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UNI TED STATES OF AMERI CA

+ 4+ + + +
NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
SOURCE TERM APPLI CABI LI TY PANEL
+ 4+ + + + +
VEEDNESDAY
DECEMBER 12, 2001
+ 4+ + + +
ROCKVI LLE, MARYLAND
+ 4+ + + +
The Panel nmet at the Nuclear Regulatory
Commi ssion, Two White Flint North, T2B1, 11S45
Rockville Pike, at 8:.30 a.m, Br ent Boyack

facilitating.

PANEL MEMBERS PRESENT:

DANA PONERS, ACRS

THOVAS KRESS, ACRS

BRENT BOYACK, Facilitator
DAVI D LEAVER, EPRI

JAMES d ESEKE, Consul t ant
BERNARD CLEMENT, CEA France

JEAN- M CHEL EVRARD, CEA France
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ALSO PRESENT:

JASON SCHAPEROW

STEVE LaVI E

HOSSEI N NOURBAKHSH

* indicates wunintelligible word(s)

accent.
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P-ROGEEDI-NGS
(8:34 a.m)

MR. BOYACK: We have the panel here, so we
m ght as well begin. A full day of activities today
requi res thinking, concentration, attention, skill
background, experience.

Let ne just quickly review what we are
going to do using the fantastic di agramhere. W will
be projecting up on the screen here nonmentarily, |
guess, information. W have a nunber of tables to
fill in, both by way of nunerical values, if we are
able to, and al so by way of rationale.

So, as we go t hrough, | proposed yest er day
that for each nunerical entry in the table that | go
ahead and ask if, in the case of the source termns, if
the given source terns are applicable. W also have
durations that we have to handle. That is the one
exception. If the answer is yes, then we will go
ahead and record the value and al so the reason why.

Anyway, if the answer is not yet, as we

di scussed yesterday, then we will go ahead and talk

about whether we are able to specify a newvalue. |If
yes, we will record the rationale for that. If no,
then we will talk about why, and we will get that

down, and also at that point try to go ahead and get
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sone i nformati on down about what m ght be done in the
way of research.

So probably what we are going to do nowis
take our first break.

(Laughter.)

You know, | tested this even before you
cane in (referring to electronic equipnent).

(Wher eupon, the foregoing matter went off
the record at 8:37 a. m and went back on the record at
8:39 a.m)

MR. BOYACK: | amgoing to have to work on
thisalittle bit, but I amgoing to ask Jason to hel p
me.

For just a nonent, what | would |ike to do
is the follow ng: Let's go ahead, the first thing we
had to do is work on the duration of the phases: gap
rel ease, early in-vessel, ex-vessel, and late in-
vessel for PWR rel eases in contai nment.

So, if Jason will just |ead you through
guestions about the timng on those four areas, | wll
see if | canrecover the capability here (referringto
el ectronic equipnent). | will just unplug everything
and start from scratch, because that worked this
nor ni ng when | cane in.

MR. SCHAPEROW Al right, let's start
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with the duration of the gap rel ease. The duration of
the gap rel ease, as we tal ked about, is, at |east as
| suggested and NUREG 1465 says, it is the duration
from basically the beginning of the accident up
t hrough the point of significant rel ease of fission
products fromthe pellet.

Ri ght hereit says we' ve got hal f-an-hour.
| guess | would like to see if anybody would like to
suggest that that value is sensible or if anybody
di sagrees with that val ue.

MR. PONERS: It seens to nme that you have
the choice of either collapsing that value down or
i ncreasing the rel ease fractions of the hal ogens and
the al kaline netals. That depends a | ot on how you
are going to use the gap release. When it was
originally conceived, it was, as | said, a "no, never

m nd. Now it has assumed a | arger significance.

It seens to ne that I would tend to say,
let's make sure the gap release is that rel ease that
wi || happen in a fuel -handl i ng acci dent, because t hat
is where it gets used.

MR. LEAVER: But isn't there a fundanent al
di fference between the rel ease that you get in a fuel -

handl i ng acci dent and the first hal f-an-hour or so of

a severe accident? | mean those are two different
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things, if they're going on. The fuel -handling
accident, the fuel is cold and what cones out is what
was al ready there; whereas, in the severe accidents,
it's that maybe and sone.

MR. POAERS: Don't argue with your bet.

MR. LEAVER: So |' mwondering, inthe case
of, if we are tal king about a severe accident here,
whi ch certainly that is one thing we are tal ki ng about
for sure, do we even need to di stinguish between this
first hal f-hour and t he next hour-and-a-half? Wat's
the point? Il nean, | can tell you from a
calcul ational standpoint it doesn't make nuch
difference. The main thing is how nuch comes out and
over what period of tinme.

Now certainly you need to define a gap for
t he ot her non-LOCA acci dents, |ike the main steanline
break and fuel -handling accident and those ki nds of
things, but I am not sure that this gap release,
thinking in terms of severe accidents, to ne that is
a different thing.

MR.  POVERS: But that's what | said.
Let's not think about severe accidents because, when
we did, we gave that short shrift. Now we find that
it does get used, and it gets used in things like

fuel -handling. So why don't we tailor the gap rel ease
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to reflect what happens in a fuel -handling accident
rather than tailoring it for a severe acci dent, where

it is a "no, never mnd"?

MR. SCHAPEROW | guess | would like to
poi nt out that the original expert elicitation, or
rem nd people - you folks did it -- that there was a
never a question on gap release. The first question
was, what's the release fromthe core before |ower
head failure? At l|east, basically, it is released
fromthe fuel into the --

MR. LEAVER  Are you tal king about 1150
now?

MR. SCHAPEROW Yes, that is what | am
| ooki ng at here. The distributions are sonething
called F-core, which is a release fromthe fuel into
the RCS. | think that nmaybe the best way to proceed
or the path of |east resistance nay be just totry to
repeat this kind of a thing.

| kind of agree with Dave that we could
tackl e the gap one outside of this neeting.

VR. CLEMENT: I understand from
yesterday's di scussion fromthe presentation and then
t he questions that this question of gap rel ease, you
say, for what we call in France * this accident upto

* was maybe not so clear for high burnup fuel
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| heard al so that experinents are pl anned
in the future to get the best values for high burnup
fuel.

| think it is not so inportant for
accidents, but if you have to put a value that is
corresponding to this gap rel ease nore accurate than
this one are probably not so bad. | nean, we know
t hat experinental prograns will be done. Maybe it is
best to answer the questions by then. |f people who
are in charge of these probl ens, okay, that's not our
severe acci dent system need nore accuracy, then we
have to design nore accurate experinments other than
the typical ones. So | don't know.

But | understand, too, fromyesterday that
there are still incentives for high burnup, but | do
agree that this is not so inportant at the end of the
day on the final release for our severe accident
system | nean, it is actually now what you want to
do with that.

MR. SCHAPEROW (Go ahead, Hossei n.

MR. NOURBAKHSH: Just one comment: These
val ues are core averaged. Wen we are tal king about
hi gh burnoff, basically, all we need -- previously,
hi gh was concei ved |i ke 40; now we want to extend it

to just like 50, roughly. If high burnup is 75, the
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core average woul d be Iike 50.

I f you l ook at, if youdon't mind, | wll
show you these two, which are basically sone
cal cul ations in 6703, based on FRAPCON. FRAPCON onl y
gives you the fission factor. This is high burnoff.
This is as a function of *. This is core average
rel ease, if you average it over the core.

So what we are using right nowin 1465 is
5 percent, and the authors of this NUREG are actually
sayi ng t hese val ues are still based on ANSI st andards.
| mean one of themis 200 percent higher, 11.4. So
these are relatively *.

So t hese are what we use, and they are not
bei ng used for fuel-handling. For fuel-handling, it
woul d not be based on their peak rod. These are the
type of values we are | ooking.

I f you plot the same thing based on high
burnup, this is what we have. This is now peak rod
rel ease based on the burnoff. So these val ues that
fuel -handling regulations is struggling with, they
want it to extend to 75, and they don't know nost of
t he data on here.

So fuel-handling actually does not use
1465, let's say, those fractions. They are | ooki ng at

hi gh burnoff i ndivi dual rods.
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MR.  KRESS: They are assuming peak
rod because that is the one that is going to have the
acci dents.

MR. NOURBAKHSH: Peak rods, exactly, and
we are assuming that the peak rod is going to fail
Wien you are averaging these, these values are only
1/ 10t h of the core maxi mum has that high values. So
you are not going to provide that nmuch conservati smi f
we assune the same 5 percent that we have before on
t he core average.

The only thing is that we don't have data
that will extend this. The question is whether these
val ues coul d be extrapol ated to 75. Ri ght here, these
val ues shoul d be extended to -- basically, this is up
to 40. Now we can nove to 75 peak rod tenperature.

We don't have data on nore than 62 on
this. These are cal culations, by the way, of the
FRAPCON, but they are usually higher than fission
gas --

MR. KRESS: |s this the gapinventory that
i s shown there?

MR. NOURBAKHSH: Yes, what is in the gap.

MR. KRESS: That's in the gap?

MR, NOURBAKHSH: W are assumng it is

rel eased.
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MR. KRESS: And you have that? That is a

cal cul ati on usi ng FRAPCON?

MR. NOURBAKHSH: FRAPCON, exactly, except
t hat FRAPCON, from what | understand, reading that,
will only have fission nodel

MR KRESS: Sure.

MR. NOURBAKHSH: So in order to get iodine
and cesium they did their ANSI. | nean it is ANS-
540, and then they used that for scaling, applied that
to scaling with this.

MR KRESS: That's reasonabl e.

MR,  NOURBAKHSH: Then the argunent is
whet her the diffusion of iodine and cesiumis mnuch
hi gher than 5.4, whether that should be -- if we
assune that the fission is simlar to nornal gases,
this would cone down.

MR KRESS: So the only thing you are
correcting is the birth rate of the decay then?

MR. NOURBAKHSH: Exactly.

MR. KRESS: | woul d have been tenpted to
| ook at a distribution of burnups. You say one-third
is a high burnout, and one-third is sonewhere el se?

MR, NOURBAKHSH: It is 20/40/75, if |
remenber correctly.

MR.  KRESS: Ckay. | would add up the
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total inventory of all those.
MR. LEAVER: Do you nean |ike a burnup

average, a nmass average or a --

MR. KRESS: | would give it a mass average
i nventory.

MR LEAVER  Yes.

MR. KRESS: That woul d give ne ny rel ease
facts.

MR. NOURBAKHSH: | think that is what they
are.

MR. LEAVER: | think Hossein is saying he
thinks it is roughly --

MR KRESS: That is what | would use.

MR, NOURBAKHSH: What they did, the
FRAPCON gi ves you the inventory, too.

MR. KRESS: Okay. So this is average over
t he whol e core?

MR. NOURBAKHSH. Average over the core.

MR. KRESS: Ckay, that is what | woul d use
then for the fractional tine; for the tinme duration,
that is sonething else. | would have guessed that
woul d have been fromthe time the first fuel fails to
the tinme the |ast one fails.

MR. NOURBAKHSH: And that is something |

mentioned about that last time we spoke of the
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calculation, | believe 10 years ago. Wen | | ook at
| ook at France, | nentioned 10 seconds, but | really
meant 10 minutes. | went back and checked it. It is
between 6 -- depends on the sequence. It is a

variable. But the whole tine, for the |arge break
LOCA-type accident, you really don't have a
tenperature honogeni zation by natural circulation
basical l y. So the old calculations still may be
valid. | nean the newnodeling is not going to inpact
t hat nmuch between maxi num and the m ni mal .

For an AG sequence, which is typical of a
term nated | arge break LOCA accident, it was not 27
m nut es.

MR. KRESS: So the half-an-hour is not
that far off?

MR, NOURBAKHSH: Unl ess we are asking
whet her in that period of tinme the burnup is going to
i mpact that.

MR. KRESS: Well, you know, it doesn't
matter. The only thing it is going to add is the
anount of heat, and | don't think it is going to add
t hat mnuch.

MR. NOURBAKHSH: It is not that nuch.

MR. KRESS: So it is the half-an-hour is

probably still pretty valid. It looks like, in ny
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m nd, right now, that Ral ph Meyer was probably right;
there is basically no change in the gap rel ease.

MR. NOURBAKHSH: As for that application.

MR. PONERS: | absolutely do not accept
that. | don't even accept this argunent.

MR, KRESS: Ckay.

MR. POWNERS: Either you are going to say
here is the effect of burnup and then all ow people to
use it as they will for the particular core they have
or you have to specify one of these tables for every
core that exists, because you're going to go on
averagi ng, some magi ¢ averagi ng, over the burnups. It
is going to change for every core.

MR. LEAVER  But if you put new fuel in
every two years, and you | eave the fuel in for, what,
three, maybe four cycles -- | am not sure what the
fuel managenment schenme is -- you know roughly, if the
peak burnup is 75,000, that the average is certainly
not 75,000. It's probably sonething nore |ike, what,
50? | nean, maybe it's 55. Maybe it's 45. | don't
know, but is it really so different fromone core to
anot her that we can't --

MR. POVERS: He says that he has to
average. There's sone averagi ng scheme. Wy not | et

himdo it, as opposed to Tomdoing it, for the core
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t hat he has?

MR. LEAVER Yes, we were going to, |
guess you guys were going to try to get sone
i nformati on on average burnups in the next day or so?
We discussed that yesterday. | don't know if
anything's --

MR. SCHAPEROW Yes, | guess | would |ike
to take a fallback position on what | had in ny
slides, which is the NRCw Il take a | ook at the gap
rel ease fraction for high burnup fuel within the next
year, based on the Holden tests. | think this is a
poi nt of contention.

Maybe we can cone back to it inalittle
while. | would |like to nove up to the in-vessel. |
think that may be a bit nore trackabl e.

MR. PONERS: Can you agree on a definition
bet ween the two?

MR. SCHAPEROW | think the definition --
| would like to repeat, | would like to read one
sentence out of 1465. Maybe the definition no | onger
applies.

"The gap activity phase ends" -- oh, this
is on page 8. Let nme pass this out. This may be used
for reference today. | have plenty, if there's not

enough copi es.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

291
If you'd like, on page 8, in the first
full paragraph, the paragraph on page 8 that starts,

"The gap activity rel ease phase," if you go down a few
sentences, it says, "the gap activity phase ends when
the fuel pellet bulk tenperature has been raised
sufficiently that significant anounts of fissionparts

can no |longer be maintained in the fuel."

MR PONERS: What does that mean? That's

useful .
(Laughter.)
MR. SCHAPEROW That's the definition.
MR. LEAVER  Does that nail it down for
you?

(Laughter.)

MR. LEAVER: The problemw th this concept
of gap activity is it is mxing apples and oranges.
It is sort of inplying that this definition of gap
activity is the right thing to do for fuel-handling
accidents, but it is also saying it is part of a
severe accident, and they are really two different
t hi ngs.

| am not sure that the concept of a
duration for this portion, early portion, of the
rel ease, as part of a severe accident really even is

necessary.
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MR. SCHAPEROW Well, actually, it goes on

further to say that, "Areviewof STT Source Ter mCode
Package results indicates that significant fission
product releases from the fuel wll conmence no
earlier than 30 mnutes for PAR s." That is a very
significant volune of work that was done by Battelle.
It is six volunmes or so.

MR. BOYACK: | would like to offer at
| east the foll ow ng conments:

The first of themis we are engaged here
i n extendi ng the applicability of NUREG 1465, and 1465
shows a gap release. | don't understand the
underpinnings of it, but at least it is there. It
says that there is a gap rel ease. The definition that
was just read on page 8 seens to ne, if not to be
preci se, at least it's workable for a panel likethis,
if they ~choose to say that significant is
approxi mately " X" percent of the rel easabl e i nventory,
and then you use your expertise to say approximtely
when that occurs.

So | offer that not out of a great
understandi ng, but as a possibility that, one, we
ought to hol d NUREG 1465 approach. Nowif we want to
defer it, as the NRC suggests, Jason, that's fine with

me, and you go on to the next one. But it does appear
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to ne that we ought not to spend too nmuch time trying
toredefine all of the 1465 things. The objective was
not to go ahead and essentially go back pre-1465 and
redo it.

MR. KRESS: A problemw th that is this
hal f - an- hour because you cal cul ate how long it takes
the fuel to get up to the tenperature of the first
burst, and then you calculate how long it takes the
fuel to get up and light off the zirc oxidation.

MR LEAVER Right, the zirc oxidation

MR KRESS: That is the half-hour.

MR LEAVER Right.

MR  KRESS: And that is where we cone
from That is no |onger applicable now because, in
the case of the | ow burnup fuel, the fission product
rel eased doesn't even start until you lit off the
oxidation. Nowit is starting much | ower because of
the burnup effect. You are now releasing fission
products during that heatup time. You no | onger have
this luxury of just saying, we'll go to the point
where the oxi dation ranp sets off. W just don't have
t hat anynore.

There is no way to define this. Wereis
the tenperature where significant fission products

can't be held anynore? You can't define it.
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MR. LEAVER: What you're sayingis anot her

reason perhaps for not trying to distinguish between
this early period and then the |atter portion of the
early in-vessel rel ease, but just consider it starting
earlier and then figure out what the magnitude is for
the high burnup fuel and have it be sone kind of
uni formrel ease over that period.

MR. SCHAPEROW  For the high burnup, no
di stingui shabl e path --

MR. LEAVER: | think that is what | heard
Tom say, and that kind of makes some sense.

MR. BOYACK: Now |I've got to know how to
spel | "distinguishabl e".

MR KRESS: Pretty good.

MR. BOYACK: All | amdoing here is just
testing the process a little bit here. Sone of this
stuff we will wi pe out and others we will keep, when
you get to a point of a decision about howto proceed.

It seenms to ne the first questi on you have
to answer is, are you going to go ahead with the gap
rel ease phase?

MR. LEAVER: | am not sure that is the
first question.

MR KRESS: | still like this duration

bei ng gi ven by the tine between the first fuel failure
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to the [ast one.

MR. LEAVER Do you nean the first clad
failure to the last clad failure?

MR. POAERS: That coul d be days.

MR. LEAVER Yes, that could be forever.
| mean, a lot of clad may never fail. At |east sone
of it may not. You may have rel eases fromthe center
of the core.

MR KRESS: Every piece of fuel in that
core gets up to the clad failure tenperature very
qui ckly, according to NUREG 1465. Plant failure
tenperature is what, 12007

MR PONERS: Yes.

MR. KRESS: It all gets up there pretty
fast.

MR POVNERS: | don't think so. | think
the stuff that is out around the core barrel has a
hard time getting to that tenperature.

MR. KRESS: M ght as well forget about it
t hen.

MR. PO/ERS: It still would be a
substantial period of tinme to get for the second one.
| mean it is not days. It is an hour.

MR. KRESS: Well, | have never seen the

cal cul ati on
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MR. LEAVER. O you want to say 80 percent

of the clad maybe or sonething |ike that.

MR. POVNERS: |If you say 80 percent, then
you are down to a hal f-hour.

MR, LEAVER If you want to stick with
this hal f-hour, how nuch, what fraction of the total
i nventory is noble gases that gets released in this
hal f - hour ?

MR. KRESS: That is sonething we don't
know, the cal cul ation, the FRAPCON cal cul ati ons for
the average. | don't know, it is probably pretty cl ose
toit.

MR. LEAVER Right now 1465 says 5
percent. So, presumably, there was some margin in
that. So what you are saying is that, because of the
hi gh burnup, if you look at the average, which we
still don't know but we think it is in the
nei ghbor hood of 50, 000, given the fact that there was
some margin in the 5 percent, we probably woul dn't
change the 5 percent.

MR. KRESS: That would be ny guess.

MR POAERS: That's his vote.

MR. LEAVER. \What ?

MR PONERS: That's his vote.

MR LEAVER That's his vote.
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MR. PONERS: Wien | | ook at the Japanese

experinments on reactivity insertion, where they have
tried to measure the anmount of fission gas that gets
rel eased, | see nunbers up around 20 percent. I
acknow edge that those experinents involve putting a
pul se of heat in, but it is not clear to ne that that
pul se of heat is all that different than the nore
tracked anpbunt of heat that we are going to put in.

So I come up with rmuch hi gher nobl e gas
nunbers. In fact, | would argue the gap release
fraction would be nore |Iike 15 percent.

MR, KRESS: | suspect the reactivity
i nsertion accidents doing damage to the bul k of the
fuel --

MR. POAERS: | wouldn't argue that a bit,
but I don't see how | can ignore them when | do
reactivity insertion accidents with | ow burnup fuel
and | get 5 percent --

MR. LEAVER.  You get what?

