseit's
| ess, and peopl e know j ust | ess about MOX in a subj ect
that's already difficult. |Is that a fair statenent?

MR. SCHAPEROW That's true.

MR. BOYACK: Yes. So that's what | heard
hi m say, and what | think the thing we have to do is
capture that in the text.

Now t he next statenment is this question of
sonehow maki ng sure that it's captured in the table.
| made a pretty blunt statenent, but | did that for a
point. | wanted to force the i ssue of, how do you --
you can qualify it in the text. You can put a page-

|l ong qualifying statenent in the text in the table.
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How do you handle that? | nean at sone point you
basically say it's no darn good.

MR. SCHAPEROW You don't have to go that
far, but another statenent a little |ess strong may
serve the purpose. It's for considerationif sonmebody
can put some words --

MR. BOYACK: We do that in the text. Now
| just don't know quite what to do on the note with
the tabl e, but maybe sonebody will be abl e to suggest
sone wordi ng for ne.

MR. LAVIE: "Data prelimnary; requires
confirmation."”

MR. LEAVER Sonething to that effect. W
may be able to cone up with a way to say that that
we're confortable with after we talk through this.

Let ne ask a slightly different question

before we get into nunbers. | assume there's sone --
thisis, | guess, partly addressed to Steve and maybe
to Jason, or whoever -- | assume there is sone

schedul e driver here where the |icensee, Duke, DNS,
what ever the acronymis, DCS --

MR NESBITT: It will be us for the use of
MOX. We will be the licensee.

MR. LEAVER kay, soit will be alicense

anmendnent, and part of that |icense amendnment i s goi ng
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to have to be a cal culation of a radiol ogical design
basis axle, for which you're going to need rel ease
fractions. |f things goreasonably well -- obviously,
you have to use your crystal ball here with all these
other issues that we're talking about that could
affect the schedule on this -- when would you |ike,
when do you need to know this? Wen does t he NRC need
to know? Wen do you need to know?

MR. NESBI TT: Qur schedule is to submit a
| i cense amendnent request for use of large quantities
of m xed oxide fuel at the end of 2003. To clarify
that, the request would go to the NRC at the end of
2003. The fuel use would not begin until 2008 at the
earliest.

MR. LEAVER. So if you're going to submt
alicense anendnment at the end of 2003, you woul d need
to be doing the calculation, say --

MR NESBITT: In 2003.

MR. LEAVER -- in early 2003, sonething
i ke that, 2003?

MR. NESBI TT:  Uh- hum

MR. LEAVER. Ckay. So | guess it's fair
to say we have of the order of 12 to 18 nonths where
presumably there could be some work done to try to

suppl ement this sparse database and conme up wth
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sonmething that people feel is acceptable for this
cal cul ation

Probably what we do here, | nmean if we do
come up with a table, that table has nunbers init, it
woul d be characterized as, in sone sense, as
prelimnary or provisional or to be confirnmed, and
probably it would be necessarily then conservative
because generally, if you don't have data, you want to
try to err on the conservative side. | think that's
what the French have done, is they tended to choose
envel opi ng sequences and round nunbers up, such that
t hey feel that what they have i s adequat e because t hey
do have plants operating with m xed oxi de fuel, and
obvi ously sonebody over there nust feel that their
| i censing basis is acceptable.

So, all right, having said all that --

MR. BOYACK: Just to help to wordsmith a
statement here, which I've now put up a strawman:
Panel nmenber inputs are based upon partial and
prelimnary data regarding MOX characteristics and
behavi or avail able to the panel at the time the source
terminput was prepared.

MR. LEAVER: That's cl ose enough. Yes,
that's cl ose enough.

MR, BOYACK: Al right.
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MR. LEAVER So | think on the gap rel ease

it seems to nme that the release is going to occur
sooner than LEU

MR. POVNERS: Wien you say the release is
occurring sooner, do you nean that the clad breaks
nore easily?

MR. G ESEKE: Yes, that's what that neans,
| think.

MR. LEAVER: | think it means the clad
breaks sooner and that there is nore fission gas
either in the gap or near the edge of the pellet that
can be rel eased qui cker than LEU

MR. POAERS: And then, typically, the M
clad is less extensively oxidized in the nornal
oper ati on.

MR. G ESEKE: Soneone made the comment
that the Mo clad was nore, a little ductile and
m ght --

MR. KRESS: The internal pressure is
dom nated by the fuel gas and not the fission gas. So
you don't have nuch pressure difference. The M's
likely to be nore ductile.

MR. LEAVER  Are you thinking that the
clad may not rupture as quickly?

MR.  POWERS: What about its nelting
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t enper ature?

MR G ESEKE: About the sane.

MR. LEAVER: Wy woul dn't the gas pressure
be greater in this, in mxed oxide?

MR. PONERS: It doesn't matter, but they
charge the rod with 100 -- they put 100 at nospheres of
heliumin there, so you can release an awful | ot of
fission gas and not change that very nuch

MR. LYMAN: There are still unanswered
guestions about the enbrittlenment of --

MR. POVNERS: What | knowis that there has
been a claim by a German investigator |ooking at a
Russi an- Ni obi um cl adding, that it enmbrittles at 7
percent oxygen instead of 17 percent oxygen. People
manuf acturing the Mo say, well, it may well be for the
clad he's looking at, but it isn't so for our clad.

| know t hat the NRC has got Mb onits |ist
of things to do, but | don't know what they've done.

MR. NESBITT: If | caninterject, the NRC
has approved Mo clad in several plants. W have it
oper at i ng.

MR. POAERS: Yes, but all that approval
has been based on a regul atory decision that needs
confirmation. That nmeans, in other words, that they

can conme back and say, "Woops!"
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MR. NESBI TT: You can say that about

anyt hi ng.

MR PONERS: Yes, yes.

MR. NESBITT: But | don't think there's a
probabl e i ssue out there. Well, I'll let NRR if they

want to chine in --

MR. PONERS: So far as | know, the bi ggest
part of the differences in results cones from a
different neasurenent technique than the rule
specifies for nmeasurenment technique. So they really
can't --

MR. BOYACK: So what | hear is conmpeting
effects. Mre fissiongas, successful releaserel ates
to potential for cladding that is |less essential to
failure.

MR. LEAVER: Let ne ask on the cl addi ng,
is the use of M, which we've | guess discussed
yesterday, peopletendtothinkis nmaybealittle nore
ductile than earlier generations of clad, is that a
| i censing basis requirement or will it be, Steve?

MR. KRESS: It can be. Right nowthey use
t he percent oxidation as a substitute for that.

MR. PONERS: Theregulationis wittenfor
Zirlo. So if you're going to use M, you've got to

conme in wth an exenption request. So we'll cone in,
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and people wll expressly look at it. W wll
presumabl y get around t o changi ng t hat regul ati on one
of these days, so you don't have to do that, but you
have to cone in and say, "I'mgoing to use M."

MR. LEAVER Do you nean the codified
regul ation specifies Zirlo --

MR. NESBITT: Zirlo is a trade name of
Westinghouse. We will apply at the sane tine, if the
regul ati ons haven't been changed by that tine, at the
sane tinme that we submt a |license amendnment request
for using zircaloy, we wll submt an exenption
request simlar to what's been submitted and granted
for other plants for use of the M cl ad.

MR. KRESS: The figure of nerit for the
regul ations that has to do with the productivity is
t he percent of oxidation. That's why it's in there.
That percentage is strictly applicable only to Zirl o.

MR LEAVER And that's this 17 percent?

MR. KRESS:. Yes, that's why that nunber is
t here.

MR. LEAVER: So your license anendnent
actual ly, presumably, then, you had to get a |icense
anendrment to use Mb and you said it's in a --

MR. NESBI TT: No, we had an exenption. W

subm tted an exenption request that was approved by
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t he NRC.

MR. LEAVER  And so you, as part of the
| i cense amendnent or a previous exenption, will dothe
sane for --

MR. NESBITT: Yes, it's pretty standard
now in the industry to submt and get these things
approved.

MR. LEAVER: On the gap release, if we
have this rather |arge LOCA, when does the first rod
pop?

MR. KRESS: Normally it's when the hot rod
gets up to 1200.

MR LEAVER: Right, and that's pretty
dammed fast with no ECCS. ECCS doesn't cone up.

MR. KRESS: It starts fromthe original
temperature of 600 --

MR LEAVER Right.

MR. KRESS: -- and .1 degree per second,
| think is the decay heat, and see how long it takes
you to get up to 1200. | didn't do the cal cul ation
but you can do it. Six hundred degrees at .1 degree
per second is 6,000 seconds, and 3600 seconds to an
hour. Ww. There's sonething wong with that. Well,
| don't think you start from 600. You start at the

maxi nrum plant tenperature; 600 is the cool ant

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

347

tenperature. So you've got to adjust that. | don't
know what the starting tenperature is.

MR. LEAVER Yes, |'ve seen this
calculation for a BWR but | haven't seenit for a PWR
It's like maybe 20 m nutes or sonething.

MR. KRESS: Actually, .1 is probably
wong. It's nore |ike one degree per second. It's
probably nore |i ke one degree per second anyway. So
| was off by a factor of ten.

MR. LEAVER O maybe a half degree per
second.

MR KRESS: Yes.

MR. SCHAPEROW | guess | would like to
ki nd of rem nd the panel what | recall NUREG 1465 as
being the determ nant of the gap release timng. W
did aguillotine grade calculation. W did several of
them and we came up with tim ngs of about 10 to 30
seconds to the tinme of first fuel rod rupture, but
then the end of this gap rel ease here, that half an
hour, is neant to represent the tine at which | arge
quantities of fission products start com ng out of the
fuel, and that was not based on a | arge break LOCA
That was based on like a 2-inch LOCA or a station
bl ackout .

MR. G ESEKE: You got up and drew pi ctures
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with your pen.

MR. CLEMENT: Generally, you'reright. |
remenber our discussions for this duration for high-
burnup fuel. W have shortened it just in order that
t he next phase, latein-vessel rel ease starts earlier.
This was the rationale for shorteningit. It was not
because of gap release by itself. It was so that the
early vessel release starts earlier. This is what you
have done for high-burnup fuel.

MR. LEAVER  That's not what this table
says though.

MR. CLEMENT: The end-point of the gap
rel ease phase is defined as a raise of significant
fraction products andthis processis acceleratedw th
hi gh- bur nup fuel . This is what is witten in the
t abl e.

MR. LEAVER: But the next sentence says,
"The shortened tine reflects the quality of
under st andi ng t he fuel has restructured, putting nore
gas near the periphery and accel erating the rel ease
ki netics of volatile fission products.”

MR, CLEMENT: But that is the follow ng
phase; early in-vessel release will be accel erated.
So that's why you have shortened the duration of the

gap rel ease phase.
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MR. SCHAPEROW The accelerationrefersto

the earlier in-vessel phase, which is starting a | ot
earlier. Significant quantities of fission products
cone out earlier. That's what that's saying.

MR. G ESEKE: Then they're saying, with
t he hi gher burnup, this is noved up here, which has
the effect of shortening this.

MR. KRESS: | think what we are doing is
taking the little bitty part, the fission product
rel ease, versus tine. W've got a little bunp, and
t hen you go out, and then it starts comngin. W're
taking that little bunp and maki ng a strai ght |ine out
of it, and we're intersecting with this other and
trying to get the sane quantity in there over a
timeframe that | don't know what the tinefrane
actual ly nmeans, but because of what we're doing.

Now we're saying, instead of the little
bunp and the little gap and sonething, you get a
little bunp that intersects this gap. We're now
trying to figure out how to nake that look like a
straight |ine.

MR. G ESEKE: We're noving this one back
and forth, nmoving this intersection point to shorten
it mainly.

MR. KRESS: And | think Bernard is right,
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that's how we did do sone of that.

MR. BOYACK: |I'mgoing to relieve Dave in
maki ng a nunber, a figure, just for a mnute. [|I'm
going to ask to guess. | can see on this one we need

the discussion. So, Jim your comments on the gap
rel ease arrangenent, and then |I'mgoing to come back
and ask for a number.

MR. G ESEKE: | think we've tal ked nol ten.
They had todoit, the difference in the cl addi ng, the
fact that the gap release tine is not defined or is
defined by the rate of release during the early in-
vessel, which noves it back. W' re tal king about the
i ntersections of the curves. Wat other issues are
t here?

MR. BOYACK: What was that gap rel ease
time?

MR. G ESEKE: |f you read the definition
of gap rel ease, what we say is postulate that it's two
curves. Here's one curve. Here's your gap rel ease as
you fail the rod. Then the ones that have fail ed t ake
off likethis. So we're saying here's the gap rel ease
time.

VWhat we're saying inthis caseis that the
early in-vessel release rate is increased, so we're

going to put this Iine up higher. That neans that
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this time is shorter from here to here. | think
that's what the French were tal king about. It's
basically reducing the gap rel ease ti me by rai singthe
rate in the early in-vessel. Does that make any
sense?

MR. BOYACK: Yes, | think when you think
about it. | think also you have a hi gher fraction of
fission products either in the gap or at the edge of
the pellet in the MOX field.

MR. LEAVER: That's the next question,
yes, when we get to the percentage of it.

MR. BOYACK: Oh, okay, you're saying
that's a refraction issue not a duration issue.

MR LEAVER Yes, not a duration issue.

MR. BOYACK: Ckay, | hear you

MR LEAVER Right.

MR. BOYACK: Any other coments? Jinf
Yours were on the definition of gap. Anynore? You
don't have to come up with the nunber yet.

MR. G ESEKE: | have a question to put out
her e. | presune -- what did we say, we have 40
percent? Wat's our ratio of the --

MR. BOYACK: Forty percent of oxygen

MR. G ESEKE: That's primarily - well, now

we're tying it into where you put these in the core,
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but that's not in the center region.

MR. BOYACK: There's 36 fuel centers in
the center that are LEU --

MR G ESEKE:  Yes.

MR. BOYACK: -- andthenit's distributed.

MR. G ESEKE: Yes, and it's outside of
that. So the onset of gap rel ease would conme at the
same tinme probably because that would occur in the
m ddl e, and there's no MOX fuel there anyway.

MR. LEAVER It's astart, but we're after
t he duration period.

MR G ESEKE: W're after the duration,
and that's defined by the early in-vessel, | think.

MR. LEAVER. Well, the early in-vessel is
certainly going to cone out fast, | nean if you
bel i eve the RT 7.

MR G ESEKE: Yes.

MR LEAVER O RT 2. RT 2.

MR G ESEKE:  Yes.

MR LEAVER: Not RT 7.

MR. BOYACK: Anything further?

MR. LEAVER. That's enough. Go on.

MR. BOYACK: | amjust going to nove this
al ong here.

MR POVNERS: | see no reason for any
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dramatic change in the start of gap release. That's
usual ly not part of the source term They usually
specify that externally, but it's specified in 1465.

Now t he issue of whether you shorten it
down or not is one of whether you think that the
fission product release is nore rapid, starts at a
| ower tenperature and is nore rapidinthe case of MOX
fuel or not. | think we have a test that suggests it
is and a test that suggests it isn't, but prudency
woul d say, yes, let's shorten down the duration of gap
release a little bit, just to reflect that it's
possi bl e t hat we have a shorter duration there and we
get into fission product rel ease nore rapi dly, and ask
people to go confirm that. But that's one of the
areas you need experinmental data.

Then t he next questionis, well, how nuch
nore to shorten it down? O course, | haven't got a
clue howto do that, but we didn't have a clue on that
for high-burnup fuel either. So we suggested let's do
alittlebit. It can't be too nuch. So we suggested
dropping it down to .4 hours and let it go at that.
So it doesn't sound to ne like that's a bad
prescription for the process at all.

MR. BOYACK: Sounds reasonabl e.

MR.  KRESS: You've basically said we
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didn't have nuch nore data for the LEU, for shortening
the LEU period? |Is that what | heard you say?

MR. PONERS: Well, what we had in the case
of the LEU was a physical understanding and
substantial data that says, yes, the release starts
earlier here, and we needed to shorten it down. Here
we have equi vocal i nformation, debatabl e information,
to suggest it all starts earlier and be faster. But
just to be prudent fell ows, maybe we ought to refl ect
that, shorten it down a little bit.

| mean what you're shortening down is
you' re saying that nothing has changed really about
the gap release. It's just at the point where you're
started getting bi gger rel eases due to the fission out
of the fuel starts earlier; that's all. Since that
marks the end of the gap release, that means ipso
facto the gap rel ease is shortened.

Now you' re going to be very careful. You
ought to reduce what you call the gap into the tori by
the anobunt of shortening, which is a 20 percent
short eni ng. Somehow that strikes ne within the
uncertainty range that we have here. 1In fact, | wll
| ater argue that | think the existing gap i nventories
that we've got for MOX are conservative for MOX. |

mean t here's enough margi n there that there's no point
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i n changi ng that.

Even if it does feed the gap nore, and
t hi nk the evidence from Halden is that, indeed, MOX
fuel during normal operations is feedingthe gap nore;
there's a little higher inventory in it, but it's
still withinthat 5 percent range. So | don't see any
reason to get too excited about changing that gap
rel ease fraction

MR BOYACK: Tonf?

MR. KRESS: | givethe .5 as the time when
the first clad, when the first failed fuel fails.
That nmay be a wong view, but | see no reason, just
because it's MOX in there, to change the .5 at all
| would start -- that's the duration. The gap rel ease
starts at zero, zero tine, because we're just | ooking
at the duration of that.

What happens is you fail with the first
fuel, and then you fail with the next one, and
probably noving radi ally outward failing nore and nore
cl ad as you go along, until you fail nost of them and
then it starts dropping off, and you get this bunp.
The duration of that bunp i s probably equivalent to --
| don't know how fast that spreads across the core.
So | think that's why we went to sonme artificial

pl ant, and that was, how long does it take to start
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getting significant rel ease fromthe in-vessel plants?
Because | don't think we have this core nelt
progression data to tell you the real nunber.

My question is now, when do | start
getting significant rel ease fromthe i n-vessel phase?
In the first place, | don't know what the word
"significant” neans. | don't exactly know when it
starts because | have a feeling that the mddle of the
core where the LEUis is heating up first conpared to
where the MOX is. So the initial release you're
getting fromthe early in-vessel is probably com ng
fromthe ordinary LEU fuel that goes through the sane
ki nd of heatup rate and transient that it had in the
regul ar core.

So | think that's when you're first going
to start getting the significant, unless the MOX
whi ch i s just heating up slower and is faster rel ease,
wins the race conpared to this. And | don't have any
i dea wi t hout havi ng good nodel s and heatup rates as
distributed across the core, giventhat's the function
of the power distribution across the core. M guess
is | don't have enough information to change either
one, .5 or the 1.3.

MR. BOYACK: As we began this discussion,

| shoul d have rem nded us of what the definitions are,
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and Steve Nesbhitt has rem nded ne that | ought to
remnd you of that. But let's just take a | ook at
what the definition is, because it ought to be the
sanme definition. That | think is true. So this is
out of NUREG 1465.

We know when the gap activity phase
begins, and that's when the fuel cladding failure
begins. There's no discussion about whether that's
| ater because of the Mo cladding, but that's not a
matter because we're going with the duration here.

This phase involves the release of
radi oactivity that has been collected in the gap
bet ween t he fuel pellet and the cl addi ng. The process
rel eases to the contai nment of 2 percent of the total
i nventory of the nore vol atile nuclides, particularly
nobl e gases, iodine, and cesium

Now t he gap activity phase ends when -- so
you've got failed fuel, and now it ends, the fue
fail ed cl addi ng, when t he fuel pellet bul k tenperature
has been rai sed sufficiently that significant anpunts
of fission products can no |onger be retained in the
fuel. So | guess | read that as now you' ve got the
tenperature where you start to migrate and nove the
fission gases out into the coolant through the

ruptured clad. Wen we finally get to that point,
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that's what you were pointing out, that occurs.

So | guess the basic questionis, isthere
sonething different, sufficiently different, about a
MOX core that you begin to get significant anounts of
fuel -- pardon ne -- fission products com ng out of
the fuel. W tal ked about the fact that at the center
of the core you've got LEU. So | don't know how far
out that progresses.

MR. KRESS: It's a race. It depends on
whi ch one wins the race. The stuff inthe nmddleis
going to conme out at sort of the same timng that the
nolten core did. The stuff with the MOXis going to
come out according to its tenperature transient and
the earlier release. So it's a race because you' ve
got cosi ne power distribution and they're heating up
at different rates. So you have a different therm
transient for the different parts of the core.

My guess i s, |ooking at sonme sort of data
like this, nmy guess is that the MOX at its cosine
power distribution probably wins that race. So you
start getting significant release earlier. But this
is a speculation on ny part, and | don't have enough
information on all these things to change these
nunbers.

MR. CLEMENT: | have a question. Should
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we concentrate on the exact | oading that will be nade
inthe future years within this core with MOX fuel or
should what we put in our tables reflect the
differentials between MOX fuel and |ow enriched
uraniumfuel , generally speaking? That's a question.

MR G ESEKE: Very good questi on.

MR. KRESS: What if the next application
doesn't load it the same way? It could be |oaded in
t he center.

MR, CLEMENT: | could imagine that in
several years one could change the core refinenents.

MR. KRESS: G ven that comment, | would
change 1.3 -- | nmean the .5 and nake it shorter. |
don't know how nuch shorter to nmake it. Just I|ike
Dana, | have no idea, but .4 may be a reasonable
guess.

MR, SCHAPEROW | think we should try to
limt the scope of this. | don't propose that we
prepare a MOX table for our core with all MOXinit.
Even this particular application is years away. I
don't know that we need to do that.

| think we're going to capture the | ogic
and t he i deas, even consi dering the MOX setup the way
it is and the Duke Power proposal. | ama little

nervous -- that's very anbitious, and | appreciate
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people's intentions. | just amnot sure that's --
MR. NESBI TT: | think when | presented the
| oadi ng pattern information earlier, |ast neeting, |
think I made it clear, but 1'Il reiterate this point
now. These are the designs that we have anal yzed now
about how we woul d | oad, howwe currently think we're
going to | oad MOX fuel in 2008, or whatever. 1It's not
carved in stone. | don't think it's going to change,
gui te honestly, based on our overall fuel managenent
schene and things |ike that and our overal |l approach,

but I"mnot prepared to sit here and swear on a stack

of Bi bl es.
MR. SCHAPEROW How about the 40 percent?
MR, NESBITT: Well, | think that's pretty
much -- we haven't submitted an application yet. |

don't think that -- again, | think that we're probably
not going to go over 40 percent, for a nunber of
reasons. But is it wise to speculate on that and
pai nt ourselves in a corner two or three years before
we subnmit an application on that point? | don't think
So. I'mtrying to give you all a picture of our best
guess, our best guesstimte of howwe' re going to plan
to use this fuel, based on our state of know edge at
this point in tine.

MR. G ESEKE: What's the current practice
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ot her pl aces regarding that 40 percent?

MR NESBI TT: What is that now?

MR G ESEKE: VWhat is the current
practice, like in France or other places, regarding
this 40 percent? Do they find that to be --

MR NESBI TT: Different countries use
di fferent amounts of plutoniumin the core based on
vari ous reasons. For exanple, in Belgiumthey use
sonething on the order of 10 to 15 percent because
that's how much plutonium they have avail abl e that

they need to get rid of that, and that's why they're

using it. In France they've chosen to go with 30
percent. In sone of the German cores they're at |ike
38 percent.

Qur val ue of 40 percent is based on, first
of all, a desire to get as much pl utoni umdi sposed of
as quickly as possible, consistent with the overal
goal s of the program and our desire to keep the pl ant
characteristics and operation reasonably consi stent
with what they are right now with uranium fuel.
Because the nore MOX you put into the core, the nore
the characteristics of the core change, and that
drives the characteristics of the plant.

That's another thing, when we do all of

the |licensing basis, safety anal yses, we mght find
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that -- I'm throwing out a speculation here -- we
m ght find that for some reason we can only get a 35
percent. Mybe we find out we can get a 45 percent or
sonmething | i ke that, but, based on the work that we' ve
done now, which is pretty good, | think, that's the
bal I park.

MR. G ESEKE: But it sounds |i ke, when you
consi der other places, |like the other countries, and
| ook at our goals that we need here in this country,
the 40 percent is probably a good rule of thunb for a
long time out into the future, | nean to guide us.
It's probably not goi ng to make any difference whet her
it's 50 or 20 or 30.

MR. BOYACK: Let ne clarify what Jason was
saying. M understanding of what Bernard said was
that we just distribute the 40 percent uniformy
across the core, not that you have a fully MOX core.
I n your statenent, | believe you were tal ki ng about a
full MOX core.

MR. NESBI TT: Let nme say one other thing
on that. How far do you want to take it? A full MOX
core is taking it all the way.

MR. CLEMENT: | was thinking about this
matter. So | was wonderi ng whet her we have to refl ect

the differentials between MOX fuel and any fuel in

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

363

general and not gointothe detail. You can have this
MOX fuel that we put in the periphery, let it flow
into the center, and so on, given the uncertainties
t hat we have.

MR. KRESS: Brent, do you have this curve,
if you could put it back? W had it a while ago.

MR BOYACK: Yes.

MR. KRESS: Could we put that back on the
screen a second?

MR BOYACK: Yes.

MR. KRESS: This is the RT 1 and RT 2.
Looking at it, it bothers nme considerably with respect

to this gap release. This is ordinary LEU fuel and

this is cesium rel ease. This is the MOX cesium
rel ease. If we're talking about a significant
guantity of fission products, and we'll just use

cesiumas ours, because the i odi ne cones out about the
same, and so does the krypton. Let's just drawa line
and say that's significant. You could draw it
anywhere, but just say, the difference between
significant inthis line and this ranp heatup rate is
| i ke the heatup of the core. The difference between
this significance and that significanceis like ahalf
an hour. You're talking about a half-an-hour

di fference. You say, well, we have a half an hour for
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the --

MR. G ESEKE: | think that is a very good
poi nt, yes.

MR. KRESS: That bothers ne. | don't know
what to do with it. But it's the only piece of data
|'"ve got.

MR. d ESEKE: This is not across the
entire -- this is 40 percent.

MR.  KRESS: |  know, but [|I'm just
reflecting the MOX and t he ot her fuel. The 40 percent
doesn't matter because, if you get that from 40
percent of the fuel, it's a significant matter.
That's why | say you could draw it any way you want ed
to.

MR. CLEMENT: Wththis transient, whereas
you would get cladding ruptures, these represent
ruptures at that tinme. That neans that once you get
the cladding rupture, at that time you al ready have
significant adjustnent. Thisis |ess than 30 m nutes.
Because you have to take care of it here. The
cl addi ng opens at the beginning of the experinent.

MR. KRESS: The cl addings are ruptured in
both those experinents.

MR. BOYACK: So what | hear Bernard sayi ng

is that with this MOX fuel, that if you have a
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significant rel ease at the time you have sufficient
fuel failing, thenit will come out. | nean, it wll
come out as soon as it's spilled. The question is,
how | ong until you have sufficient failures to --

MR. CLEMENT: | agree with what Dana sai d,
that we need to have nore data. What you could do
today is to reflect the fact that release will start
earlier.

MR. LEAVER It could start earlier. |
mean, soneone read from 1465, and it was joggi ng ny
menory. It's stylized actions, but it is true, |
bel i eve, that the rel ease, the gap rel ease, i s assuned
to begin when the rods are popped. So there is no
del ay there.

So one coul d argue, if you |l ook at this --
| mean, this would probably be too conservative, but
you could say that the significant release starts
basically at time zero.

MR. KRESS:. What | think Bernard i s sayi ng
istrue. If you followthat tenperature around unti
you get to about 1200, then the first fuel pops, and
now you haven't released the fission products up to
there, even though this line says there's fission
product rel ease, because that's already for failed

fuel .
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So what has happened is the fission
products are redi stributing thensel ves insidethe fuel
during that heatup ranp to sone extent, but they are
not being rel eased. Now you pop the fuel, and you' ve
still got to diffuse these -- you get rid of the noble
gases and the stuff in the gap, and then, actually, as
the fuel is starting to di ffuse now, the other stuff,
there's sone tinme, as it's still heating up, there's

some tine before you get to this part. This curve

will look different in the lattice. It will start
after the pop. It will cone up here sonmewhere. So
there will be a tinme before you reach a significant

amount on this curve, and this woul d have been of f set
over this way. So both of these curves will be offset
in a real accident over in this direction.

| think one could conpare that distance
right there, though, as a change.

MR. LEAVER Isn't that about a half an
hour ?

MR. KRESS: It's about 15 minutes or so.
These are hal f-hour marks here. " m thinking nore
| i ke half an hour. So we didn't drop it down to .25,
but maybe we shoul d have.

MR. G ESEKE: Then you get into the

progression of the nmount regularly.
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MR. KRESS: Yes, there's that issue, too.

MR. G ESEKE: There's that issue that
comes into play. That may be slower than the -- so
maybe it's better not to go all the way down to . 25,
but to pick a place in between. So you're arguing for
.3 instead of .47

MR. KRESS: Yes, | think it's shortened
nore than we said.

MR. BOYACK: So where did you end up, Ton?

MR KRESS: .3, which, you know, I
hesitate to throwthat up there, though, because that
could start giving people trouble. A .3 duration of
gap rel ease can cause significant problens to have to
deal with it. |If it's not allowed, | hate to --

MR. SCHAPEROW One of the ways | think
about this, and maybe this isn't quite right, but the
begi nning of the gap rel ease, the beginning of that
hal f- hour periodistheclad failure for alarge grade
LOCA. The end of the gap rel ease, the end of the .5
hours, is clad failure for a small break LOCA, which
is basically thetinme -- not long after that you start
getting significant releases fromthe pellet.

| think that gap rel ease timng does, in
fact, reflect the thermal hydraulics i ssue. Howl ong

does it take to heat up for a very typical or
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relatively fast severe accident scenario?

| " mappealingtoJiminthisregard. He's
had a | ot of experience inthis area on the heatup for
t hese di fferent scenarios: small break LOCA, station
bl ackout, and --

MR. SCHAPEROW It's apretty short period
of tinme.

MR LEAVER  Thirty m nutes.

MR. BOYACK: Let nme cone back to Dave now,
and see if you are ready to give ne a figure.

MR. LEAVER Is that what we want to do
her e?

MR. BOYACK: | thought so.

MR. LEAVER: | nean, first of all, we had
one test which suggests quite a bit earlier rel ease
from the fuel, maybe a .2, .3 kind of nunber, but
that's one test. W have another test that doesn't.
W al so have the fact that the fuel, the MOX fuel,
guess woul d tend to be toward t he out si de of the core,
which neans it probably wouldn't see the sane
tenmperature transient as the LEU fuel, which is nore
toward the center of the core.

W al so have maybe at nost half the core
that's m xed oxi de. W al so have recogni zed that this

30-m nute gap duration is for a very, very unlikely
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acci dent, |arge pipe breaks.

MR. BOYACK: As an individual, you're
allowed to say, "No opinion."

MR. LEAVER |' mtrying to understand what
we're going to do with this nunber, | guess. Wat are
we doi ng here?

MR. KRESS: W are going to fix the thing
about closure tine.

MR. LEAVER You nean neke it slamclose
faster?

MR. KRESS: Yes, which is a bad thing--

MR LEAVER | think that's a bad idea.

MR. NESBI TT: That's what we use the 10
seconds for, though.

MR KRESS: Oh, we use the 10 seconds.

MR. NESBI TT: Yes, that's right. Thisis
for the dose cal cul ation.

MR.  KRESS: This 1is just a dose
calculation. W aren't going to do anything withit.

MR. LEAVER: It's okay to tal k about these
t hi ngs because | think that sonme of the things we talk
about are necessary to understand when we nake
estimates of rel ease fractions, but really this nunber
doesn't have a huge effect unless we make zero; then

it mght. But it has to do, | think, with questions
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i ke, how quickly do you have to actuate drawdown
systens, systens that drawdown t he back in secondary
cont ai nnent, and how qui ckl y woul d you have to actuate
sprays in the primary contai nment? Those sorts of
questions | think are relevant, but as long as it's
tens of m nutes, a couple of tens of m nutes, then it
probably isn't going to have nuch effect, if any, on
pl ant desi gn.

But we could change the .5to .4. That's
not going to matter, even .3, but if you get nuch
| ower than that, then | think you could have an
i mpact. Frankly, | don't see all these -- there's
some conpeting effects here, and if there's a change,
| guess ny judgnment at this point, which probably
isn'"t worth a whole hell of a |ot because there's
not hing |i ke sone good, solid data; in the absence of
data, one is very uncertain, but | would say, if we're
going to change this .5 nunber, in ny view, it
woul dn't be nuch of a change. So | guess | kind of
end up where Dana was at the beginning, whichis, we
could say .4, just to acknow edge that naybe things
happen a little faster.

MR, BOYACK: Jin®

MR. G ESEKE: | like the .4 nunber. |

hate to go over to .2 or .3 based just on this one
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curve, but | think there's anindication it should go
down fromthe .5. | think .4 is enough to reflect the
direction of change.

MR. BOYACK: kay, Dana, you've already
gi ven your value. Any other conments?

MR PONERS: No.

MR. BOYACK: kay, Tonf

MR. KRESS: | still like nmy .3, as a
reflection of the differences between MOX and t he LEU.

MR. BOYACK: So you're basically | ooking
at the VERCORS RT 2 test?

MR, KRESS: |'mmentallyintegratingthose
with the raw heatup to a failure of a clad and a
subsequent other heatup to start releasing fission
product s. | don't know how to nake that nental
integration, but it does look to me like the
difference | see on there between those two tests
woul d be reasonabl e representati on of the differences
in this nental integration.

| shortened it some, but not as nuch as we
have up there. So | still like the .3.

MR, BOYACK: That's the RT 1 and RT 2
tests?

Ckay, and, Bernard?

MR, CLEMENT: I'd say .4. There's
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uncertainties, obviously. As you' ve witten, you can
start based on VERCORS experinents, but also | would
say there is some insights from gas release
nmeasurenents that tend to say that the rel ease wll

start earlier.

MR. PONERS: | just did kind of a crude
little calculation over here. | said, suppose |'ve
got these little nodules of plutoniumenriched

materials and around themare hal o points. How nany
of themdo | have up to next to the fuel cladded gap?
Is there a direct release pathway? There's no
i ncubation at all. It turns out a bunch.

MR. KRESS: You used a distribution
function?

MR. POVERS: The linear distance is
occupi ed by a halo around the perinmeter. So you're
feeding fission products in there pretty fast.

MR. KRESS: As soon as you fail the cl ad.

MR. PONERS: Yes, you're gettingalittle
bit as soon as you fail the clad. It is not a huge
anount, but it gets your attention.

MR. KRESS: That tendstotell nme that the
duration distance m ght be even shorter.

MR. POAERS: Yes, it may depend a little

bit on how you see the progressive in the |oading
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t hi ng, but you can make it shorter. Mself, | think
you' ve got a rmuch bi gger chall enge trying to get these
types of tables in this kind of approach to the source
termreflect higher release rates; that is, getting
material into the containnent earlier, for the
engi neered safety features to deal with for the early
i n-vessel release. | think that's nmuch nore
chal I enging nmental gymmastics that you're going to
have to do there.

MR. KRESS: Yes, that's a big assignment.

MR. PONERS:. \What you're going to cone
dowmn and see this next phase, what gets really
rel eased during this next phase really is cesium and
i odi ne. Everything el se, who cares?

MR, KRESS: And maybe a little bit of
tellurium

MR. PONERS: The only reason telluriumhas
any dose effectiveness at all is it decays to iodine.

MR. LEAVER No, there's sone - but, yes,
it's actually even cesium doesn't contribute nuch
relative to iodine. lodineis really the thing that
gi ves you the dose.

MR. PONERS: The cesiumonly works --
mean the 137 only works on a | ong-term basi s.

MR. LEAVER: Yes, long-term For exanpl e,
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a two-hour dose, that's all iodine.

MR. BOYACK: Let ne ask, these gas rel ease
nmeasurenents, do they have a nane of a series of
tests?

MR, POVERS: I would just |ook at the
Hal den dat a.

MR. BOYACK: Doesn't EDF have sone data,
too, on that?

MR. POVERS: Yes, | nmean there are a
variety of reports that have cone out of Hal den, and
they're continuing to generate nore. They're running
MOX and they're | oading up the gap a little bit. As
| say, the significance to attach for a boiling water
reactor operated in Norway by a Finnish crewor a PAR
| ocated in the southern part of the United States, a
little lost on me, but it gives you sone i nformation.

MR.  BOYACK: kay, let's nmove on into
early in-vessel, and just remind you -- see, I'ma
qui ck learner, Steve -- that the definition of the
phase, we have the start of this phase defined by the
end of the previous phase.

So what we say is, "During the early in-
vessel rel ease phase, fuel as well as ot her structural
materials in the core reach sufficiently high

tenperatures that reactor geonetry is no |onger
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mai nt ai ned, and fuel and other materials nelt and
rel ocate to the bottomof the reactor pressure vessel.
During this phase, significant quantities of volatile
nuclides in the core inventory, as well as snal
fractions of theless volatile nuclides, are esti mated
to be released into containment. The rel ease phase
ends when the bottom head of the reactor pressure
vessel fails, allowi ng nolten core debristofall into
the concrete nolten reactor pressure vessel."

Now we've sonewhat conprom sed that in
sone of the other discussions as we noved stuff back
and forth, | guess, but that's the latter two. So on
this one | think it's clear.

Ckay, guess who's first?

MR. G ESEKE: The issue, since it is
defined fromthe end of this to nelt-through, I don't
have any reason to change the nelt-through fromt hat
endpoint. Since we start a little earlier, we just
add alittle bit of tinme, the tenth of an hour, to the
early in-vessel duration tine to account for the
earlier start, whichis basically what we did with the
hi gh- bur nup i ssue.

MR. BOYACK: So you're actually offering
me a nunber of 1.37?

MR. d ESEKE: 1.4 1 believe is a tenth
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added onto 1. 3.

MR. BOYACK: kay, Dana?

MR. POAERS: | agree 100 percent with Jim
| see no evidence of a profound change in the core
degradation scenario. Perhaps it will, and if | was
going to highlight an area that | would be interested
in seeing howthings go, it is experinentally, thisis
one of the areas that | would |like to see experinents
done wi th sone of these, because | can inmagine all the
troubles that you had getting relocation correctly
nodeled in the code, that if we're changing fuel
chem stry and oxygen potentials and clad fue
interactions with this MOX fuel, there's a potenti al
her e.

But in the absence of having sone real
data on that, maybe there's sone insights fromthe
VERCORS experinments because they did seem to nelt
things out in interesting fashions, but that was
expl ai ned, that they were still | ookingintothat, and
they pre-oxidize onclads. Soit'salittletooearly
for me to get excited about that.

The core degradation scenariois goingto
about the sanme. If you stipulated that, you would
come out where Jimis comng out. W know that the

effect of that is that I am going to have a | ower
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release rate of cesium and iodine into the
cont ai nnent, when, in fact, if anything, the data say
it's the sanme rel ease rates or higher rel ease rates.

So now | ' mcaught on a -- | have a dil emmm
here. | nean the formalismis set up for one type of
fuel, and then | try to apply it to a different
phenol ogi cal area. How do | properly reflect what's
goi ng on here?

The only thing I can come up with on that
is that, okay, the timng, you have to be very carefu
with the timng onthis. You' ve sinply got to accept
Jims argunment that it is now 1.4 |ong.

VWhat | don't think | have to accept is
that the release rate is constant during that
interval. So | can say, why can't | have a triangul ar
or some ot her kind of rel ease rate during that period?
|"ve got to do sonething to reflect what | think I
know, and | can't do it living with the existent
formulas on it.

MR.  SCHAPEROW Are you talking about
release rate from fuel or release rate from the
reactor? It seens that there mght be a couple of
things to kind of snooth things out on the rel ease of
t he systens, such as steamflows and --

MR. PONERS: Not if you specify a |arge
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break LOCA as our groundrules. There ain't no guide
at all.

MR. LEAVER: There's no transport. | nean
it's very, very short, a mnute or two.

MR. SCHAPEROW That's considered here,
i ncl udi ng station bl ackout.

MR. POAERS: Your groundrul e at the start
of this was a | arge break LOCA

MR.  SCHAPEROW O a lowpressure
sequence.

MR. POMERS: A | ow pressure sequence.

MR. LEAVER: You'reright. Certainly the
hi gh- pressure sequences, thereis adelay, but I think
we probably shoul d be | ooki ng at the | ow pressure ki nd
of open system

MR. SCHAPEROW  The novenent throughout
the core, the tine it takes to propagate throughout
the core, maybe that's --

MR. POAERS: | nean, that's another view
of the thing.

MR, SCHAPEROW But that's not enough to
spread it out maybe over two hours, but --

MR. POAERS: That's another view, is to
say that this release rate is determned by the

propagati on of damage, has nothing to do with what's
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goingoninthe fuel itself. It's really the novenent
of burn front, and that's just not going to change
very much. So, yes, | will stipulate for you that
that's an alternate view

MR. BOYACK: | have two questions for you,
Dana. The effect will be, this is no evidence of
prof ound change. This effect will be a |l ower rel ease
rate of cesium and iodine into contai nment because?

MR. PO/ERS: Take the sane release
fraction and divide it by a larger time. That's the
probleml' mgetting into here. |I'mvery attracted to
what Jason says, whichis, no, no, no, releaserateis
just driven by how t he damage propagates through the
core, and you're not really seeing anything due to the
fuel at all.

MR. SCHAPEROW Again, | don't have a | ot
of experience there. Jimmy have nore.

MR. BOYACK: Then the second one was t hat
this conclusion is not consistent with data. Just
tell nme what data.

MR. POVERS: Vell, the data that I'm
trying to reflect is the VERCORS data that we have
seen with all the equivocations that Dave Leaver puts
in. You' ve got one that goes one way and one goes t he

other. So it's a work-in-progress there.
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Maybe it would help ne puzzle this out.
Is, infact, thereleaserate we'rereflectinginthis
early in-vessel, the rel ease fromthe fuel that we see
or is it damage propagation rate? Jason may be right,
it may be damage propagation, in which case | eave it
t he sanme, you know.

MR. SCHAPEROW Al t hough |' ve seen act ual
no core cal cul ati ons or any test results that show, it
only takes about 20 minutes to go fromone end of the

fuel rod to the other --

MR. POVERS: It's not one end to the
ot her .

MR SCHAPERON Al right.

MR. PONERS: It's this way that counts.
It's always this way that counts. | nean it's always

this way that counts.

MR. BOYACK: Is the 1.4 sonething | can
retain or do you want me to change it?

VMR POWERS: No, no, | nean, | think
you're boxed into that because | just don't think
we're inany positionto say that the core degradation
iswildly different. 1t's not that big of a change.

My only concern is the relocation story,
just because, Bernard can tell you, we have fought

| i ke crazy to get the codes to predict properly where
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fuel relocates, andit isintimately tied to the phase
di agram and how nmuch of the fuel is oxidized and how
much of it is interacting with the zirconium |In the
end, what the code guys do, they throwup their hands,
t he t her nrodynami ci sts, and they put in a tenperature,
and t hey adjust that tenperature until they can match
dat a.

Vel |, what that says is you' ve got to have
t he data because we need to do a MOX degradati on test
in order to confirmthis is a very subtle change to
things or this is a big change. Unfortunately, what
we're seeing is subtle effects in the experinents.

He can tell you, he can explainto you the
differences they observed between FPT-1 and FPT-3.
All it isis changingalittle bit of the steamfl| ows
and all the ranmping. | nean, you get big things on
t hi s rel ocation busi ness, and rel ocati onis what marks
the end of this.

MR BOYACK: Tonf?

MR. KRESS: Wuld you just back up and
rem nd me what our old nunber was for the duration?
That was for LEU fuel w thout burnup?

MR. BOYACK: That's 1465.

MR, KRESS: That's 1465? |'mnot goingto

add the .1 to it because | can't see any reason why
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the duration of the gap has anything to do with how
long it takes the core to nelt down and go to the
bottom So I'm going to keep the 1.3. | have no
reason to change it. | think the core nmelt process is
about the sane.

MR, POAERS: |If youdon't add to it, Tom
you're shortening it because it's the sum of those
t wo.

MR. G ESEKE: You're sayingthat the total
of the first two is invariant?

MR PONERS: Yes.

MR. G ESEKE: Well, then you' ve got to
change the second one. You change the first one, and
you' ve got to add.

MR. KRESS: | amnot saying the sumof the
two are invariant.

MR. G ESEKE: Well, you just said that.

MR KRESS: |'m saying the 1.3 is
invariant. | can do whatever | want to with the gap.
The 1.3 is howlong it takes it to heat up and nelt
down. It had nothing to do with the gap. It is
i ndependent of the gap.

MR PONERS: It is .5 plus 1.3, is the
time it takes to heat up and nelt down. You have to

add t he two.
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MR. G ESEKE: Yes, it's additive. That's

the way the table is built. Do you want to change t he
t abl e?

By definition-- hereadthe definitionto
you, right?

MR KRESS: | want reality. | think it
takes a certain ambunt of tine to heat up and nelt the
core. It doesn't have anything to do with gap
dur ati on.

MR. BOYACK: All we're saying is you' ve
used up four-tenths of an hour -- pardon ne -- three-
tenths of an hour in your first thought here.

MR. PONERS: Inthe original tableit says
it takes 1.8 hours to heat the core up and penetrate
t he vessel .

MR, KRESS: kay, | see what you're
sayi ng. I"I'l make it 1.4, too, because | want the
endpoi nt to conme out the sane.

MR. POAERS: Then you have to go to 1.5.

MR KRESS: | would do the 1.5.

MR. BOYACK: You were the one that had t he
shorter period of tine for the first interval. So
they're saying, if you go to 1.8 and hold that
constant, then this has got to be 1.5. That's al

they're telling you
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MR. KRESS: Okay, mmke it 1.5 to be

consi stent.

As far as if we end up with a total
rel ease fraction, which is going to cone out of MOX,
sonme of it, and sonme of it is going to cone out of
LEU, and they're going to cone out at different rates
and possibly different total anounts because the
rel ease of the MOX fuel is going to go higher than the
LEU, and then you're going to factor in the 40
percent . | think once you end up doing that and
getting a total anpunt, that probably it's just as
|l egitimate to draw a straight line for that as it was
to draw the straight line in the first place. It's
just a different straight |Iline. It goes to a
different |evel.

MR. BOYACK: Bernard?

MR. CLEMENT: 1.4, for the sane reasons as
for high-burnup fuel, as recalled by Dana.

MR, BOYACK: kay.

MR. CLEMENT: And, al so, the same remark
as Dana, we need nore data about degradation
experinments wi th al so measurenents over t he associ at ed
short-term because putting back fission products
rel ease kinetics, | agree with you it woul d probably

not be constant during this tine in general.
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MR. BOYACK: Is this a correct statenent
of the needs or a reasonably cl ose one?

MR. CLEMENT: Yes, if | come back to high-
burnup fuel, we said bundle experinents, bundle
degradation tests, because you want to |ook at
degradation. You cannot do that in a VERCORS test
with three curves.

MR POAERS: \What about the PHEBUS test?

MR. SCHAPEROW You can't dothat. If you

want to understand degradati on, you've got to have a

few rods.

MR. PONERS: A few rods?

MR SCHAPEROW Yes, it would be nice to
have 100, but we'll take 21, if that's all we can get.

MR. BOYACK: Ckay, Dave?

MR. KRESS: | think asingle straight |ine
is sufficient.