MR. POVERS: Five percent noble gas
release. Then | go to a high burnup and | get 20
percent. Gee, maybe |I'Il just scal e those suckers.

MR KRESS: That is a little tougher to
expl ain, except it is probably easier to damage the

fuel at a higher burn |level.
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VMR POVERS: | don't know whether it is

easier to damage fuel; it is that thereis nore damage
there and you are adding to it.

MR LaVIE: Steve LaVie.

The reactivity insertion accident, you
have got to recogni ze how that is used in regul atory
space. |In that particul ar acci dent we assune the gap
activity fromthose pins that have exceeded the cl ad
burst tenperature, whichis 180 cal s per grami s burn,
it's assunmed, will have released its gap contents.

W then | ook to see whet her or not any of
the pellet reached the heating nmelt point, and then
that is added. | believe the Japanese data i s | ooki ng
at the total. So in our regulatory space we have
al ready taken care of that total, because if we do get
to nelt tenperature, it is added to the gap rel ease.

MR. PONERS: That doesn't have anything to
do with the question. The question is --

MR KRESS: Well, it gives you an
expl anation for why the extra m ght be there.

MR. LaVIE: Wy the Japanese have 20 and
we are only looking at 5 here. This is the only gap.

MR. KRESS: That nmay be an expl anation for
why that extra --

MR. POAERS: It's not an explanation of
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t he issue.

MR. KRESS: No, | guess it's not, but a
fuel explanation

MR. BOYACK: Let me just explain that a
few moments ago ny conment to Jason was that the NRC s
going to have to deci de what they want on this. The
panel can discuss it for a period of time, but it has
been ny sort of position that there are certain parts
of the problemthat the NRC owns by way of specifying
what they are after.

So Jason listenedalittle bit noreto the
argunment and departed. It is my speculation --

MR. KRESS: Did he have a di sgusted | ook
on his face?

MR. BOYACK: -- no -- that he has gone
upstairs totry to pull down Ti nkl er or sonebody el se
toget alittle bit of guidance onthis, because there
are sone areas where | amjust not sure whet her we are
going to be able to work through it by discussion
because in part it is the definition of the end use
that is going on

You notice the silence here. | had
cl ai med you had nmaybe gone up to check wi th sonebody,
but --

MR. SCHAPEROW No, | went to get these,
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t hough.

MR. LEAVER | guess | am interested,
Dana, in what you said about reactivity insertion
accidents. | don't knowwhat data it is that shows 4
or 5 percent for |ow burnup and 20 percent for high
burnup, but that is interesting. | nean, do you know
nore about that? |If you would Iike to share it with
us?

MR. PONERS: The problemis, when | bring
it up, people say, oh, well, that's reactivity
accidents and go off into never-never-|land about
reactivity accidents and that they are different from
gap rel ease.

MR LEAVER Well, they are different.

MR. POVERS: In that case ny response
i s neasure the thing.

VWll, you can't nmeasure it. There is no
way t o nmeasure gap rel ease. So you have got to derive
either fromcode calculations or inferentially.

The probl emis, | think, that the existing
codes are just terribly deficient in how they treat
gaps. | nmean the ones that are routinely used. So
any cal cul ation that cones out, | just blow off.

MR. KRESS: And | think you are right that

this is a kind of neasure of what is avail able to get
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out with the gap, even though it is a different kind
of accident.

MR. POAERS: So, | say, okay, well, maybe
| don't take the whole thing, because | don't think
the NRC wants this source term to smack of being
boundi ng for every conceivabl e situation. They want
sone kind of a m sh-mash in there.

| nmean, it is reasonably valued -- you

know, it is awrd ]| just hate, "reasonably," because
nobody ever tells ne what their reason is, but I
t hink, |ike everybody else, |I have kind of sense for
it. It shows the noble gas has to go up.

They asked ne about the nore condensabl e
species, and | said, | ook, the condensed species are
rel eased fromthe gap because they are vapors. So
what you really need to knowis what the tenperatures
are and t he vapor vol unmes. Those didn't change. That
vapor volune is dom nated by the fill gas. So | wll
come back and say, well, the gap rel ease fractions for
cesium and i odine are the sane as before.

MR. BOYACK: Let me ask a couple of
guestions. | amgoing to primarily ask the NRC

| guess Jason actually went upstairs to

garner a few nore pieces of documentation. Do you

want to tell us what that is about first?
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MR SCHAPEROW Yes, | would. | went up

and pull ed the work done by Battelle with the Source
Term Code Package. It is a series of six volunes.
Jims name is No. 2 on each volune, | think, here.

MR KRESS: You've got all six volumes?

MR. SCHAPEROW Ch, yes. | haven't read
every one of them but |I have skimmed them The idea
of a start tine for the events of release or an end
time for the gap rel ease of this certain -- you get it
to this certain tenperature and you start rel easing
signi ficant amounts of fission products.

The sequences in here, | amjust | ooking
at the PAR  The first two sequences | cone across are
seal LOCAs, reactor coolant punmp seal LOCAs. That
inplies it takes awhile to enpty out the RCSto start
heati ng the fuel up.

| think the assunption that sone of us are
goi ng under is that maybe a 2-inch break or maybe 5-
i nch break, a bigger break where the thi ng enpti es out
pretty quickly, and then you start getting heat up and
mel ting, heat up and degradati on.

So | am al nost wondering if we should be
tackling the timng issue because, again, as | | ook at
the expert elicitation we did back in the late

eighties, | don't seethetimng issuein here either
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really. That is another thing that was done kind of
| ater when we were putting together NUREG 1465. |
don't know if you fol ks want to tackle that.

MR. LEAVER. The timng issue?

MR. SCHAPEROW Yes. \What was elicited
here was the rel ease fractions, the rel ease fractions
and the deposition amounts in the RCS.

MR. LEAVER: | think we've got to say
somet hi ng about the duration of the release. It is
fundanmental --

MR SCHAPERON Al l right.

MR LEAVER -- to the design basis for
the systens that respond to the accident.

MR. SCHAPEROW | thi nk what we need to do
is we need to list what sequences we are talking
about, what is being considered. Because | think if
you go to the |large-break LOCA, you will get a very
f ast timng and the gap release wl/l be
i ndi stingui shable fromthe --

MR. LEAVER. Well, we are tal king about
| ow- pressure sequences --

MR. SCHAPEROW We are tal ki ng about ot her
sequences - -

MR. LEAVER -- but we are al so bearing in

m nd ot her sequences that nmay take |onger. So we
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don't mss sonmething that is inportant. W talked
about that yesterday. | don't think that has changed.

MR. SCHAPEROW | amjust wondering if it
will be useful to list the sequences that we are
consi deri ng.

MR. BOYACK: W can certainly do that easy
enough just by an overhead transparency.

MR SCHAPERON Ri ght.

MR. KRESS: NUREG 1150 doesn't go to the
sequence.

MR. SCHAPEROW  Par don?

MR. KRESS: NUREG 1150 doesn't go to the
sequence.

MR. SCHAPEROW No, it says hi gh oxidation
and | ow oxi dati on.

MR. KRESS: It is just high pressure, |ow
pressure, high oxidation, |ow oxidation.

MR SCHAPEROWN  That is true, but what
David is suggesting is that we shoul d be tackling the
timng issue.

MR. LEAVER. Here's a list of sequences.

MR. SCHAPEROW kay, that what was
consi dered for the in-vessel duration.

MR LEAVER Right.

MR. SCHAPEROW All right. Al right.
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MR LEAVER: It is not a bad |ist.

MR. SCHAPEROW Al Il right, why don't we go

ahead and put this up. | think we will need, at | east

for nme |

will need to spell it out, what these things

are, because it is witten in ERA |ingo.

MR LEAVER: | think |I know what npbst of

t hem are.

MR. SCHAPEROW Ch, you do?

MR. LEAVER: Roughly. | nean, you can

tell small breaks, |arge breaks, the VC points.

MR. SCHAPEROW  They are in these two

vol unes.

MR. BOYACK: Wiy don't you just refer to
page 8 again of the docunent? | think that is where
you are.

MR. SCHAPEROW Yes, page 8. Page 8 has

got a list of the sequences. They are in these two

vol unes.

MR. NOURBAKHSH: Sone of them we had t he

actual audit books to check these nunbers.

MR. SCHAPEROW Do you have a bl ank slide

and a pen? | will go ahead and wite them up.
Here they are. In the front of the
chapter here is all the sequences. Shall | do them

all or just the | ow pressure ones?

(202) 234-4433

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

306
MR. LEAVER It wouldn't take long to do

them al | .

MR. SCHAPEROW All right. Shall we take
a five-mnute break while | do this?

MR. LEAVER  Actually, people have this
list, don't they? I'mnot sure you have to wite it,
do you?

MR. SCHAPEROW Well, what they are.

MR. G ESEKE: Is this list going to be
different than the 1465 list?

MR. BOYACK: No, it's the sanme list. |
t hi nk what he is saying is, what are those acci dent
sequences? The VSI C quench was an i nterfacing systens
LOCA. That is what he was after.

MR. SCHAPEROW Maybe you can hel p me with
t his, Hossein.

MR. BOYACK: Hossein probably knows what
they are off the top of his head.

MR SCHAPEROW Yes, | don't even see a
correspondence between the VM report and the page 8
tabl e here.

Wiy don't you help ne put this |list
t oget her here?

MR. NOURBAKHSH: What do you want it to do

her e?
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MR SCHAPEROW | want to do each of the

-- these are the ones you consi dered?

MR. NOURBAKHSH. They are sane as that.

MR. SCHAPEROW  The sane as that, yes.
Al'l right, let's do the first one. CM, | guess we
all know what that is. That is the --

MR. LEAVER Brent, have you got one of
your earlier PERCreports here, the ones that | ook --
sonebody sent nme -- | didn't bring them

MR, BOYACK: Ch, | sent you the --

MR. LEAVER Two of them They were
for --

MR. BOYACK: | sent you PDF files that
descri bed --

MR. LEAVER. No, | had hard copi es.

MR. BOYACK: Oh, you are after the ful
program No, | didn't bring those with ne.

MR. LEAVER: Nobody has them here?

MR,  BOYACK: Vll, the NRC has them
because | sent themto Jason

MR. BOYACK: These are for high burnup
fuels, is that correct? These activity insertion
acci dents?

MR. LEAVER: I think it was activity

i nsertion acci dents.
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MR BOYACK: And PWR

MR. LEAVER Yes, and PWR

MR. SCHAPEROW Al |l right, Ri chard pointed
out that on page 6 of the 1465, these are the PWR
ones. It looks |like the biggest LOCAis a 3-inch LOCA
for O Conee. For what it's worth, | think it is the
time that that takes to drain the vessel and heat up
the fuel that's going to nake a difference here.

MR. KRESS: So sonebody took all these
nunbers and ended up with 1.3 hours. \Wat did they
do, add them up and average thenf

MR,  SCHAPEROW Actually, for the in-
vessel, there's a listing of the tine. It's a | ower
head failure on page 8.

MR. BOYACK: Table 3.4?

MR. SCHAPEROW Yes, Table 3. 4.

MR. LEAVER | see the sentence down at
the -- | don't knowif these 1465's are all consi stent
inthe way their format is, but inthe lower, the very
bottom of the left colum, it says, "representative
times for the duration of thein-vessel rel ease phases
have been selected to be 1.3 hours or 1.5 hours per
PWR and BWR pl ants, respectively, as reconmended by
Ref erence 17."

| don't know what -- oh, Reference 17 is
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probably 5437.

MR. SCHAPEROW That's Hossein's work.

MR. LEAVER: 5437?  Yes. So they are
called representative. I don't know if -- that
probably doesn't --

MR. KRESS: Well, he probably took those
sequences and wei ghted them by frequency and got the
frequency wei ghted average.

MR. SCHAPEROW It | ooks |ike some sort of
an average because 90 minutes is right in the mddle
of all the stuff that's there.

MR. LEAVER: | nean, | can tell you from
the standpoint of the inmpact on the dose, if this
duration were shorter, conceivably you could have a
system mnmitigation systemlike a spray system which
is a short-duration system and if this release,
i nstead of being 1.5 hours was 45 m nutes and you had
a 45-m nut e spray system that woul d work pretty well.

So | think there's sonmething to be said
for not making the rel ease too short, evenif we think
t hat there are sonme sequences where it woul d be short,
because it gives the possibility that the plant could
come up with a system or the designer could conme up
with a systemfor mtigating this accident that woul d

work fine for a shorter rel ease, but not so fine for
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a |l onger rel ease.

MR. KRESS: Well, ny feeling is that for
this high burnup fuel, you don't rel ease themat all,
t he nobl es and vol atil es during the adi abati c heat up,
whi ch woul d rel ease none of the rel ease tanks during
that period, at least very little, but that's with
hi gh burnup fuel .

MR. LEAVER Wihich is sone fractional
portion of the core.

MR. KRESS: Wiichis only a portion of the
core.

MR LEAVER Right.

MR. KRESS. So you want to start rel easing
from the high burnup fuels during the adiabatic
heatup. That's the start. This is going to cone up
on sone sort of a ranp, and | don't know where you're
going to say the start is because there is no
definitive demarcation for it.

Then, as you continue in the adiabatic
heatup, you are going to start releasing the |ower
burnup fuel. Then when you get in and drive off the
oxi dation kinetics, you are going to start rel easing
fromthe regular burnup fuel that is in there.

So what you have done by including high

burnup is you have stretched out the timng over a
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| onger period actually. You will end up releasing
basically 100 percent, | think, at the end point.

MR KRESS: A hundred percent what?

MR. SCHAPEROW Fromt he hi gh burnup fuel.

MR. KRESS: Fromthe high burnup. | don't
know how much, what fraction you release from the
| ower burnup, but that is a cal culation!| haven't nade
yet. Normally, it rel eases about the same fractionto
the | ow burnup fuel that you did previously. So you
have to wei gh that fraction in the 100 percent by how
much of this is in the core. That is why | needed
this distribution.

MR. LEAVER. Yes, that's right.

MR. KRESS: So what we are going to do is,
because sone fraction of the fuel is releasing nore
than it did before, we are going to up the source
term it isgoingtostart earlier, andit is goingto
stretch it out intime, is the viewl have of what is
goi ng to happen.

MR. LEAVER It is goingto stretchit out
in time, because it is going to start, the high
rel ease, maybe start a little sooner?

MR KRESS: Yes.

MR.  LEAVER That's what you nean,

stretching it backwards?
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MR KRESS: Yes, backwards. Start it

earlier.

MR LEAVER Right.

MR. KRESS: And you will end up rel easing
fromthe |ower burnup fuel about the sane tine you
nove forward because it is driven by the zirc
oxi dation phase. That is the way | would view this
t hi ng.

| ' mgoi ng t hrough answeri ng t he questi ons
inmy mnd --

MR. LEAVER. Yes, | think you've kind of
given a qualitative explanation.

MR. KRESS: Qualitative. Now howto put
nunbers on it --

MR. LEAVER: Right, right, but that's what
we have to do.

MR. KRESS: The first nunber, | don't have
it yet, is where it starts, because the start is
significantly rel eased fromthe hi gh burnup fuel s when
it starts. This doesn't come up and suddenly start.
It is slowy rising up, because of the kind of heat
that is comng out. | don't know where you make the
demar cati on on how you decide to do that, but that is
the first thing | think we have deci de: How do you do

t hat ?
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Oneway todoit isarbitrarily like we do
in structural nmechanics, is you plot the rel ease of
hi gh- burni ng fuel versus tinme, and it does conme up on
an angle, but it kind of gets alittle straight edge.
You draw that straight point down to where it neets
the tineline and just say that's the start, and forget
about this other one. That is the way they do in
structural mechanics.

MR. LEAVER  When you actual ly cal cul ate
doses, controlled doses, offset doses, that effect
that you just described would be pretty snall

MR. KRESS:. Pretty small.

MR. LEAVER: So you coul d assune a uni form
rel ease, if you wanted to, and it wouldn't really --

MR. KRESS: Normally, the source termdoes

take the total tine and reduce it on a straight-1ine

basis --

MR LEAVER Right.

MR. KRESS: -- and that woul d be a way of
doi ng that.

MR. LEAVER: Yes. But what burnup woul d
you say this -- maybe it is a gradual sort of thing

and there's no good answer to this, but what burnup
woul d you say you would see this accel erated effect

t hat you descri bed?
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MR. KRESS: O©h, somewhere around 60 or 70.

MR. LEAVER But if we are trying to
figure out what -- if we knew the distribution burnup
over the core, then at what point would you start to
say, well, above burnup of "X', | would see this
effect? Say 607

MR. KRESS: Once again, that is a
conti nuous functi on.

MR. LEAVER Yes, it is a continuous
function, but I'mnot sure we are smart enough to --

MR KRESS: To factor that into it.

MR LEAVER  Yes, yes.

MR. G ESEKE: A while ago, Tom you were
t al ki ng about the onset of release. Didyouattribute
that to the failures of rods at the higher burnup
| evel s?

MR. KRESS: That was for the gap rel ease.

MR. G ESEKE: The gap rel ease for the old
case.

MR. KRESS: Yes, | just assuned the gap
rel ease failed with rods, and that is generally said
to occur at a roughly given tenperature.

MR. BOYACK: You are back far enough t hat
we are mssing the pickup (speaking of the

m cr ophone) .
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MR. KRESS: The gap release | think is
assuned to happen when you fail the clad, and that's
a stress cal cul ati on.

MR. G ESEKE: So what we are sayi ng, then,
i s regardl ess of the burnup | evel, that theinitiation
of release is the sanme tine?

MR. KRESS: Just for the gap.

MR. G ESEKE: Yes, just for the gap, but
it's --

MR KRESS: But then you' ve got real
problems with the in-vessel release.

MR, G ESEKE: Ckay.

MR KRESS: Because it used to have a
line. It didn't start releasing until youlit off the
zi rcal oy oxi dati on.

MR G ESEKE:  Yes.

MR. KRESS: And you no |onger have that
line, is my problem

MR. G ESEKE: That's right, you no | onger
have that line. But if you are talking just -- that
is, presumably, the end of the gap rel ease anyway,
right, when that lights off?

MR. KRESS: That is the way they define
the end of the gap release, | think.

MR. G ESEKE: Yes. Ckay.
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Now if we follow the sane kind of |ogic
and we just look at the failures, they are going to
occur probably over the same tinme period, but because
of the burnup level, they are going to be different
amounts, is that true?

MR. KRESS: For the gap. That was what ny
earlier speculation was. Dana didn't particularly
like it, but --

MR. G ESEKE: So you questioned the
timng? Wat is the reason for the timng difference
t hen?

MR. KRESS: | have already left the gap
rel ease and said |'mgoing to leave it for Jason, and
| am focusing on the in-vessel. | forgot about the
timng of the gap altogether, and I amjust focusing
on the in-vessel rel ease: What does it start and what
is its duration?

MR LEAVER If we could sonehow
generically take into account this portion of the core
that has a burnup that is higher than what we have
traditionally been thinking about, what went into
1465, then we coul d perhaps cone up with sone i ncrease
in the magnitude of release. It is now 40 percent.
So, say, now we think it is sonmething a bit higher

than that. Actually, that 40 percent is releasedinto
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the plate.

In this docunent I know there may be sone
di sagreenent on the details on this. |'msure there
will be, but | amreasonably certain that the thought
that went into this was that, for a 40 percent rel ease
to contai nnment, that that nmeans --

MR KRESS: N nety percent release.

MR. LEAVER Yes, or 80. | don't know,
75, 80, 90 percent, something like that, from the
fuel, and then sonme retentioninthe RCS. It was kind
of a m sh-nmash of sequences in ternms of whatever that
termis called for retention in the RCS.

So, anyway, if we knew what fraction of
the core was sort of pushing the limt on where we
t hought this increased burnup effect would occur, we
coul d estimate i ncrease on this 40 percent, say, to 44
percent, or whatever the heck it is. Then, if we were
able to do that, | think we could assume a uniform
rel ease from 30 seconds, or whatever the onset is,
over the duration of two hours or 1.8 hours, or
what ever the total is.

| think that woul d define what was needed
to do the calculations of the rel ease transport and
the dose calculations, and whether you had sone

different release rate in the first 30 m nutes than
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you did in the next hour and a half would make no
difference at all to the calculation. | don't think
we have to worry about that, even though they do
di stingui sh that in 1465 now.