MR. BOYACK: Pardon ne? Go ahead and j ust
state it for nme.

MR KRESS: Constant release rate is a
sufficient representation of this phase.

MR. PONERS: You're putting the nodel out
of busi ness. You're putting your nodel out of
busi ness here.

MR. KRESS: We'|l have to apply the nodel,
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t hough, to get the input.

MR. SCHAPEROW Do you want to say it's
because of the m x of MOX? It's because of the m x of
MOX and LEU fuel in the core.

MR. PONERS: Fromthe MOX, but it's not
fromthe LEU, | don't think.

MR. KRESS: It was not 100 percent before
fromthe LEU

MR. BOYACK: Ckay, Dave?

MR, LEAVER: I would like to | guess
reflect the fact that at least in the RT 2 the
vol atiles conme out faster or at a | ower tenperature.
So | guess | don't want to increase the 1.3 hours.
|"m not sure if this result is, in fact -- we can
generalize, and there's certainly sone question about
t hat because of the other test, and we really don't
have a good explanation for that, but |I'm not even
sure we can generalize to |l ow volatiles.

We have a single duration for all fission
products, but, even with that, this is very, RT 2 is
a very interesting result, and it's hard to ignore.
So | guess |I'm not fixated on keeping the total
interval the same. It would seemto ne, at least in
the case of the volatiles, that the release could

occur faster. It's probably not constant and probably
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what we're looking at is maybe the interval is the
sanme, but it's a nonlinear shape. But that's way too
conplicated to even try to figure out. So | would
just say | will stay with 1.3 hours, which nakes the
overall interval slightly less than for the LEU.

MR.  SCHAPEROW That suggests core
degradation is faster, heatup, and everything --

MR, LEAVER No, |'m saying that the
vol atile rel eases occur at | ower tenperatures.

MR. G ESEKE: No, the definition for this
isuntil it knocks through the bottomhead. You want
to change the definition?

MR. LEAVER No, | don't want to change
that. | don't want to change that. | want to refl ect
t he fact that between the tine when this starts, which
we've sort of generally said nmay be a little sooner
t han 30 m nutes, that the vol atiles, at | east based on
this one test, and certainly we need sone
confirmation, but the volatile fissionproducts appear
to cone out faster.

MR. G ESEKE: No one denies that. | agree
wi th you 100 percent, but you're saying that it nelts
t hrough faster.

MR. LEAVER. No, |'mnot saying that.

MR. G ESEKE: Then you have to change t he
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definition. Thedefinitionisuntil it melts through.

MR. LEAVER Then | et ne pull out 1465 and
we'll see.

MR G ESEKE: He just read it to you.

MR. BOYACK: Yes, | just read it to you,
and that is, "This rel ease phase ends when the bottom
head of the reactor pressure vessel fails."

MR. LEAVER: Al right, but we also, |
t hi nk, generally, at | east sone peopl e have said, and
| believe that the release rate is not constant. Wen
we apply this to cal cul ations, we have no basis for
assum ng anyt hi ng ot her than a constant rel ease rate.
So if you' re going to assune a constant rel ease rate
and you want to reflect the fact that it really isn't
constant, and that they do cone out earlier, then --

MR. G ESEKE: | amgoing to say that when
| tal k about the rel ease rate.

MR. LEAVER  \What are you going to say?
I[t's not constant?

MR G ESEKE: 1'mgoing to say it's not
const ant. It conmes out faster. It cones out not
linearly.

MR. LEAVER: So you're going to have sone
ki nd of nonlinear rel ease rate?

MR. G ESEKE: Yes, when we get to that.
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MR. LEAVER  Well, how are you going to

deci de on that?

MR G ESEKE: Well, | don't know. I'l]I
just say it is. | can't define it, but when | get to
putting the nunber in there for how nuch is rel eased,
| amgoing to say it doesn't cone out uniformy over
the tine period. | think that's the place to take
care of this issue, unless you want to break this
time, | mean this period, intotwo parts or sonethi ng
l'i ke that.

MR. PONERS: That is one way to doit, but
if one believes that this rate of release is really
driven by the propagati on of core damage, rather than
rel ease fromthe fuel, then there's no reason to do
t hat .

MR. G ESEKE: Yes, that's true.

MR. BOYACK: The point is, David, that if
you want to stay with this, there's no problem It's
just that I"'mgoing to call out that it's --

MR. LEAVER Yes, itisalittledifficult
to do this and not tal k about rel ease fractions at the
sane tine. Let's go on and tal k about that, and t hen
we can revisit this as necessary. That's fine.

MR. BOYACK: Al right. One nore, and

t hen | unch.
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Dana, ex-vessel?

MR. POVERS: The ex-vessel release is
really conposed of two parts. One is the nelt-
concrete interaction and t he conti nued degradati on of
that fraction of the fuel that didn't degrade up to
t he point of vessel failure.

The nelt-concrete portion of it is
determ ned largely by how rmuch zirconium nmetal is
present in the core debris. Consequently, all those
t hi ngs, nothing seens to have changed. | just don't
see any change here. So | just can't justify changing
fromthe original value. That's two hours.

MR. BOYACK: Coul d you just go through the
two parts again, conpose the two parts?

MR, POVERS: It is the degradation and
expul sion of that portion of the core that did not
degrade during the in-vessel release. That's roughly
half the core. M own nunber, it's half the core.
The rest of it is due to the nelt-concrete
i nteraction.

Since | didn't believe the core
degradation changed in the vessel by any profound
anount, and | certainly don't believe that the nelt-
concrete interaction changes by any profound anmount,

| can't change the tine.
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Now if what we find is that there is sone
substantially different interaction of clads wi th MOX
fuel than what we have seen with | ow enrichnent
uraniumfuel, whichl will agreeis entirely possible,
t hen t hose nunbers coul d change. Fortunately, | think
they all go shorter. So | think we're reasonably
conservative with these nunbers.

MR. KRESS: Shorter is worse, isn't it?

MR. POAERS: Not by the tinme you' ve gotten
out tothis point. What you'rereally playingwithis
the long-termrelease at this point. The worse two
hours are now over. You're working on the tail at
this point. So how |ong does your tail take?

Now the other thing is that you have to
remenber nmelt-concreteinteractions puts up form dabl e
amounts of nonradi oactive aerosols. So it has an
i nherently limting effect onthe short-term | nean,
you get big particles at this point. So it kind of
marks the end of real high concentrations in the
cont ai nnent at nosphere at this point.

That's right; you know, it's kind of a
m xed bag on whet her you want to cover up with water
because, if you put up all this concrete stuff, it
really sweeps out the aerosol big particles for you.

MR KRESS: That's sprays, isn't it?
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MR. POVERS:. Sprays are real nice. | like

sprays.

MR. BOYACK: Ckay, Tonf

MR. KRESS: The same. | buy every bit of
what Dana said. That's just nmy view exactly.

MR. BOYACK: Didyou ever hear that before
or was that a wunique statenment, "I buy his view
exactly."?

MR. POVERS: Tom and | tend to be the
structuralists onthe Cormttee, and what we di sagree
with is over sone of the details of phil osophy because
he thi nks nore about these things, as they make ny
head fuzzy.

(Laughter.)

But | woul d say that we tend to vote alike
far nore often than we vote di sparately.

MR. BOYACK: Do you have "possuns"?

MR. POAERS: | didn't hear you.

MR. BOYACK: Do you have "possuns"?

MR. PONERS: No, | alnobst never have a
possum But when | do have to eat armadillo, | do put
nol asses on it.

(Laughter.)

MR. BOYACK: (kay, Bernard?

MR, CLEMENT: | would say two. | would
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say no reason to change now. Parameters that could
i mpact woul d be the ampunt and conposition of nelt
t hat goes through the reactor |ower head.

Here we cone to the point of degradation
experinments. |f degradation experinments show | arge
di fferences, not mnor but |arge differences, core
calculations will be needed, and at that time nmaybe
duration coul d be changed.

MR. PONERS: You can envi sion things that
woul d change radically. Because the M doesn't
oxi di ze very rapidly, the interoxide could be quite
thin in a fairly aggressive attack, get a large
honogeni zat i on, and sl unpi ng nuch qui cker, so that you
get things on the | ower head path.

On the other hand, it could go conpletely
the other way and nelt off the clad, it slunps down,
and you're left with a lot of fuel.

MR. CLEMENT: That's what | call a large
di ff erence.

(Laughter.)

MR BOYACK: Ckay. Al right, Dave?

MR. LEAVER: | agree with what Bernard
sai d.

MR, BOYACK: Jinf®

MR 4 ESEKE: The sane.
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MR. BOYACK: The sane as what ?

MR, 4 ESEKE: We'll nmake it, "See DL."
How s that ?

(Laughter.)

MR. BOYACK: Now you guys were too quick
on that one, which gives nme a chance to finish the
| ast one.

MR. PONERS:. Already he proves to be an
unreliabl e person.

(Laughter.)

MR. BOYACK: Well, that's true. But what
this will do is shorten the time to get through the
| ast one.

MR. KRESS: Now you've made hi m nad and
he's going to be obstreperous and hard to get al ong
W t h.

(Laughter.)

Tal king  about the suspension and
revapori zation, those things are suspending in the
primary system which | think we tal ked about hei ght
of what got rel eased.

MR. G ESEKE: Tal ki ng about what ?

MR. KRESS: Height of what got rel eased.
That's the way | read it.

MR. BOYACK: Let ne interrupt just for a
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mnute. | ambeing fed material up here, which hel ps.

Back to NUREG 1465, it really is the right
thingtodo. It isjust totalk about the definition.

"The late in-vessel rel ease phase
commences at vessel breach, proceeds sinmultaneously
wi th the occurrence of the ex-vessel phase. However,
the duration is not the sanme for both phases. During
this release phase, sone of the volatile nuclides
deposited within the reactor cool ant systemearlier
during the core degradati on and nelting may revol ati ze
and be rel eased into the contai nment."

MR KRESS: That is what | said?

MR BOYACK: Yes.

MR. KRESS: Now in the previous case, we
had about 25 percent of what was rel eased that was
available to do this. Nowwe're going to, |'mgoing
toincrease therelease fraction, sothat |I'mgoingto
have nore deposited and nore to revaporize.
Therefore, it is going to heat up faster, | think it
will heat up faster. At |least the contribution from
what's on the wall is going to be nore. The
conbi nati on of steel heat com ng from ot her places,
but I think this is maybe driven nostly by the decay
heat that's on the walls. | think that's about it.

So ny duration is going to be shorter for
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this because it's going to be nore there and it's

going to heat faster. How nmuch shorter isit goingto

be?

MR,  SCHAPEROW More fission products
deposi t ed.

MR KRESS: Yes.

MR. BOYACK: More deposited?

MR KRESS: Yes. \What was the duration
bef ore?

MR. BOYACK: Ten hours.

MR. KRESS: Ten hours? For the main in-
vessels, 10 hours? |1'mgoing to back off on what |
j ust said. I didn't realize it was 10 hours. I

t hought it would be like three hours. This change in
the amount deposited, it's 10 hours. | don't
understand that 10 hours.

MR. LEAVER  Hossein, where did that 10
hours cone fronf

MR. SCHAPEROW It says right inthere it
has to do with the anount revaporized.

MR.  NOURBAKHSH: W made a couple of
cal cul ati ons. One, SPCP calculations, but for
ext ended hours, to | ook basically at hownuch, because
only the revaporization of the rel ease fromin-vessel

-- we have only one or two cal cul ations, and Gei W
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did some adjustnents, but he used that.

MR. KRESS: RCS piping over a 10-hour
period with insulation on it?

MR. POAERS: | did sone cal cul ati ons, and
what we found is the -- | mean, this was really to
denonstrate that revaporization was a possibility.
Initially, we put cesi umhydroxi de down on t he surface
and | ooked at its heatup and revaporization. It cane
off quite quickly. | would say over the course of 45
m nutes to an hour. It was very qui ck.

Sonebody said, "But | don't really believe
in cesium hydroxide." | said, "Suppose we nake it
cesi um nonoborate,” and you'll see why | picked
nonoborate. They cane off pretty quantitatively over
t he course of three hours.

And | said, okay, suppose it's cesium
pent aborate. So I' mknocki ng down the cesiumparti al
pressures here with each of these steps, and it cane
out over the course of about 10 hours to t he extent of
about 25 percent on the material.

That range, we said, well, we have no i dea
what the surface deposit is going to be.

MR. KRESS:. You're assum ng that the whol e
pi pe heats up over this tinme and it's insul ated, and

there's none of this heat |ost?
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MR. PONERS: No, we had heat | oss roughly,

| think we were | osing sonething on the order of 2
nmegawatts. | nean we had a | ot of heat |oss.

VR. KRESS: Cesium pentaborat e,
signi ficant vapor pressure?

MR.  POVERS: Well, significant vapor
pressure? We were getting substantial vaporization,
which | take as partial pressureis 10 to the mnus 6
atnospheres. | think we were certainly hitting it by
the time we got to 800, 900 degrees centigrade. Now
we never nelted the pipe. We didnelt sone internals.
Upper internals were nelting out on us, but those
weren't doing it. Al that happened was that stuff
was goi ng on down and depositing back on the pipes.
There was a natural convection cal cul ati on.

MR. KRESS: And this is where the 10 hours
cane fronf

MR. PONERS: Yes, what we came up with
was, | mean our conclusion was, what revaporizes
depends crucially on what you assunme to be the
chem cal form W don't know. W argued that this
thing will fight |ike crazy to go to the |east
volatile formit possibly can, and because it was a
PWR, we had the borate available to react with, so we

di d.
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W had the Elrich experinents that
suggested it could very well forma silicate. W had
the British experiments that said it could equally
well react to forma chromate. All those things had
repercussions somewhere within the range we were
| ooking at. So we said, gee, it could go anywhere
bet ween, we said, three and ten hours.

Then Marty Plies took onthe MAP code, and
he said, | want to get into this game, too. He | ooked
at Peach Bottom What he was really | ooking at there
was t he heat up of the piping systemin the drywell due
to the core debris down below. He really wasn't doi ng
a natural convection cal cul ation

He had t he revapori zati on goi ng on for 50
hours. So you can get any nunber you want to. I
suspect the authors of 1465 | ooked at all this and
said, "Ah, 10 hours."

MR.  KHATI B- RAHBAR: If you | ook at the
MELCOR cal culations, if you look at the MELCOR
results, Dana, you can run the code as | ong as you run
to get revaporization. There's no end in sight.

MR. PONERS: That's right. | nean, it
starts and it goes forever.

MR, SCHAPEROW I n NUREG 1465 it doesn't

tal k about a stopping point. It says, "the tine at
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which 80 percent of the revaporization happened.”
There are sonme words to that effect.

MR. BOYACK: VWhat it says here is,
Reference 17, "After review of the source term
uncertai nty nmet hodol ogy used i n NUREG 1150 esti nmat es
the late in-vessel release phase to have been a
duration of 10 hours.” What | detect is it was just
sort of pick a tine.

MR. POAERS: I n other words, a nunber that
gives you a long-term tail on the source termto
reflect what we thought was | egitimte physics. The
probl emis, one of the biggest the NRC bought into the
PHEBUS experinments, isto have a reasonably prototypic
test as far as conmposition, to have a reasonabl e i dea
of what the chemi cal conposition was in the piping
system Because | can turn the revaporization off
conpl etel y. You let me pick the fission product
chemcal form and | canturnit to zero or | can have
it all cone off in a half an hour, as | ong as you gi ve
me that flexibility.

MR. KRESS: Gven all that, I'mgoing to
keep 10 out.

(Laughter.)

| can't change that.

MR. G ESEKE: There's not strong enough
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variation to change it.

MR. PONERS: Victoria has been run out for
fairly limted periods of time, and Victoria finds
many i nteresting things that we just never pursue, for
the FPT-1 test in setting up, or FPT-0 test, for
setting up the instrunentation, where we cane back and
recommended instrunments be saved at the end of the
t est because we were cal cul ati ng the cesi umi odi de was
deconposi ng on t he surface and you were getting i odi ne
gas coming off or gaseous iodine comng off, after
t hey had shut down the experinment, but still had fl ow
fromthe system

This is after they've gone through the
core degradation, and they turned the test off, but
t hey keep the fl ow goi ng through the system Wat we
saw was the iodides on the surface were getting torn
up, and we were getting |long-termrevapori zati on.

MR, BOYACK: |'m going to nove on now
because Dave's hungry, not to say ne.

MR. CLEMENT: Ten. No reason to change
associated with MOX fuel.

MR, BOYACK: Dave?

MR. LEAVER: | would agree with Bernard's
st at enent .

MR G ESEKE: "See BC "
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MR. LEAVER Revapori zation cal cul ati ons,
why woul dn't you want to -- | mean even i odi ne | guess
there can be different forns, but certainly you expect
to be cesiumiodi de, that woul d be and that i s nost of
the heat, | mean a substantial fraction of it. So
that would be -- you're right, absolutely, the
chem cal formhas a huge inpact, but that woul d be a
good one to do.

MR.  POVERS: For 1150 we did cesium
iodide, tin telluride, nickel telluride, ruthenium
di oxi de, cesi umnol ybdenate, cesiumurinate, and the
answer is they revaporize as they see fit. You can
actual ly get a chromatic graphic effect. It just kind
of m grates down the piping system It depends onthe
size of | each you have. | neans, like | say, give ne
flexibility on the fission product chem cal formand
| can get you any result you want. You |let me know
what result you want; 1'll get it for you.

MR, BOYACK: | would like the result on
the | ate in-vessel

MR. POVERS: Obvi ously, 1'mgoingto stick
with 10 hours. |'mgoing to have you put a caveat in.
Dave is right that, if releases are qualitatively the
same, in-vessel releases are qualitatively the sane,

t he dom nant source of heat really is theiodide. If,
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however, we see substantial amounts of release of
either the rutheniumor the bariumand strontiumin-
vessel, they can accelerate the revaporization
rel ease. But right now!l don't see strong bases for
doi ng that. | can see bases for enhancing the
nol ybdenum rel ease in-vessel; it just doesn't carry
enough heat to do anything. They've got to be
different than --

MR LEAVER They are already 2 percent.

MR. POAERS: They've got to get up around
20 percent.

MR LEAVER  For MOX?

MR. POVNERS: You get up to those |evels
and then you start pulling with the heat a little
mor e.

MR. LEAVER  \What basis do you have for
saying for MOX fuel strontiumbariumis 20 percent?

MR. G ESEKE: He says it has to get to 20
before it will affect his heating.

MR. LEAVER. Ch, okay.

MR. KRESS: No, no, |'m saying you're
going to rel ease that --

MR. LEAVER. You're saying that? Wy are
you sayi ng that?

MR. KRESS: Wiy? Integrating a fission
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product rel ease nodel that puts bariumand strontium
inrelation to the cesium and |'mreleasing all the
cesium |I'mreleasing all the cesiumfromthe MOX
And the question is, hownmuch of the bariumstrontium
am | releasing? |1've got a nental nodel of how
related to cesium and then it gets up to about 15, 20
percent, ny nental nodel.

MR. POAERS: The reason you get interested
inthings likestrontium and whatnot, is becauseit's
beta. Wen you put so nuch of that heat actually in
t he deposit --

MR. BOYACK: Those of you who would |ike
to go to lunch now can do so, but we're going to be
com ng back at one o'clock. Those of you who would
like to stay and tal k may do so.

(Wher eupon, the foregoing matter went off
the record for lunch at 12:17 p.m and went back on

the record at 1:11 p.m)

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

405
AAF-T-EERRNOON S-E-S-S1-ON
(1:11 p.m)
MR. BOYACK: Wien we left, | had finally
wor ked out t hrough Tomt he opportunity to go ahead and
| ead, if you would. We're on noble gases.
MR. CLEMENT: Ckay, noble gases. So |I'm
wondering for gap rel ease whet her --
MR. BOYACK: | was just going through not
putting nunbers.
MR. CLEMENT: Two pieces of information.
The first one is on the French side what is assessed
for MOX fuel for design basis |large break LOCA, as
first presented last tinme by Jean Schiliva. |In that
case, it's 0.05 for MOX up to 37 EON base per ton. So
37 is not so far fromwhat we are dealing with today.
So we coul d ei ther keep the 0.05 | i ke that
or increasealittlebit toreflect differentialswth
boron-rich uraniumfuel with the same burnup. So I'm
not so sure about can we come inwith 0.05 or 0.07, as
we did for high burnup.
MR. BOYACK: | think as we start these
di scussions it's fair to |l et other peopl e go ahead and
of fer their coments.
MR. SCHAPEROW Wbul d t here be any val ue

in putting up the PWR hi gh-burnup table that you had
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bef ore?

MR CLEMENT: It was 0.0 --

MR. SCHAPEROW It just seens like we're
going to -- we seemto be headi ng down that road.

MR. BOYACK: Did you say fromthe high-
bur nup?

MR SCHAPEROW |"'ve heard a lot of
statements about how this may have quite simlar
behavior and it may burn up fuel. W have these
rates. There may be a little earlier degradation in
sone cases. | don't know. Maybe |I'mdraw ng too big
a conclusion fromthat.

MR. POAERS: | think at our |ast neeting
we got presented sone information on the gap
inventories. Simlarly, there's literature on this.
It seens to nme that, yes, it's pretty clear that the
gap inventories can be a little higher, but they're
all within the 5 percent |evel. | don't see any
reason to -- | nean, renenber these guys are keeping
their average burnup in the 40s. That's about where
that table canme from W were thinking 38 at the tine
we put that table together; 38, 40, | nmean that's al
ki nd of the sanme nunber. You're not going past the
transition where you get a change in structure. You

may be feeding it alittle nore, but you're still --
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| nean, there's supposed to be margins within that 5
percent, and | think there is.

MR. SCHAPEROW | take back my comment
then. | just sawwe were starting to nove toward down
the road of a high-burnup fuel behaves |ike a MOX
fuel --

MR,  POVERS: | think you've got nore
argunents when you get to the in-vessel rel ease, but
for the gap --

MR. CLEMENT: 0.05 for gap rel eases and
0.95 for early in-vessel.

MR. BOYACK: Ninety-five, right, and then
00, I can take it fromthere.

MR. NOURBAKHSH: That .95 indication is
100 percent.

MR. CLEMENT: Okay. Wen we expressed our
position fromthe French poi nt of view, we always gi ve
the total release for that. So that nmeans in-vesse
and early in-vessel and |ate vessel, the .95. Ve
don't make the distinction.

MR. BOYACK: kay, let's see, so, Dave, |
guess what | didthere, there was a rational e that was
given, but | was sitting back and listening in awe.

MR. LEAVER Bernard's .95 is a tota

rel ease. So to be consistent with what you were doi ng
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yesterday, you will want to make that notation

MR. BOYACK: Thank you. Okay, Dave?

MR. LEAVER: Yes, .05. | think that there
is sone data. Patrick Lanpah presented at the | ast
neeting show ng higher fission gas inventory, but
there is some margin in the 5 percent. So | think
Dana's point is a good point. | think any change t hat
| could nmake would be sort of the same as the high-
burnup. | have trouble with the .07. So while one
coul d make argunents that the .05 shoul d be i ncreased,
| think that there's enough margin.

Do you want to do the early in-vessel,

t 00?

MR. BOYACK: As | ong as we' ve got started,
sure.

MR. LEAVER Yes, on that one, | feel |
need to -- since the release seens to start sooner

and | know there's this question about, is it a core
degradation-driven release or a fuel release, and |
need to think about that point, but I'mnot sure that
you coul d argue that the core degradation is faster,
but maybe it's a little bit faster.

But | guess initially nmy thought is that,
if you take the 40 percent release, total of 40

percent, | guess it's 35 percent for early in-vessel,
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roughly, where that cane fromwas a rel ease of perhaps
up to 70 percent of the iodine from the fuel and
retention of about half of it, which I think is an
okay way to think about it.

| think in the case of MOX probably

that --
MR. NOURBAKHSH. This is nobl e gases.
MR LEAVER \What's that?
MR. NOURBAKHSH. This is nobl e gases.
MR. LEAVER  Ch, | was thinking iodine.
["m sorry. OCkay. Yes, all right, | was thinking
i odi ne.

MR. BOYACK: | probably shoul d have backed
off. Wiy don't we just finish the gap rel ease and
t hen take these discussions one at a time?

Ji n?

MR. G ESEKE: | can go with the .05 since
that's the same as -- a little bit higher nunber,
which it mght be; .05 is a good nunber.

MR. BOYACK: And just for the heck of it,
Dana, could you quickly rattle off your rationale
agai n?

MR. POAERS: Well, the rationale is based
on t he dat abase we' ve seen, limtations to the burnup

that are to be i nposed, and the fact there's probably
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margin in the 5 percent level. | haven't seen data
suggesting that I will be nuch above 5 percent on the
gap i nventory.

MR BOYACK: Tonf?

MR. KRESS: .06. | don't know how much
margin is sufficient, and if we had a margin of 4,
maybe we' |l have nore inventory in there. Maybe we
ought toincrease it toreflect that we think there's
nore inventory in the gap for MOX fuel, and |
arbitrarily just nade it a little bit, just to
indicate that there's nore in there. The .06 is no
different than .05. It's just an indicator.

MR. BOYACK: Anybody have any statenent
about needs at this point?

MR CLEMENT: When we have di scussed about
this point for high-burnup fuel, we have stated that
for future LOCA experiments that will be perforned in
various spots it would be worthwhile to have in many
cases a nmeasurenent of rel ease for gases and al so for
ot her fission products. If there are LOCA experinents
with MOX fuel, | think the sane requirenent is to be
done.

MR. POAERS: Yes, it seems to me it's a
| ogical thingto say. W are going to get sone Hal den

data, and that will give us fission gas, but it didn't
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gi ve us anything el se.

MR. BOYACK: Ckay, let's go now to the
early in-vessel phase. Dave?

MR. LEAVER: Wy do we have this chart up
over here, Brent?

MR. BOYACK: Wi ch one do you want?

MR. LEAVER. Yes, that one, yes.

| think for the MOX fuel it seens we have
this data point of an earlier volatile release. |
guess if one were to just sort of sinplistically say
t hat roughly half the core is MOX, and we believe this
nunber for LEU of .63, and we say, to be conservati ve,
the MOX woul d rel ease 100 percent of the nobles in
this period, whichis what we originally said in 1465
for LEU, which I think was conservative, but | think
t hi s approach here for the high-burnup fuel, the U2
fuel, is a good concept. | don't know about the
nunber .

Then | woul d say pick a nunber that is an
average of the two, which would be, say, .78 or .80,
for a total of 85 percent during this period of gap
plus early in-vessel.

MR. NESBITT: Can | interject a question?
Are you all looking at the core inits entirety when

you do these MOX ratings or are you | ooki ng at the MOX
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fuel --

MR. LEAVER. W shoul d be | ooking at the
coreinits entirety, and assum ng t hat maybe hal f or
alittle less than half of it is MOX

MR. NESBITT: |If that's what you all are
doing, | think you need to make it cl ear because | was
ki nd of assum ng the other way around. | thought you
were comng up with the source termfor the MOX fuel
inapartial MOX fuel core and you would rely on sone
sort of integration, dependi ng on how nuch fuel is in
t here of each type.

MR. LEAVER | woul d propose that we do
this, think about this the way we di d t he hi gh-bur nup,
which is it's for the total core, where we have a
qualification here, which is that the kind of
fractions you are tal king about of the core are MOX
something in the range of 25 to 50 percent. So at the
outside it woul d be 50 percent. Nowif sonebody wants
to cone in with a core of 100 percent MOX or 80
percent MOX, then maybe this wouldn't apply.

MR. CLEMENT: That neans we have to make
the arranging here. So which burnup should we
consider for the LEU fuel? 1'msorry, but --

MR.  BOYACK: No, that is an excellent

question. | hadn't thought about that.
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It is going to vary. It

years.

MR. LEAVER: What were you licensed to for

your LEU fuel --

MR.  NESBI TT: What are we currently
| i censed?

MR. LEAVER  No, what would you be when
your mixing in MOX? Still the sane?

MR NESBITT: Who knows?

MR. LEAVER. Huh?

MR, NESBI TT: Wio knows? | nean, |I'm
serious. | have no idea.

MR. KRESS: The 65 will probably still

appl y.
MR SCHAPEROW I would like to nmake a

point that in the earlier assessnment of release
fractions for PWRs, built into that was an assunpti on
t hat about 70 percent of the core would heat up to
t hese hi gh tenperatures before | ower head failure. So
we have a snaller nunmber there than we used to.

MR. LEAVER: No, we still have 70 percent.

MR. SCHAPEROW  Ckay, but you just gave
hi m . 80.

MR LEAVER  Yes.

MR. SCHAPEROW So you're suggestingin a
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MOX core a larger percentage of the core would be
i nvol ved with heatup and rel ocations --

MR LEAVER No, what |I'm trying to
reflect is ny concept, right or wong, and for which
there's data to the contrary, is that the volatile
fission products cone out faster in the MOX fuel
whi ch neans, if we're going to sit there and hold it
for this period of 1.3 hours, or whatever that
interval is, it's easier for ne to visualize that you
could get to essentially all the nobles rel eased.

MR. G ESEKE: Only inafuel that's failed
and nel ted.

MR. LEAVER. Well, yes.

MR. G ESEKE: VWich is -- | don't know
what we sai d before --

MR LEAVER Right.

MR. G ESEKE: -- 60, 70 percent of the
core. | think we used 70 percent of the core. That's
t he basis for our nunbers. The first two total the 70
percent because 70 percent of the fuel was nolten and
30 percent was still standing at the end of this tine
period. So we put 100 percent rel ease --

MR. LEAVER Still standi ng neani ng what ?
Does that nean the clad is still intact or?

MR. G ESEKE: Yes, pretty nuch so, but
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that's insignificant conpared with the rel ease you get
if you nelt it in any case. Because we say if the
clad fails, you only get 70 percent w thout nelting
it. If wenmelt it, then you get basically 100 percent

or the rest of it.

Go ahead. |'msorry. It's not ny turnto
tal k.

MR. BOYACK: If you want, | think we could
go around. See, | have no objection --

MR. LEAVER | amnot sayi ng 70 percent of
the core is nolten. | mean, TM, you rel eased about

55 percent of the nobl e gases, and you di d not have 55
percent of the core nolten. You don't have to nelt
fuel to release nobl e gases.

MR. G ESEKE: That's right, but you have
to fuel the cl ad.

MR. LEAVER Yes, you do. | think it's
conservative to assume 100 percent, but who knows what
the hell it is. But at this point I think, in the
absence of data, this being provisional, prelimnary,
it's probably not a bad idea to be a little
conservati ve.

MR.  BOYACK: It's always difficult, a
little noredifficult, for the first personto haveto

go ahead and give a nunber, which is fine. 1'mglad
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to have it. But what | would like to do is nove
t hrough, and t hen t here's not hi ng, absol utely no wong
-- it's actually good if during the course of
di scussi on ot her points are nade and t he person cones
back and says, "Hey." Tom s done that once or tw ce.
So let's do that.

So, Jim your conments?

MR. d ESEKE: | am going to depending

MR. BOYACK: The way the wind is bl ow ng?

MR. POAERS: He's a flexible person.

MR. KRESS: What do you do when you find
out you're wong?

(Laughter.)

MR. POAERS: Resist |like a son-of-a-gun.

(Laughter.)

MR. BOYACK: Ckay, Jim you said -- now
it's your turn.

MR, G ESEKE: | am going to say 65
percent, .65 here, which is kind of an esti mate of how
much of the fuel is going to be either nelted down or
the cladding failed to release, or we figured 7
percent of the cl addi ngs failed, sonething |ike that.
So | figured 65 is a good estinate.

MR, BOYACK: Dana?
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MR. PONERS: 0.65, for exactly the sane

reasons Jimwas articulating there. | amtaking about
hal f the core as nelting over this, actually melting
and slunping, but there's another fraction of it
that's suffered some substantial thermal insult, and
that gets after the fission gases pretty good here.
So .65 | ooks |ike a decent estimate to ne.

What | believe is that this nunber is
driven nore by core damage than anything about the
details of fuel mcrostructure and things |like this.

MR. LEAVER: As opposed to an iodine or
cesi unf

MR. PONERS: Yes. It seens to ne that it
will allow nme to integrate over 1.3 hours; a |ot of
the kinetics just aren't very inportant to me. As to
whet her you're nelting it or not internally, | take
half of it as nelted, and a third of what remrai ns has
gone through some substantial thermal insult.

MR BOYACK: Tonf?

MR. KRESS: | amthinking.

MR. BOYACK: kay, that's all right. W
can wait.

MR KRESS: [It's .6523.

MR. BOYACK: Two extra deci mal points,

whoa.
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(Laughter.)

MR. KRESS: You didn't type that in, did
you? .65 is going to be all right with me, and it's
for the same reasons. | was assum ng about half the
core was MOX and about half of that woul d undergo t he
hi gh tenperature nelt, and that half the MOX woul d
rel ease all of its noble gas, and then you' ve got the
other half of the core as LEU, and sone bigger
fraction of it, like nbst of it, is going to go
t hrough the high tenperature nelt. It's going to
release simlar to what we had in the other one.

Wien | put all this together, it canme out
close to 65. So | just said 65 is a good enough
numnber .

What ever G eseke says is probably right,
and he didn't even have to go through all of this
machi nation. He just did this, and there it is.

MR. PONERS: That seens to be what he did
for the source termcode package stuff, wasn't it? He
j ust made up new graphs?

MR. NESBI TT: Pardon ne for an
interjection. It seens to nme an inplicit assunption
that you're | ooking around a 50 percent MOX core in
t hese nunbers. | ask that you nake that inplicit

assunption evident in the report.
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MR. POAERS: My nunber does not depend on

what fraction of the core is MOX

MR. KRESS: Wll, mne did because |
assuned that MOX t hat underwent the full tenperature
transient released all of its fission products, noble
gases. But 1'd assune sone of it didn't -- well,
including the full transient, because sone of the
residual fuel is left inthere. So that split was on
account of an arbitrary nunber. | don't know how nuch
is going to go through it and how nuch isn't.

MR. LEAVER: Are you assuming that all of
t he LEU f uel undergoes the transi ent, but only hal f of
the MOX will? | nean, that's your rough concept?

MR. KRESS: It was nore |ike 70 percent of
t he LEU.

MR LEAVER  Seventy percent of the LEU?

MR KRESS: Yes.

MR LEAVER  And about half of the MOX?

MR KRESS: Yes. And that 70 percent
rel eased -- you know, this nunber has inplicit, the 63
has inplicit, a fraction al so.
LEAVER. Ri ght.
KRESS: So | have to convert that.

LEAVER. Ri ght.

2 3 3 %

KRESS: Then when | did all that, it
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cone out to about 65. It canme out, and | don't
remenber what it was, but it was cl ose enoughto 65to
sound like it was a good nunber

MR. LYMAN: Can | nake the suggestion, as
a menber of the public, that you reconsi der whet her it
shoul d be based on a partial MOX core or not? Because
| think for understandi ng what you're doing, if you
want anyone who is reading this report to be able to
understand it, | think you want to isolate the MOX
portion, particularly the MOX I mean because
ot herwi se everyone is using alnost a different core
fraction in their mnds. |It's going to be very hard
to obtain.

MR. KRESS: That's aninteresting thought.

MR BOYACK: It's a reasonable point.

MR. KRESS: You'd get entirely different
nunbers if you did that.

MR. NESBITT: | hate to agree with Ed, but
inthis case | think he's right.

MR. KRESS: O we could say a constraint
on these nunbers is that 50 percent of the core is
MOX. That could be a constraint on the nunbers.

MR. G ESEKE: | think we establishedit's
nore likely to be 40 percent.

MR. KRESS: Forty is the sane as 50.
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MR. G ESEKE: Oh, | see, nowyou're saying
it doesn't make any difference, which is what | woul d
have said --

MR. KRESS: Between 40 and 50, it doesn't
make any difference, but between 50 and 100 it
probably nakes sone di fference. That would work. We
were just considering 100 percent MOX

MR. BOYACK: The issue has been raised,
and t he poi nt has been made, that fromthe standpoi nt
of trying to discern the effect of MOX al one, if one
considered a MOX core, totally a MOX core, and then
went through this process, you woul d have a very cl ear
insight, if you had a MOX core.

MR. KRESS: Then sonebody coul d take their
fractions and adjust these by the fractions they
actual ly have; that woul d nmake sone sense.

MR NESBITT: You don't have to assune
it's all MOX You just have to assune that your
rel ease fractions are based on MOX

MR. G ESEKE: Look at what we di d wi thout
MOX. You get 70 percent through early in-vessel and
no MOX at all. Here we're saying 70 percent through
i n-vessel with MOX. So it doesn't nmake any difference
inthis case, but this is noble gases, and it's good

t o have t he conversati on because down t he road, as you
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go down the Iist of groups here, you' re going to get
into situations where you care about it.

MR. BOYACK: So what happens is that, if
you give a straight MOX conposition, then sonmebody
downstream has to do the integration.

MR. KRESS: What they're going to do
downstream | think, is take the old source term and
t ake t he MOX source termand add t hemt oget her rel at ed
by the fraction of MOX. That's what they're going to
do. | don't knowif it is the right thing to do, but
it makes about as nuch sense as anyt hi ng.

MR. BOYACK: Well, but it woul d be easier
for us to work through as a panel a straight MOX, |
t hi nk.

MR. KRESS:. Yes, at |east you're thrusted
with straight MOX, rather than factoring in these
percentages. It makes sone sense to me to do it that
way.

MR. G ESEKE: The problemis yesterday we
wei ghted it according to percentage of high-burnup.

MR KRESS: Now that's harder to do.

MR. 3 ESEKE: Because they're all goingto
be the same, and it's not an a priori variable,
vari abl e.

MR. KRESS: Yes, but you're right, we
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coul d have assuned it was all hi gh-burnup and |l et t hem
factor in the fraction of the other two.

MR.  BOYACK: Bernard, was this your
initial suggestion sonetinme ago?

MR. CLEMENT: | was raising the question.
It was a thought, yes.

(Laughter.)

MR. SCHAPEROW 1' mt he one who suggest ed,
what happens when we go all the way to 100 percent?

MR, BOYACK: Wll, to nme, it's the
custoner that's going to use it. So | can go either
way. But | do sense sonme sinplicity. Not only that,
but it seens to nme that you have a longer life, shelf
life, for theinformationif it's MOXtotally, because
then as there are these changes downstream vyou just
adj ust accordingly.

MR. KRESS: And people wouldn't have to
make this integration or wouldn't have to figure out
how we made this integration oursel ves.

MR. CLEMENT: But this is different than
from hi gh- burnup because for high-burnup you cannot
i magi ne having a whole core wi th high-burnup fuel
You cannot imagine that. The proportion of MOX may
vary.

MR,  SCHAPEROW It would help to
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stream i ne neutronics though.

MR KRESS: | don't think so.

MR. LEAVER  Constrai ned by what --

MR, SCHAPEROW The neutrons, the
fissioning rates, the decay fraction, or whatever
affects control --

MR. LEAVER: Do you nean in terns of what
fraction of the assenbly is going to be MOX?

MR. SCHAPEROW -- controller reactor.

MR. KRESS: He's tal king about the del ayed
neutrons and control. You can still control them
You coul d have a whole core of MOX if you wanted to.

MR LYMAN: You are not doing a whole
neut roni cs anal ysi s.

MR KRESS: No.

MR. LYMAN: All you're doingis arelease.
It's not like you're studying a whole MOX core and
then have to do the whole reginen for a whole MOX
core. |It's this particular calculation

MR. KRESS: So you wouldn't have to
confuse that --

MR. LYMAN: You're not puttinginformation
about the spectrum anyway.

MR. SCHAPEROW | would have to talk with

sonebody else in ny office before we went that far
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That's a change to the original intent of the -- it's
not a bi g change, but | can nake sonme calls nowif you
want to take a break.

MR. KRESS: It m ght be worthwhil e because
it makes sone sense.

MR SCHAPEROW  This is kind of a big
change for ne to just say let's do it.

MR. LEAVER. We have a |l ot of questions in
our m nds about core damage progression in MOX, and |
guess | take just a little bit that there's not nuch
basis for taking confort in doing these estinates
because of | ack of data, but | dotakealittle bit of
confort in the fact that realistically | expect this
core to be nostly LEU. So even if there are sone
significant differences insone of these phenonena for
a MOX core degradation, it's |less than half the core,
and so | figure, gee, | can't be too far off in sort
of trying to imgine an LEU core with sone MOX
assenbl i es. Now if you say 100 percent MOX or 90
percent MOX core, |I'meven nore unconfortable.

MR. NESBI TT: You can have it both ways.
You can say these are the rel ease fracti ons we assune
for the MOXfuel withtheinplicit assunption that MOX
is 50 percent or less of the fuel in the core. You

can have it both ways.
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MR. LEAVER. That woul d be okay.

MR. BOYACK: |'ma happy canper. 1 can go
any way. Dana, any thoughts?

MR. PONERS: | amgoing to be maki ng such
nodest adjustnments to the original PARtabl e that have
nore to do with the other features than the MOX-ness
of the fuel. For instance, | will be adjusting the
telluriumreleases alittle bit back toward what they
originally were because of the Mb clad. The other
rel ease fractions | think are, the inportant ones --
that is, the cesiumand iodine rel eases in-vessel --
are driven by the extent of core degradation so nuch
that it isreally fairly inconsequential to ne whether
you | ook at those things as the MOX fuel al one or the
entirety of the fuel.

Nowif that entirety of the fuel was very
hi gh- burnup fuel, that woul d be a probl em but | don't
think that's the case. No matter how they run the
reactor, at any one tine the |ow enrichment uranium
fuel won't be alot of it -- | mean you're only toying
wi th 60 percent of the core, so maybe 20 percent of it
could be very high-burnup. So it really doesn't
i nfl uence ne one way or anot her.

MR. BOYACK: So it doesn't really, in fact

-- we've got now three options: continue as we
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started; full MOX core, and the | ast one was just the
MOX fuel assenbly release fractions in one of these
cores that has about 60 percent LEU.

MR. SCHAPEROW Howis that different from
how we started?

MR. NESBI TT: Because you don't have to
snmear your release fraction to account for this nuch
of the fuel is uraniumand this nuch is MOX, uranium
is going to do this, and this nuch is going to be
melted, and MOX is going to do this; this nmuch is
nmel t ed.

MR. KRESS: |f you did that, your rel ease
fractions would be the sane as if you assuned the
whol e core was MOX, | think.

MR. CLEMENT: It depends on how we woul d
consider the values. If, fromindications that we
have that we can have higher release rates with MOX
fuel, generally speaking, if we consider that, roughly
speaki ng, for an intermnedi ate burnup, MOXfuel behaves
roughly |i ke a high-burnup of LEU fuel. [If you nake
t he average, | think we should cone to val ues that are
not so different fromthe hi gh-burnup fuel, given the
uncertainti es we have ri ght now because of the | ack of
dat a.

MR. KRESS: The hi gh-burnup fuel, I think
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we woul d call one-third of the fuel high-burnup. The
MOX we're calling it half the core. So you m ght get
nunbers that are a little higher for the MOX, if the
effect of the MOX is about the same as the effect of
hi gh- bur nup fuel

MR. G ESEKE: | can't inmagine that you're
going to know anything close enough to know the
di fference between .3 and .5 for the MOX, except for
Tom Kress, who makes it .6523.

MR. KRESS:. |If they're going up, | can go
up.

MR. SCHAPEROW Wy don't we continue as
we were doing, and | will go to see if | can get sone
further gui dance as to whether we can switch over to
j ust considering MOX and not worrying about the rest
of the core. kay?

MR. NESBI TT: Make sure they understand
that it's straightforwardto transformit tothe whole
core if you've got the MOX nunmbers and the LEU
nunbers.

MR. SCHAPEROW Well, maybe. |1'Il1l be back
in a few m nutes.

MR. G ESEKE: Who had the | ead on t he next
one?

MR KRESS: | think Dana's the one.
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MR 4 ESEKE: The next nunber is . 3.

(Laughter.)

MR. KRESS: | think Dana's point suggests
t hat he woul d go back and change t he 1465 nunbers for
LEU fuel, and then if those were changed and we did a
full MOX, and you | et sonebody aggl onerate those by
the percentages, then you would have a coherent
system But |et Dana say, what he's going to do now
is, rather than go back and fix the 1465, he's going
to factor that into what he says thisis. It's going
to confuse the heck out of a |ot of people because
they're going to say, "Were in the heck did that cone
fron?" As | ong as you' ve got enough of your rational e
up there, | think it could be figured out. But |
woul d rather, to be rational, say 1465 nunmbers ought
to be changed to this, and, oh, by the way, if you had
a full MOX core, it ought to be this, and you guys
figure out how to put them together

MR. BOYACK: Did Tomhave that right? 1Is
t he 1465 nunbers that you woul d say al so needed to be
adj ust ed?

MR. PONERS: Well, where the adjustnent
becomes dramatic is on the large release fractions
because 1465 is essentially degradi ng 100 percent of

the core in-vessel for noble gases, and then did
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sonet hing el se for the others. It just | ooks strange.
Now |'mjust correcting that strangeness.

The only place that it stands out, that it
| ooks really peculiar, is, in fact, the nobl e gases.
There's one other area where thingswill look alittle
peculiar, and that is | think we do have sone hint
that the noble nmetal releases for the MOX fuel are a
little bit higher than what we've done for |ow
enriched uranium That distinction that we choose to
draw between noly and ruthenium for the high-burnup
fuel we may want to preserve.

MR. BOYACK: Well, let's continue onwth
ex-vessel with the noble gas and gi ve ne what ever you

want on that.

MR. PONERS: This is Dana. Still .3. On,
l"msorry, | must have been listening to my own self
tal k.

MR. KRESS: It doesn't add up to 100
percent .

MR PONERS: It should. Do | have to do
t he 357

MR, KRESS: Yes, you do.
MR. PONERS: So |'ve got 5 percent on the
gap and |'ve got 65 on the in-vessel.

MR. KRESS: Oh, oh, oh, okay.
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MR. POAERS: Only in Tennessee does it not

add up to 100.

MR KRESS: Well, we use 3.0 for 5.

MR. PONERS: Yes, see, that's the problem
You integrate it around the circle, and you' ve got 14
percent .

MR. KRESS: | have to figure out how to
make mine add up to the sane thing, and |'ve got a .06
up there.

MR. BOYACK: You surely do. | think you
end up with .29.

MR. KRESS: That makes it .29? Ch, crap.

(Laughter.)

MR. BOYACK: How could you know such a
t hi ng?

MR. KRESS: No possibleway. 1'll makeit
.3 and say |'m done but don't know how to add

(Laughter.)

MR. BOYACK: Tom plans to be rigorous on
hi s demandi ng 1.0.

MR. KRESS: In reality, people would use
.3 there anyway. So we might as well put in .3.

MR. POAERS: They'll use your .29.

MR, KRESS: Well, you're right. I

wouldn't. 1'd use .3. 1'd use .3, and they'd say,
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"Hey, but you're adding up to nore than one,” and |I'd
say, "So what?"

MR LEAVER 0. 15.

MR. BOYACK: We're conpensating for the
errors which you know exi st.

MR LEAVER So we're down to zero, are
we? Nothing left?

MR. BOYACK: Now on t he round robin, Dana,
you --

MR. POAERS: Do | get to do themall or do
| have to do themone at a tinme?

MR. BOYACK: Whatever way you want to do

MR POAERS: | want to do themall.