VWhat | am hearing you say, which nakes
sense, is that you think that with high burnup fuel
you are less able to distinguish those two periods
because there is a higher release hurdle earlier.

It seens to ne | amsort of with you, Tom
t he nore fundamental question is: |'meven past the
durati on. What's the effect on the total release
obtai ned from hi gh burnoff fuel? Wat do we want to
say that is?

MR. KRESS: The question there always
conmes down to how nmuch you want to assume gets pl ated
out .

MR. LEAVER. Right. Right. Wll, also
the distribution of burnup in the core.

MR. KRESS: And whet her the burnup affects
that plate. It possibly could because it may change
the total aerosol concentration that is rel eased, and
t hus, enhancing its plate-out. So it may be that
hi gher burnup fuel does plate it out nore, but, by the
sane token, you are starting a rel ease over a | onger

period of time, so the concentration may not go up
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that nuch because you are spreading it out over a
| onger period of time. So | don't really know what
happens in the plate-out. | would al nost be tenpted
to use what was done in the previous one for the
pl at e- out . | don't think we have places for
selecting --

MR. LEAVER Yes, | am not sure we know
exactly what was assumed because it was kind of a
m sh-mash, but | seemto have, as | said, in ny head
there is roughly this factor of two. 1 don't remenber
whet her t hat was di scussed at nmeeti ngs or whet her t hat
is actually in the -- | don't think it is in 1465.

MR KRESS: No.

MR. G ESEKE: | think we are trying to
confuse ourselves here a little bit because we are
trying to define the regions |like the gap rel ease and
the in-vessel release in terns of the ambunt that is
rel eased, and really --

MR LEAVER The fraction of the core --

MR. G ESEKE: Yes. And shouldn't that be
defined i ndependently by thermal hydraulics sonehow
rather than in ternms of the amounts rel eased? | nean
Tom is concerned because the gap rel ease is higher
now, whi ch cl ouds t he boundary between t he gap and t he

i n-vessel release, and we have talked about the
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amounts of rel ease and mitigation or depositioninthe
primry systemaffecting the amounts. | think, can't
we define all these durations strictly in terns of
t hermal hydraulics or significant events |like fraction
of the core, rods failed, sonething |ike that?

MR. KRESS: You can do it, except thermal
hydraul i cs doesn't hel p you on deci di ng when the in-
vessel release starts and it doesn't help you in
telling you how nmuch deposition you are going to get
fromthe primary system because both of those things
are nore than just thermal hydraulics.

MR. G ESEKE: Yes, but if you can't define
the thermal hydraulics for the basis, you coul d never
define the rest of it.

MR. BOYACK: Let me ask a couple of
guestions. |'ve nowlistened through one full neeting
and a second, and the one thing that is becom ng
evernore clear to me is that the source termis not
precisely logic, single-logic-driven. Sothereis one
of the key factors right off, was that there wasn't a
singl e transi ent which you could support by a single
set of calculations, tieit to a set, predefined or a
defined set of non-logical behaviors, sort out the
predi cted rel ease, no matter how good or how bad the

nmet hods were, and say, that's it.
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So, as we tal k today, what | senseisthis
sort of struggling because now nobody is very, very
confortable with that. They may not have been
confortable with it some time ago. But that is the
reality.

| ask nyself the question on sonething
| i ke gap rel ease, do we need to really worry so nuch
about tagging it to a bunch of non-Ilogical events or
can you concei vabl y t ake t he approach t hat says, okay,
what we'll do is we will take half-an-hour, we'll
| eave it there, and we just won't change it, and
during that time we will recogni ze that there i s going
to be, sinceit is not changed, not tagged nowto the
onset of the zircal oy oxidation, but we do have sone
i nsi ght phenonenol ogically nowthat thereis goingto
be | arger rel eases quicker. Just |leave the tine the
way it was, and then enbed that new physical insight
or these physical insights about hi gh burnup into your
source terns. So there is one possible approach.

Now t he second possi bl e approach, which |
am not sure would be any better, and that is that,
i nstead of starting at the front end, we go to the
back end. |'ve heard sonme discussion about this.
Where there's sonme di scussion and you say, well, we

ki nd of know the transient of high burnup fuel and we
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think thereis going to be higher rel ease fractions by
the time we get to the end, and then we can try to
mar ch forward.

| don't think we --

MR. LEAVER  You nmean march backwar ds?

MR. BOYACK: March backwards, |'msorry.

MR LEAVER Right.

MR. BOYACK: We could march backwards
t hrough the problem but with the idea that we can
bui |l d upon successes at the end and cone forward.

Now Jason' s got both a curious | ook and - -

MR. SCHAPEROW | think |I understand the
second one. That's when we go right at the i odine in-
vessel rel ease nmagnitude.

MR LEAVER Right, exactly.

MR. SCHAPEROW | think that woul d be nost
fruitful.

MR LEAVER Mg, too.

MR. SCHAPEROW | think that is where we
have maybe our nobst experience and are nost
confortable in that area.

MR. LEAVER And | think it is the nost
signi ficant nunber that we are going to decide.

MR. SCHAPEROW  Yes, and the in-vessel

rel ease magnitude --
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MR. BOYACK: Well, you are tal ki ng about

i n-vessel

MR. SCHAPEROW -- and t hen wor k back from
t here.

MR. BOYACK: Ckay. So | was actually
going to the far end --

MR, SCHAPEROWN  No.

MR. BOYACK: -- but you're saying, no,
that's no problem To nme, it does not matter. |If
there i s one place, any place, that we could start and
wor k backward, that would be fine.

But ny other thought, listening to all
this, was that it would be possible just to set the
gap release tinme the sane as it was, and then just
enbed t he phenonenol ogi cal know edge about hi gh bur nup
and drop it into the source term |'mnot worried
about the timng because it really is goingto all --
whet her it is a hal f-an-hour gap rel ease and 1. 3 hours
on early in-vessel, containnment-wise it doesn't seem
to matter.

MR. SCHAPEROW Yes, | tend to agree with
Dave Leaver that, given our need, given our
application of this for the design basis LOCA
anal ysis, that we don't really need to distinguish

between the gap and the early in-vessel. W should
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just lunmp it together for now.

MR. G ESEKE: I don't have any trouble
with Brent's suggestion of holding it to the half-an-
hour if we can make a statenent or an understanding
t hat burnup does not affect the things that affect
t hat deci si on, the previous deci sion. Wat determ ned
it before was the takeoff of the zircaloy reaction
basically, and the onset of that was fuel rod
failures. So that defines it in ternms other than the
amount rel eased.

What was stated in the report was that the
two regions are defined by the anount rel eased, which
| think is a mstake to define it in terns of the
anount rel eased, rat her than tying it to
phenonenol ogi cal effects in the core, which in fact
| ead to the changes in release. Does that nake any
sense at all?

| can see if we can that the progression
of the accident is the sane, i ndependent of burnup, or
what happens in the core when the rods fail, whenthis
zircal oy reacti on takes of f, which arethe controlling
factors -- if those are i ndependent of burnup, then we
shoul d be able to retain our definitions, or at |east
sone under st andi ng of the two ki nds of rel eases. The

anounts are going to change nmaybe several tines, you
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know, up to four tines, what Dana was saying, fromb5
to 20 percent, you know, but that's | aid over the same
kind of a timescale, which is defined by other events
and not by the rel ease. Does that make any sense?

MR KRESS: No.

MR. G ESEKE: OCh, okay.

MR. KRESS: If you think about what is
going on, thereis sonetine for bl owndown and thereis
time for blowoff and residual water until you start
uncovering the core. If you start uncovering the
core, thetops of it start heating up, and so the core
-- this is behind down here -- the core will start
heating up at some rate, which is nostly adiabatic
heatup but a little cooler. It is about half the
adiabatic. This is sonmething like 1 K per second.

You come up here until it gets up to a
tenperature, so that is generally thought where the
zircaloy fires off. This ranp goes up very fast.
This is sonmething like 40 K per second. It really
changes quite markedly.

Now i f you superi nmpose on that | ow burnup
fuel, Iike 30,000 or 40,000, what you get is you get
somewhere right about here you get a little fission
product rel ease actionin here. Youget alittle zap.

That's the gap. Then you don't get anything until you
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get way out here. Then all at once it starts com ng
up just alittle bit. It comes up and this thing sort
of hits a tenperature and just lots of little things
her e. It just cones up here, and once this thing
happens, it kind of cools. So that is your genera
fission product rel eased for | ow burnup fuel.

Now what happens when you take -- which
there is sone still in the coal, even in high burnup.
Now | et's take a real high burnup. You come up. You
probably hit this thing about at the same ti me because
it doesn't hurt this heatup ranp much because it's not
t hat much decay, heat change. So you're going to hit
this at about the same. There's probably going to be
alittle nore because burnup gives you a little nore
in there, and it nmay come just a little earlier
because the stress is higher, but it is not going to
change this much. It is going to do this, and I'm
goi ng to superinpose that curve.

Sonewher e around about here, and | amnot
sure exactly where in this adiabatic heatup, this

thing is noved down to right here, and it is starting

to do this.
MR. G ESEKE: Move down to where the --
MR. KRESS: Pardon? This is overl apping
this thing. | amnot sure what this tenperature is
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because that takes a real fine calculation. But this
will go on up higher because it is superinposed on
this ranp, and these two got time for this high burnup
fuel. Soit will goup. This may be 50 to 70 percent
of the volatiles. This is Iike 100 percent of the
vol atil es here, because it had nore tine --

MR. G ESEKE: Wy does the rel ease take
of f before the --

MR. KRESS: Burnup has an effect on when
the release, how easy it is to release. This is
burnup i ke 70, 000.

MR LEAVER  Structural effect --

MR. KRESS: Structural effect on rel ease.

MR. d ESEKE: Ckay, sO you're saying
that --

MR. KRESS: So this curve still happened,
or sone fraction of the fuel, this curve will happen
with a high burnup fuel. Now how you | ook at that,
you can get a total release. |If you knowthis curve
for each fraction of the fuel, you can get a total
release. It is weighted by the amount in it.

Where do you decide it starts? Well,
woul d say you draw this line here down and say it
starts right here, if you knowthis curve. That would

be ny idea of a start, and that is the end of the gap.
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Now this ranp right here is no quiet ride
because what you want to do is -- this is not the
total fraction; thisis the fraction of the fraction.
So you really get the total by some wei ghted average
of this, and the total may be right down here, and it
ends up, that total ends up arriving better. So you
start it here, and you draw this line instead. So
you've got the total; you' ve got a ranp rate; you've
got a start time, and you've got a gap and a start.
That is the way | would do it if | had all this
i nf or mati on.

MR. G ESEKE: Well, you are doi ng what |
was asking themto do, which is defining the rel ease
regions in terns of phenonenol ogical effects rather
than defining themin terns of rel eased anounts.

MR. KRESS: Right.

MR. G ESEKE: The way we have done it
before, we have defined the regions in terns of
rel ease amounts rather than in phenonenol ogi cal --

MR. KRESS: | feel strongly that that's
what is going on. Now the question is: How do we
quantify it? Because previously the source term
people had in front of them unpteen dozen
calculations. It told themall this timng, and the

guy went through it and said, okay, you made good
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judgnents, and said, 1'lIl take this and this and this.
He had a lot of information to do it.

W do not have the equivalent of the
i nformati on for the high burnup fuel. W just don't
have it. W have a real problemin doing something
other than what | said earlier: It starts earlier.
It goes on a different route that is stretched out in
time. We can say those things, but to put nunbers on
themis going to be difficult because sonebody has to
do sone cal cul ati ons.

MR, SCHAPEROWN Wbuld you mind if | just
mar ked, made one mark on this?

MR KRESS: Well, use adifferent col or of
pen.

MR. SCHAPEROW OCh, okay. Good idea.

(Laughter.)

The point that | was trying to make
earlier was that the scenari os that we are consi deri ng
is a seal |leak or even a two-way break --

MR. KRESS: Yes, it starts way back.
Actually, it starts way back there.

MR. SCHAPEROW Well, nothing will happen
for a long tine.

MR. KRESS: That is exactly right.

MR. SCHAPEROW You won't have any rel ease
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for along tine, and the tenperature is also going to
be | ow

MR. KRESS:. Yes, you're exactly right.

MR. SCHAPEROW So | think a lot of this
gap releasetimng is due to this assunption that the
start of the gap release is for a |large break LOCA
and the start of the early in-vessel is for a 2-inch
LOCA.

MR KRESS: Yes.

MR. SCHAPEROW | think that hal f-an-hour
is the difference between a |arge break LOCA, gap
rel ease start tine, and a 2-inch LOCA start tine, gap
start time. | think we are getting thermal hydraulic
benefits where we are getting that half-hour.

MR. KRESS:. You coul d take the gap rel ease
off and everything else still holds that | ad up
t here.

MR, SCHAPEROWN  Yes.

MR. KRESS: And you could deal with the
gap --

MR. BOYACK: If you sort of were
consi dering, covered by this representative scenari o,
five, six, or seven of these that are listed on page
8, nowthisisthetimng for early in-vessel, but, in

effect, let's see, at 1.3, 60, 70 m nutes, there were
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some that were |arger and sone that were smaller as
far as timng, right?

MR. SCHAPEROW | guess |'mhearing that
the -- oh, I'"msorry.

MR. BOYACK: | just don't thinkit matters
too much -- you are trying to be representative -- as
long as it will be appropriately used in downstream
applications. So the gap rel ease al so appearstone to
be in the same park; that is, if you use
representative sequences, there's a bunch of them
Sonme of themare very short, |like a large break LOCA;
sonme of themextend out alittle while, |ike your nmuch
smal | er break LOCAs. One could continue on and use
roughly the sane timng, because it is just
representative.

MR,  SCHAPEROW I guess |I'm hearing, |
think I amhearing fromTom and Dave that the sum of
the gapinearly in-vessel rel ease phases should still
be about 1.8 hours, and also fromJim | think I am
heari ng that.

MR BOYACK: 1.8 or 1.3.

MR. SCHAPEROW The sum the sum of the
gapinthe early in-vessel rel ease phases should still
be about 1.8 hours.

MR. BOYACK: But isn't that early in-
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vessel, that's actually the duration of the phase
then? You add themup to come to the --

MR. SCHAPEROW That's correct.

MR. LEAVER \When you do the cal cul ati on,
you add them up and you get the total.

MR. BOYACK: So the actual el apsed tine
for the end of early in-vessel as shown on the 1465
table is 1.8 hours?

MR. SCHAPEROW That is correct.

MR. POAERS: That assunes t hat burnup does
not effect degradation?

MR. SCHAPEROW That's correct.

MR. PONERS: And you have no evi dence t hat
that is true?

MR. BOYACK: Now a while ago, Dana, you
were filling out tables. | wonder if you literally
have themall filled out for us now So would you
li ke to comment? Not yet?

MR. KRESS: The question is, ny figures
and values are driven by that double, triple Iine
heat up curve, and Dana has said that's what you get
for lowburning fuel, and the question is whether
burnup will affect that double-w de curve, which it
very well coul d.

VMR. d ESEKE: Affect it in what sense?
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Make it nove, shift left or right, or --

MR. KRESS: | don't know. If you had a
| ot of foami ng, for exanple, it would hold fuel up --

MR. LEAVER. And it could either go left
or right or up or down. \What would the effect be?
You' ve shifted it to the left due to burning.

MR. KRESS: No. No, all I'mtal king about
now - -

MR. G ESEKE: Yes, he's shifted way to the
left. He's shifted --

MR,  KRESS: That curve is not really
affected by burnup. | amjust using the old curve.
That's what you get from | ow burning fuel.

MR LEAVER Right.

MR. KRESS: | don't know what happens with
hi gh- bur nup fuel .

MR. LEAVER  But | thought your doubl e-
| i ne curve was i ntended to be sort of a representation
of what happens for higher burnup?

MR, KRESS: No, that's what you get for
| ow burnup. | don't know what you get for high burnup
because | have never seen the tests or even the
cal cul ation. Dana surm ses there m ght be changes due
to things like foam ng and the changes in thermnal

conductivity, and changes the candling behavior and
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the fuel -- you know, it doesn't change t he decay heat
enough or it doesn't, in my mnd, change the zircal oy
steamreacti on enoughtoreally affect those first two
|l i nes very much, but --

MR. CLEMENT: W have seen that in very
few experinments on these small pieces of fuel that it
is able to relocate earlier at | ower tenperatures.

MR. KRESS: Yes, that's the kind of thing;
this thing may cut off earlier.

MR. CLEMENT: But this is another picture
for the whole core that is nmuch nore conplicated.
Because if you have a foamng, it mght affect one
regi on.

MR. KRESS: Right.

MR.  CLEMENT: You could have other
fissions in other regions.

MR KRESS: And that is what Dana is
specul ating, that kind of stuff. They have seen it
rel ocate at earlier tenperatures. So you nmay cut that
thing off sooner, but it may still be in there
rel easi ng fuel, fission products, anyway. So | don't
know what happens to that curve, that fuel

VR, CLEMENT: It mght affect also the
overall behavior of the degradation in this whole

t hi ng because, as Dana sai d yesterday, once it becones
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comes a nol ten pool, whether it cones fromthe fuel or
anot her process --

MR. KRESS: Then it doesn't matter.

MR. CLEMENT: -- it doesn't matter, but

what you don't knowis what is the amobunt of fuel you

will get in your nolten pool. It is different also
than the experinent or the accident. \Wat is the
amount? | think that is a general problem | assune

it is not so much things, but you can inmagine that
fuel burnup wll affect this degradation, the
degradation of the fuel in the in-vessel release.
G ving nunbers, it would be 1.3, 1.4, 1 --

MR. KRESS: That's going to be a real
probl em

MR. CLENMENT: | don't think you can do
t hat .

MR, KRESS: Yes, that is going to be a
real problem

MR. LEAVER Yes, that is very difficult.
That is for sure. But we do knowthat it's not -- if
we meke that duration shorter, then we have the
possibility that we're bei ng non-conservative, which
really bothers ne. | nmean, | cantell youthat that's
not a good i dea.

Now if you meke it |onger, well, that
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possi bly m ght al so be non-conservative. | don't know
t hat we have a basis for know ng whether it is shorter
or longer. | would alnost rather |eave the sane.

MR. BOYACK: Let ne ask the question this
way: You tal ked about the risk of making it shorter
| think because --

MR. LEAVER: No, it is just that it could
be non-conservati ve.

MR. BOYACK: Well, but you are thinkingin
terms of the previous case of, 1'Il call it, the
nor mal burnup fuel and hi gh burnup, and you say, if |
take a given transient scenario, then there i s going
to be a release earlier. So we maybe accept that.

But if we also think in terns, then, that
we are doing with this "representative" scenario,
which has a nmultiple scenarios in it, some of which
run | onger, and then it doesn't seemto ne that there
i s any basis for either shortening or | engt heni ng your
time. You just leave it the sane.

MR. KRESS: What the old source termdid
was basically nost of the fuel nmaybe could be
described in this code, and there were several
sequences where this varies. So there are sequence
vari ations.

So what they did was --
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MR. BOYACK: Again --

MR. KRESS: They said this was the start
of in-vessel release, and then they sort took two or
three of these curves and do a line up, and the total
anount was about the sane; it was just spread out. So
they took aline up to the total anbunt. That is the
1.3 hours. Fromhere to here is the 1.3 hours.

MR. NOURBAKHSH: That is vessel failure.

MR. KRESS: What?

MR. NOURBAKHSH: 1.3 is vessel failure.

MR  KRESS: Wll, this is when vesse
failures --

MR. NOURBAKHSH: No, that's much earlier
than vessel failure, when we release sone of the
wat er - -

MR. KRESS: But you know it took about
what, a half-an-hour, for the vessel to fail up to
this point. So it is like this distance here plus a
little bit of tine added for vessel failure. Now
you're going to have to nmake it this length of tine
ri ght here, plus vessel failure. So | think thereis
a difference in timng.

MR.  BOYACK: Ckay, the panel needs a
break. Cone back at 10 after

(Wher eupon, the foregoing matter went off
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the record at 9:55 a. m and went back on the record at
10: 16 a.m)

MR, BOYACK: Let's reconvene.

During the break | talked with ny NRC
colleagues a little bit about howto proceed, and the
key idea here is to use this day to nove through
marking up the table. | don't have it shown right
now.