The gap release is 0.05 the sane
rati onal e as for the nobl e gases, and coupled with the
fact that | fundanentally believe that that gap
rel ease of the condensible fission products is driven
by t he anbunt of gas you' ve got to fl owout duringthe
gap release. You can put all the inventory you want
in there, and you ain't going to get it in the gap
release if you can't vaporize it.

Now cones an i nteresting nunber. This one
deserves sone explanation: 0.325 Ckay, what you

notice right off the bat is that it's a smaller
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rel ease fraction than where you had the PWRs and you
say, "Hold it, how can that possibly be?" | mean we
have all this evidence that we get faster release,
nore intense release fractions, for these hal ogens
comng out. W can get them for cesium but | can
zoom t he hal ogens about the same. "How can you cone
up with a | ower rel ease fraction, you ding-a-Iing?"

And it's real sinple. | get these higher
rel ease fractions. | have higher concentrations of
the piping system |'m putting nore on the piping
system So less is getting out. A smaller fraction
is getting out during this phase. ['Il get it later
because 1'Il jack ny late in-vessel release up in
response to the higher heat rates that |'ve got on the
pi pi ng system

MR. BOYACK: So hi gher deposition.

MR. LEAVER  Just you are tal king about
hi gher concentrati on of aerosol?

MR. POAERS: That's right, the vapors in
aerosol. | nean, if I"'mgoing to release it faster
then 1'm going to increase those concentrations in
there, and especially for aerosol physics, it's going
to go roughly to the square of the concentration, and
|"mgoing to reflect that.

VMR. G ESEKE: But | don't think there's
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going to be nore aerosol. | think that's al
structure and stuff, is the aerosol, by tons.

VMR PONERS: Sure, and this fission
product goes right on the surfaces of those, binds up
to it and goes onto the surface.

MR. G ESEKE: But it's not going to
deposit any faster than it ever did? |It's not a
concentration effect on aerosol deposit because
aerosol concentration is the sane.

MR. PONERS: Yes, but the partial pressure
of vapor, it's interacting with those structural
materials and things |like that's higher.

MR. G ESEKE: Then nore al so has to go out
with the gas phase, because the only way to get the
partial pressure higher istoget it inthe gas phase.
It's not absorbed --

MR. POAERS: Initially, and then ' mgoi ng
to go through the cooler section, and it's all going
t o condense out to aerosols, but those are going to go
out. It's the initial deposition on the particles
that's going to go up.

MR. G ESEKE: Ckay.

MR. BOYACK: Ex-vessel?

MR. PONERS: kay, let's seeif | canfind

ny ex-vessel number. Ex-vessel is 0.20, and late in-
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vessel is 0.20.

MR. BOYACK: kay, Tonf

MR. KRESS: | am going to be consistent
and stick tomy .06, but it's goingto give ne trouble
| ater.

(Laughter.)

The sane rationale | gave before.

MR. BOYACK: It's easier thistinme because
now you don't have to --

MR KRESS: Yes.

MR. BOYACK: You can say it's just on the
surface sonetines.

MR. KRESS:. Yes, that's right, | can.

MR. BOYACK: Ckay, early in-vessel?

MR. KRESS: I"m going to go by Dana's
argunent about the higher fraction deposited makes up
for the amount released. | think it's too confusing.
| buy Jims argunent that nost of those aerosols were
al ready there. | don't know how to do the
partitioning between vapor and gas phase just yet
because they go through a tenperature grading. Sol'm
going to stick with the amount that | think gets
rel eased, and | think I'mgoing to heavily weighit to
| arge break LOCAs, so | don't get alot depositing all

over, because the original had about 50 percent of it
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deposited, | renenber was built into the .25.

We're on the halogens. It's .35 in early
in-vessel. What's inplied to nme, that about .7 is
really the release fraction. | think that rel ease

fraction has to be higher because that was for LEU
fuel and now we've got 50 percent of it as MOX, and |
think you' re going to release all of the iodine for
the MOX that only goes to transient.

Once again, I'mstuck with howmuch of the
MOX is residual fuel and how much is not. But |
assunme |'m tal king about 50 percent core nelt as a
substantial core nelt quantity, which is what we did
at one tinme, or 70 percent | think was what Jason said
we used. So if I use 70 percent for both the LEU and
70 percent for the MOX, and say the MOX is going to
release all of its fuel, all of its iodine, then
that's a .7, but half of that is going to deposit out
if | be consistent with the core. That gives nme . 35.
| have to add that to the .35, the .35 we had before,
but only half of that because half of .35 is like .17.
So .35 plus .17 gives nme the nunber | want.

MR BOYACK: .527

MR. KRESS: | would nake that .6, round it
up. That's the nunber | want to go wth.

MR. BOYACK: | wasn't quite able to get
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t he mat hematical fornula down.

MR. KRESS: Never mind. Just say that
this factorsinthe fraction of the MOXthat under goes
the transient as well as the fraction of the LEU, and
t hat the MOXt hat undergoes the transi ent rel eases al |
of its iodine.

MR. BOYACK: Let's see, we were conti nui ng
down ex-vessel.

MR. KRESS: Ex-vessel, okay.

MR. BOYACK: You've got .34 left.

MR. KRESS: No, |'ve got that .34.
There's sonmething screwy in ny math here. Wy don't
you go on to the next guy and let ne do nmy math over
agai n?

MR. BOYACK: Al right. Bernard?

MR. CLEMENT: GCkay, so | want to give the
sanme val ues as before, .05 for gap rel ease and then
.95 for the remaining.

Now source term in fact, you rel ease al |
of the remaining inthe early in-vessel, as we did in
the faster to nmake the repartition nove on, because
you don't have the sanme hypothetical .

MR BOYACK: Now is that a regulatory
approach or do you believe that it's all rel eased?

MR, CLEMENT: No.
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MR. BOYACK: Two questions in there; one

answer. Yes, you believeit's all released? O it's
a regul atory approach? Wichis it?

MR. CLEMENT: No, it's not a regul atory
appr oach.

MR. BOYACK: Yes, it's what you think
physi cal | y happens?

MR. CLEMENT: It's athingthat physically
-- | mean a large anobunt of iodine is released. W
think that for the situation of a hot | eg break, that
i s an envel ope scenario for that. Al of the iodine
coul d be as vapor, so that we can make t he hypot hesis
of a very small retention, so that we cone out for
reasonably envel oped situations for the nentioning of
events dependence to 100 percent rel ease.

MR. NOURBAKHSH: What tine duration?

MR. CLEMENT: In our case for the tine
duration, it corresponds to the .95 during the early
i n-vessel phase. That's what's taken.

MR. NOURBAKHSH: Yes, but how rmuch do you
use for your duration --

MR. CLEMENT: That doesn't matter so nuch
because you will see if you have to reconmmend your
popul ation or not, but this is not within a few hours

of your actions. That's a nmuch longer tinme. So we
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consi der a shorter duration, but it doesn't matter so
much.

Wien we take into account this early
rel ease of iodine, then we apply the content and
per f ormance, and so on.

MR. BOYACK: Based on this?

MR. CLEMENT: Based on this.

MR BOYACK: \What tinme?

MR. CLEMENT: What tine? | don't have the
exact tinme, but it corresponds to the duration of the
early in-vessel, and even shorter. Even shorter.
Then you apply the neasure of the perfornmances of the
cont ai ners.

MR. BOYACK: (kay, Dave?

MR. LEAVER | think for the same reason
| said on noble gases -- oh, gap, yes, .O05.

On early in-vessel, again for the sane
reason as | said on noble gases, | think that for the
MOX t hat there's a faster and hi gher rel ease, but it's
only a portion of the core. | guess, based on the
cal cul ati ons we've done, | would estimate this effect
being slightly in the other direction fromwhat Dana
did. Sothat if thereleaseis larger, while you wll
get a bit nore deposition, it's not enough to nake up

for the larger release, and in fact you wll get
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| arger release fromthe fuel and you will get |arger
rel ease to contai nment.

So if you use nunbers |like half the core
bei ng LEU, half being MOX, in the case of the LEU we
get nmelting and/or significant thermal damage to 70
percent of the core, which is where the .35 nunber
came from roughly. Then | would say that nunber may
perhaps be nore like .4, but there would be sone
nodest increase in deposition, so I'll go with a
nunmber in between, .375.

MR. BOYACK: See what you started, Dana?

Wll, that's all right. There was a
rationale there. But for nme, it's sort of staying
awake and engaged, being kind of a fun guy for the
rest of you and gi ving you sonebody to | augh at, sort
of .

Ckay, let's go on to ex-vessel.

MR. LEAVER: Yes, | nean you could round
up the .375 to .4, but |I'd just as soon have it be
. 375 for the noment.

MR. BOYACK: Yes, that's fine. Ex-vessel?

MR. LEAVER: | have no basis for using a
di fferent nunber other than it shouldn't add up to
nore than one. Make it .2 then, and then nmake that

.2. Wiat's that add up to?
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MR BOYACK: 4, .775-- is that .825? No,

wait a mnute. Yes, .825. | get .825 out of that.

MR. LEAVER Yes, that's okay. You can
actual ly nmake ex-vessel .25 because | wouldn't have
any basi s for changi ng t he nunber that we canme up with
for the high-burnup fuel.

MR.  BOYACK: Ckay, Jim has now been
wor ki ng out his nunbers, right?

MR, G ESEKE: Yes. . 05. Down here,
foll ow ng through what we did before, if we have, oh,
| don't know, we tal ked before for the nobl e gases of
maybe 70 percent of the core being involved. | think
that's what we did before when we did the .35, |ike
Dave has said. So we're going to release fromthat
essentially all of it to get .7 out, but transporting
-- | assunme we're going to retain half of it again
li ke we did before, rule of thunb. So | have to put
.35 in that spot right there.

Now just to comment, | don't think that
the increased fission products, if there are any,
which there aren't in nmy case anyway, woul d affect the
transport significantly.

Ckay, go down to the next one. So down
here it looks to nme, fromwhat we had before, we're

rel easi ng about 80 percent of the material that | eaves
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the vessel one way or another, and | don't see any
reason to change that. So I'lIl hold that at 25
percent, .25 again, and conme down here, and | don't
see any reason to change that, .2 again.

MR. BOYACK: GCkay, Tom have you rewor ked
your nunbers?

MR KRESS: Yes. |I'mgoing to still be
weird and stick with a .06 just as an indicator.
Early in-vessel, ny nunbers work out to be about .45
i nstead of . 06.

Then ex-vessel is about, well, because|l'm
rel easing nore in-vessel in places, it cones down to
be about . 15.

Late in-vessel turns out to be about .2
t hat we had before.

MR. G ESEKE: So you think 90 percent of
the core is involved with the damage nolten in -- to
get your .45 nunber?

MR. KRESS: M nunbers were 50 percent of
the core as being MOX and --

MR. G ESEKE: But if you |l ook at the known
gases, which we've already said that we're only
i nvol ving like, what, 70 percent of the core --

MR. KRESS:. Let nme redo ny nunbers again

because | don't think that's right either

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

443
MR. d ESEKE: The rest of it is still

standi ng rel ativel y undanmaged.

MR. BOYACK: Wile he's doing that, can
sonmebody, woul d sonebody care to hol d forth on whet her
or not there are any dat a needs or needs t hat go al ong
with this particular area, hal ogens for MOX fuel ?

MR. PONERS: Everything' s necessary. W
don't know howthat stuff degrades. W don't know how
it releases. That's right. W probably don't even
know what the inventory is very well.

MR. BOYACK: | nean the statenent's great.
Now |'ve got to figure out howto translate that.

(Laughter.)

That would just go across the board,
right?

MR. PONERS: Yes. | don't think you need
to say that with respect to the nelt-concrete
i nteractions.

MR. BOYACK: Wth respect to what?

VR. POV\ERS: The nmel t-concrete
i nteractions, because | think we understand how the
hal ogens are behavi ng down t here, and any MOX- ness of
t he fuel has been wi ped out as soon as we nelt it, put
it on concrete.

MR. BOYACK: Ckay, so basically okay in
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t hese areas here?

MR. Gd ESEKE: The one above there, the
early in-vessel --

MR. BOYACK: kay, you started to say on
early in-vessel, Jin®

MR, G ESEKE: I think it may be worth
noting there that we said before, dealing with noble
gases, how i nportant the danage progressi on was, and
the same things drives alot of this, at |east fromny
perspective, the danmage progression. So | think
that's particularly inmportant there.

MR. BOYACK: So we're tal king about nobl e
gas releases as a function of the manner in which
t hey --

MR. PONERS: Hal ogens.

MR. G ESEKE: W said that before, and |'m
sayi ng again here for hal ogens that nelt progression
or damage progression is crucial to --

MR. POAERS: As woul d be expected.

MR G ESEKE: Yes.

MR.  BOYACK: | nust be getting tired.
Just give ne a fewwords, and I'Il wite them down.
VR. G ESEKE: Damage  progression

information is crucial.

MR. BOYACK: That's a few words. I can
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get that.

MR. PONERS: And what | woul d say down in
the ex-vessel is the core concrete is okay, but any
part due to the continued danage of the vessel fuel
we' ve got the sanme problemas the air ingress. |f not
in spades, we don't have any air ingress data.

This is no different than our basic
uncertainty about revaporization. There is nothing
pecul iar about MOX here. W have very poor
i nformati on about revaporization, nothing peculiar
about that, lack of information here with respect to
MOX.

MR. G ESEKE: | think air ingression is
i mportant here. If you're going to cite it
specifically in the other, it certainly is inportant
in the next one.

MR. PONERS: Yes, it's very inportant down
here.

MR.  BOYACK: Jason nust be having an
i nteresting discussion on this, but if he stays away
| ong enough, we'll be done.

MR. G ESEKE: Did you want to add air
i ngression on the --

MR. BOYACK: On the |ast one?

MR G ESEKE: -- on the | ast one?
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MR BOYACK: | didn't realize that's what

you were telling ne.

MR. G ESEKE: The late in-vessel, whichis
what we were saying.

MR. BOYACK: | had air ingress up above.

MR. PONERS: Well, the revaporization, it
really plays a nunber on iodine, if you get it. If
you get air in iodines, it turns all of the iodines
into iodine gas.

MR. BOYACK: Istheair ingress data, it's
not the ampunt of air; it's the effect of the air on
the -- okay? Everybody but Tom can take a break.

MR. KRESS: Cood idea.

(Laughter.)

MR. BOYACK: Do youneed alittle bit nore
time?

MR KRESS: Yes.

MR. PONERS: He's doing a newcorrel ation.

MR KRESS: No correlations.

MR. PONERS. He's going to have a whol e
code here for us.

MR. BOYACK: Why don't we cone back at
2: 30?

(Wher eupon, the foregoing matter went off

the record at 2:18 p. m and went back on the record at
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2:34 p.m)
MR. KRESS: The nunber | come up with for

early in-vessel is .35.

MR. BOYACK: | believe that.

MR KRESS: | don't believe that.

MR BOYACK: | trust you.

MR KRESS: | don't understand it, but it

MR. BOYACK: That's a good nunber.

MR,  KRESS: And for ex-vessel, |I'm
assum ng that's what went down with the nelt and got
out with the MCCl, and that's only about .15.

MR BOYACK: Al right.

3

KRESS: And | ate, .2.

3

BOYACK: Ckay, so we changed one
number ?

KRESS: Yes.

BOYACK: That's good.

KRESS: And it all adds up now.

2 3 3 %

BOYACK: And you gave everybody a
break, too.

MR. KRESS: Yes. | don't knowhowit cane
out that way, but it did. | took 70 percent of both
t he MOX and 70 percent LEU, undergoes the nelt, of the

MOX, what gets released fromthe fuel is all of it;
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what gets rel eased fromthe LEUis about .7, and t hen
that gives us the release. | assune about half of it
plated out, and it adds up to these nunbers.

MR. PONERS: So the way you were doi ng t he
nuneri cal evaluation of the electrical interval, |
think that's not a suitable approxi mation.

MR. KRESS: | think you're probably right.

MR. POVNERS: | know you were |inearizing
it to make it easier, but | don't think you can
linearize it that way. | think you should have done

an asynptotic expansion.

MR. KRESS: As part of that resunption,
we' || now have an announcenent from Jason.

MR. SCHAPEROW Ckay. Well, I'mkind of
curious as to how far you got.

MR. KRESS: Well, we're down to outgoing
nmet al s.

MR. SCHAPEROW | grabbed sonebody el se
with nore experience and expertise in this area,
Charlie Tinkler, and we discussed it alittle bit. He
made two very good points.

One was, when we get tothe |l owvol atil es,
what do we do, because we've broken it up into a bunch
of groups now? W're starting to go into nore --

we' ve broken pl utoni umout, for exanple, in a separate
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group.

MR. KRESS: | think we're going to throw
up our hands when we get to |ow vol atiles.

MR. SCHAPEROW Wl 1, the other point was
that, | guess we kind of talked about, was the
useful ness of 100 percent MOX for a table for that.
If we did sonething |ike that, we woul d need a cl ear
path to get to a different percentage of MOX

MR KRESS: You ratio it by the amount of
MOX that's in the core.

MR,  SCHAPEROW Vell, if the panel's
willing to agree on that and wite it down on one of
the tables, fine. It's just that it's not obvious to
me how you go from 100 percent MOX core to a 40
percent MOX core, but maybe that's me actually.

MR. KRESS: You take the MOX tabl e and you
nodify it by .4 and add to it the LEU table that we
had before and nodify it by .6.

MR. SCHAPEROWN W don't really have --
whi ch LEU t abl e.

MR. KRESS: The L-1465.

MR. SCHAPEROW |'m not sure we can --
wite that down. That's fine. If that's what you
want to do, that's fine.

MR. BOYACK: W can do anything we want?
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MR. SCHAPEROW W can do 100 percent MOX

fuel table if we wite dowmn how to nultiply what to
get to the 20 percent MOX tabl e.

MR KRESS: |If we tell howto use it.

MR, SCHAPEROW [It's just that nobody is
going to build a core with 100 percent MOX fuel. |
mean nobody's going to put that in a core.

MR KRESS: Yes, but it's nore
illustrative, in my mnd, what the differences are
between a MOX core and a non-MOX core, even though
peopl e know you' re not going to have a full MOX core.
It's illustrative of what the differences are.

MR. POAERS: | nmean you could |l ook at it
as an assenbly, an average assenbly.

MR. KRESS: That's the way you coul d vi ew

MR. SCHAPEROW We're not objecting to
that. Al we're saying is we'd like to have a cl ear
path to get to a 40 percent MOXtable. It sounds |ike
it's fairly clear in your mnd what to do, but |I' mnot
there yet, and Charlie didn't understand either.

MR, POVERS: He's just saying a sinple
wei ght i ng.

MR.  SCHAPEROW If you do a sinple

wei ghting and the rest of the panel says that's fi ne,
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then that's fine, because then | can use a 40 percent
MOX table or a 60 percent MOX table, or whatever
sonebody m ght do.

MR. BOYACK: Let me just get a reading
from everybody. A readi ng? Any conmment ? The
suggestion is that we do this for MOX| guess assenbly
s what was said. That's what | put down. The idea
was that downstream sonmebody would weight on an
assenbly fractional basis the MOX and the LEU. Now
for high-burnup fuel elenments, you could do that.
Sonmebody' s going to have to go back and redo or accept
1465 val ues, which the panel would redo, if they
were --

MR. SCHAPEROW It sounds like we're
novi ng away fromthat anyway.

MR. BOYACK: Well, what |'msayingis that
t he hi gh- burnup fuel sourceterm ineffect, has those
changes integrated into it. That's for high-burnup
fuel. For the regular burnup fuel you don't have
anything that reflects that change now. It's just
what NUREG 1465 woul d cover.

MR. LEAVER Do you nean for LEUfuel it's
not high-burnup? But | think the industry is -- |
mean, you know, anybody that does alternate source

termis probably going to do hi gh-burnup fromnow on.
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| mean everybody doi ng hi gh-burnup.

MR. BOYACK: So the questionis, and this
is just a question for the panel -- they've left it up
to us, right, as long as we provide a cl ear pathway?

MR SCHAPEROW Exactly.

MR. PONERS: The trouble is | think Jason
and | think alittle bit -- because it's not clear to
me what the pathway is. |If | have a | oading pattern
in which the center of the core is uraniumfuel and
then | have a checkered pattern, checkerboard pattern
out there, | can do this 40/60 split provided the
nunbers have been devel oped anticipating a 40/60
split.

Because ny concern is this: that when
do the i n-vessel release and | damage |i ke 50 percent
of the core, that's predom nantly no nore uranium
fuel . Then when | degrade the peripheral region,
which has a mxture of MOX and whatnot in it, the
fractionis just different out there. So | have to be
very careful about how I fornul ate the nunbers.

MR. NESBI TT: Just assune t hat t he MOX and
the uranium are equally dispersed in the core.

MR, POVERS: Just have a conplete
checker boar d?

MR. NESBITT: Yes. It's not going to nake

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

453

t hat much difference.

MR. POAERS: For ny nunbers it wll make
al nost zip difference for the major rel eases because
' mnot getting that big of change.

MR. KRESS: W do have to make sone
deci si on on how nmuch of each of those we're going to
participate in now, |ike we did before. 1 think the
source termrepresents a substantial core nelt. W
have to define what that is. | think Jason said it
was 70 percent, didn't he?

MR.  SCHAPEROW That's what the panel
proposed as the anmobunt prior to | ower head failure,
because --

MR. LEAVER: | don't think that nunber is
stated anywhere, but we --

MR KRESS: Yes, it's stated.

MR. LEAVER -- we backed it out of the
i dea that, if you get about 35 percent of the iodine
rel ease keepi ng roughly, retaining a factor of two in
t he RCS, that you nust have gotten significant thermnal
damage to about 70 percent of the core.

MR. KRESS: | think we ought to make that
an explicit observation because either that or say do
it for a full core nelt and say, whatever -- do the

sane thing as we're doing for the MOX, say whatever
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fraction of the core you think nelts, you adj ust t hese
to that.

MR. LEAVER  NUREG 1465 has al ways been
sort of --

MR, KRESS: | think we'd better put the
fraction in because the other one has the fraction in.

MR. LEAVER It did, andalsol thinkit's
consistent with the notion of 1465. W consider a
spectrum of sequences, but when we talk about
phenonena, we sort of go back to a |ow pressure
sequence. In the case of the high-burnup, we assuned
t hat we had roughly a third of the core high-burnup,
which is kind of in a generic sense.

It seens to me it's consistent if we say,
okay, what we're looking at here is a m xed oxide
situation which at the present tine in the United
States we can be representative or typical if we

assunme t hat about half of the core, and it wouldn't be

any nore than that, are MOX assenblies and we'l| just
i ntersperse them | think that's a good notion,
rather than try and -- what are you shaki ng your head
for?

MR. LYMAN: The public and the |icensee
are here, and what you're tal ki ng about i s just nmaking

-- we're just tal king about it, and you're providing
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i nternmedi ate steps so that people can read the report
and understand what you're talking about. You're
tal king about mxing an internediate step in sone
obscure way, so that no one is ever going to
under stand what you're talking about.

MR. LEAVER: What's obscure about half the
assenbl i es being MOX and hal f being UOR?

MR LYMAN: Because sone of the
assunptions you are naking are alittle bit obscure as
far as our relationship --

MR. NESBI TT: Look at what he was trying
to do. It would have been a real sinple calculation
if you were just --

MR. KRESS: It was a sinple cal cul ation.
It's just a matter of Kkeeping track of where
everyt hi ng was.

MR. NESBI TT: And if you just had to
consider the MOX core for that, it would have been
very straightforward.

MR. KRESS:. Yes, so ny al gorithmwoul d be
let's focus on strictly MOX systens and assunme -- go
ahead and put the 70 percent in, and nake that very
explicit that we're only tal ki ng about each assenbly
of MOX, only about 70 percent of it participates in

this nelt, because that's in the old table, and it's
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going to use the two tabl es together

Then just say this MOX fuel undergoes the
core transient just like the LEU would, and use a
fission product release relationship that's in our
head or sonet hi ng and say what fraction of rel ease you
get from that MOX fuel only, and then that's the
nunmber we put up there. Then if sonmebody wants to use
it, they have to go in and say, now how nuch MOX f uel
do | have, and how nmuch LEU do | have, and
conglonerate this table with the high-burnup when we
dealt with that before, just sinply by weighting the
fractions, which assunmes a honobgeneous distribution
and that each part of the core undergoes a simlar
type of thermal transient.

That | think woul d be highly transparent
to nost everybody. The only nontransparent in there
is we're only assumi ng 70 percent of it participates.
We can make that very explicit.

MR. G ESEKE: | can see that and | can go
along with that. It's inportant to point out that
there's an assunption made in doing that, and the
assunption is that the nechanics, if you want to cal
it that, of the fuel damage i s the sane regardl ess of
t he amount of MOX fuel in your core, and it's the sane

for both kinds of fuel, the MOX and the --
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MR KRESS: That's ki nd of consistent with

t he design basis accident source ternms anyway.

MR. G ESEKE: GCkay, but | think it may be
i mportant to wite that down because that is inplicit
if you go that way, to just state that the assunption
is the sane, | nmean the assunption regardi ng, | guess
progression and danage are the same for MOX --

MR. LEAVER So if we did this and just
tried to come up with a source term for a MX
assenbly, would we al so be saying in the sane breath
that this is applicable for up to half the core being
MOX and not hi ng beyond it?

MR. KRESS: No. No, that's not necessary.

MR, LEAVER Not necessary?

MR. KRESS: Because | don't think it makes
t hat much difference.

MR. G ESEKE: O you coul d say what | just
said, and it doesn't make any difference, | think.

MR, KRESS: | think the nore MOX you' ve
got inthere, the nore accurate it is, frankly. It's
the other way around. The nore MOX you've got in
t here, the nore honobgeneous the core is, so the nore
good our assunptions are.

MR. BOYACK: We've got to have a deci sion

and go forward here, andit's really not mne to nake.
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So I"'mgoing to just quickly poll the panel to see
whet her the mgjority of it says go one way or the
anot her .

Tom full MOX, right, with a condition
where you're listing that?

MR. KRESS:. Yes, | say go with the MXX

MR. CLEMENT: The way of arrangi ng, sothe
problem is the special distribution. I f your MOX
assenbl i es and your LEU assenbl i es are separated, you
shoul d just arrange by the fractions, you will have
some bias. In ny opinion, it depends on what you want
to do with these tables, which degree of accuracy you
want to attain.

We wer e di scussing this norning about 1.3
or 1.4 halos and things like that. If you want to go
down to this degree of accuracy, thisisadifficulty.
I n ny opinion, when you | ook at what is a source term
at the end of the day, it's not worthwhile to di scuss
one hal o experience. So it depends on what you want
to do with these tables, because if you want to have
a determnistic and real fuel average, | nean you have
t o make a mechani stic goal nuch nore t han what we have
up to now.

So I amwonderi ng whet her we are

not di scussing the details that are far away fromwhat
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we are able to do.

MR, KRESS: | think we are, and | think
that's one reason | want to go to just the MOX

MR. CLEMENT: That's the way of our
approach for the eval uation of source term where we
are systematically introduci ng some conservati sm so
that this conservatism-- we're always asked to cope
Wi th such situati ons as we are debati ng now. Wen you
have enough conservatism you can just nake the
wei ghting that you propose w thout any trouble.

MR. KRESS: | think a distributed MOX core
that's other than honbgeneous woul d give you a nore
source termthan what we're using the other way. So
| think we're biasing it in a direction that's
conservative, | think, if we just use the full MOX

MR. LEAVER: | guess | could go either way
because | don't think it's going to make nuch
difference, frankly, in the nunber. But |I'm
unconfortable with the notion that sonehow we're
com ng up with nunbers that could be applied to a core
that's a significant nmjority of MOX assenblies,
because | don't -- that nakes nme nore unconfortable
than thinking of it as a majority of LEUs.

MR. BOYACK: That is this point nade a

little earlier that we have less insight into this
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whol e area of MOX fuel. Now you're asking the panel
menbers to nmake a | arger extrapol ati on because they
don't have this information for a full MOX core. |Is
that --

MR. LEAVER: | guess anot her way of saying
it is, with a core that's a mgjority of LEU
assenblies, if I"'mwong a bit on the MOX, then that
makes that effect |ess significant.

MR BOYACK: Ckay, Jinf

MR G ESEKE: Sure.

MR KRESS: Sure what?

MR G ESEKE: 1'Il go with the MOX, just
| ook at the MOX. | think that nakes the data nore
under st andabl e and nore transparent in the | ong run,
because then you can build it up any way you want.

| think there is some concern that -- so
I"m voting with Tom basically, but there is sone
concern | have whether it's okay just to state the
assunption that core degradationis the sane in either
case. Then | think it would cover a w de range.

The MOX doesn't affect -- the MOX
degradati on nechanics is the same as LEU.

MR.  BOYACK: You may have held forth
al ready, Dana, but let me -- so what |'ve heardis two

MOX, one | can go either way.
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MR. CLEMENT: For ne, it doesn't matter so
much.

MR,  BOYACK: It really doesn't; |
under st and t hat.

MR. CLEMENT: Yes, because you have seen
for high-burnup fuel proposed values that were in
general higher, in general, than this panel. That
means they introduce sone, let's say, sonme nore
conservatism Also, for the separation in different
phases, i n our approach we don't thinkit's worthwhile
for this source termto go into so nuch detail.

MR. BOYACK: Right.

MR. CLEMENT: So that | would say,
what ever the solution you propose that S
concentrating on MOX, given our approach, | think I

will get the sanme val ues, except sone exceptions.

MR. BOYACK: It's al nbst an abstain, yes.

Dana?

MR, PONERS: I'"m very synpathetic with
Dave Leaver's view, froml don't understand nuch to |
don't understand anyt hi ng.

(Laughter.)

On t he ot her hand, maybe the purposeisto

say, | ook, here's the best guess. Go out and get sone
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experinental data, and at |east we know what we're
refining. That could be a legitimte value. You
woul d at | east know what you were | ooking for. Quite
frankly, | think that's the biggest purpose of this
exercise, isreally to define what you don't know and
t hen set about going after that.

So | guess | could do either one of them

MR,  BOYACK: Ckay. All right, so
basically all | heard was two MOX and two either one
of them | think that's what | --

MR. KRESS: That's four for MOX, right?

MR, BOYACK: Well, it's close enough.

(Laughter.)

MR. BOYACK: Ckay, so the approach, nowl
want down the information, though, so that it is
clearly characterized. So this is a full MOX core?

MR  KRESS: No, assune the MOX is
di stributed uniformy.

MR BOYACK: Ckay.

MR. KRESS: So that all parts of the core
undergo a simlar thernmal transient, those parts that
partici pate.

MR. G ESEKE: No, | don't agree with that.
There's outer and inner. It's the sane whether it's

MOX or LEU.
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KRESS: That's what | nean.

G ESEKE: Yes.

BOYACK: That's what he neant, yes.

2 3 3 %

G ESEKE: But not all parts of the
core --

MR. LEAVER: LEU and MOX undergo t he sane
t hermal transient, yes.

MR KRESS: So we don't have to
differentiate. Then | would say we do have to
explicitly include the fraction of each of these that
we think undergoes the definition of a substanti al
nelt, and | would be consistent and use the 70
percent, 70 percent of each participates inthe nelt.

MR. 3 ESEKE: The nunbers that we' re goi ng
to put in our tables assune 100 percent MOX.

MR. KRESS: The table is goingto have 100
percent MOX in it.

MR, SCHAPEROW This is how you come up
with the different fractions of MOX

MR KRESS: Yes.

MR. G ESEKE: It is nore than just a MOX
assenbly because you have to deal with the retention.
| mean you're assuming a full core rel ease.

MR. LEAVER: Yes, but I'mnot assumng a

full core of MOX I'"'m estimating the release
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characteristics for the MOX assenbl i es, period, okay.
And this is in a core.

MR G ESEKE: It's got to be in a full
core because of the losses and the effect of
concentrations on |osses. You don't want to say
it's --

MR. LEAVER | understand. It's a full
core accident, yes.

MR. G ESEKE: A full core accident.

MR. LEAVER: It's a full core accident,
right.

MR G ESEKE: And it's a full MOX core
accident, the nunbers we're going to give. You're
going to take releases and multiply it by the nunber
of assenblies, and that's the --

MR LEAVER It's a release fraction.

MR G ESEKE: It's a fraction.

MR. KRESS: Wien you get to considering
deposition and things |i ke that, that m ght be in your
m nd how much because --

MR. G ESEKE: That's what |'m sayi ng.

MR KRESS: But | think we're going to
just throw a nunber in there, like half.

MR. BOYACK: | don't understand, |'ve got

to tell you. Assume MOX is distributed uniformy.
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Rel ease fractions stated apply no matter what the
fractional split between LEU and MOX. Sonehow t hat
doesn't connect with ne.

Dana made the statenent that this is a
50/ 50 core, and | sort of get the sane thing.

MR. KRESS: What |I'mgoing to do is take
a MOX assenbly; 1'm going to run it through a
tenmperature transient for a core nelt that represents
tenperature transi ents of severe acci dents. Fromt hat
full MOX assenbly, |I'm going to estinate the
fractional release that cones out for each of these
things, and we'll nultiple each of those by 70
percent. That's the nunber I'mgoing to put in.

VR. BOYACK: Okay, MOX assenbly
tenperature transient for a core nelt. Then you're
going to --

MR. KRESS: |'magoing to use sonme sort of
fission product release relationship and get the
fission product, the releases of all the fission
products fromthat tenperature transient for the full
assenbly, but then |l'mgoing to nultiply each of them
by 70 percent. That's what gets released fromthe
core, the fractional release fromthe core.

MR, G ESEKE: Seventy percent is only

applicable at the end of the early in-vessel. It's
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not applicable at the gap early in-vessel --

MR. KRESS: |'massum ng 30 percent of the
fuel is residual fuel that doesn't participateinthis
rel ease. | think that's consistent with what we
assunmed for the other.

MR. G ESEKE: At the end of the early in-
vessel .

MR. KRESS: Yes, but then it mght --

MR. G ESEKE: Not at the begi nning of the
early in-vessel ?

MR. KRESS: Then it mght do sonething
el se.

MR. G ESEKE: |'msaying that's only at
that one point intime. It's not true at the junction
between gap and early in-vessel because that's a
different definition. That's the nmatching of the
curves and such, and that mght be 20 percent; it
m ght be 40 percent; it m ght be, you know, sone ot her
nunber of the anpunt of core that's been involved at
that point. But when you get to the end of the early
in-vessel, you're saying 70 percent, is all I|I'm
saying. The 70 percent --

MR. KRESS.: All you' re worrying about is
the timng. | think the timng is al nost i ndependent

of all this.
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MR. BOYACK: What is the nature of this,

"assume MOX is distributed uniformy."?

MR. KRESS: | amassuming that it doesn't
matter where it is in the core. | am assum ng that
equal anounts of MOX and LEU are everywhere in the
core. It's nore that the core is uniformin terns of
how much LEU and how nuch MOX i s | ocated where.

MR. LEAVER: \What he doesn't want todois
have to worry about the fact that MOX is out on the
outsi de of the core.

MR KRESS: And LEU is in the mddle.

MR, LEAVER Yes. He doesn't want to
worry about that.

MR LEAVER  No, because when | do then
make this assunmption, | think | bias things on the
hi gh side of fission product release.

MR. G ESEKE: | don't think you want to
say equal anounts. That assumes 50/ 50.

MR. KRESS: That's right, you don't want
to say equal anounts.

MR. G ESEKE: Honopbgeneously distributed?
You want to say honpbgeneous?

MR. KRESS: Uniformy distributedis what
| wanted to say.

MR BOYACK: All this sounds to ne to be
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the same thing. | amjust not quite sure. Tell ne,
if you built that core, what are you going to do?

MR. POAERS: M suspicionis that what Tom
is saying is that, when you go to apply this, assune
that MOX is wuniformy distributed. Multiply the
results it gives you tines that fraction that's MOX
Multiply theresults fromadifferent table tinmes that
fraction that is LEU.

MR, KRESS: That is exactly what | am
saying. That is exactly what | nmean with that.

MR. BOYACK: Ckay, woul d you say t hat one
nore tinme, and I'Il try to get it down?

MR. LEAVER  You want to say, assume MOX
assenblies are distributed uniformy throughout the
core.

MR. KRESS: That's good.

MR.  POVERS: | would predicate it by
sayi ng, when you go to apply the results of these
t abl es.

MR. BOYACK: Ckay, now that's where |I'm
at. The application --

MR. PONERS:. \When you go to apply these
results, the results of these tables, define the
fraction of MOX fuel in the core to be "f."

MR. KRESS: No, no, just define it to be
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what ever you want it to be.

MR. POAERS: "f."

MR. KRESS:. What?

MR. POAERS: "f."

MR. KRESS: No, no, | nmeant define it to
be whatever it is.

MR. POAERS: It's "f."

(Laughter.)

MR KRESS: Oh, you said "f." | thought
you said, "High."

MR. POAERS: No, "f."

MR. KRESS: "f"? GCkay, |'msorry.

(Laughter.)

MR. PONERS: It isthesixthletter inthe

al phabet .

3

KRESS: Ckay.

MR. POVNERS: And preferably a | owercase

MR BOYACK: Ckay, now go on.

MR. PONERS: Ckay. Define the fraction
that is urania fuel, conventional fuel, to be one
m nus "f."

MR. BOYACK: Onh, great.
(Laughter.)

MR. POAERS: Multipletheresultsinthese
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tables for MOX fuel by "f." Add that to the results
for the appropriate conventional fuel nultiplied by
one mnus "f."

MR. KRESS: Very good. That's exactly
what | had in m nd.

And that's highly transparent, right?

MR LYMAN: And if the licensee thinks
that's too conservative and they want the MOX

differently --

MR. KRESS:. Then they can justify howto

do it.

MR. POAERS: They can al so do that.

MR. SCHAPEROW The only problem | have
with that is that | don't have the results for

conventional fuel.

MR. KRESS: Yes, we do. It's that other
t abl e.

MR. SCHAPEROW Can you show nme that? |
don't know whi ch tabl e you' re tal ki ng about. W have
a |l ot of tables.

MR.  KRESS: It is the high-burnup PWR
table that we just devel oped yesterday and the day
bef ore.

MR POAERS: Not hi gh- burnup.

MR SCHAPEROW Tell me whichtableit is.
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That's all | ask.

MR. POAERS: It's the appropriate one.

MR. KRESS: It's the appropriate one.
It's the 1465 adjusted for Dana's problem

MR, PONERS: For hi gh-burnup fuel, the
val ues are those i n the tabl es generated by t he panel .
What are they for conventional ?

MR. KRESS:. | don't think any choice but
to go back to 1465, although | think they're wong.

MR PONERS: No, | nean, it seenms to ne
that you did the high-burnup fuel, you had a two-
thirds m xture of conventional fuel and a one-third
m xture of fuel up around --

MR. KRESS: You have an algorithm to
adjust that back. There is an algorithm we could
adjust that table back to what we --

MR. PONERS: There is an al gorithmthat we
coul d, except we qualitatively changed things.

MR. G ESEKE: You can never go back to
1465.

MR, PONERS:. Yes, stay away from 1465 --

MR. G ESEKE: Because we've saidthere are
changes that have occurred in the nmeantinme, and we
even cite in there that a new vi ew of the rel eases at

this point intine, as conpared with what had been put
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in 1465, and that was ki nd of the basis which was then
adj usted for high-burnup. So |'mnot sure there's any
way to get back anynore.

MR. KRESS: Let ne ask you sonething. |If
we use 1465, would it be conservative --

MR PONERS: No.

MR. KRESS:. -- except for telluriunf

MR. PONERS:. No, because we j acked up sone
rel eases on sone of the lowvolatiles alot. 1In the
face of quantitative rel ease of cesiumand i odi ne for
the worst two hours, no, it doesn't mke any
difference at all.

W' ve got a comment back here.

MR NESBITT: If the licensee who has a
core conposed of all LEU fuel, it's not high-burnup,
can use 1465 --

MR. KRESS: Wy can't they use it here?

MR. NESBITT: -- then we can use 1465 for
the portion of our core that's LEU fuel if it's not
all high-burnup. But if we go to high-burnup fuel
we' |l use whatever you all came up wth.

MR. KRESS: That's my feeling. Even
t hough we think 1465 is wong, | think in regulatory
space you have to use it, and it won't nake nuch

difference. It's away to go that gets us out of this
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conundr um
MR. PONERS:. Let me ask you a question
You keep tal king about 70 percent core danage. What

fraction of that core nelts and penetrates the | ower

head?

MR KRESS: |'massumng all --

MR. LEAVER. What did you say, Tonf?

MR KRESS: |'massumng all --

MR LEAVER | don't think so.

MR. POAERS: See, | was assum ng about 50
percent of the core. | nmean | think I can track back

on a lot of work the NRC has done and conme to that
concl usion, that about 50 percent of the core cones
down - -

MR. KRESS: This will inpact on what you
do for ex-vessel and |late in-vessel, | think.

MR. PONERS: Then there i s some 20 percent
that's damaged, thermally-insulted, but it hasn't
nelted. It hasn't nmelted in the core now.

MR. KRESS: Well, whatever those things
turn out to be, and I'mnot too fixed on it yet, |
t hi nk we ought to make it explicitly clear what we're
assuni ng and t al k about the ex-vessel rel eases and t he
| at e vessel, what substances go into them partially

for design basis accidents, |'d probably just say all
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of it goes out. All of the full 70 percent goes out
to participatein MCCl, and there's 30 percent left in
the core to do whatever it's going to do.

MR. PONERS: Do | have to do that or is
that part of the variability in the results?

MR. KRESS: It's part of the variability
in the results. The 30 percent that's left, ny
assunption would be that it doesn't do anything,
because | think that's the assunption we've been
maki ng previously. It's just left behind, and that
part of the core doesn't participate in any way i n any
of it.

MR LEAVER Are you saying it's intact?

MR KRESS: It's left inthere and doesn't
rai se fission --

MR. LEAVER: |If that's true, then | don't
see howyou are going to be able to nelt 70 percent of
the core. | mean, you may nelt -- even Dana's 50
percent seens to nme to be high. | think it would be
nore |ike 30, 35 percent.

MR. KRESS: That's pessimistic. This is
t he design basis phase. | think if you | ooked at all
t he severe accidents --

MR. LEAVER. Early in-vessel release is

desi gn basi s, but once you go beyond that, it's not.
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No, it's not.

MR KRESS: Yes, sure, it is.

MR. LEAVER No, it's not.

MR. KRESS: None of this is based on a
single accident sequence or specified accident
seguences. It's all an aggloneration of accident
sequences. In all design basis --

MR. LEAVER: But the word "design basis"”
nmeans sonething very specific, and the staff has
stated that that portion of 1465 that's up to the
early in-vessel is to be used for the radiol ogical
desi gn basis accident cal cul ation.

MR KRESS: Sure.

MR. LEAVER: And no one has ever said that
t he ex-vessel release or thelatein-vessel releaseis
desi gn basi s.

MR. KRESS: No, | didn't intend for it to
be that. If you're going to use it for anything, you
woul d use it in a design basis sense.

MR. LEAVER  But no one's contenpl ating
using it in a design basis sense. The only thing
peopl e are contenplating using is the release up to
the early in-vessel

MR. KRESS: If | had ny way, we woul d get

regulations that had to do with late containnent
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failure and | and contam nation, and we woul d use it in
a design basis --

MR. LEAVER. Well, if and when, yes.

MR. BOYACK: Is this herethis 70 percent?
I s that where you're taking issue?

MR. LEAVER | was taking issue with the
assunption that 70 percent of the fuel is nolten and
the other 30 percent is pristine in the vessel. |
don't think that's realistic. | don't see how that
coul d possibly happen. | don't think it matters, but
| think it's certainly reasonable to think of -- |
| i ke Dana's word of "thermal assault" or core damage,
if you will. Seventy percent of the core is badly
damaged. Some portion of that is truly nolten, and
sone portion is shards, debris, in a pile sonewhere.

MR. BOYACK: Can you live with that, Tonf
Seventy percent of the core is badly damaged?

MR  KRESS: | don't care because the
guestion is what participates in MCCl, but that's not
part of the design basis generally.

MR BOYACK: Right.

MR, KRESS: So | don't care what they do
wthit.

MR. POVNERS: Well, the next question |

have is, why do | have to assunme that the 30 percent
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that's left inthe fuel inpristinesuffers nothingin
t he subsequent phases of the accident?

MR. LEAVER: | think that's a good
question. | think that it's hard to argue that the
| ate in-vessel, that that would heat up and undergo
further damage.

MR. KRESS: Well, one asks yourself, in
choosing design basis events, does one factor in
everything or does one try to have a risk and
frequency in mind in choosing it, and one concept is
t hat air ingression accidents that m ght influence --
if that stuff's left in there and the bottom of the
head's off, you're either going to cool it and it's
going to stop releasing or you're going to get air
i ngression in there, and you' re going to have an air
zirc reaction that's going to heat it up and drive up
everything off.

The question is, do | know enough about
t he acci dent to make sonme argunent that it ought to be
consi dered i n design basis space, or is its frequency
| ow enough that | can relegate it to severe acci dent
space and say, "I don't have to make the designer or
the licensee deal with it, the design basis space?
It's ajudgnent call usually, and it is a question of,

is this going to make -- is ny systemrobust enough
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with what | have or do | have to make it nore robust?

You know, | could anticipate all sorts of
things. Like |l would add in what fraction of this 70
percent that neans sonme fraction of the iodine didn't
get released to the side. | mght say all the iodine
because the mnute it hits core-concrete i nteraction,
it's going to come out real fast. So it m ght as well
be part of the in-vessel rel ease except for it doesn't
get plated out.

So you can make all sorts of assunptions,
and | think these assunpti ons here are just consi stent
with what the ol d design basis source termis

MR BOYACK: Let's take a quick | ook at
what | have down under the approach and see if there's
anyt hing el se that needs to be done.

Assume MOX assenblies are distributed
uniformy throughout the core. \Wether MOX or LEU
assenbly, it undergoes the sane thermal transient.
MOX assemnbly passes through a tenperature transient
that represents the core nelt. Core disruption-- is
that better? That creates -- that danages.

Estimate fission product releases for a
full --

MR. LEAVER.  Fuel .

MR BOYACK: Par don ne?
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MR LEAVER Probably the word "fuel™

woul d be better than "core."

MR,  BOYACK: Estimate fission product
rel eases for a full MOX assenbly. At the end of the
early in-vessel --

MR. LEAVER  Rel ease fractions.

MR. BOYACK: -- release fractions. Ckay,
t hank you.

MR. LEAVER You're normalizing this. So
it doesn't matter how many assenbli es.

MR. G ESEKE: Isn't the third one of those
bul | ets covered by the second one?

MR. BOYACK: | didn't think so. | thought
there was sonething explicit that | had asked a
guestion about, and it says this is what we're doi ng.
So somewhere | think we -- at the end of the early in-
vessel phrase, rel ease 70 percent of the core's badly
damaged, sone nolten and sonme otherw se damaged.
Thirty percent of the core doesn't participate inthe
rel ease through the end of this phase.

Anyt hi ng el se?

MR. G ESEKE: | still think the third one
is covered under the second one. O herw se --

MR. BOYACK: Does it matter?

MR GESEKE: -- | would like for you to
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add to the third one that says, "LEU assenblies pass
through a tenperature transient that damages the
fuel ."

MR. BOYACK: So, okay, you want ne to al so
put the --

MR. G ESEKE: Well, if you're going to put
one, you have to put the other because --

MR LEAVER We're just estimating MOX

MR. G ESEKE: Yes, but what happens --

MR BOYACK: But the release fractions
that we're presenting are for a full MOX assenbly.
That's all they are. They aren't for the LEU. That
was the point.