Al ot of the discussion this norning has
revol ved around the difficulties of the tim ng of gap
rel ease, which is somewhat affected then by the high
burnup fuel. So the answer that was given to nme and
t he proposal to you is that we deal with the duration
or the period fromthe start of the transient scenario
to the early in-vessel period; that is, we just dea
with that as a single item So if we had done the
same thing on NUREG 1465, it would be a duration of
1.8 hours.

Then we deal with the rel eases, rel ease
fractions, at the end of that period of time. Nowif
you want to change 1.8 hours to 1.8972, that woul d be
okay, but | would |ike to keep that di scussion fairly
brief, and basically, tothe end, is there any reason
to believe that the vessel failure would be any

different if you had high burnup fuel, the timng of
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vessel failure? That is, is there a reason for
changing it from1.8 hours to 1.-sonething hours?

So, first off, is there any concern,
i ssues, or discussion about the concept of now going
to early in-vessel, skipping all the releases
associated with gap release, that s, dealing
specifically with early in-vessel and the fracti onal
rel eases associated with the timng through periods
one and two early in-vessel? Any comments?

MR.  POVNERS: Yes. I think you are
i gnoring how the thing gets used.

MR. BOYACK: Go ahead and just continue
di scussion. Let me ask you this: Do you see anot her
way through this?

MR. POAERS: What | would tendtodoisto
say, okay, let's follow your logic individually and
then by integration collectively. That is, you had a
| ogi ¢ thing, applicable or not applicable --

MR BOYACK: Yes.

MR. PONERS: -- and if it is applicable,
change the nunbers or not change the nunbers. Do
that. If inthe integration you find that people are
unwi | I i ng or unabl e t o nake deci si ons based on t he gap
rel ease, in-vessel release dissector, then you can

say, okay, lunp themtogether, and then can you nake
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your deci sions?

MR. BOYACK: Are you tal king about just
bypassing the gap release timng issue?

MR, POVERS: No, | don't talk about it
explicitly.

MR BOYACK: You would go to that first?

MR. POAERS: Uh- hum

MR. BOYACK: Ckay. So let's take a nonent
and see if we can proceed, if that is all right. W
will give it one try and see if it works.

So, basically, the statenment is, let's do
a logic diagram and ask the question first: 1Is the
0.5 hours for gap release timng applicable? And |
m ght just ask the people to go around the table and
give their answer. Now would you like me to start
over here with Tomfirst?

MR KRESS: Sure.

MR. BOYACK: Onh, Tom the questionis: W
are follow ng the | ogic diagramupon the screen. |Is
the 0.5 hours applicable for high burnup fuel for gap
rel ease tinme?

MR.  KRESS: The basis on which it was
chosen is not applicable.

MR. BOYACK: Jim G eseke?

MR. G ESEKE: Sane st at enent.
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MR POAERS: |s?

MR. G ESEKE: Not applicabl e because the
end-point is defined as the onset of significant
rel ease, and we know that is noved up when you have
hi gh burnup fuel .

MR. KRESS: Yes, that is my basis.

MR. G ESEKE: Yes, that is the sanme as --

MR. BOYACK: | don't want to get this
wong. Okay, it says: Not applicable because end-
point defined as release of significant fission
products. That now occurs earlier in high burn fuels.
Is that the statenment?

MR. CLEMENT: The sane statenent: The
end-point failure with high burnup fuels.

MR. BOYACK: So really what | amhearing,
Tom you are saying that you would go with Dana's --
t hat was the underlying basis?

MR. G ESEKE: | agree, that is what | was
basi cal | y sayi ng.

MR EVRARD: The sanme statenent because
there is an overl appi ng between the gap rel ease and
the rel ease of fission product.

MR. BOYACK: Would you like to disagree?

MR, LEAVER No, no, | think that is

right.
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MR. BOYACK: Ckay, sothefirst thingl am

going to do is | amjust going to do this. So 0.5
hours not applicable. Oay?
Al'l right, now the next thing is --

MR. G ESEKE: You need to put an "n" on

not .
MR. BOYACK: "Not"? Al right. Okay, are

we able to specify a new val ue?

MR KRESS: | woul d add sone cal cul ati ons.

MR. BOYACK: GCkay. So the question | ask
is that this 0.5 hours was not a single point on a
single transient, but it was representative point on
a bunch of transients. So are you still not able to
specify a new val ue?

MR. KRESS: Nowyou can | don't have t hose
transi ents.

MR BOYACK: Al right.

MR. KRESS: And they are not the same for
this high burnup fuel as they used to be.

MR, BOYACK: Jinf®

MR. G ESEKE: No. A simlar statenment.
It is not defined fromwhat we know.
MR, BOYACK: Dana?
MR. POAERS: \Whereas | think Tomand Jim

are precisely correct, | think we can specify a new
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value, and | think it is remarkable in that you
haven't got a whole | ot of roomhere. So ny tendency
is to say, yes, | only want to reflect that it is
earlier, but it can't be too much earlier. So | have
a tendency to put down .4 hours, sinply to reflect
that things are earlier. In fact, | would cut it in
hal f or 90 percent, but it is going to cut it sone.
So to reflect some, | would say .4 hours.

Tomand Jimare correct; the right way to
doit isto do a calculation. Unfortunately, | think
that is avery difficult calculationto do right now
In the end you need a good set of VERCORS or VERCORS-
| i ke data or sonething like that to calibrate your
nodel and deci de exactly what it is, but the fact is
it is going to be a relatively small change because
there is just not much you can do to it.

MR. BOYACK: Ckay. Bernard?

MR. CLEMENT: (kay, there are sone data
fromthe LOCA experinent with hi gh burnup, but we have
not yet finished to analyze this data or derive it
sufficiently to evaluate it. However, this should be
the way to define this duration.

MR. BOYACK: Let nme just clarify. So you
say there is sone data from VERCORS experience stil

under analysis, but then did you tie to Dana's
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statenent or --

MR. CLEMENT: It depends the degree that
you are seeing in it there.

MR. G ESEKE: Depending on how nuch
uncertainty you are willing to live with in your
selection of a nunber, this is 4 but nmaybe not .4. |
don't know how accurately --

MR. BOYACK: Is there anything that |
should add from this data for VERCORS experinents
still under anal ysis that would cl arify what that does
or are you just reflecting uncertainty about it?

VR. CLEMENT: I cannot give any figure
about uncertainty.

MR. BOYACK: Well, personal uncertainty
about whether it would go earlier, later.

MR. CLEMENT: | cannot give a nunber
t oday.

MR BOYACK: Al right.

MR. KRESS: The adiabatic heatup period
probably | asts about a half-an-hour to an hour. You
can see it in sone of these calculations. | don't
know if it is in these things. An adiabatic period
| asts hal f-an-hour to and hour.

If we think this early release starts

during the adi abatic heatup periods, it isnorelikely
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to be near the hot end of it than the cold end of it.
So Dana's .4 hours is probably about right. You can
make sone guesses. |f your hal f-an-hour was right
before and you are starting earlier, it is not going
to start nmuch earlier. So I think Dana has made a
real good guess there on .4 w thout having any real
calculations. It is certainly not going to be nuch
sl ower than that.

MR, PONERS: It is difficult to inagine
cutting it in half.

MR KRESS: Yes.

MR. POVNERS: But, on the other hand, you
want to reflect that it is earlier.

MR. KRESS: Yes, and that is a pretty good
guess, | think.

MR. POAERS: Ckay. Jean-M chel?

MR. EVRARD: Whien you pass it down to the
root core and when the gap rel ease i s at the begi nni ng
of the severe accident, | think it is sonewhat
difficult to define a limt between gap rel ease and
pellet release. So | will say it is difficult.

MR. BOYACK: So aml to concl ude fromyour
statement that you would prefer to see this, renpve
the boundary between gap release and early in-

vessel --
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MR. EVRARD: Yes.

MR. BOYACK: -- and just deal with the
whol e duration?

MR.  EVRARD: In France we distinguish
bet ween the design basis LOCA so it is clear. In
seal accidents we nmake no clear distinction between a
gap release and what is for sure because it is a
conti nuous process.

MR. BOYACK: M brain just went.

MR, LEAVER Ilt's an "I|." That will
probably be the only thing that is right about what |
am goi ng to say.

Now | think it seens tone it is earlier,
but considering the fact that it is only a fraction of
the core that is in this higher burnup range, and |
don't know whether we are tal king about a conti nuous
change or whether there is sonething, sone kind of
step function things going on in there, it is still
only a fraction of the core. So that initself would
suggest that, while the rel ease conmes out faster, it
is not a great deal faster because nost of the core
isn't any different than what was eval uated i n NUREG
1465. So | would say that | think it would be
appropriate to reflect the fact that it is earlier.

MR. KRESS: Did | hear sonebody say it
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m ght be a third of the core, the high burnup?

MR, LEAVER: | have heard a third, a
fourth. It depends on what we say by what is high
burnup, but | have heard a nunber of people saying
t hat the average burnup -- oh, | can't renenber.

MR. KRESS: But, anyway, if it isathird
of the core, it is pretty good fraction

MR. LEAVER Yes, but it is still, that is
still a fraction.

MR. KRESS: Yes, but it is not like 10
percent .

MR. LEAVER: Well, a third of the core
woul dn' t be 75,000, but a third of the core m ght have
hi gher burnup than what we have traditionally been
t hi nki ng.

| also think that it is not going to the
matter to the way that |icensees apply this whether we
di stingui sh between a gap duration and an in-vessel
rel ease duration. So agoni zing over the right nunber,
whether it is .4 or .450r .35, isreally not goingto
have very nuch effect at all.

MR. BOYACK: WII not be alarge i npact on
| oss, let's see, if the --

MR. LEAVER | would say it even nore

strongly. It is not that it is not only a large
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impact, it is a small, possibly negligible inpact on
the way that this is applied.

MR. BOYACK: That is it? Okay. So the
question is, what we do on this, but, basically, what
| hear fromthe U S. participants, who are probably
going to nake a stronger statenent, is that -- |
shoul dn't even be summarizing this. But, basically,
| heard a coupl e of peopl e that said, okay, maybe this
0.4 hours would be fine. | heard | guess David say --
he didn't say a val ue, but he says as long as it is --

MR. LEAVER If the group felt strongly
that they wanted to have a value for this and retain

this distinction between gap release and early in-

vessel release, | think .4 is not an unreasonable
nunmber . | keep using the word "reasonable" and
"unreasonable,” and | agree with Dana that it is

maddeni ng, but | don't know what el se to say.

(Laughter.)

| don't know what el se to say.

MR. POAERS: You can't find a better word
to go with it.

MR LEAVER  Yes.

MR. BOYACK: Al right.

MR. LEAVER Yes, it is hardto argue with

sonmebody who is reasonable, right?
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(Laughter.)

MR. PONERS: Wth the exception of Tom
everybody's kind of reasonabl e.

(Laughter.)

MR.  BOYACK: kay, so let nme ask the
question this way: If | put 0.4 as thetimng for the
gap release, is there anybody that will wal k out of
t he neeting?

MR. POAERS: |Is that an option?

(Laughter.)

MR LEAVER It's tenpting.

MR. BOYACK: Ckay, let's see, so we had --
| amjust going to highlight that. If | were to clean
up the | anguage, not here, but to use these as t he key
el enents of the statenent, whichis that basically the
hal f - hour is not applicabl e because the poi nt defi ned
as release of significant fission products and now
that occurs earlier with high burnup fuel. Possible
to specify new val ue, basically, with the | ogic that
it could be earlier, but not too nuch earlier, and
that 0.4 hours seens reasonabl e.

| woul d probably nove some of this |ogic
t hat Dave of fered, because of the earlier fraction of
the core. Therefore, nost of the core would still be

represented by the NUREG 1465 val ue.
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MR PONERS: Well, it seens to ne | would

al so reflect what Jim and Tom say, because | think
they are literally correct: that what you need to do
is be able to do a val uabl e calculation. In order to
do that calculation, you really need data from
experinments |ike VERCORS to calibrate that nodel for
t he hi gh burnup fuel.

What you are doing in setting that .4 is
to reflect the qualitative sense that, instead of
extensive release, it is nowearlier. That all you
are doing right now. To get sonething really good,
you need to do what they say, which was do sone
calculations with a code that has been calibrated
agai nst responsible data, which | think VERCORS
probably provides the kind of data that Tomcertainly
needs for his viewto do that cal culation in a way he
woul d feel good about it.

MR. BOYACK: |Is there an "s" on the end or
j ust " VERCOR'?

MR. SCHAPEROW | think there is an "s."

MR. POWNERS: The French a long time ago

decided that "s'es were there for decorative
pur poses.
(Laughter.)

MR. BOYACK: kay, "See needs," the needs
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being that new calculation of the code nust be
validated with applicable data such as is being
generated in the VERCORS s experinent.

Ckay, | think we can all go home now.

(Laughter.)

MR. PONERS: My tabl es | ook nore extensive
than that. Do all nunbers flow fromthat?

MR. BOYACK: Let nme ask, |' mcurious about
how | ong t his m ght take, but what about the early in-
vessel phase, the duration now, that if you want to
think it through to duration, we can subtract off 0. 4,
but is this something we can rapidly do or do we j ust
need to go back and work on the fractions now?

MR. LEAVER VWll, this worked pretty
well. Do you want to try it?

MR. BOYACK: Yes, let's give it a try.
Li ke many of these, it is finding the right technique,
right, after the discussion? The discussion was
necessary first.

So now!| amgoing to try to just do this.

MR. POAERS: |'mnot even going totry to
guess what he is doing.

(Laughter.)

MR, KRESS: This tinme we will go around

the table, | suspect?
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MR. BOYACK: Yes, would you do that, sort

of an alternative approach, and then we can start
right at the head of the table on the third approach,
and then we could go both ways two at a tine.

(Laughter.)

So now we are on the early in-vessel,
havi ng experi enced r at her marvel ous success on t he gap
rel ease. W get to start with Dave Leaver

MR. LEAVER. Ckay. Well, you recogni ze,
of course, you are changing a living strategy by the
order in which you do these.

(Laughter.)

MR, BOYACK: | was just going to wite
t hat down.

MR. LEAVER: | think, again, that the
i mpact of the high burnup on any of these paraneters
-- in this case, the duration of the early in-vessel
rel ease -- you have to recognize that it is only a
portion of the core. That is one factor.

So | would say, if you would think of it
internms of athird, you are probably not too far off
on that, whether it is a third or a fourth, or
what ever it is.

| al so think that this nunber of 1.3 hours

was i ntended to be a representative nunber -- | think
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that is the word that is used in 1465 -- over a
spectrum of acci dent sequence types. So | don't see
a strong basis for changing -- | am not saying that
1465 is right necessarily, but if we use the concept
of trying to do a delta, | don't see any basis for,
strong basis for changing the 1.3 hours.

MR. BOYACK: | amgoing to wite that down
injust a mnute, but it did occur to ne that what |
at | east should have done is made sure we all agree
with the definition of the end of the phase.

MR. G ESEKE: Yes, | was going to
interrupt, but | decided not to.

MR. BOYACK: So if you go to page 8, on
the righthand colum, the first full paragraph
begi nning, "During the early in-vessel rel ease phase, "
go down hal fway, there's a statenent: "This rel ease
phase ends when the bottom head of the reactor
pressure vessel fails, allowi ng nolten core debris to
fall ont the concrete below the reactor pressure
vessel . "

MR. LEAVER Yes, | would have a comment
on that. | think that 1465, that may have been the
t hought process that people went through when they
came up with the nunbers. Inny mnd, | think norein

ternms of a recovered acci dent, because that is what i s
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used for the design basis.

So you've got to have sone kind of
i njection, recovery of ECCS and injection. So that,
tome, is nore kind of what defines the end-point for
early in-vessel rel ease as opposed to the bottomhead
failing in the vessel.

MR. BOYACK: Ckay, what | amgoing to do
is just nowtry to catch -- would you sumari ze what
your thought was on the timng? You were saying you
see no reason to change it from | guess a duration of
1.3 or the total timng, 1.7, now, but you will have
to make that a clear point again. | thought you heard
you say you see no reason --

MR. LEAVER:. Well, | would say no reason
to change the total of 1.8. So if we change the gap
duration to .4, then | would just say, because in ny
mnd the thing that really ends this release is not
vessel failure; it is arecovery whichis taking pl ace
somewhere around this tine of 1.7, 1.8 hours, or 1.6
hours, however you want to define it. | don't think
hi gh burnup has anything to do with that. That is an
operator action and a systemkind of function. So |
guess | don't see a strong basis for changing the 1.8
hour s.

MR, BOYACK: (kay. Jean-M chel?
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MR EVRARD: |f the end of the release is

defined as a bottom rupture or fracturing of the
system | think the high burnup fuel in a fraction of
the core would have a very |ow i npact.

MR. CLEMENT: So hi gh burnup may have an
i mpact on the fuel novenents before.

MR BOYACK: Yes.

MR,  CLEMENT: I mean on the |ower
pressure. So different scenarios of the relation
However, | think that 1.3 hours is a good anount of
magni tude, given the different possible scenarios.
One of the possible inpacts is from failing, as
al ready menti oned.

MR. BOYACK: | would just ask you, after
| have concl uded, you may want to take a | ook at what
| have put up for your words, and if they turn out to

be wong, you can enhance t hemor correct themfor ne.

Dana?
MR, POVERS: Vell, | think ny view is
al nost exactly what Bernard said, that | remain

concerned that degradation may change with the high
burnup fuel, but that can be deduced really only by
experinmental investigations that change the nodeling
we have, because that is a very integral sort of

under t aki ng.
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So ny tendency i s to say that the existing
anal yses probably are not applicable, but in the face
of that | would keep the 1.8 hours as the value, the
sum in other words, in the in-vessel and ex-vessel
or in-vessel and gap rel ease, with the strong codi ci
that we really do need to do kind of bundled-type
degradation experiments to see if things change any
significant way in the degradation of these high
bur nup fuels.

| amvery synpat hetic to Dave' s poi nt t hat
what really gets at interest here is intervention
st eps.

MR. LEAVER. |s what?

MR. PONERS: Intervention steps. It is
sonet hi ng t hat we have never really i nvestigated a | ot
of . So quenching-type experinments my get very
interesting as well, and there are source term
consequences, but we aren't dealing with that. That
may be a m st ake.

MR. LEAVER: Bundl e experinments, woul d you
consi der PHEBUS to be a bundl e experi nment?

MR. PONERS: Oh, yes. Yes. Yes, | think
that the utility of CORAR-type experinments for these
ki nds of investigations are pretty | owbecause you are

real ly | ooki ng at types of degradation that go beyond
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what CORAR can do. Yes, you don't get as big a bundl e
as you would probably ultimately like, but that is
just the practicalities of the world, and PHEBUS i s a
decent enough experinment. An experienced teamthat
knows how to do the experinents --

MR, LEAVER Is it decided that PHEBUS
will do a high burnup experinment?

MR. CLEMENT: What we envisage for the
future program we have the high burnup issue, yes.

MR, LEAVER But that's not -- funding
hasn't been collected? VWhat about a quenching
experinment? Wuldn't that be a good idea?

MR. CLEMENT: Quench experinents will also
be done. Quench experinments --

MR. LEAVER That's also on the radar
screen for the future? Ckay.

MR, BOYACK: kay, Jinf

MR. G ESEKE: | also recognize the need
for experinmental information, andin viewof the range
of accidents that we are talking about and the
uncertainties incalculations, | think we should stick
with the -- the 1.8 is a reasonable estinmate.

MR. LEAVER. There's that word again.

MR. Qd ESEKE: | wouldn't say it's

unr easonabl e.
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(Laughter.)

MR. POVERS: Ergo a not unreasonable
suggesti on, .

(Laughter.)

MR. BOYACK: Tom is ponying up to the
m crophone to nmake a statenent.

MR. KRESS: Cetting around to ne next, and
| plan on being unreasonabl e.

MR, BOYACK: (Good.

MR. KRESS: The 1.3 duration, which is
shown up here, shoul d have a hal f-an-hour added toit,
to make that duration 1.8.

MR LEAVER Wy is that?

MR  KRESS: It is because in-vessel
rel ease starts about a hal f-an-hour earlier with the
hi gh burnup fuel than it did with the old fuel. The
old fuel still starts at the same tine and ends at the
sane tine. So you have to add a hal f-an-hour to that
1.3.

Now t hen you go back and add the .4 to
that 1.8, to get a total of 2.-sonething.

MR. BOYACK: You caught me playing with
the conmputer. So | got caught.

MR. KRESS: | amdealing first with the

1.3.
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MR. BOYACK: (kay, so first --

MR. KRESS: And that should be 1.8, in ny
opinion. That is not the sane 1.8 the other people
are using.