MR. G ESEKE: Oh.

MR. BOYACK: So the fission product

rel ease fractions developed are for a full MOX
assenbl y.

MR. KRESS: | don't know what the "full™"
nmeans. It's just for a MOX assenbly. It's not a

si ngl e one.

MR. LEAVER: Get rid of the word "a" and
put "MOX assenblies.”

MR. BOYACK: Assenbly can be one fuel --
it's the same thing.

MR. LEAVER. Right, for MOX fuel.
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MR. BOYACK: Yes, for MOX fuel.

Anyt hi ng el se that's needed post to end of
early in-vessel?

MR. NOURBAKHSH: | have a comment. I's
that definition of 1465 source term early rel ease by
definition is up to the vessel failure. So that
assunptionis 70 percent isinplicitly, is one of your
conclusions, is not explicitly by definition of LEU
source early rel ease.

See, you bring the end tine of the vessel
failure. Soit isaninplicit kind of conclusion that
you make that 70 percent should damage before the
vessel failure. You saw that explicit definition of
t hat source.

MR. KRESS: But meking it explicit makes
that clear. | nean, it's the sanme practical -- you
get the sane result. You get the sanme result. You
m ght want to clarify that and say the 70 percent is
a result of how nuch it takes to nmelt through the
vessel. That m ght be a clarification. In practice,
it's the same thing. It just assunes the sane.

Term nate the in-vessel phase.

MR. BOYACK: (Ckay? Are we all clear?

VR. PONERS: ["m still wunclear what

happens after the vessel has been breached.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

482

MR. KRESS:. You no | onger have st eamgoi ng
out. You' ve probably got some pretty hot fuel left in
there, and it didn't get down yet because you need 70
percent of it to get down. That fuel's, | think it --

MR. LEAVER: Are you aski ng what happens
to the 30 percent that's up in the vessel?

MR PONERS: Yes.

MR,  KRESS: | think when the bottom --
when the hole gets in the vessels, whatever kind of
hol e you get, you're going to expel a lot of the 70
per cent because | think nost of it is nolten. Most of
it is going to go dowmn to the core concrete.

MR. POVNERS: Well, | understand that you
think that nost of it is nolten, but | certainly don't
t hi nk so.

MR. KRESS: Do you think a substanti al
fraction of it is crusted and --

MR. PO/ERS: I think a substantial
fraction of it is fuel rods that are oxidized to sone
extent, but not been hot, grading out to when you get
to the conplete perineter they're in pretty good
shape. They may have ruptured their clad, but
ot herwi se not nuch has happened to themby that tine.

MR KRESS: That's the 30 percent?

MR. LEAVER No, that's a portion of the
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70 percent.

MR. PONERS: |If | take a |look radially,
starting at the center of the core, and | go out about
70 percent of the distance, that's gone. Okay. It's
sl unped - -

MR. KRESS: |It's 70 percent of the --

MR. PONERS: Seventy percent of the radi al
di st ance.

MR. KRESS: PlI-r squared is --

MR. POAERS: Point seventinmes .7 is .49.
So it's about half the volune of the core that has
sl unped down and hit the vessel head. There is an
uncertain range onthat | will agree to; it depends on
t he accident. It is probably higher in this
particul ar accident than others, but it's a good
nunber and | think it meshes with other studies that
t he NRC has done.

From that .7 to the perineter, the
degradation goes from rod stubs all the way up to
al nost pristine fuel. | suspect that it's brokenits
clad, has a hole inits clad, but by the tinme you get
to that outer row of assenblies, it's pretty nuch
intact fuel at the tine of vessel rupture. Okay?

Now | want to know what happens after

that. Does Saran Wap get put over this thing and
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not hi ng happens?

MR. KRESS: My assunption is not that
you've got 70 percent of the radius, but you go out
far enough that you capture 70 percent of the fuel
That's what it takes to nelt the vessel, and the 30 of
the fuel is around the periphery. Pretty much like
you say, it hasn't nelted yet. It's probably damged,
and it may have even released sone of its, well
evol ved to fission products, but it's there. You have
a hole in the vessel. You've probably gotten rid of
all the steam and water by now, and whatever nelt,
this hole goes down to the core concrete, and now
you' ve got this stuff sitting around the edge whichis
under goi ng decay heatup, but doesn't have nuch of a
way to cool itself except by radiation.

| don't know what happens toit. | think
it mght continue to heat up and continue to nmelt and
fall down in what residual |ower head there is and
continue to release its fission products.

MR. BOYACK: | amagoing to ask a question
here. | hope you can satisfy ny curiosity.

An hour and a half ago, we were marching
through tables at a pretty rapid pace w thout these
definitions. It appears to ne that, although we're

tal ki ng about MOX specifically, and trying to cone

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

485

t hrough this prescription, we were doing without this
prescription before, right or wong. Ws it wong?
Because now we're into a level of defining the
scenario that could have been applicable to what we
wer e doi ng before also. No matter what the fuel mx
is, we could have had this definition.

So I'mcurious. W were going through the
process before, comng up with answers. Now we're
having a rather protracted scenario description. 1Is
it necessary to go forward? And if so, why is it
different fromwhat we were doi ng an hour and a hal f
ago?

MR. KRESS: That's exactly what | was
doi ng.

MR. BOYACK: So the specificityis show ng
that others were doing different things?

MR. KRESS:. Probably. | don't know what
t he others were doing, but that's exactly what | was
doi ng.

MR.  POVERS: | was thinking about 50
percent core nelt, sonme damage, and t hat broke t hrough
t he vessel head. Then after that, | had the rest of
the core com ng down over a two-hour period.

MR, BOYACK: kay.

MR. PONERS: And that was augnenting the
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core-concrete interaction. For 10 hours | was runni ng
gas up through the piping systemrevaporizing stuff.

MR. KRESS: That is probably nore
realistic than what's going on in what | was saying.

MR. BOYACK: Then what | woul d |i ke to do,
then, is sort of see if we can't just get down. So
thisis a 50 percent of the volune of the core, right?
What you had was 50 percent of the vol une of the core?
Fifty percent of the core doesn't participate in
rel ease through this --

MR. POAERS: Sone fraction of it --

MR. BOYACK: Okay, sowhy is it not within
this 50 percent?

MR. POAERS: You' ve got 50 percent of the
core that penetrates the vessel

MR. BOYACK: This is the 50 percent that's
going to cone down? Kkay.

MR. POAERS: The residual part of it --

MR.  BOYACK: And w il be released
i medi ately upon failure of the | ower vessel, right?

MR. POAERS: Uh- hum

MR. BOYACK: The renunini ng percent of the
core, 50 percent of the core remaining in the vessel,
some portion is al so damaged.

Now at this point | think what you said
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was, for the next phase, so for the ex-vessel phase,
the 50 percent discharged, released, in the core
concrete interaction, and then what did you say about
the rest of the --

MR. PONERS: Understand that some portion
has been damaged, but during the ex-vessel phase 100
percent of the core eventually ends up on the fl oor.

MR. BOYACK: Ckay. Then you had a | ast
statenent, which was to do with the gas flows, and
this was the late phase, right? That's called the
| ate i n-vessel phase? What do we call it?

MR POANERS: |It's late in-vessel.

MR. BOYACK: Just let me gowith this for
a nmoment .

MR. PONERS: This is the 10-hour period
where you're taking the material off that you put on
the piping system you're revaporizing fractions of
it.

MR. BOYACK: Deposited material, okay. Is
revapori zed?

MR. POAERS: Uh- hum

MR. G ESEKE: Wy don't we call that --
oh, | don't knowwhat to call it -- RCSinternals, as
in the piping systenf?

MR. PONERS:. Yes, you can say RCS. Aot
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of it's on the upper core structures.

MR. G ESEKE: That nmakes it a little bit
nore applicable to a TWR

MR. BOYACK: Ckay, Tom can you live with
t hat ?

MR, KRESS: Wll, | can live with it
except your "sone portion" in the bullet halfway up.
| don't know what that portion is.

MR. BOYACK: Onh, right here?

MR. KRESS:. Because what | think you're
saying is that that's going to be added into the early
i n-vessel release.

MR. PONERS: That's right.

MR. KRESS: So | need to know what that
portion is, and | think your intent was to make it 20
percent or sonething like that?

MR. PONERS: In fact, what | did was 30
percent of the fuel was involved and it rel eased hal f
of its inventory in the volatile materials.

MR, BOYACK: Ckay, | was typing.

MR. KRESS: | said 15 percent, and the
ot her 35 percent was part of the core concrete that
went over a |onger tinmne.

MR. POAERS: Thirty-five percent probably

| ost the gap release, but it hadn't released very
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much. Then it coll apses down into the reactor cavity
and it rel eases everything. It does that over a two-
hour peri od.

MR. BOYACK: So if you were asking, sone
portion of the 50 percent of the core main vessel was
al so damaged and participates in the early in-vessel
release. Did a nunber come out of that?

MR. POAERS: \What | had said, what | had
been doi ng was sayi ng 30 percent of the core | oses on
average half of its volatile inventory. So if | |ook
at the core and ask sonething |ike the, say, cesium
content, how nuch had conme out of the core, not onto
t he containment, but had come out of the core, it
essentially anbunted to a 65 percent rel ease fraction
of the core as a whol e.

MR. BOYACK: Is this 30 percent of the 507?

MR PONERS: No.

MR. G ESEKE: No. It's of the total core.
It's 30 percent of the total core, but it comes out of
the 50 percent left standing, so to speak.

MR. BOYACK: G ve ne sonme words.

MR. PONERS: Three-fifths of the remaining
core rel eases one-half of its volatile inventories.

MR. KRESS: Yes, | don't know whet her one-

hal f --
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MR. PONERS: Well, a straight line from

100 percent release to zero release for that part of
t he di agram

MR. BOYACK: So is that three-fifths of
the main core loses one-half of its volatile
inventory? |s that what was sai d?

MR. POAERS: That's what | heard.

MR. BOYACK: Yes, that's what you heard.
You said it so well. Does this do it?

MR G ESEKE: | have alittle bit of a --
wel |l --

MR. BOYACK: Does this put everybody on
t he sanme description?

MR. G ESEKE: Wl |, that's basically where
| came up with the 65 percent in the very first pl ace,
is this kind of logic. | don't knowif we want to --
| guess we could say --

MR. BOYACK: The reason a prescription
like this is good is, when it goes in the report, if
somet hi ng changes markedly, then people can adjust
accordi ngly.

MR. G ESEKE: | guess ny question is if
you want to use sonething other than -- well, | guess
volatile inventory is as good a way as anyt hi ng.

MR. BOYACK: You're going to get another
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chance to change this. As |ong as we' re contmuni cati ng
all right about it --

MR. G ESEKE: Yes, it's close enough.

MR. BOYACK: | can't print this because
Jason's got all ny disks. W went back again to
reprint again. So |l don't have a transfer nmedia until
tomorrowon this. Wat | can dois | can just keep it
where we can get at it.

So now we go back -- first off, tell ne,
is it going to affect duration?

MR. G ESEKE: From nmy perspective, it's
build on this. Any nunbers | give you are built on
this basic assunption anyway.

MR. BOYACK: Ckay, for you the answer is
no. l"d like you to think about that and whether
anybody needs to change the duration input you gave
me.

MR. KRESS: | amstill bothered about the
three-fifths of the remaining core and one-half of its
fission products.

MR,  POVERS: It's not one-half of its
fission products. This is half of the volatile --

MR. G ESEKE: That's inportant because
that's the point | was trying to fuss with, and then

| just said, well, as long as he carries the word
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"volatile” with it every place he goes, if that's
maybe nobl e gases, you know, if you |ook at it that
way - -

MR KRESS: It still bothers ne. | don't
know whet her one-half -- | understand what Dana is
saying, but it seens awfully arbitrary to ne.

MR, G ESEKE: It is.

MR. POVNERS: Anything we do on this is
going to be conpletely arbitrary.

MR. KRESS: | think you're right, but both
the three-fifths and the one-half seemarbitrary to
me. I"m convoluting two arbitrary things to get
anot her arbitrary thing, andthat's why it's bothering
me.

(Laughter.)

MR.  BOYACK: The real key is it's
arbitrary, but it's very specific.

MR. KRESS: Ch, | agreeit's specific, and
specificity is very inportant.

MR. PONERS:. | think I'd go through the
actual anal yses that have been done in the last 10
years and show you that thinking about 50 percent of
the core is not a bad, as core nelt, it's not a bad --
it fits the definition of 1465. It may not be

bounding, but it's a pretty severe situation. | can

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

493

find accidents that initially melt a lot less, and |
can find a few, not too many, that nelt nore.

Now anmong t he ones that nelt nore tend to
be these |arge breaks. So | don't think the 50
percent is all that arbitrary. | think there's a
basis for that.

As | say, the 50 percent, all I'mdoingis
sayi ng, | ook, the outer ring of assenblies may have
ruptured its clad, but it hasn't released -- and | ost
its gap inventory, but it hasn't done very much now.
So since | don't know all the details of release, |
will assune that, starting at my .7 radius to nmy .9
radius, it's essentially linear. Half of linear, I
mean it's roughly half. You can do it very exactly,
but you're kind of fooling yourself.

MR. BOYACK: So, Tom are you just feeling
that it's a different value? | nmean, because we need
t he prescription to have peopl e doi ng t he sane t hing.
So are you just feelingit's different val ues or what?

MR, KRESS: This three-fifths of the
remaining core losing one-half of its volatile
i nvent ory, where does that go? Does it go through t he
primry systemthat undergoes plate out or does it go
straight into containnment, in your mnd?

MR. POAERS: It's part of the in-vessel
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rel ease.

MR. KRESS: So half of it plates out, or
what ever our assunption is on the --

MR. PONERS: | was using basically half
pl ate out.

MR. KRESS: So three-fifths of 50 is 30,
and if | added that to the original 50, I would have
gotten 80, and 80 percent --

MR. G ESEKE: | amseeing the sane thing.
| mean, | don't know where you're going to 80 --

MR. KRESS: We used 70 percent before to
cal cul ate the rel ease in-vessel

MR. PONERS: No, it is 50 percent plus
hal f of three-fifths, whichis essentially 15. So you
come up with -- soif | take --

MR. KRESS: So 15 plus 50; 65 instead of
70? | don't see that that's substantially different.
It just gives a better rationale for why you woul d use
70 or in this case 65. So I'lIl go along wth what
he's saying if --

MR. BOYACK: Do | have to do sone
rewor di ng here?

MR KRESS: No, no. | thinkit's --

MR. POWERS: The issue is what you do

after the vessel ruptures.
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MR. KRESS: That's right, and you were

asking me what | did with the 30 percent, and | said,
| don't know. This gives you some rationale for what
todowthit. It all goes in over a two-hour period
to MCCl or sonmething, and it gives you a rational e for
dealing with the ex-vessel part of it. From t hat
standpoint, it's a fairly good specification. It
doesn't violate ny general rule of 70 percent very
much. It's 65 instead of 70.

MR. BOYACK: Well, that's good because t he
uncertainty is nuch bigger than that, right?

Okay, so are we ready to go on?

MR PONERS: Yes.

MR. BOYACK: That's the folder file. 1'm
ki nd of thinking it would be good if peopl e had a copy
of that.

kay, so the duration we said was all
right.

MR. KRESS: Yes, | don't see that any of
this change affects nmy concept of the duration.

MR. BOYACK: kay, let's go to the noble

gases. |I'mstarting to get tired because | can tell
| can't renmenber who did what, but we'll just start
over here. | guess that's how we started |ast tine.

Dave, do you want to change any of the
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val ues based upon now this new definition?
MR. LEAVER. Ckay, and this is now all
MOX, and we've kind of cone up with a sone sort of a
standard core damage progressi on nodel, which I think
is very reasonable. |It's a badly danaged core, but
it'sinthe representative or typical range, sonmewhat
conservative in ternms of the anmpbunt of danmage, when
you | ook at the probablistically inportant sequences.
| guess the only thing I would do is |
m ght just lower nmy 80 percent a bit, maybe nmake it
70, 75 percent, and then increase the ex-vessel to 20
percent .
BOYACK: kay, Jin®
G ESEKE: | like it right now.

BOYACK: (Ckay, Dana?

2 3 3 %

PONERS: Ckay.

MR. BOYACK: That's right. Ton? Here
cones the nonent.

(Laughter.)

MR, POVNERS: He likes themthe way they
are.

MR. KRESS: W're still on the gap
rel ease.

MR. BOYACK: Ch, actually, | thought we

went through the whole thing with these others.
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MR. KRESS: Did you?

MR. BOYACK: Yes. So you can just go
t hrough the whol e snear here.

MR. KRESS: M gap rel ease was desi gned to
say 40 percent of the core was high and it was MOX,
and the other 60 percent was LEU. Now I'mgoing to
all MOX. M gap rel ease would go up considerably to
about .1 if I"mjust using all MOX

| think the inventory in thereis -- you
know, if you nultiply .1 by 40 percent and add that to
-- no, that's not right. .6 was a conbination of .4
ti mes sonme nunber plus .6 times sone nunber. .6 tines
.05 is .03. Sothe .6 is .03 divided by .4. So it
goes up to about .7 or .75, sonewhere around there.

MR. BOYACK: Do you want that 5 there?

MR KRESS: No. Let's make it 7.

MR BOYACK: Ckay.

MR. KRESS: And that's to reflect what |
think the inventory change will be --

MR. BOYACK: kay, early in-vessel?

MR. KRESS: Early in-vessel?

MR. BOYACK: Yes, you get the whol e thing
now.

MR. KRESS: Well, I'"'mgoing to take .65

for sure because that's the anmpbunt that participates
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in essential the nelt. Now the question is, am |
going to release any of these noble gases fromthat
ot her part of the fuel that didn't? | think surely it
gets damaged to the point that it's going to rel ease
some nobl e gases. So |I'mgoing to go back up to the
.93 because | think the .07 takes care of --

BOYACK: So everything goes out?
KRESS: (Goes to .93, yes.

BOYACK: And the next two go to zero?

2 3 3 %

KRESS: Yes.

MR. CLEMENT: Don't change .05, but you
could add this, we'll say that the margin i s reduced.
This is the original for the experinents. | don't
change the . 05.

MR. BOYACK: kay, soO --

MR. KRESS: He's saying that it is always
t he sane.

MR. CLEMENT: Yes, but you can indicate
that now margin is reduced.

MR. BOYACK: For the .05?

MR. CLEMENT: Yes. Then for the other,
.95, no change, because basically in our studies we
consi der 100 percent participatingtotherel ease. So
never mnd for the 40 or 60 percent. So no change.

MR. BOYACK: Ckay, nobl e gases are done.
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| have to color code or I'Il lose track of what |'m
doi ng.

How are you doing, Jinf? Are you ready to
go on to the hal ogens?

MR. G ESEKE: Yes. | don't see any reason
to change because | kind of nmade these assunptions
when | did it in the first place. They' re cl ose
enough.

MR. BOYACK: Dana? Anything you want to
do with the .325?

MR. PONERS: | put ny .325 in there to
reflect a belief that the rel eases of hal ogens from
the fuel are a little nore rapid than they woul d be
for conventional fuels. As aconsequence, the parti al
pressure in and i nredi atel y above the core regi on was
a bit higher. Consequently, the driving force for
fission product hal ogen condensation on the
particul ate and structures was a bit higher, and you
got |l ess out. The precise nunerical valuel think is
not so inportant as the indications that, release
things nore rapidly; you deposit themnore rapidly.

MR.  BOYACK: In effect, we're just
enpl oying the logic for everybody now that you were
enpl oyi ng before? That's why your nunber doesn't need

t o change?
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MR PONERS: Well, | nmean, it would seem

like it ought to change because now you're doing a
full MOX fuel, but since | think the overall rel ease
fractions tend to be driven nore by damage progressi on
for these volatile materials than by the details of
kinetics, the only place | reflect that as higher
kinetics is in the fraction of the deposits. So |
ki ck up the fraction of the deposit, and consequently,
| kick up the fraction that subsequently revapori zes
in the late in-vessel phase.

MR, BOYACK: Ckay, so your ex-vessel

nunber and your |ate in-vessel?

MR. POAERS: | guess |'d just |eave them
al one.

MR. BOYACK: Ckay. Tonf

MR. KRESS: M nunber is going to be the
same, and 1'Il tell you why. The .65 fraction that we

essential ly assuned undergoes the transi ent, rel eases
all of it, and you get .65, plus you add the gap
rel ease, which is basically another .5 or so. I
finally just played it out, and it |eaves me with .35
runni ng the vessel and .35 on the other right now.

MR. BOYACK: Ckay, so those nunbers stay
t he sanme?

MR KRESS: Uh- hum
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MR. NESBI TT: The gap rel ease phase for

Tomis now, | think, inconsistent with that for the
nobl e gases.

MR. KRESS: Oh, yes, | would convert that
to 7 also. Thank you very nuch. You know, once
again, that's hardly distinguishable fromthe 5.

MR. NESBITT: Well, | agree, but --

MR. KRESS: But just to be consistent and
to showthat | think there's noreinthe gap inventory
because of its MOX fuel

MR. BOYACK: Any coments now that | need
to change? Any different nunbers?

MR, CLEMENT: No.

MR. KRESS: Now ex-vessel, this is the 50
percent of the core -- | nmean the three-fifths of the
core that went down and rel eased half of its content.
The other half is going to get rel eased very qui ckly.
So it's that nunber that. It's coming up to be .15,
| think.

MR. BOYACK: (kay, and late in-vessel?

MR. KRESS: Well, |I've got half of the --
|"ve got .35 plated out. | don't think it all gets
rel eased, because once it starts releasing, it

rel eases its heat source. So I'mgoing to stay with

ny .2, just to be consistent with the things that were
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| ate in-vessel before.

MR. BOYACK: GCkay. This is where we |eft
off. And, Dana, it follows your |lot on alkali nmetals
NOW.

MR. PONERS: Ckay, it's 0.05 to begin. |
am concedi ng that the inventory can be a bit higher,
but I still think the .05 has enough margin to refl ect
that, especially when they're [imting the burnup to
somet hing around 40. So | just don't see any reason
to change that.

MR. BOYACK: Ckay. Early in-vessel?

MR. PONERS: Early in-vessel release, |

have 0. 30.

MR, BOYACK: kay.

MR POAERS: Ex-vessel, 0.25.

MR BOYACK: Ckay.

MR. POVERS: And the late in-vessel
rel ease, 0.15. Sone of this may need a little
expl anati on.

MR BOYACK: Al right.

MR,  POVERS: My general belief is the
deposition of cesiuminretention of the piping system
is alittle better than for iodine.

MR. BOYACK: And the fractional rel ease
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MR POWERS: The fractional rel eases are

about the sanme, but it strikes nme that there is nore
chem cal diversity available to cesiumto deposit on
the parent piping system and that it fornms nore
refractory conpounds, so the revaporization is |ess
efficient. So that you see sonme bi as down fromcesi um
and i odi ne here.

MR. BOYACK: Ckay, now one of the general
statements -- | don't know quite where to shuffle them
into the thing here as to which phase. So if thereis
sonmet hing that you feel |ike you want in the report,
| need to have the phase or | get |ost imediately,
and then | loss track of the conversation.

MR. POAERS: | would say down inthe |ate
i n-vessel, just say nore refractory surface speci es,
so the extent of revaporization is less than for
i odi ne.

MR BOYACK: Ckay. Al right, Ton®

MR. KRESS: Believe it or not, nmy nunbers
are just about |ike Dana's, but | would put the .07 in
there just to be consistent, and the rest of the
nunbers are about the sane. The difference --

MR. BOYACK: The sane as?

MR. KRESS: As Dana's. The difference in

the total doesn't nmake any difference substantially,
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and | agree with himon -- no, .15. | agree with him
it does revaporize as easy.

MR. BOYACK: Bernard?

MR. CLEMENT: .05 for gap rel eases, and
then .65 for rel eases, the usual

MR, BOYACK: Dave?

MR. LEAVER: 1'd say .05. | think the
cesiumis, for the same reason as | said on noble
gases and iodine, | think it should be a bit higher
than what we used for the LEU. So | would say .3
woul d be a reasonable estimate there, and 1'd say .3
for ex-vessel and .1 for late in-vessel. Actually, I
woul d, yes, | would say .15 for late in-vessel.

MR, BOYACK: Jinf®

MR. G ESEKE: .05. Looking and conparing

wi th iodi ne again, and accounting for transport and

deposition differences, | get -- ['lIl round down;
had a little bit nore, but 1'll round down to .30 and
make your averaging easier. | had .3 and . 1.

MR. BOYACK: What about research for the
al kali netal s?

MR. POAERS: What ?
BOYACK: Research.

POVNERS: Oh, research

2 3 %

BOYACK: This is for anybody who cares
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to hold forth.

MR. PONERS: Well, it seens to ne that we
do have a couple of data points for the cesium
rel ease, and there's still some work to sort out what
all the peculiarities of those data points. That
effort to sort that out is clearly needed to be done.
What you have, then two points make a straight |ine,
and Tom can build his nodel.

MR KRESS: That's right. | can do it
l'i ke that.

MR. POVNERS: And you don't have to worry
about scattering the data that way.

MR KRESS: That's right.

MR. POVERS: When you just have two
poi nts.

MR. BOYACK: This is VERCORS test?

MR. POVERS: Yes. Don't do any nore
tests. Just sort out what you' ve got.

(Laughter.)

MR KRESS: If we doathirdtest, I"'min
troubl e.

MR PONERS: Yes.

(Laughter.)

MR.  KHATI B- RAHBAR: Com ng back to the

VERCORS tests, the one that was not presented
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yesterday were RT 1 conparison to RT 2. This data you
have already presented in public. You have a paper
that was presented this exactly, this conparison

MR KRESS: It's RT 7.

MR. KHATI B-RAHBAR: RT 7 is the one you
have i n pl ace.

MR. KRESS: That's the one | need because
it's got the whole range of fission products in it.

MR.  KHATI B- RAHBAR: It was already
presented, and | believe that your institute has

indicated to NRC that they will providing those data

to us.
MR. KRESS: Right, that's fine with ne.
MR, KHATI B- RAHBAR: It's just a matter of
timng. So we will have access to that.

MR CLEMENT: We hope it will be soon.

MR KHATI B- RAHBAR:  Soon, Yyes.

MR. BOYACK: Any ot her research needs for
any of the other phases? Any other research needs in
this area that have occurred to you?

MR. KRESS: There was this question of
val idating the VERCORS data with the real fuel, but
after listening to all of it, I'"mof the opinion that
it's applicable to what they're going to use and we

don't have to run this.
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MR. CLEMENT: The data wi |l be exactly the

characteristics of the tests that has been used
because it's inportant.

MR. BOYACK: Ckay, tellurium right? D d
| hear sonebody groan?

(Laughter.)

Was that you who sort of let that out?

MR, KRESS: Yes.

MR. BOYACK: Well, you get the first shot
at this one as it turns out.

(Laughter.)

I"mready to stand up for a second.

(Wher eupon, the foregoing matter went off
the record at 4:05 p. m and went back on the record at
4:06 p.m)

MR. KRESS:. Telluriumwas a tough one for
me because if | just look it its volatility, it
actually gets released as nuch as the hal ogens, but
then there's this business that it gets tied up with
the netallic elenents in the fuel, and then it's not
as volatile as you think it is.

My opinion is that eventually this gets
tied up in netallics. It eventually gets rel eased
anyway fromthat fuel that undergoes t he damage part,

and | would put it exactly the sanme as the hal ogens,
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which is .3. | think we used .35 for the hal ogens
her e.

The gap, | thinkit's probably the sane as
-- | think it's zero in the gap. | think it's tied
sonewhere el se in the fuel

MR. BOYACK: So you're referring back to

what, the hal ogens?

MR. KRESS:. For the early in-vessel, |I'm
referring back to now. | forgot when we were talking
about gap. |"'m still going to use the zero gap

rel ease, but for the hal ogens early in-vessels | would
still use the .35.

MR, BOYACK: kay.

MR. KRESS: | think ex-vessel telluriumis
probably | ess rel easable thanthe -- it's going to get
rel eased ex-vessel, so | think the .15 is good there.

Late in-vessel, | think onceit gets tied
up with on the surfaces, it's not going to get
rel eased there. So |I'd go dowmn to .1. That's about
it, | guess.

MR. CLEMENT: Gap release zero, and then
for the early in-vessel, but, in fact, total rel ease,
7.

MR, BOYACK: Dave?

MR. LEAVER  Gap rel ease zero. | guess
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early in-vessel, on LEUI think there certainly was a
strong feeling that tellurium was -- the 1465
telluriumestimte ought to be increased. There may
be sonme di sagreenent as to how much, but | think that
notion applies here, but |I felt that the 30 percent
nunber that a nunber of people cane up with was
unconfortably high. So |l was in the range of 10 to 15
percent. So | guess here | woul d say maybe t he upper
end of that, .15.

MR, BOYACK: kay.

MR. LEAVER:. And I'I|l gowith .4 ex-vesse
and .2 for late in-vessel.

MR, BOYACK: Jinf®

MR G ESEKE: | think it needs to be a
little bit there; .005 perhaps.

(Laughter.)

Put alittleinthere. Wat's wong? You
don't want to put a little in there? How about .3,
.4, and then .2, which are basically the sane nunbers
as we used for the high-burnup.

MR BOYACK: Dana?

MR. PONERS: LikeJdim I'dliketoreflect
alittle bit inthe gap. Wat | put inis .005. Now
with the proviso that | don't understand telluriumat

all, here's somewhat how ny thinking goes:
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We're going to use M cladding. That
means we've got notin. Toformtin, telluride should
be releasedinthetellurium 1It's ny inpressionthat
the MOX fuel runs a little higher in oxygen potenti al
t han conventional fuel because the pl utoni umnodul es
have a |ess capacity to sustain and buffer oxygen
that's being |iberated by the fission process.

So | suspect that this manifestsitself in
seeing a little higher releases of nolybdenum a
little higher rel eases of rutheniumthan what we're
used to. The sane phenomenon ought to lead to a
little higher releases of telluriumthan we're used
to.

On the other hand, we're going to have
hi gher concentrations of the reactive forns of
telluriumin the flow out of the core. To propose
that | have any capacity to doing this integral in ny
head is to overstate nmy capacities by a |ot.

MR. KRESS: M assunption there was just
aerosols plated up --

MR, POVERS: | just didn't want it to
reflect the potential of reacting with the upper
structures, and you m ght not see too nuch novenent of
this material. So | took the in-vessel rel ease, and

this is the release to the contai nnent. You have a
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hi gher rel ease fraction than the fuel itself. But to
t he containment, | have . 1.

MR. KRESS: You're really plating this
stuff out?

MR. PONERS. Yes, | plated out a |ot of

Okay, the ex-vessel release, | had .40.
As | said, telluriumis the one thing during nelt-
concrete interactions | think | understand. | don't
understand in-vessel at all, but | understand ex-
vessel alot. Sol think it gets released, oh, fairly
extensivel y ex-vessel.

MR. KRESS: I'd like to change ny .15 for

ex-vessel to .4. | agree with Dana on that and the
rest of the people. | don't know how | cane up with
. 15.

MR. POVERS: The reason I'm fairly

confident on this is that, when you put a nelt on
concrete and let it chew away for a while, there's a
strong snell of rotten eggs, and that rotten eggs is
t he gypsumused in the concrete, which is the cal ci um
sulfate being turned into hydrogen sulfide and
vapori zed out. Wile sulfur chem stry and tellurium
chem stry are sufficiently close that you know t hey

should be volatile, we have done experinents
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explicitly looking at telluriumrel ease because of a
bet Dick Vogle intenperately nade with me on the
rel ease of tellurium duri ng nmelt-concrete
interactions. He said it couldn't be released. |
havi ng snell ed the rotten eggs, knewthat it woul d be
rel eased. So we did the experinent, and we found
VANESSA matched exactly the release, and we were
getting a slow, steady, and what woul d be eventually
complete release. So I'mfairly confident on that.

Now the | ate i n-vessel rel ease, | get . 2.
That's because | put a lot of telluriumout of fuel
and | put it on the piping system and then | believe
that with reactors that have air filter containnents
you'll get air in there and you wll turn any
tellurides into TeOthat's volatile and it will cone
out .

MR. KRESS: Can you add up when you | ook
at where everything is?

MR. POAERS: | hope not.

MR. KRESS: Well, let's see, you' ve got --
how nuch have you got ?

MR. PONERS: What Tom s asking is, have |
vaporized nore off the piping systemthan what | had
to vaporize? And | don't think so. No, | released

essentially 60 percent fromthe fuel itself.
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MR KRESS: And 40 percent ex-vessel?

MR PONERS: Yes.

MR, KRESS: And that's 100 percent
failure?

MR. POAERS: Right, and | put 50 percent
of the core inventory on the piping system and |
subsequent |y revapori zed a fraction of that. | think
ny mass bal ance is okay. Now the quality of the
nunbers, of course, is not worth one spit.

MR, NOURBAKHSH: All of the tellurium
cones from core-concrete interaction?

MR PO/ERS: | get about 60 percent
rel ease fromthe fuel during the in-vessel transient,
60 percent of the core inventory; 50 percent of the
core inventory, whichis five-sixths of that rel eased,
deposits on the piping system Ten percent of the
core inventory actually conmes in the containnent.
Subsequently, in the late in-vessel phase, about 40
percent of that deposited material subsequently
revapori zes and cones into the contai nnent.

MR. NOURBAKHSH: So all of the rel eases
are overlaid water or --

MR. PONERS: Oh, | see what you' re aski ng.
Was there any transient for that degraded fuel ?

MR, NOURBAKHSH:  Yes.
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MR POANERS: | really didn't --

MR. NOURBAKHSH: You nade t hat assunption
such a release of telluriumis there.

MR. POVERS: You're right, and | just
didn't correct these nunbers totry to horse that out.
See, there's a big debate on what happens with the
rest of this residual fuel. |If you let air conme in
and interact with that residual fuel, and it's very
rapid, it gets so hot that it nelts down very qui ckly,
and al nost nothing gets released. It doesn't have
time to get released before it gets down.

If, on the other hand, you meter in the
air, it comes invery slowy, and the clad just nelts
off, so that you expose fuel to the oxidizing
envi ronnent, then you get alot off. | have tried to
nodel that with things |like the MELCOR code. As |
assuned dictated the results. | nmean, if | had real
good high flows in there, | could get the stuff to

melt, flow out, and never had a chance to rel ease

anything. |If I slowed down the flowa lot, it had a
chance to burn off the clad and release lots. It's
so-so good. | nean, your assunptions are dictating
t hi ngs.

And that's why we had hoped that the

PHEBUS program woul d be able to do an air ingression
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accident, so that we could have sone idea how the
conpetition between things is working. | nean, there
doesn't seemto be able way to do this in nmy capacity
to nodel these things. | just don't know.

MR. NOURBAKHSH: You have the sanme case
for hi gh-burnup?

MR. POAERS: It's al nost exactly the sane
case there, except you've got, with the high-burnup
conventional cl ads, as opposed to the Mb cl ads, you' ve
got a little thicker oxide coating, so you knowit's
a slower oxidation process, unless you get a
br eakaway.

| don't discount it. | nmean, | think it
is one of the prem er uncertainties in the | ate phase
of the accident. Is it consequential enough to
i nvestigate? Well, it has nore interest now that we
worry about spent fuel pools because the sane
phenonenon happens there. |1f you nelt down fast, your
rel eases are going to be low. If you nelt down sl ow,
your releases are going to be high

MR  BOYACK: Are there any comments on
research needs?

MR. LEAVER A couple of questions.

MR, BOYACK: Sure.

MR. LEAVER: It sounds |ike what you were
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saying is that you don't believe that tellurium has
tintelluride, and therefore, it will tend to have a
hi gher deposition velocity than what you had -- you
had witten that short paper yesterday where | think
you were thinking interns of tin telluride, is that
correct?

MR. PONERS: Yes, well, ny argunent inthe
paper goes that in the gas phase it's tin telluride,
and i n the condensed phase it's silver telluride. It
can never react with the surface to form nickel
telluride.

Here you' ve got no tin telluride because
you're working with a niobiumclad, and there is a
ni obiumtelluride, but I don't think it's whonpingly
stable the way tin telluride is. There are other
tellurides that could form | mean | could be just
dead wong on this. This could conme out just the sane
as we assumed for the high-burnup fuel wth
conventi onal cl addi ng.

You do have the silver indium cadm um
control rods, which can -- | nmean cadm umtellurideis
a real nice conpound, real stable, but we just don't
see that much of it. W see nore silver telluride,
but only in the condensed phase. W never seen it as

a gaseous speci es.
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So | come saying, well, it looks to ne
likeit is nmorelikely to have depositionin the upper
i nternal s and primary pi pi ng systemfor this case than
wi th conventional cl ads.

MR. LEAVER Ckay. Another question is,
how nmuch do we know to say that the oxygen potenti al
is, infact, higher for m xed oxide fuel than urial --

MR POVERS: | really don't -- I'm
reasoni ng that we're going to have sone evi dence t hat
you get a little higher rutheniumnovenent. The only
way | can nove rutheniumaround in these MOX fuels is
if there is nore oxygen avail abl e.

MR LEAVER Do we have such evi dence for
hi gher rutheniumin oxygen --

MR PONERS: Yes.

MR LEAVER \What is that?

MR PONERS: It's a VERCORS test.

MR LEAVER: Okay. | wasn't aware of
t hat .

Do you know which test is that, Bernard?
The evidence for nore ruthenium higher ruthenium
rel ease in MOX than in U2, do we have such evi dence?
| wasn't aware of that.

MR. CLEMENT: | don't say so.

MR. LEAVER  Well, yes, we tal ked about
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this yesterday, and the 15 percent is like it's
different for these different nunbers, and he wasn't
specific about any of these things. But, | nean
that's an inportant point if that's true. |Is there
hi gher rutheniumrel ease for MOX than there is UQ2.

MR. CLEMENT: |It's too early to say that.

MR LEAVER  Ckay. | thought maybe you
were thinking that i f we visualized the m xed oxi de as
t hese 30, 40, 50 micron particles with alot of |ocal,
nore concentrated fission events and, therefore,
fission products in the smaller volume, that you just
woul d tend to see higher oxygen potential, at |east
for the fission products. That's not what you're
sayi ng?

MR. POAERS: No, | nean ny reasoni ng goes
this way: PuO2 has inherent desire to go to Pul2
m nus X. We have never ever seen Pu®2 plus X I
guess | said that too strongly. To ny know edge,
there is one report in the literature of a 2 plus X
f orm ng.

So that nmeans you can't acconmpdate a | ot
of interstitials in the plutoniumwhere what happens
is the interstitials get bal anced by the vacanci es.
But you're form ng oxygen when you fission things. |

mean you' ve got to put it soneplace. So there's only
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one place for it to go, and that's over into the
oxygen lattice, the uraniumlatti ce.
So if | take this thing up and I have a

| ower yield of nolybdenumin these systens anyway, |

no way to buffer it. So | reach my buffering
capacity. | have seen these higher releases of
ruthenium and | said, well, if |I'mnoving ruthenium
around, I'msure I'mnoving telluriumaround. That

was the rationing.

MR. NESBI TT: In the di scussion yesterday
we tal ked about ruthenium but it was in the context
of the predicted quantities produced by the fission
yi el ds. That was one of the elements that had a
significantly higher production in the MOX than LEU
So there m ght be sonme confusi on about what that was
about. That was just the anpbunt that gets produced in
the fuel matrix. It does not have anything to do with
what happens to it once it gets produced in terns of
bei ng rel eased.

MR. PONERS: It's about a 15 to 20 percent
i ncrease in production. Inthisworldthat's not very
significant.

MR. NESBITT: It was higher. It was |ike
74 percent higher.

MR. PONERS: A factor of two isn't going
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to make any difference to us. It increases the
activity a little bit, but that's all. Roughly a
factor of 74 percent.

MR. LEAVER: | woul d maybe make a conment .
There is, in one of Bernard' s slides he presented
yesterday, a statement that in RT 7, which is a
reduci ng envi ronnent MOX test, right, that there was,
guote, "low, but significant release (less than 15
percent) of niobium I anthanum europian, ruthenium
noly, cerian, neptunian.

What Ber nard sai d yest erday was t hat t hese
six or seven elements all had different nunbers, al
| ess than 15 percent, so to think of it as between 10
and 15 is really not right because it's different for
different elenments. Wat he just said a nonment ago i s
they're still trying to, | guess, define those
nunbers.

MR. CLEMENT: It is less than 15. It is
| ess than 15.

MR. LEAVER It's |ess?

MR. CLEMENT: It's not nore than 10. It's
| ess than 15. That's all.

MR. LEAVER  Ten to 15. That's right.
That's what | said. It isless than 15. That doesn't

mean it's nore than 10.
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MR CLEMENT: No.

MR. LEAVER: It just nmeans it's | ess than

15.

MR, CLEMENT: Yes.

MR. LEAVER: Now ruthenium as | recall,
there was fromthe fuel, well, sone fairly significant

rel eases, perhaps | renenber 6 and 7 percent.

MR. CLEMENT: W didn't give any figure
for this test for ruthenium

MR LEAVER No, for the U2.

MR, CLEMENT: Ch, for U2, yes. Yes.

MR. LEAVER Yes. So | just don't see any
data t hat woul d suggest that you get hi gher ruthenium
rel eases -- maybe you do, but | don't see any data
t hat suggests hi gher rut heniumrel eases fromMOX f uel .

MR. CLEMENT: At least from this data
there is no change in the order of magnitude. Ckay?

MR. LEAVER: Yes, okay.

MR CLEMENT: For these data.

MR. BOYACK: kay, on telluriumnow, what
we're | ooking for I think is nore conpl ete exposition
on data needs in your letters, but is there anything
el se that you want to flag here for the tellurium
group in the way of data needs?

MR PONERS: Well, for the tellurium we
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just need to know what it's doing. The problemis
it's virtually inpossible to neasure it.

MR. CLEMENT: Still ontellurium | think
it's inmportant to assess, not forget to assess for gap
rel eases and for other points, the effect of the
absence of tin, to look, to confirm or not the
hypot hesi s because this may change t hings.

MR. PONERS: 1t may be t hat sonet hing el se
steps in and acts in the same way, in which case if
you get release, you'll get it out.

MR. KRESS: | know that for regular LEU
fuel, we took sone tests, just took the clad out.
There wasn't any clad there. But tellurium got
rel eased just at the same rate, in fact a little
faster than the iodine. So with LEU fuel, if you
don't have the clad there, why, you get it rel eased.

"' massum ng the Mb clad woul d act i ke,
for tellurium Ilike there wasn't any clad there, but
Dana may be right; there nmay be other things in the
fuel that could latch onto it for MOX, as opposed to
LEU.

MR. G ESEKE: So it sounds |like there may
be adifferent, significant difference between MOX and
the other, the Mo clad and the other cladding for

tellurium So it warrants experiments to check
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into --

MR. KRESS: It warrants experinments with
Mb clad in MOX fuel.

MR G ESEKE:  Yes.

MR. BOYACK: Ckay, tonorrow we have four
groups to take care of, and there was sonme di scussi on
at lunchtime with Jason that it | ooks |like we can go
through these reasonably well. We've had good
progress today in the afternoon on this.

MR. LEAVER | don't know. | nean, |ow
volatiles are going to be tough. At least uptothis
poi nt we've thought of these elenents as volatile,
whi ch they are, but now they're not.

It may take nore than an hour on each of
t henf

MR. KRESS: It may take six nmonths. |
don't know how - -

MR. LEAVER. The difference nay be that
there can be no answers.

MR. KRESS:. Yes, | think that's the tough
part.

MR. CLEMENT: It depends how we agree to
take into account the uncertainties that are nuch
hi gher on t hese groups, because anyway it will be nore

difficult to have a precise and definite value with
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actual --

MR. BOYACK: | propose to bring those up
tomorrow i n any case.

MR, LEAVER The problem is that for
sonet hing |i ke say iodine or cesium you can to sone
degree take uncertainty into account, and t hough not
all of us did, you can increnment it, and in doing so
you may increase the anmount by 10 percent or 20
percent, or sonething like that.

For the low volatiles, you could take
uncertainty into account and increase the rel ease by
a factor of 100 or 50, and that can be, begins to be
a very significant effect on dose and real ly gi ves you
a sourcetermthat's just greatly different than what
peopl e have been using for UO2 fuel, and |I' mnot sure
that necessarily solves any problens or is what we
want to do. W can say things are uncertain, but for
the low volatiles, now you're talking orders of
magni tude i nstead of 10 or 20 percent.

MR. KRESS: And | think RT 7 sheds sone
i ght on that.

MR. LEAVER. |If we had --

MR. KRESS: |If we have the results for the
| ow vol atil es.

MR LEAVER Right.
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MR KRESS: It would be useful --

MR. LEAVER Richard is not here. He said
sonet hi ng.

MR. KRESS: He saidthose wi !l probably --
he said there are negoti ations are underway, and his
under st andi ng was that that RT 7 data wi || be rel eased
soon to NRC. He didn't say when, but they will. They
are tal king about getting it, and they will probably
get it.

MR. LEAVER | think it was going to be
soon.

MR. KRESS:. Yes, it sounded |i ke probably
soon, but they didn't giveatinme. Sothat's goingto
be available, but it won't be available in tine for
us.

MR.  CLEMENT: | can confirm that
di scussions are underway. W don't know when it will
be finalized.

MR. KRESS: We can do a | ot better when we
get that data, but until we get it, well, | think
we're kind of in the dark on these.

MR. BOYACK: Tonorrow the way the day's
going to unfold is, evidently, they have a real
chal | enge scheduling roons here. So there's a group

that's coming in here at 11:45 tonorrow. They'll be
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here until 1:15. It's a Toastmasters' group, SO
you're welcone to stay and participate in giving
tal ks, if you w sh.

(Laughter.)

But there will be that.

|"mgoing to take 45 m nutes earlier. |
have a neeting to go to, and Jason Schaperoww || take
over the discussion here at 11:00.

MR. LEAVER. Do we need to go two-thirds
of a day tonorrow?

MR. BOYACK: Well, that was where | was
starting to ask some questions. |It's not clear from
your answer where we'll end up tonorrow

The thing that Jason had said, which was
where | was starting to go, was that it woul d be nice
of there were any tinme left tonorrow where the panel
towards the end of the day could take alittle bit of
time and say, to reflect a little bit about the
nmeetings thus far, what we' ve | ear ned about PWR, hi gh-
burnup fuel, and BWR, and if there were any set of
bottomline items that sort of come to m nd through
t hi s | earni ng process, this |earning/doing process, to
get those down, which woul d be nade avail abl e t o nost
thus far to ponder and put in the final report.

MR LEAVER: Bottomline, what does that
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mean?
MR. BOYACK: Sunmary, concl usions, things
t hat have been | earned. Just what has been | ear ned by
going through this process in the source term
applicability on the three areas?
So | think the answer is that we'll

probably use all the tine available. You're goingto

| eave at 1:00, | believe, was it?
MR. LEAVER: | think if | need to get
there an hour and a half ahead, | probably need to

| eave about 2: 00, maybe 2: 30.

MR. BOYACK: Ckay, that would be fine. |
think we'll be done by 2:30.

So, with that, any other questions or
conments? Then we'll turn off the tape machi ne.

(Wher eupon, the foregoing matter went off
the record at 4:36 p.m, to reconvene the follow ng

day, Thursday, February 21, 2002.)
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