MR. BOYACK: So it is the duration of the
phase itself?

MR KRESS: Yes.

MR. BOYACK: Should be 1.8 hours. And the
reason?

MR. KRESS: The reasonis that the rel ease
of significant amunts of fission products starts
about a hal f-an-hour earlier with the high burnup fuel
than it did with the regul ar fuel

MR. PONERS: But up there we said that
only --

MR. G ESEKE: But before the gap rel ease,
you' re sayi ng?

MR KRESS: After the gap rel ease.

MR. PONERS: But we only noved the gap
rel ease up a tenth of an hour

MR. G ESEKE: We might | et you add a tenth
of an hour, but you can't add hal f-an-hour because it
starts before the accident starts.

MR. LEAVER: | thought we took that into

account when we speeded up the gap rel ease.

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

360
MR. KRESS: | don't care what the gap

rel ease does. | am saying that the early in-vessel
starts a hal f-an-hour earlier thanit did before, and
it ends at the same tinme it did before. So there is
a hal f-an-hour mssing in there somewhere.

MR. POAERS: \Where is the half-an-hour
comng fron? Were is that? | don't know where the
hal f - hour came from

MR KRESS: | calculated it.

MR. PONERS: Ch, oh

MR. KRESS: It is the duration of what |
all the adiabatic heatup, which is not truly
adi abatic, but | call it that anyway.

MR. LEAVER Is that the zirc oxidation
phase? |s that what you nean?

MR. KRESS: No, no. It is prior to the
zirc oxidation. It runs about an hour --

MR LEAVER A degree per --

MR. KRESS: -- at a degree per second. At
a degree per second, it runs about a hal f-an-hour. At
a hal f-a-degree per second, which is not -- 1 degree
is adiabatic. Half a degree is cooler. It runs about
an hour. That is where | got my half-an-hour to an
hour .

| am saying that the rel ease of the high
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burnup fuel starts at about the m ddl e of that, which
is about a half-an-hour. | am using the one hour
because it is not truly adiabatic. So that is where
| get the half-an-hour from It starts about in the
m ddl e of that.

MR. LEAVER But if 1465 says that the 1.8
hour ends when t he bottomhead of the pressure vessel
fails, why would that be delayed by half-an-hour
because of adiabatic cooling?

MR KRESS: It's not.

MR LEAVER It's not?

MR. KRESS: You didn't understand what |
said. If you take the old 1.3, what that is is the
start, basically, it is the start of the zircox
heat up, the runaway zirc, to the tinme of in-vessel
melt. The reason it is that is because that is when
fission product rel ease started with the old fuel. |1
amsaying it starts --

MR. LEAVER: That is where it really took
of f.

MR. KRESS: Yes, and | amsaying nowit is
starting a hal f-an-hour earlier.

MR. LEAVER: So you are saying it starts,
i nstead of starting -- it starts at 30 seconds?

MR KRESS: It still ends at the sane ti ne

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

362

and starts a hal f-an-hour earlier.
MR. GQESEKE: So it starts before the gap

rel ease starts?

MR,  KRESS: I don't know. I am
forgetting, | amjust going to ignore what you guys
did with the gap release. | amdealing with the in-
vessel s.

MR.  BOYACK: Let ne ask the question
anot her way. Assuming this representative event

starts at tinme zero, how long does it take for the
vessel to fail in this representative vessel, the
col l ection of things that you are usi ng? Just conbi ne
the two periods, the start of initiating then to
vessel failure.

MR KRESS: It takes about the sanme anmount
of time that we had before.

MR. BOYACK: Right. Ckay.

MR. KRESS: But thein-vessel rel ease part
of the effort occupies a bigger conponent of that
amount of tine.

MR, BOYACK: (Onh.

MR,  KRESS: If we don't reflect that
properly, we are going to m ss sonething.

MR BOYACK: Well, | am tracking your

arithmetic here, and so prior on NUREG 1465 t hat
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period of tinme was 1.8 hours.

MR KRESS: 1.8 hours.

MR. BOYACK: And are you saying that that
total time is still roughly the sanme?

MR. KRESS: |'msayingit isstill roughly
t he same, but the duration, the 1.3, is bigger. The
duration of that phase occupies a bigger part of it.

MR. BOYACK: So if that is the case, then
what you are saying is up here on this other, that .4
-- | nean, you've got fixed end-points. Now you are
just deciding howto divide up the two pieces.

MR KRESS: Uh-hum

MR. BOYACK: So what | hear you saying is
t hat you are | ooking for the earlier phase to be very,
very short.

MR. KRESS: O the two phases overlap, is
what |' m sayi ng.

MR. BOYACK: Ch, okay.

MR. KRESS: You're tal king about durations
up there and totals, and they don't necessarily add up
to the same anount if they overlap. That is why | am
saying |'mjust ignoring what you guys did about the
gap release, and I am |l ooking at the in-vessel part.

MR BOYACK: So --

MR KRESS: The total anpunt of tine from
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the start of the accident to when you nelt through the
vessel is the sane.

MR, BOYACK: kay.

MR. SCHAPEROW So you are okay with 1.8
hour s?

MR. KRESS: Afractionof that is occupied
by i n-vessel rel ease has to i ncrease by about a hal f-
an- hour over the 1.3.

MR. PONERS: Tom |et nme ask you just one
question. It is kind of distressing, but I think
actual Iy understand you.

(Laughter.)

MR KRESS: Wonderful .

MR. POAERS: What you are saying is that,
if I had ny magical mcroscope and | could | ook at
this spore rod by rod as it nmoves t hrough tenperature
transient, that, indeed, we get kind of a collective
rupture and start a gap release in a bunch of rods,
kind at the sanme tine. But a couple of those rods
al nost i mmedi ately were scream ng up in tenperature.

MR. KRESS: Ah, ha, you've got what |'m
t al ki ng about .

MR. POAERS: They, very shortly after they
have ruptured, go into the start of what we call in-

vessel rel ease.
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MR KRESS: Unh- huh.

MR. PONERS. There are others that are
| aggi ng and engage in gap rel ease, and they | anguidly
creep up to the tenperature at which they start
getting -- but there is a substantial overlap and
there is a conplete distinction that has been drawn
between the gap release duration and the in-vessel
rel ease that ignores the heterogeneity of «core
behavi or and should never have been made to begin
with?

MR, KRESS: | wish | had said it |ike you
di d, Dana. That is exactly ny thought process,
exactly.

MR, POVERS: I think you are in fact
technically absolutely correct. There is always the
problem with our codes. \Wien we did the origina
March code, we saw the core was very uniform in
behavi or, and the evolution since that tinme has been
nmake its behavior nore and nore heterogeneous,
especially for these | ow pressure acci dents. Wen you
stay pressurized, there is a tendency to nmake them
honogeni zed, but for these |ow pressure accidents
there's a great anount of heterogeneity, both axially
and radially.

The distinction, it really comes from
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sayi ng, okay, we are going to work with the |arge
break LOCA. Had they said work with a panoply of
acci dents, then you m ght be nore confortable with the
di stinction, but because they have said a | arge break
LOCA, now you can't use -- you are saying thereis so
much overlap that summation is just not good.

MR KRESS: That says it very well.

MR. PONERS: | don't think | disagreewth
you on that view, and | wunderstand where you are
com ng fromthere.

MR.  KRESS: That was a very nice
clarification. Thank you.

MR. BOYACK: kay, basically, what | have
said is that total tine is about the sane, or 1.8
hours; a fraction of that occupied in-vessel rel ease
is about 1.8 hours. This inplies that the gap rel ease
and early in-vessel release periods overl ap.

MR. LEAVER It inmplies nore than that.

It inplies that the early in-vessel rel ease begins at

time zero.

MR. KRESS:. Yes, and | didn't really nean
to say that.

MR. LEAVER | think that's a little bit
t oo strong.

MR, KRESS: | really didn't nmean to say
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that. | think the total is maybe not 1.8 hours. It
is nmore like 1.7. The fraction is like 1.7, 1.6
maybe.

MR LEAVER  Yes.

MR. KRESS: You know, |'m guessing. |
don't have the cal cul ati ons.

MR. LEAVER | understand, but if we are
going to --

MR. KRESS: But you have to be consi stent
interns of it doesn't start at zerotine. That's for
sure.

MR. LEAVER  kay, let ne ask you this
qguestion, because this is another way of trying to
find that nunber: Recognizing that we have a spectrum
of sequences that we have to kind of bear in mnd
here, even though | ow pressures nmay be the nmain one,
and recogni zi ng about this distribution of burnup in
the core, at what tine, 10 mnutes, 5 mnutes, 15
m nutes, whatever, would you say it would be
reasonabl e to specify that the early in-vessel rel ease
starts? | know it is not zero.

MR KRESS: | know.

MR. LEAVER And you don't Ilike 30
m nut es.

MR KRESS: | thinkit is about a half-an-
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hour .

MR. LEAVER: You think it starts at half-
an- hour ?

MR. KRESS: Well, | think --

MR. LEAVER. No, that would --

MR. KRESS:. It depends on the sequence.
From the tine the nelt, the water, is starting to
uncover the core until the tinme you get this rel ease,
| think is about a half-an-hour, if that hel ps you.

MR LEAVER It m ght be sooner.

DR GRIFFITH: | thinkit is about a half-
an-hour. Well, it depends on t he heat, of course, but
if the heatup rate of the top parts of the core are
about a hal f a degree centi grade percent, then | think
it is going to take an half-an-hour to get up to the
tenperature where | think these high burnup fuels
start rel easing.

MR, LEAVER. Start rel easing, yes.

MR. KRESS: But if that heatup rate is a
little faster, it is going to take less tine.

MR. LEAVER  Ckay, but if the answer is
hal f - an- hour, that would say that -- and you believe
the 1.8 hours is still areasonabl e nunber for vessel,
t hat woul d say that you are back to 1.3 hours for the

duration of the in-vessel release, but you have
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started out by saying you think it is longer than
t hat .

MR. KRESS: Well --

MR. LEAVER: Do you see what | amsayi ng?
| nmean, maybe it is in between. That's what | thought
you were going to say, is, instead of a half-an-hour
and 1.3 hours, you would like to see it maybe have t he
i n-vessel release start at, instead of 30 m nutes,
have it start at 15 minutes or 20 m nutes, and then
instead of 1.3, you've got like 1.5 or 1.6 hours for
t hat durati on.

MR.  BOYACK: What | propose is the
followng: As we get to the end of the day, what |
will do is | wll create PDF files of all this
information. | will work with Jason. | think what
will dois |l will |eave sonebody here to work through
the next neeting time, and Jason and | wll go
upstairs and we will kick out these files and get
print copies, and then overnight you can spend a
little tinme reviewng and thinking about this and
correcting them if you wish, and return themto ne.
I s that okay?

MR KRESS: Yes.

MR. BOYACK: (Good.

VR LEAVER: | amstill --
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MR. KRESS: | think the problemis in the

1.8 that we tal ked about, the start of the thing until
the tinme you got through the vessel

MR LEAVER You think it may be | onger?

MR, KRESS: | think it's definitely
| onger .

MR LEAVER But if that is true --

MR. KRESS: But that sort of relation of
t hi ngs, and so when we are trying to fix these nunbers
that | have here with that, it gets to be sonetines
the total doesn't seemto add up right, and you have
to face that.

MR. LEAVER  So one way to address your
comment, and Dana kind of just summarized it
beautifully --

MR KRESS: |s extend that 1.8.

MR. LEAVER. -- is extend the 1.8, and
then you are |ooking at maybe, say, the same 30
m nutes or .4 hours, whatever that is, and the i nstead
of 1.3, maybe it's 1.6 or 1.7, which nmakes the 1.8 go
to, say, 2 or 2.1.

MR. KRESS: Sonething |ike that probably.

MR. LEAVER. Yes. (kay, now | see what
you ar saying. That would work. | think that woul d

wor K.
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MR. BOYACK: Ckay, now!l may need alittle

help on this because -- just see if there is sone
overall agreenent. \Wat | have done right now and
hi ghlighted in red is just to indicate that | have
left it 1.8 total hours. | haven't increased the tine
to a larger total period.

MR.  KRESS: In addition, you have
i nt egrated bundl e experience wi th high burnup fuel.
That needs to be translated into nodels and whole
core. See, integrated bundle experinments are not
whol e cores. It needs to be translated into nodels
| i ke VERCORS and whol e core cal cul ati ons nade.

MR. BOYACK: Ckay, | guess what | heard
was a suggestion which said that this 1.4 hours m ght
be i ncreased.

MR, LEAVER Yes, | think what Tom is
saying i s he doesn't necessarily believe that the 1.8
hours for vessel failure -- and | nust say that is
awful | y fast, but we al so have a spectrumof sequences
here, and so we are just trying to come up wth
sonething that is representative, but it would, in ny
m nd, not be at all inappropriate to suggest that the
1.8 seens fast to us for the original 1465. So we
want to push that out a little bit. That gives us a

way to address Tonls comment of the fact that he
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believes that this rel ease durationis |onger, because
you' ve got the high burnup fuel on a | ow burnup fuel,
and it just takes longer for this to occur.

MR. POVERS:. Looking at sone of the Source
Ter m Code Package cal cul ati ons for | arge break LOCAs,
| believe there is one in there where for the period
of tinme from core code rate to vessel failure, |
understand there is like zero time in the rule of
thumb in the Source Term Code Package cal cul ati ons.
| mean it is a very brief tine. It is only 38
m nut es.

MR. LEAVER Fromthe tinme of rel ocation?

MR. KRESS: Yes, but it takes about -- |
don't know when they decide this accident starts. |
t akes about sonetinmes half-an-hour to get to the top
of the core.

MR. PONERS: Onh, yes, it takes alongtine
to get to the top of the core.

MR. KRESS: There is a bl owdown on top of
t hat whi ch takes maybe 20 mi nutes for sone acci dents.
It depends on the size. So | don't knowwhen they are
assuming the start of this thing is. That is why |
worried about this 1.3 hours or 1.8 hours, because |
don't know when they are starting that accident.

MR POVERS: | think these things are
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basically started at the top of the core. [|I'm not
positive of that.

MR KRESS: Yes, | amnot either.

MR. POAERS: But, traditionally, that is
where the --

MR. LEAVER  Are you tal king about the
onset of gap rel ease? Wen does that start?

MR PONERS: Yes.

MR LEAVER | think that could start --

MR KRESS: Wien is zero tine?

MR. LEAVER: No, no, see, the way they do
t hose calculations nowis -- well, no, I'msorry.

MR PONERS: There is nothing new with
t hose cal culations. It has to do with the code that
is set up.

MR. LEAVER: Yes, that's right. Yes, but
you have a snmall LOCA. You could be six hours into
the accident before you get down to below the core
centerline.

MR. PONERS: All those things are true,
but this is a large break LOCA. So before you junp
and say, well, our time period is short, ny
recollection is there is at |east one |arge break
LOCA; | think it is an AB sequence, but | could be

wrong about that. It is an extraordinary short period
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of tine.

There was a | ot of controversy when the
cal cul ation actually came out. | can't renmenber what
the resolutionwas. | think the resolution was we are

not going to worry about it because it is a |ow
frequency accident. But it's a blitzing fast thing.

MR. SCHAPEROW To interject, actually, to
reiterate, thereis atable, Table 3, which lists the
duration of each of the sequences considered in the
i n-vessel release phase. The 3-inch LOCA, which is
done for O Conee, with no ESF, was 84 m nutes.

MR. LEAVER But there is one -- oh, okay
But here's a series sequence, S3B, that i s 36 m nutes.
Those are really sinple bottom head failure nodel s,
t hough.

MR.  POVERS: Oh, yes, the bottom head
failure nodels were very sinple.

MR. LEAVER: | know that the nodels in
Mel corn map now are quite a bit better than what was
used.

MR. POAERS: They are still fast.

MR. LEAVER | don't think they are as
fast as this though

MR. POAERS: Well, | think that was, and

Jim can probably speak better than | can, but ny
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recollection is the way we were treating the |ower
head was really very sinple. | mean, it was one step

better than March, which was fuel sees head; head

fails.

(Laughter.)

MR. BOYACK: Let ne ask the question this
way: So far, | have heard Tommake a strong positive

statenent for a |longer period for early in-vessel. |
heard Dave nmake a, "Well, maybe that woul d be okay."
Jim keep it where it is or change it?

MR. G ESEKE: | could see it creep up a
little. You know, these nunbers are not very precise
in any case. You're |ooking at how many different
sequences, and you are nmaking seat-of-the-pants
guesses as aver ages anyway, and you are not even doi ng
it a numeric average. You are doing a, well, | don't
know, flight-of-fancy average on these. So if it is
1.4, 1.5, 1.6, those are all the sane nunbers as far
as | am concer ned.

MR, BOYACK: Ckay. Dana?

MR, POVERS: My view is that the end-
points of these tinmes are dictated by the core
degradati on process. |I'mnot here as an expert in
core degradation process except to raise the

possibility that that direction is a bit different
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with high burnup fuel than with the fuels that we
t hought about in the past, which, quite frankly, were
heavi ly bi ased toward 24 gi g, 20-gi gawatt-day fuel --

MR, LEAVER  Aver age.

MR. POVNERS: -- and peaked at |ike 34 or
35.

MR. LEAVER. And honpbgeneous.

MR. PONERS: And relatively honogeneous
core.

So | amunwilling to nove those things
around. | say that that is one of our needs, that we

really need to investigate experinmentally the
degradation of cores with high burnup fuels, with an
eye to seeing if we need to introduce a qualitatively
different core degradation nodel than the one, the
basically candling nodel that we've got now.

MR. LEAVER Simlar coment to the one
you nade on the .47

MR PONERS: Yes.

MR LEAVER: The need for an integra

experi ment .

MR. PONERS: Yes, | nean we just can't
i gnore these things because we've had this hint. It
first showed up in a PBF3 experinment. |t showed up
again in a Sandia pilot experiment. It showed up in
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one of the FLHT experinments. It showed up nowin sone
of the PHEBUS experinments. Some sort of fuel foam ng
goes on. It has always been a hint.

Wien you think about fuel foam ng, the
t hi ngs that are noving us toward nore fuel foam ng are
hi gher-effici ent product gas goods. That i s what hi gh
burnup fuel is.

| f we see the kinds of foamthat we sawin
t he Sandi a experinment, it provides atransitory period
i n which core degradationis conpletely different than
t he candl i ng nodel, and you get a period of very high
core tenperatures and then sudden col | apses, things
li ke that, actually noving back toward nore of a
Mar ch-type nodel . March may have been right all
al ong.

MR. BOYACK: Do our French col | eagues have
any comment about t he difference between 1.4 hours and
1.6 hours?

MR. CLEMENT: Ckay, two conments. First

of all, the main difference is about fuel degradation
processes. |If we have a collapse that's earlier or
not, | don't know exactly.

The other point is about the 1.3, 1.4
hour, about sequences. | mean, some sequences we have

used for our source term reassessnent, but we have
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gotten even those that are shorter in AB sequences
than the 1.3 or 1.8. There is one for which we have
1.3 hour because there is a break in the | ower head
failure, for instance, but with others it was nuch
| onger times. So, as | said before, the order of
magni tude i s not bad.

MR. LEAVER It's not bad.

MR. BOYACK: O her comments? So the real
guestion here to ne is whether | leave it at 1.4 or
whether | change it to 1.6. | just need help, like
three or four statenents.

MR. CLEMENT: Yes. |If we change it from
1.4to 1.6, | think you probably woul d be aware that
t here woul d be a probl em because we | ower as wel |l the
concentrate. W believe we lower it for this. Ckay?
We think that using hydronic fuel goes in the other
direction that we raised earlier. W can get fast,
hi gher rel easerates. So | woul d not favor shortening
this period of in-vessel rel ease, because this could
give wong indications to people who will use it.

MR. SCHAPEROW You have t he wrong person
there (referring to what M. Boyack is typing).

MR BOYACK: Oh, | was putting words in
your nout h.

(Laughter.)

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

379

There we go; you' ve been cut-and- past ed.

Okay, Iif we are going to increase the
period, it would inply | ower fission product rel ease
rates; that seens to be contrary to the expectation
for high burnup fuel.

MVR. PONERS: Let nme say that |
whol eheartedly agree with t he "do no harm' phi | osophy.
Don' t mslead people wth your changes in
qualitatively incorrect corrections. Do no harmis
the first step in maki ng changes.

MR. BOYACK: Al right, I will figure out
how to handle this. Leave as is. So | cone back up
and so 1.4 is what | sort of hear now as the outcone.
Al right?

Now at this point it seens to me thereis
a break between these later tinmes and these earlier
tinmes, and what you want us to do is to get the
nunbers for the earlier time as far as rel eases. Is
that correct, or should | just go on and try to deal
with the ex-vessel and | ate in-vessel durations?

MR. SCHAPEROW | think we should stick
with in-vessel right now

MR. BOYACK: Yes, okay.

MR, SCHAPEROW |f Danafeels differently,

that's fine. You guys are maki ng much better progress
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w t hout me.

(Laughter.)

MR. PONERS: Well, | think here's what |
will offer this tine: Mst people say, "ex-vessel,
skip it, leave it alone.”™ But | think Bernard nay

have some i nteresting cooments to nmake about the | ate
in-vessel release that | would like to hear what he
has to say on that.

MR. BOYACK: Well, to ne, other than just
novi ng al ong, which we are doing now, it is not too
much concern to ne. W won't be dealing with BWR s
tomorrow. We'll never nake it.

MR. PONERS: On the BWR's, l|let nme nake
this coment: that Ral ph nade a pretty inportant
point, | think, inhis presentation that saidthat BWR
fuel is evolving toward | ooki ng nore and nore |i ke PWR
fuel with Iike channel boxes.

| suspect that the channel boxes dictate
the timng for the degradation, and the fuel rods
dictate the release fractions. So | bet you the
timng on the BWR s | ooks about the sane as it does
now, and the rel ease fractions that we derive for the
PWR s begin to ook a lot nore like the sane for
BWR' s.

MR. BOYACK: So we m ght be able to nove
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qui ckly through the BWR here, you're thinking? At
| east we woul d have the informati on on the BWR s t hat
we could take a | ook at that.

Vell, look, let's take a m nute then and
see if Dana's statenents about ex-vessel hold true.
We said we woul d start at the center of the table. So
Dana?

MR  PO/NERS: | think the people that
devel oped t he ex-vessel rel eases that has dom nat ed by
the period of high zirconium | don't see that
changing very much with the high burnup fuels. I
don't see any reason to change either the timng or
the rel ease fractions then.

MR. KRESS: Nowthe rel ease fractions are
the fractions of the full inventory. If we are
getting nore out in-vessel -- the release fractions
are the fractions of the original core inventory, and

if we are getting nore out in-vessel, we will get |ess

out --

MR. POVNERS: You've got to keep the suns
correct.

MR. KRESS: You've got to keep the suns
correct.

MR POAERS: Yes.

MR. KRESS: | think Dana is exactly right
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on the zirconium So | do see a need to change the
timng, change the release fractions, but not the
timng.

MR BOYACK: Yes, just stop with timng?

3

KRESS: Yes.

MR. SCHAPEROW Yes, no "oxidation" after
"zirconiun'.

MR. BOYACK: Pardon ne?

VR. SCHAPEROW After the word
"zirconium" add oxidation.

MR BOYACK: Ckay, Jinf

MR. G ESEKE: | agree wth Dana.

MR BOYACK: Tonf?

MR. KRESS: | agree now with what you
have.

MR. BOYACK: Ckay. Bernard?

MR,  CLEMENT: Yes, in our first-tinme
evaluation it was the sane thing, so high zirconium
goes into action. So in our evaluation we had |ess
inventory in the ex-vessel. So, in fact, less
fission, so the duration was shorter. But | amnot a
speci al i st about that.

Jean- M chel ?

MR,  EVRARD: If you consider relative

val ue agai nst the produced value, | see no reason to

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

383

change the nunbers. No change. |In fact, we have a
rat her small val ue.
MR. BOYACK: Bernard, what | heard you say
is that in the French study you may have a shorter --
MR. CLEMENT: For the main rel ease, not
for the duration of this phase as concerns
degradation, but to say what this should be rel eased,

it would be rel eased at the begi nning of this phase.

That's it.

MR. BOYACK: Ch, okay.

MR. POAERS: | think the reason that the
ex-vessel was two hours long is they said, well, it

may be that you get a big plunp cone down and t hen you
get stuff dripping down over sone period of tine.
That's what actually caused them to extend that.
O herwise, it is a huge worry, and then it dies off
very qui ckly.

MR. CLEMENT: Yes, that was the point,
yes.

MR BOYACK: Dave?

MR LEAVER | would retain it.

MR. BOYACK: And do you guys prom se t hat
fromnow on every one of these will be the sane pace,
right?

MR G ESEKE: Just like this.
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(Laughter.)

MR. PONERS:. | thought we were going to
nove a little faster now.

MR. KRESS: Now we will get to the late
i n-vessel

MR. PONERS: | thought the plan was to go
faster as we go through this.

MR. BOYACK: That's right. [|'msorry,

m sspoke.

MR. POAERS: What you need to do is say,
okay, no lunch break until we get through this nuch,
and see if we are smart enough to del egate pieces to
each one and say, "Watever he says, | go along."

(Laughter.)

MR. KRESS: W would speed it up by a
factor of five.

MR. POAERS: Yes, right.

MR. BOYACK: | amusi ng end- poi nts because
that works for nme. So, Tom we are back to you. Move
up, yes, right there.

MR. LEAVER: Is this the duration of |ate
i n-vessel ?

MR. BOYACK: Yes, the duration of late in-
vessel

MR KRESS: | think it has probably
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shortened because | think there is nore fission
product volatiles out thereto create a faster heatup

rate wherever it is deposited. Wuen it starts com ng

out alittle sooner and gets out alittle faster -- it
is aqualitative statement. | don't know howto pin
down any difference. What have we got there, 10

hours? That is such along tinme anyway that | suspect
it is not going to change it nuch, because the
di fference between the quantity of fission products
that are plated out is probably not going to be nmuch.
So | would stick with the 10 hours. |If that is what
t hey cal cul ated before, I would stick with it now.

MR. SCHAPEROW The idea is that this is
a self-heating basically, that fission products, it
heats up the layer of fission products?

MR. KRESS: That's ny viewof it, yes, but
| don't think there is nmuch difference in how nmuch is
there and how nuch the heating is, and how much
heating is contributed by the steam and hydrogen.

MR. BOYACK: |f sonebody can help nme --
the period is shorter because there is nore fission
product volatilization --

MR,  KRESS: It is shorter, but not
significantly shorter is the point.

MR BOYACK:  Jinf®
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MR. KRESS:. W have probably increased the

sem -vol atiles conponent, and | don't know if they
have any effect on this or not, probably not.

MR. SCHAPEROW The only three things that
we show as revitalizing are --

MR. KRESS: | odine, cesium andtellurium

MR.  SCHAPEROW | odi ne, cesium and
tellurium

MR KRESS: Yes.

MR. SCHAPEROW Telluriumis a very snal |
nunber .

MR KRESS: Yes.

MR. G ESEKE: Wth high burnup, that may
change a little bit.

MR. KRESS: It may change.

MR. G ESEKE: But probably not a definable
amount ?

MR LEAVER  The mmgni tude woul d change.

MR. G ESEKE: Yes, the magnitude of sone
of the other groups of fission products may change,
but -- is it nmy turn to tal k?

MR. BOYACK: Yes, itis, it'syour turnto
tal k, and in short phrases, succinct, correct, and
accurate.

(Laughter.)
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MR. G ESEKE: You're sayingthat | usually

don't do that, | gather.

MR. PONERS: No, he's says as opposed to
t he previous speaker.

(Laughter.)

MR GESEKE: | wll say that, although
t he conmposition of the deposits may change slightly,
it is not a definable change, and | don't see that we
need to change the duration.

MR, BOYACK: Dana?

MR. PONERS: Cet ready to type. Are you
ready?

VR. LEAVER: He's going to Dbe
unr easonabl e.

(Laughter.)

MR. PONERS: Yes, | seethelatein-vessel
rel ease as bei ng conposed of three constituents. One
is the revaporization of deposited radionuclides,
degradation of residual fuel within the core region
and air ingress.

MR. BOYACK: Air ingression?

MR. PONERS: Air ingress. The existing
anal yses really only addresses the first two of those.
We don't know what the third would contribute as far

as source term and that needs to be experinmentally
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i nvestigated because we imagine there to be a
conpetition between t he degradati on processinair and
the fission product in air, and we don't know how t hat
conmpetition will cone out.

MR. KRESS. You are sayingtheoriginal is

wWrong?

MR PONERS: Yes.

MR. LEAVER. The 10 hours?

MR. POAERS: The 10 hours and everything
about it.

MR. G ESEKE: the change is not the result
of hi gher burnup.

MR. PONERS: But |'ve got to do alittle
i ntroduction here.

MR. BOYACK: Just help nme for one second.
The conpetition between?

MR.  POVERS: Degradation and fission
product rel ease.

MR BOYACK: Ckay. Thank you.

MR. PONERS:. Ckay. The duration of the
late in-vessel release was dictated by the
revaporization of fission products off, deposited
fission products off the reactor coolant system |
think that is a best specul ation, whether that is 10

hours or 9, because we don't understand that very
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wel | .

So right now, inthe absence of additi onal
i nformation, | amgoing to say stay with the 10 hours,
but clearly this is an area where we need substanti al
further investigations. Sone of that will undoubtedly
come fromthe post-test anal yses of PHEBUS deposits,
deposits fromthe PHEBUS t hat peaked on that test.

| think that says what | have to say.

MR, BOYACK: kay.

MR. PONERS: | am anxious to hear what
Bernard has to say because | may want to anmend and
say, "M, too."

(Laughter.)

MR. CLEMENT: Okay, | had sone trouble
wi th this phase before, but then| made it very cl ear,
because | think we should not only consi der the | ong-
termrevapori zation, but al so other processes. Inthe
ot her processes, for instance, air ingress, you may
have, for a given period of tinme within these 10
hours, higher fission. That should be stressed
because consequences woul d be different when it cones
into the contai nnent.

MR. BOYACK: Jean-M chel .

MR. EVRARD: No further statenment at this

poi nt .
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MR, BOYACK: kay.

MR. LEAVER: | know of no basis for
changing the 10 hours, even though it is probably
wong, and | think the air ingress is absolutely
crucial to understanding this late in-vessel. Ve
don't know nmuch about that.

MR,  POVERS: W need an experinent
because --

MR LEAVER  Yes.

MR. PONERS: W sinply cannot right now - -
| don't see any way to analyze ny way out of the
accident, out of the dilemma. | nean, | can do an
anal ysis and get a result, but the result is as good
as nmy analysis, and | don't know how good that is
until |1 do an experinent.

MR. KRESS: You get a hint fromthe high
oxi dation tests on fission product rel ease, you get a
hint that that is going to nake a difference. It may
make nore --

MR LEAVER It's going to be even nore.

MR. POAERS: When | tried to use MELCOR,
| could get any result | wanted by just dictating how
fast | got sloping to the curve. Yes, | could get
anywher e fromabsol ut e cat ast rophe, a cat astrophe made

for novies, to nothing, because it sl oped together so
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fast, and without this prescient -- when it is in a
nolten pool, there isn't any mass transport
capabilities.

MR LEAVER There's no free surface.

MR. PONERS: As ny assunptions went, ny
results went.

VR. KRESS: And the calculations
previously done assume vapor pressures above the
particul ar tenperature for speci es deposited. That is
al nrost surely to be wong. There is no activity
coefficients for the interm xed species, no chem ca
reactions for the surfaces.

MR. PONERS: That's right, and everything
that comes out of the PHEBUS experience says these
deposits are far nore conplicated than we thought.
There's sone on there that they can't chip off with a
hamer, and there's sonme of them that bl ow off when
t hey renove parts fromthe system Trust nme, we never
t hought of that diversity in the codes.

MR. BOYACK: All right, let's continue on
and finish the rest of the PAR entries before | unch.

(Laughter.)

MR KRESS: It's tine for lunch now.

MR. BOYACK: Let's see, okay, that's fine.

kay, what | have done here is, that is
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the first one in the table. Isn't that noble gases?

So the values that are listed here at the
top are the NUREG 1465 val ues. Let's go ahead and go
t hr ough t he phases.

David, would you like to --

MR. LEAVER Ckay, what are we estimating
her e?

MR. BOYACK: GCkay. We are |ooking at the
gap rel ease. So what we are going to dois, for noble
gases, the gap rel ease first; the val ue for NUREG 1465
was 5 percent, about .05. So if we go to our |ogic,
we ask, the first question is: |Is the given source
termof .05 for a gap release of noble gases stil
applicabl e? Yes or not yes, is the answer.

So you mght think through that |ogic
yoursel f, each of you, as we go on. | do recognize
that during the course of the dialog there may be
poi nts made that allowus to change our mnd. That's
fine. W just have to go through the process. This
seens to worKk.

MR, KRESS: For sone reason.

MR. BOYACK: It evokes comments.

MR. LEAVER | can take a crack at this,
and |"msure that | my well want to revise it when

t he points are made.
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We have shortened the interval of this
because we recogni ze t hat t hi ngs happen faster for the
hi gh burnup fuel. | also think that there is sone
data, although it is kind of running together in ny
mnd. That is why | was interested in getting those
slides that we tal ked about yesterday that you showed.

But it seenms like the gapreleaseis abit
hi gher for the high burnup fuel, but the high burnup
fuel is only a fraction of the core. So it would not
be unreasonable to maybe nudge the .05 up a little
bit, but not too much because we've al ready shortened
the interval, and the high burnup fuel is roughly a
third or a fourth of the core. So nmaybe a 20 percent
i ncrease from.05 to .06 or sonmething like that woul d
at least qualitatively get the idea.

MR. BOYACK: Jean-M chel, woul d you have
any conments?

MR EVRARD: Yes, as | nentioned
yesterday, EDF perforned nmeasurenents on MOX for
di fferent burnup, and this neasurenment shows that
above about 60-gi gawatt - days- per-ton, you can reach a
val ue of 5 percent of nobl e gases in the gap now. And
the burn --

MR LEAVER  Above 607

VMR EVRARD: Yes, about. About . The
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ot her point is that there was anin-pile experinent in
FLASH wi t h hi gh burnup fuel, and | think it was 50-
gi gawat t - days- per-ton, which showed about 5 percent,
but it only 50-gigawatt-days-per-ton. So the
expl anation was that the part of the gases woul d have
rel eased in the experinment. So | would say that maybe
go over a 50-gi gawatt -days-per-ton, andit i s possible
to have, | believe, not just 5 percent. But, as you
menti oned, the high burnup fuel is only a part of the
core. So there are all sorts of things to take into
account .

MR. BOYACK: |'mnot sure | have yet got
to the point where | can summarize this. | heard you
say that French data for high burnup fuel indicates
val ue of about 5 percent?

MR, LEAVER: s that the experinental
data? |s that what you said?

MR. BOYACK: You referred to EDF data.

MR EVRARD: No, that's two parts. The
first part is neasurenent by EDF on --

MR. KRESS: On spent fuel.

MR. EVRARD: Yes. They showthat you can
reach 5 percent at about 60-gi gawatt - days-per-ton. So
this is the anbunt of fission product of noble gases

in the gap.
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MR BOYACK: Al right.

MR. EVRARD: And the second part is that
there was an in-pile experinment with fuel, high burnup
fuel with 50-gi gawatt-days-per-ton which showed the
rel ease of both of the previous values is about 5
percent .

MR. BOYACK: Higher than 5 percent gas is
what | heard. Again, you can certainly correct any of
these that | may have m sinterpreted.

MR EVRARD: Ckay.

MR. SCHAPEROW Is it prior to this 5
percent or at 5?

MR. BOYACK: That is what | amnot quite
sure.

MR. EVRARD: So what is it, it was 5
percent ?

MR, SCHAPEROW At 5 percent.

VR, BOYACK: At 5 percent, but then |
t hought | heard a qualification.

MR. LEAVER: Well, | think his opinionis
that that's higher, the 5 percent is higher than what
you woul d get at, say, 30 or 40. Is that what you
sai d?

MR. EVRARD:. Yes, because if you consi der

t he measurenment of EDF in the reactor, you woul d have
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| ess than 1 percent at 50. It would be better.

MR. BOYACK: Ckay. Al right, Bernard?

MR. CLEMENT: Really nothing to add to
what Jean-M chel said, except that people if want --
this is not, | mean, for just to show sone kind of
statistical work on a LOCA experinment, and what is the
rel eased during the transient up to 1200. If you need
nore accurate data, you have to make fi ssion usingthe
LOCA experinments. | mean, not for this Source Term
Panel, it's not so inportant, but for people like
Ral ph Meyer or ot her people working in the sane field,
you need nore data. | think you have to plan LOCA
experinments to nake fission product neasurenents.

MR, BOYACK: Dana?

MR. POVERS: First of all, | think you
ought to add that comment.

MR BOYACK: Well, help ne with it then.

MR. PONERS: Need LOCA experinents, need
fission product rel ease, fission gas release.

MR. LEAVER  For high burnup fuel.

MR. PONERS: For high burnup fuel, yes.
Now t hey've got a few out-of-pile experinents, and
t hey' re thinking about sone in-pilot experinents.

Okay, let's see, | would put a plot up

her e.
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MR. BOYACK: Just hold for a nonent.

MR KRESS: Don't mark on the screen.

MR. BOYACK: Ch, this one?

MR. PONERS: |'ve got to get back to ny
m cr ophone.

What | had put up here is fission gas

rel eases observedinreactivity insertionaccidentsin
Japan, and the points are | have indicated what the
average burnup in the fuel was in gigawatt days per
ton. | nean, | understand what they are doing is that
they are putting an energy pulse into this fuel, and
in some cases the fuel is comng apart, what-not.
They do them in a capsule so they capture all the
fission gas release. So you get sone indication of
what an ener gy pul se does, and you see what anounts to
kind of a step behavior.

Somewher e bet ween 42 and 50 gi gawatt days
per ton you get a lot nore fission product rel ease,
and that is pretty consistent with the exi stence of a
hi gh burnup structure, where you have created a | ot of
fission products adjacent to the perineter of the fuel
that are avail able for rel ease.

What you would really like to seeis, is
there a grouping of the results, not just at 50, but

as you approach 75 gi gawatt days per ton? And we j ust
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don't have those experinents.

Now this |leads ne to believe that there
are nore fission products avail abl e for ready rel ease
when you stress the fuel in some way. Here this is a
pul se thernmal. Does amldthermal? Well, | think it
probabl y does.

So it leads ne to believe that thereis a

substanti al |y hi gher fission gas rel ease possi ble from

the high burnup fuel. Dave correctly points out,
well, that's only a fraction of the total fuel in the
core. Soif | wanted to do a core averaging, |'ve got

to reduce that down.

So | propose to increase the noble gas
rel ease associated with the gap period from the
existing 5 percent to 10 percent, wth the
recognition, | think, intotal agreenent with Bernard,
that one needs to look and see if in this LOCA
experinments the formal transient that you get in a
LOCA is that sufficient to get that near surface gas
out .

MR. LEAVER These are RI As?

VMR,  POVERS: Yes, these are RIAs, but
they're putting --

MR. LEAVER W notice the transient is

nore severe than --
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MR. POVERS: Yes, it is a real energy

pul se you are putting into the fuel, far nore energy
that you're getting in in this period between fuel
rupture and |ightoff of the zirconium That is not a
whol e | ot of energy. On the other hand, it is a |ot
of tinme, and tine and energy count here. So | don't
know exactly how it goes, but | want reflect that
t hings went up and then just say, measure it.

You can get t hat measur enent because, when
you reconstitute the fuel for one of these LOCA
experinments, yes, you |l ose the gap inventory, but it
is really this near-surface material that you are
interested in, whether that adds to the inventory or
not .

MR. CLEMENT: Couldn't you then control
t he gases?

MR. POAERS: Yes, well, that will give you
the anount that is actually in the gap. Wat | want

to knowis inthis .4 hour period do we get alot nore

out .

MR, CLEMENT: Yes.

MR. PONERS: and | raise to say, yes, |
think you will. I'mtaking it to 10 percent. Am|

going to get down to brass tacks with Dave over his 6

percent to reflect that? No, |I'mnot going to argue
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with him | nean, we're both doing the same thing.
We're trying to reflect, yes, there is nore gas in a
nore rel easabl e formnear the perineter, and it m ght
come into the gap rel ease, | think.

MR. LEAVER: | can't give you nunbers, but
in talking to people at Westinghouse, for exanple,
that worry about these non-LOCA-type events such as
mai n steanl i ne break, steam generator tube rupture,
| ocked punp, it is my understanding that the energy
deposition, the rate of energy deposition is
significantly |l ess than you woul d see for an RIA.  But
at the same tine, certainly there is some energy
deposi tion, and wi t hout real | y havi ng an experi nment or
some good benchmark nodel s, we don't know how nuch of
this increase that you see here, which is really
rat her kind of a step change --

MR PONERS: Yes.

MR. LEAVER  You don't know how nuch of
t hat woul d apply, but | would say it woul d be probably
appropriate to say that you woul d expect to see this
ki nd of a step change for these nore m|ld transients.

MR. PONERS:. Yes, | think what you have to
understand is a lot of this energy actually goes
fairly deep in the fuel in these things, and it is

really the surface that counts here. That is why | am
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alittle suspect of the out-of-pile experinents, where
t he heating is comi ng fromthe outside instead of from
the inside out in this phase. | think they will give
us an upper band on the anpbunt of gas at |east during
t he gap phase, in additionto that that is actually in
t he gap, the inventory.

MR LEAVER Right.

MR. PONERS:. | n-pile experinents m ght be
better here.

MR, BOYACK: kay, Jinf

MR. G ESEKE: Listening to all the
comrents and the discussion, ny sense is that these
reactivity insertion experinents probably overestimate
the effects, but they do indicate that there m ght be
asignificant effect. As you see, we are still not up
to the kinds of burnup |l evels that are of interest to
us, which is at |least what, a third or fourth of the
core.

If you would say, well, maybe it would
double therate for that one-third region that is high
burnup to, I don't know whether we are tal king 70 or
t her eabout s, gi gawatt data per ton, you m ght take the
overal | core average up maybe beyond the .6, or the 6
percent, up closer to the 10 percent val ue that Dana

is tal king about. Sonmewhere in that range | would
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support, probably towards the upper end of that range,
maybe not quite as high as 10 percent, but in there.

MR. BOYACK: Ckay, |'m basically saying
that you don't thing the reactivity and insertions
events are fully representative. Wuld support sone
increase in gap release above 5 percent, but 10
percent is at the high end of the range that m ght be
supported, and we haven't decided where it was in
her e.

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

MR. LEAVER Just so | understand, Dana,
on your increase from5 to 10 percent, is that in the
hi gh burnup fuel or would you say core-w de?

MR. POAERS: That's core-w de.

MR. LEAVER So what you're really saying,

t hen, 1s?

MR. PONERS: The hi gh burnup fuel is doing
a lot.

MR. LEAVER s doing nore like 20, 25
percent ?

MR. PONERS. Yes, yes, that's what |I'm
sayi ng.

MR SCHAPEROW So he is saying it is
dom nated by that.

MR. LEAVER And you think 20 or 25
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percent for this transient which is LOCA?

MR. SCHAPEROW So you're saying |ike 30
percent of the noble gases --

MR LEAVER Wul d be rel eased --

MR. SCHAPEROW -- fromhigh burnup fuel ?

MR. LEAVER -- from high burnup fuel?

MR.  POWERS: Around 20, 25 percent,
somewhere around in there | think is a pretty good
guess. Because, renenber, that as we go to high
bur nup- ness, coefficients are taking place in the
perimeter, because the plutoniumwe have generated is
what fi ssioning. It has a huge a fission cross
section relative to uranium

MR. BOYACK: kay, Tonf

MR. KRESS: | nust say in this case | am
in agreement with Dana that these experinents do
indicate that there is nore possible releasable
material in the gap, and | see no reason not to think
it couldn't be released in the less energetic
experi nments. So | would support the 10 percent
actual ly.

MR LEAVER  \What is the conversion of
joules per gramto cal ories per granf

MR, PONERS: You divide by four

MR. LEAVER  So that data at 200 joules
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per gramis of the order of 50 cal ories per granf

MR PONERS: Yes.

MR KRESS: Pretty darn low, right?

MR. LEAVER  And the energy deposition
that Steve LaVie was tal king about that's in the --

MR KRESS: Two hundred eighty.

MR. LEAVER So that woul d be out around
800 or so.

MR. PONERS: The regul ation would build
upon trace-radi ated fuel basically.

MR KRESS: Yes, alnost fresh fuel.

MR. PONERS: And what we are learning is
t hat high burnup fuel, you just have nore danmge in
the fuel; it behaves funnier

What these data suggest to nme is that,
i ndeed, restructuringthat perinmeter does interesting
things to you in the rel ease of the gas. Now | hasten
to enphasize this is just the fission gas. | don't
think that there is a simlar effect wwth respect to
cesiumand iodine, and we will get to that numnber.

MR. BOYACK: Yes. Ckay, what we've got
here is a range, and we had David speak initially but
roughly 6 percent he said he could support, 10 on the
other end with a couple of participants. | heard Jim

saying, well, I'"'mcertainly alittle bit nore in the
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mddle; | could maybe stretch to 10 percent. Qur
French col |l eagues basically | think they would see
hi gher burnoff, but didn't really say, higher rel eases
but not any specific val ue.

So the questionis: Wat do | put up here
for the rel ease?

MR. LEAVER Ckay, that's a good questi on.
Let ne say sonething since | was the first one and
sone things have come up.

MR. BOYACK: Absol utely.

MR. LEAVER | woul d just gi ve an opi ni on;
that is that, to go from5 percent to 10 percent on

the basis of this RIA data -- did | say that right,

RIA --

MR BOYACK: Yes.

MR. LEAVER  -- just strikes ne as too
extrene.

| am | ooking at the FLASH data whi ch was
just a 5 percent release. That's fission gas;

krypton, was that? Jean-M chel, that was a krypton
measur ement, right?

MR, EVRARD: Yes.

MR. LEAVER: Yes. | guess it just seens
to ne to be too extreme. Doubling that nunber neans

you really are up to 25 to 30 percent for fission gas
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rel ease for the gap release fromthis LOCA. | just
don't believe it is that high.
MR.  BOYACK: So you would certainly

support nore data? You would be one who woul d say,

"See needs."

MR. LEAVER:. Yes, | think certainly there
is aneed. In all these things there is certainly a
need for nore data pretty nuch. It is hard to argue
w th that.

MR.  BOYACK: But, specifically, the
rel ationship, the difference between the Rl A approach
to fuel testing and the nore representative France?

MR. LEAVER. Right, right.

MR, SCHAPEROW Can you put a range in
there for now and go on, say 5 to 107?

MR. LEAVER Yes, what's the process for
resolving |like where there's differences?

MR. BOYACK: | was just going to ask that,
and | didn't knowthe answer. But, of course, the one
thing that sonebody |ike nyself often tries is they
say, oh, since Jim was on that end, would anybody
feel, could they live with 7.5 percent or woul d that
still be of great concern to you? |If it is, then
t hink we would just put in a range.

MR. G ESEKE: You're asking nme if | --
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MR. BOYACK: | amasking all of you, 7.5
percent ?

MR. G ESEKE: | did like a real quick
estimate. If a third of the core is at 15 and the

rest of the core is at 5, you get about 8. So that
was why | said 5to 10, 10 being a little high. That
was mny judgnment to assume. You know, maybe the 15 for
that thirdis too highor toolow You play with that
nunber a little bit, but sonewhere in that range |
think is where we should put it, maybe m d-range. |
don't know.

MR. BOYACK: Dana, your thoughts? | think
t he options here are a range or a value that we sort
of live with, but probably |ower than 10 percent.

MR. PONERS: Since the rationales weren't
i ncluded here -- | nean, there's an explanation. W
see a range here where you have a great deal of
uncertainty about this. We have sone physics we
under st and, some physi cs we don't understand. One guy
guesses kind of lowat 6 percent, and that i s because,
in no small part, | suspect, because he believes that
the real gap release for | owburnup fuel is nore |ike
1 percent. I think everybody recognizes that 5
percent is alittle bit high. |1 mean, there was sone

boundi ng nature, and nobody argued over it because it
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wasn't at the tinme worth arguing.

So, you know, that rationale is witten
out. The rationale for 10 percent is witten out.
The rationale for 8 percent is witten out, and you're
sel ecting 8 percent, yes, |'mgoing to say yes because
in the end you want a nunber here, because it doesn't
do any good to have a range. Then everybody argues
about what value to use within the range.

MR. G ESEKE: Take the top or the bottom

MR POAERS: Yes. So | guess |I'm
confortable with the averagi ng ki nd of approach.

MR KRESS: | don't |ike "075" because |
don't think we know that many significant figures. |
woul d prefer --

MR. POAERS: Jim said 8.

MR. KRESS: | would prefer the 8. If you
| ook at Dana's --

MR, BOYACK: Seven?

MR KRESS: No, 8.

If you look at Dana's chart, there's a
hint of a trend versus the energetics from the
fifties, and if you extrapol ate that back to roughly
100 to zero energetics, you really mght say that the
percent of the high burnup fuel rel ease m ght be |ike

Dana, like Jimsaid, like 15. If you use that with
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t he one-third and recogni ze that the rest of the fuel,
the 5 represents an average of 1 to something for the
burnup that was in there, and do the math, you get
about 8. So | would support a nunber around |ike 8.

MR. BOYACK: Let me ask a report questi on.
There are several approaches to doing this. There
seens to ne sone value in possibly retaining sone
identity tothe cooments if you wish. |'mnot adverse
to going in and just summari zi ng and basical ly nmake a
statenent that there were some who felt that the val ue
was smal |l er and sone | arger, and we ended up with this
medi um val ue. It was inportant to have a single
val ue.

MR. LEAVER how do you deci de that your

nunmber of .08 is the nunber? Is that like a majority

vot e?

MR. BOYACK: Yes, and |I'm still
struggling --

MR. LEAVER: | nean, you could do it that
way .

MR. BOYACK: Well, we could do that, yes.
MR, LEAVER: O you could present the
i nformation and | et the NRC worry about howto figure
it out. | nmean, you're in the range of 5 percent to

10 percent, so it's not a huge range.
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MR. 3 ESEKE: We're draw ng nunbers out of

a hat.

MR. PONERS: But you would end with 7 and

MR. BOYACK: Well, for instance, each one
of you conmes and you represent sonething, either an
i ndi vidual consultant or a constituency in sone
regard, which | am sensitive to. So when we were
doing the high burnup fuels, we had a very |large
panel, and we just voted, and we l|left the span of
vot es.

MR. LEAVER You had |i ke 20 or 25 peopl e.

MR BOYACK: Yes.

MR LEAVER It was terrible.

(Laughter.)

MR.  BOYACK: As opposed to this? Oh,
absolutely. This is ideal, a small group.

Now, generally, in the past what has been
possible to do is to sort of reach a general idea
that, okay, this is okay with a smaller group. But,
on the other hand, |I'm not sure that we've had the
sanme constituencies represented where this inpacts,
real inpacts.

So I'm struggling here a little bit

nysel f. Each one of these is new It has its own
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circunstances and its own dynam c

So I'mnot quite sure which way to go.
Qbvi ously, what we've got here is a situation where
t hree peopl e over here say, yes, | could live with .8,
8 percent. You're saying 6. That was why | was usi ng
7.5, not significant figures, but it was halfway in
bet ween.

MR. LEAVER But Tomis right. W don't
know it to 2. W probably don't even know it to 1
but we're going to give it a good try.

(Laughter.)

MR.  CLEMENT: Maybe you could add
sonething. There is some filtering or edgi ng between
di fferent burnups because fromthe few data we have,
we don't have precise values, but we are certain as
for RIAthere's an accel erati on of rel ease, not at al
a | inear process.

MR BOYACK: Yes.

MR. CLEMENT: Sothat'swhyit'sdifficult
to have a value. Personally, | have no difficulties
with a range because when we really go up to the in-
vessel release, all the rest of the * should be
rel eased during this phase. | nmean that. For ne,
putting a range is reflecting * and sayi ng we need

dat a.
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MR. LEAVER: Yes, although this isn't

necessarily our specific problem but the buck stops
at NRR, and they need to decide, to have a nunber
which the licensees use, unless they tell the
licensees to figure it out thenmselves and do the
cal cul ations, but thereis nolicenseewhois goingto
be able to do that. It just takes too nuch noney and
time, and that ain't going to happen.

MR. BOYACK: Is it fair to say that if we
had 8 percent shown as | have, that that woul d not be
of great concern to you?

MR. EVRARD: | think we are convi nced t hat
it's higher than 5 percent, but the precise val ue, we
have no way --

MR. BOYACK: | guess, yes, you don't know
t he precise value. Ckay.

MR G ESEKE: How about 77?

MR. CLEMENT: W shoul d put 8 percent; we
have no problemw th that.

MR. BOYACK: Could you live with 7 then?

MR LaVIE: | will play devil's advocate
here. | by no means an expert, but |'m picking up
t hreads here that | want to foll ow up and see whet her
or not facts are being considered.

Yest erday we had the di scussion that the
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gap rel ease phase consi sted of activity that had been
deposited in the gap during normal operation, plus
some that was released from the pellet due to the
i ncreased heating.

Now | don't knowwhere that divisionlies,
but the stuff that has been deposited during nornma
operations is at much | ower energy deposition rates.
The diffusion is going to be | ower.

So that when we look at the reactivity
insertion data, thereactivityinsertiondataincludes
the rel ease of the gap, but it also includes rel ease
fromthe pellet at nuch higher energies.

Now how does this directly apply to our
| ow- pressure LOCA? |'mthinking the 5 percent or the
6 percent may be good, but |' mextrenely unconfortable
with the 10. It seens to ne that we' ve gone way out
the far end. Because, as Dave has pointed out, not
all the fuel is at high burnup, but all the fuel is
not at the sane radial peaking factor for the buil dup
of the activity that is in the gap to be rel eased. |
haven't heard that nentioned yet. Maybe it is a "no,
never mnd." Maybe sonebody can address that.

The other thing | was thinking here,
| ooking at this, is that fission gas rel ease here, is

this just the gases that are of significance to
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radi ol ogi cal releases? Does this include the stable
gases? If it includes the stable gases, | don't think
we shoul d be considering it.

MR. LEAVER: Do you nean |ike krypton 85
by stabl e gases?

MR. LaVIE: No, there's some that are even
nore stable than krypton 85.

MR. SCHAPEROW Actually, that's a point
that | had forgotten. | believe the dom nant dose

contributor for the kryptons is a two-hour half-life,

krypton 89.

MR, LEAVER  Krypton 88.

MR, SCHAPEROW Krypton 88, excuse ne. So
that will knock this down sone. | don't know --

MR. POAERS: Not on a percentage basis.

MR. SCHAPEROW That's true.

MR, POVERS: It is simlarly stable or
unstable. | nmean, it is just a percentage. | can
| ook up what they actually neasured. | suspect

they're neasuring the gamma signal or sonething,
probably 85.

What it does not include is actually the
i nventory in the rod because t hese were reconstituted
rods; the inventory of the gap, that was rel eased when

they refornmulated the rod to do the experinent.
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MR. KRESS: Yes, because they l|lost that.

MR. POWERS: Yes. So you're really
| ooki ng at what is released out of the fuel itself.
But that's okay. | nmean, it is how you draw that
curve back to the kinds of energy in there and then
how do thi ngs change as you go from50 to 75, all of
whi ch are enornously uncertain.

| think that | eads to agree very nuch with

what we sai d based on the EDF; it's higher. W don't

know how very nmuch. |'mconfortable, again, with the
Sulinan view of, okay, we'll take the m ddl e ground.
It reflects higher. It doesn't really matter because

what ever we don't get here, we're going to get in the
next one. That's how I'mgoing to do the early in-
vessel, is that |I've got to get the suns correct.

MR. G ESEKE: You subtract that from 100,
95.

MR. BOYACK: Ckay, Sulinantries 7. Could
you live with the 7?

W' re going to go on, and then there will
be sonme debate on the docunent. That's when comments
ought to be addressed. Maybe | will have to pull you
all together again.

MR. LEAVER Yes, nmaybe the thingto dois

to go on and talk about the fuel releases and then
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maybe cone back.

MR. BOYACK: Maybe after we go through a
bunch of this, because, again, we will print out this
information, give it to you tonight, take a | ook, and
| think it is fair gane to cone back and spend a
little tinme in the norning, as suggested by Jason,
revisiting areas of concern.

Ckay, the next thing we have to dois eat.

MR LEAVER CGood i dea.

MR.  BOYACK: Did you need 15 or 20
m nut es?

(Laughter.)

MR. POAERS: An hour and 20 woul d be j ust
fine.

(Wher eupon, the foregoing matter went off
the record for lunch at 12: 08 p. m and went back on the

record at 1:02 p.m)
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A-F-T-EER-NOON SE-SSI1-0ON
(1:02 p.m)

MR. BOYACK: Nowthat we've got everything
done but the last two entries on -- | couldn't
remenber what it was -- on the |ast page --

MR. SCHAPEROW  Ckay.

MR.  BOYACK: Okay, the panel is here.
W' re ready to go.

Let's continue on now. W are in noble
gases. W have handl ed the gap rel ease. W are now
going to nove to early in-vessel, and the 1465 version
was that by this time you were up to 95 percent
rel eases in noble gases.

Wiere did | start? | ought to start with
sonebody new. How about Jim all right?

MR. G ESEKE: Ninety-five percent.

MR. PONERS: So we have 102 percent of
rel ease, huh?

MR. SCHAPEROW That's what we shoul d do,
102.

MR. BOYACK: That's right. That's what it
was. So is it 100 percent released by this tine?
See, it was 5 and 95. The total of those was one.

MR. KRESS: | don't know where we got 95.

MR. POAERS: Don't agree with 95?
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MR LEAVER: Vere did it conme fronf |If

it cane fromthe fact that they just nade it a total
of 100 --

MR. KRESS: No, no, where did the 5
percent go?
BOYACK: It was over here.
KRESS: Ch, okay.
BOYACK: Gap rel ease was 5 percent.

KRESS: Ckay.

2 3 3 3 %

BOYACK: The early in-vessel was 95.

3

G ESEKE: So if you make that 95, then
you've got 102 percent. See that.

MR. KRESS: They just assune all the fuel
failed and there was no residual fuel that kept its
nobl e gases in it?

MR.  BOYACK: So back to Jim Are you
saying --

MR. G ESEKE: | don't know that we have
any data to show significant radiation.

MR, KRESS: It doesn't nmke any sense.

MR.  BOYACK: Is the given source term
appl i cabl e, nmeaning by the end of the early in-vessel
phase --

MR G ESEKE: Yes.

MR. KRESS: Yes.
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MR, BOYACK: kay.

MR. KRESS: So we just nmake the math add
up right.

MR. G ESEKE: If you want to |eave it 102,
that's okay, too. That will add a little spice to
sonmebody's life.

MR. BOYACK: Ckay, |I'Il change that in a
nonment here. Ton®

MR KRESS: |1'Il agree.

MR, BOYACK: Dana?

MR. PONERS: You are going to force ne to
be the outlier here, aren't you?

MR. KRESS: You're like nme; you don't
really think release on that --

MR. POVERS:. The problemis this: that we
see now that only a fraction of the core is going to
be invol ved at this stage in the accident. Thisis a
| arge -- | amnuch nore confortable going along with
the summation if we are looking at the range of
accidents. But when you tell nme | have to | ook at
this large break LOCA specifically, then | want to
| ook at what fraction. By ny back-of -t he-envel ope
di gesti on of what t hey have, when applied to the | arge
break LOCA, | come up with about 65 to 70 percent of

t he core being invol ved at this stage of the acci dent.
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| amwi lling to concede that nost of the
core has gone through gap release. | amnot willing
to concede that nobst of the core goes through the
early in-vessel release. So at this point ny
predil ection woul d be to cone al ong and say, okay, the
early in-vessel release is about 62 percent for the
nobl e gases. What it takes to get to 100, | stick the
remai nder out into the late in-vessel release.
BOYACK: Did you say 62 percent?
PONERS:  Yes.
G ESEKE:  Not 63 now.

PONERS: That's right.

2 3 3 3 %

BOYACK: | thought you did.

MR. PONERS: That's right. Nowl' mexact.
| am just making the nunbers conme out. | say it is
about 70 percent of the core, but | have rel eased sone

fromthe gap release, and so it's about 62 percent

here.
MR. BOYACK: | hate to wite this down.
(Laughter.)
MR. KRESS: Let's nake it a round nunber,
70 percent.

MR. POVNERS: What he was sayi ng was not
worth hearing.

(Laughter.)
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He was just picking on me.

MR. KRESS: Put a little note: Kress
pi cks on Powers.

(Laughter.)

MR. LEAVER And then follow that with
anot her note: So what's new?

(Laughter.)

MR. BOYACK: Bernard?

MR. CLEMENT: GCkay. On the French side,
we consi dered 100 percent at the end of the early in-
vessel release. | said to Jean-M chel yesterday we
shoul d not be bel ow

MR. PONERS:. Yes, it is going to be tough
to get above that. It will take a very severe
criticality event to get it above that.

MR EVRARD: No additional coments.

MR BOYACK: Ckay, David?

MR. LEAVER: | thought clearly, inm mnd
anyway, that 100 percent is conservative, but the
nunber coul d be 85, 90 percent in the extrene. So |
think it is not unreasonable to round it up to 100.

MR. SCHAPEROW Dana, | think that's what
was done when we did NUREG 1465. Looki ng at the
expert elicitation, each expert gave di stri buti ons and

they were all below 100, other than the nost
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conservative point.

MR. KRESS: So you're going to take 562
and divide it by 6?

MR. BOYACK: So we have a range from62 to
what now for the total released by the end of this
phase, from 62 to what would be 100 percent, right?

MR. POVERS: well, it would be 93, up
there, right.

MR. BOYACK: Yes, | have to subtract 7
from 62.

MR. PONERS: No, 62 is the nunber; .62 is
t he nunber to put up there properly.

MR. BOYACK: Ch, okay.

MR. PONERS: |f you want to refl ect nost
of the nenbers of the panel, you put down 3.

MR BOYACK: Right.

MR. POVERS: Now they're wong, but |
can't help that.

(Laughter.)

VMR. LEAVER But it would be the first

MR. G ESEKE: That what, we're wong?
MR. LEAVER:  Unh- hum
MR G ESEKE: |1'mnot admtting to ever

havi ng been w ong.
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MR, LEAVER: Ch, you're not admtting.

"' msorry.

(Laughter.)

MR. KRESS: Dana was wong once, |
remenber distinctively.

MR. LEAVER. Really? Wen he said you
were wrong?

MR. KRESS: No, it was that time he
t hought he was wong, but |ater changed his m nd and
deci ded he was right.

(Laughter.)

MR. POAERS: | was wong tw ce that day.
| was wong and then | found out | was wong about
t hat .

(Laughter.)

MR. BOYACK: You know, the reason that
Davi d Leaver did not get through the entire two days
of transcripts the last tine is because of this, this
nonsense.

(Laughter.)

MR. PONERS: This is the part that hel ped
him entertained him right?

MR KRESS: It kept him awake.

MR. BOYACK: There were one or two times

that | |aughed when | read it.
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Okay, so, basically, unless Dana really
sonehow - -

MR. PONERS: Has an epi phany.

MR. BOYACK: Well, you have an opinion; |
know t hat .

MR. LEAVER No, he said an "epi phany."

MR. BOYACK: An epi phany? Oh.

(Laught er.

Vell, I"msorry, | didn't hear it so well.
It nmust be the projector.

Ckay, well, with that in mnd, | amgoing
to put the 93 percent because | wll do it unless
sonmebody tells me ot herw se.

MR. PONERS: |Is this where | get to stonp
up and wal k out of the roonf

MR KRESS: Yes.

(Laughter.)

MR. BOYACK: Don't give himthat option.

MR, SCHAPEROW | would | eave it the way
it was --

MR BOYACK: Because, eventually, the
reason | went to this is because now | can al ways see
t he heading that goes with the information, whereas
otherwise it just gets cluttered. Soit's sinplicity

for one of us.
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Okay, ex-vessel, nowwe're zero and zero,
aren't we?

MR LEAVER Yes, we're done.

MR. POAERS: No, it is 31 percent out at
the | ate in-vessel

MR. BOYACK: (kay, soO --

MR. 4 ESEKE: And then average that,
divide it by 6 and get an average.

(Laughter.)

MR. BOYACK: So what | can put down here
-- no. So you had 62 and i nstead of 69 -- you had 31
percent .

MR.  POVERS: That's what | said, 31
percent in late in-vessel release. Because, if you
recall, timng-wise they overlap with the ex-vessel
rel ease.

MR. BOYACK: So this is one way, Dave, of
sort of dealing with this.

MR, LEAVER  Sure.

MR. BOYACK: This is the only reason Dana
did this, was just to illustrate a way that we could
have different opinions.

MR. PONERS:. Yes, Brent asked ne to do
t hi s bef orehand.

MR. LEAVER  You guys cooked this up at

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

426

| unch?

MR PONERS: Yes, yes.

MR. KRESS: Actually, truth be known, |
agree with Dana. | just thought it was probably a

no, never mnd."
MR. LEAVER. Onh, | think he's nore right
than we are.

MR. KRESS: Yes. If we want to really
have a vote --

MR. LEAVER: But, | nean, if we're going
to change the .93, we would be, | guess, saying 1465
was W ong or too conservative.

MR. KRESS: O that it didn't make any
di fference probably.

MR LEAVER Vell, it would make sone
di fference for the design basis accident.

MR. KRESS: | don't know. Equi val ent
qualification or anything --

MR. LEAVER Probably not nuch di fference
for EQ because, if it doesn't conme out early in-
vessel, it will cone out in the |ater phases, all of
which is 12, 16 hours. The EQis like a 100-day --

MR. KRESS: It m ght inpact on neeting 10
CFR 100 doses at the --

MR. LEAVER Yes, it would inpact the
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desi gn basi s, doses, yes.

MR. KRESS: But that is governed nostly by
iodine, isn't it?

MR. LEAVER It is, but you woul d see, one
of the things that turns out is, if your mtigation
systens are effective or if you do a careful job of
eval uati ng aerosol deposition, for exanple, about all
you're left with, at least for the 30-day doses
control roomand the LPZ, is noble gases and organic
i odi ne.

MR. KRESS: Well, maybe we ought to do it
the way we really think. | really think about 30
percent is late in-vessel and the rest of it is gap
rel ease and early in-vessel. Dana, you sai d what was
your nunber?

MR. POVERS: | have between 65 and 70
percent of the coreinvolvedinthis phase, this early
phase of the accident here.

MR. KRESS: It's at least 30 percent
roughl y.

MR. PONERS: Roughly 30 percent. It cones

in, the late i n-vessel rel ease --

MR, KRESS: Yes, | would definitely
support that. It is what | believe.
VR. LEAVER: I nterestingly, t hese
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cal cul ations were the basis for 1465. These were in
NUREG CR 5747. You have nean val ues of noble gas
release for BARs - or for PAR s of 80 percent for
this sequence.

MR. KRESS: The nean?

MR. LEAVER: Yes, they do a variety of
sequences, but you can i magi ne a sequence i n whi ch you
ki nd of keep the core intact as | ong as possible and
it would toast things and you can get higher --

MR. KRESS: Get higher rel eases.

MR. LEAVER: -- releases. So their nunber
is alittle higher than what Dana i s suggesting, but
not alot. | nean, yours is about 7 percent full. So
t hey' re saying 80 percent.

MR. BOYACK: Ckay, | have now heard two
peopl e with t he Dana Powers approach. So, Jim do you
want to stay where you are or do you want to respond
to the argunent?

MR G ESEKE: Well, | think it is a good
argunent. | can back off a 100 percent. | think we
all agree that not all the core is going to be
involved to that extent at that point in tine. I
don't now if we have any good sense of what that
nunber should be. 1t's a big nunber, but it's not 100

percent, maybe 80 percent.
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MR. LEAVER. Well, we had a cal cul ati on,

for what it's worth.

MR G ESEKE: Yes, that 80 percent.

MR. LEAVER  Yes, 80 percent.

MR G ESEKE: And we have this here.

MR. BOYACK: David, where do you end up on
t hi s?

MR. LEAVER | guess | would ask a
question of the panel or possibly the NRC. Are we --
and | think maybe I know the answer -- but the delta
approach woul d say we woul d just | eave this at atotal
of 100 percent because it can't get any worse than
t hat .

Then the ot her approach is to say, well,
where we don't |i ke what 1465, the origi nal 1465 did,
we' re going to suggest a different nunber, and that's
kind of what we are doi ng here.

MR KRESS: It has nothing to do wth
bur nup.

MR. G ESEKE: Yes, it has nothing to do
wi t h bur nup.

MR. LEAVER It has nothing to do with
bur nup.

MR. G ESEKE: It has nothing to do with

burnup, but the inplication is that what we're doing
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is the result of burnup.

MR. LEAVER But | haven't heard anybody
say that we shouldn't try to be nore correct, if we
think there is sonething wong with 1465. Up to this
point, | haven't heard anybody say that. So | would
say probably that's -- | would go al ong with a nunber
nore like 70 or 80 percent.

We're kind of stepping outside of our
obj ective, | guess.

MR. BOYACK: | don't think we are.

MR. SCHAPEROWN No, | don't think so.

MR LEAVER  You don't think so?

MR. SCHAPEROW | think just about
anything we've learned in the | ast 10 years i s gane as
long as it is applicable.

MR. KRESS: W were supposed to ask, is
t he given source termapt, and in this case we woul d
say no. Can we specify a new value? Yes. So we
haven't foll owed that chart up there.

MR. BOYACK: Qur French col |l eagues
basically told us what they had done. You can see the
way this is trendi ng, which woul d be that we woul d put
62 percent.

MR G ESEKE: | think 62.5 percent.

MR, BOYACK: No, not 62.5.
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What | really wanted to ask was, because
| under stand what you' ve done, but is there any strong
di sagreenment or facts you would | ike to bring to bear
on this change?

MR CLEMENT: \What we've done does not
make any difference froma |l ate i n-vessel rel ease and
early in-vessel release. So at the end we've got the
100 percent.

MR. BOYACK: Ckay, right.

MR.  CLEMENT: That was what was
originally --

MR.  BOYACK: Right, that would be in
agreenment with 1465, yes.

MR. KRESS: Wy not 63? Put the 63 there,
so it makes the other one 30.

MR. CLEMENT: | have a question for Dana.
When you say 65 to 70 percent of the core is involved,
but there is sone release fromthe part of the core
that is not involved.

MR PONERS: Yes.

MR. CLEMENT: Soit's not right just to --

MR. PONERS: Yes, the two nunbers are not
quite consistent with each other.

MR, CLEMENT: Yes.

MR, PONERS: | would say it would be 60 to
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70 percent, and that will nake it consistent.

MR, CLEMENT: Yes.

MR. PONERS: Yes, you're right. You're
right.

MR. BOYACK: 1Is there sonething | ought to
be doing up here?

MR. PONERS. Yes, change it to 60 to 70
percent. Bernard's caught nme on a consistency
problem That will get it back to --

MR. BOYACK: Ckay, now just | need sone
statement regarding the ex-vessel release phase.
Let's see, this was now 63, and this was 30, but I'm
just going to put both of these on the same sheet.

But what was t he st at enent about ex-vessel
and there being no rel eases there?

MR. KRESS: W just don't think there is
any down there.

MR. PONERS: |If there is any noble gas in
that fuel when it's nolten, dunped out on the fl oor,
and hits either water or concrete, it is gone so
qui ckly, it'sindistinguishablefor havingreleasedit
in the fuel.

MR. LEAVER Yes, it probably wouldn't be
much.

MR. POVERS: No, it is not going to be
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much.

MR. SCHAPEROW  How about no remaining
nobl e gas.

MR. POWERS: In nolten fuel that is
expel l ed froma reactor cool ant system

MR. LEAVER | nean, you m ght have sone
chunks of unnelted fuel.

MR. PONERS. Yes, you coul d, but not nuch
When you bl ow steam or concrete, conposition gases
through it, it spreads it out so quickly.

MR. EVRARD: The only problem| have, if
you i ncrease the l ate i n-vessel release, | nean, it's
not too |l ong, but this will be done quite early in the
| ate in-vessel release.

MR. POAERS: Yes, right.

MR. EVRARD: The situation we have, we
have put the situation for revaporization. So if we
put the logic on here, we have to be consistent in
saying it will be released at the beginning of the
| ate in-vessel release.

MR LEAVER That's a good point.

MR. POAERS: You could probably do that
with a footnote or sonething.

MR LEAVER It's a good point.

MR, CLEMENT: It's the continuity of the
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early in-vessel, early inmpact. So it continues.

MR POAERS: Right.

MR BOYACK: Is that what | heard, that
basically this remaining release would occur very
early in this phase?

MR, POVERS: | would be heavily biased
toward the early phase. You mght actually get the
| ast of the 30 percent out at the end of the | ate in-
vessel, but it would be a bunch at the begi nning and
then kind of tail-off. So the limt of this
resolution, it is in the early part of it.

| think just the way Bernard said it is

correct.
MR. BOYACK: Is that what | wote?
MR POAERS: Yes, | think you got it.
MR BOYACK: Al right.
MR KRESS: The late in-vessel was 10
hour s?

MR BOYACK: Yes.

MR KRESS: | agree, it's not going to
t ake 10 hours.

MR. LEAVER But it mght for the |ast
fuel rod

MR. PONERS: The |l ast fuel rodin the nost

peri pheral |ocation up or next to a downed cool er or

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

435

sonething |ike that, that one m ght actually rel ease
it at the end of the 10 years, but by far nost of it
is going to be up in the front end of it.

MR. BOYACK: kay, Dave, do you have any
addi ti onal comments?

MR. LEAVER: the only comment | woul d make
is | would just offer this to think about: That
nunmber .63 sounds |ike we know what it is, and of
course we don't.

(Laughter.)

And we have a cal cul ation that was done as
part of and in support of the original 1465 that has
a-- well, there's several different nunbers, but .8
is kind of, I guess, |ooks |ike the nean nunber. | am
assuming this .8 is the total of what we say, the .07.
Then if we made that nunber .73, we would have a
nunber that is, infact, the same as what they used as
t he basi s for 1465, even though they then i ncreased it
to 100 percent. W are not sure why they did that.

So we mght be on a little bit nore
defensible ground if we said, well, we see no reason
to use a nunber different than what was in the NUREG
CR 5747. You use a | ower nunber.

MR. KRESS: They used MELCOR to get those

nunbers, and it notoriously overestinmates the noble
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gases.

MR. LEAVER: | don't nowif that's right.
Did it use MELCOR for these nunbers, the NUREG 57477
Where do these nunbers come fron?

MR, NOURBAKHSH: They are all expert
elicitation.

MR. KRESS: Not MELCOR, but CORSOR

MR LEAVER  Expert elicitation.

MR. KRESS: They got the origi nal nunbers,
t hough, and guided the experts out of CORSOR, and
CORSCR notoriously overesti mates nobl e gases.

MR. BOYACK: So would you help nme with
what coment you would like nme to enter here?
Sonetinmes the conversation gets |ong enough that |
don't know quite what to wite.

MR. SCHAPEROW | think it is probably
worth noting, just in case we ever cone back and
revisit this, that NUREG CR 5747, whi ch was referenced
in 1465, is the basis for alot of these nunbers. Now
| amtold that the nunmbers from 5747 were from the
expert elicitation. | didn't realize that.

But it would give you a nunber, total
nobl e gas rel ease for the gap plus early in-vessel of
. 8. So we're suggesting a nunber that's about 10

percent | ess than that. | guess maybe one basis woul d
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be what Tomis saying, that we believe that the expert
elicitation was at least in part based on CORSOR,
whi ch peopl e bel i eve has overestimated the nobl e gas
rel ease.

MR. SCHAPEROW Yes, | think it is 83 and
80.

MR. LEAVER: Yes, | guess there were two,
a high zirc case and alowzirc case. TM is about 55
percent, just for perspective.

MR. PONERS: But that's a high pressure
sequence.

MR. LEAVER  Yes, | think they had sone
hi gh pressure nunbers in here. I'mnot sure | can
figure out which ones are which, but, yes, that's
right.

VWhat was t he RCS, down t o about 600 pounds
™ ?

MR. PONERS: It got down to the point that
t he accumul ators were starting to dunp, but they were
still closing --

MR. LEAVER Yes, so it's probably about
600 or 700 pounds?

MR. PONERS: That's 625 to 650, sonething
around in there.

MR. LEAVER Yes.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

438
MR.  POVERS: It was only there for a

little bit of time because they kept bunping the nain
cool ant punps and things |iKke.

MR.  BOYACK: Any comments, Jin?  Any
di fferent cooments? You're allowed to say, "okay" to
t he above.

MR. G ESEKE: Yes, it's okay. | think
we're pretty consistent throughout.

MR.  BOYACK: Essentially, what we have
done here is we have said, okay, we'll |leave the
val ues t he sane, but we have noted that you coul d nake
a consi stency argunment for NUREG 5747. 1|s that NUREG
CR?

MR. LEAVER. Yes, it's a CR right.

MR. BOYACK: 5747, which would go to 80
percent through the early in-vessel phase, in which
case this would be 20 in the late in-vessel, but we
haven't changed the nunbers.

MR. G ESEKE: |It's good.

MR, BOYACK: kay.

MR. LEAVER: The ot her t hing we m ght just
note is in 1962 they issued TID 14844, which becane
the basis for licensing every single operating plant
except those that have since gone to the alternate

source term and it was 100 percent. It doesn't make
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it right, but that's what was done.

MR. BOYACK: |l was going to say, where
did that file go?

MR. PONERS: | think Boyack has been doi ng
his honmework. Look at this. He's got all of these
files all set up. He's earning his noney, Jason.

MR SCHAPEROWN He was on vacation | ast
week while |I did this, up in Uah or sonething.

(Laughter.)

MR. POVERS:. You know, these guys fromLos
Al anps, they really don't have lives. They live up
there on the top of the nesa.

MR KRESS: Nothing to do up there.

(Laughter.)

MR. BOYACK: Are they rel ated?

MR. SCHAPEROW W th respect to rel eases
fromthe core they are, but now we've got deposition
com ng in.

MR. BOYACK: If they're not related, |
woul d rather not do it because then you run out of
space here on the screen.

MR. SCHAPEROW | was suggesting that we
add a line right above "hal ogens” for the new noble
gas nunbers, because that is reflective nore of how

much of the core is given up there. They're volatile
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fission products. This is it on the additional
el ement of the deposition. | don't knowif that would
be of any use to the panel.

MR. POAERS: Well, | actually did it the
ot her way around. | said, if I"mgoing to get 35
percent of the hal ogens out, how nuch of the core nust
have deposited, given that it is a high burning
sequence, and | said, well, you aren't going to
deposit nore than about half in a large break
sequence. So | said, well, about 65, 70 percent,
sonething |i ke that, and then | was correctedto 60 to
70 percent. | wasn't going to argue over that.

MR. LEAVER: Wl |, you'reright, we' ve got
t hese tabl es, which actually are not in 1465, but are
in this NUREG CR 5747. It assumed a retention of not
quite a factor of two, | guess a transm ssion of .55,
which would be a retention of .45, and it had a
rel ease of iodine of about .7. So you take .7 tines
.55 and you get about .4. That's where the nunber
cane from

MR. PONERS: | nean, | just worked it the
ot her way around --

MR, LEAVER  Yes, sure.

MR. PONERS: -- to come up with how nuch

core was creating.
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MR LEAVER Right.

MR POANERS: | didit in m head, so |I'm
not quite exact with those nunbers.

MR. BOYACK: | was actually |ooking for
the slide that had the PWR rel eases from NUREG 1465.
| just woul d have marked on t he revi sed val ues and put
it up on the screen.

MR. LEAVER  Well, here, take this copy
and 1'll show you where it is. The table, you nmean?

MR. BOYACK: Well, actually, no, I"mafter
the transparency. |It's gone soneplace and | don't
know where it is. It disappeared.

Okay, so with that, the reason you're on
the panel is you all have fantastic nmnds and
menories. So let's go on --

MR. PONERS: W all have CRS, as TomKress
will assure you.

MR. KRESS: That's right, CRS.

MR. BOYACK: kay, gap rel ease.

MR. KRESS: He isn't going to ask. He
knows better than to ask.

(Laughter.)

MR. BOYACK: kay, what is "CRS"?

MR. POAERS: Can't renenber stuff.

(Laughter.)
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MR LEAVER |'ve got that disease, too.

MR. POVERS: | wvulgarized it from the
transcript.

MR. BOYACK: GCkay, we're on hal ogens, gap
release. Tom it's time for you to go back to work
her e.

MR. KRESS: We're on the gap rel ease part
of hal ogens?

MR. BOYACK: Sure, unless you want to just
give nme all four nunbers.

MR. KRESS: | was going to give you al
four nunbers.

MR, BOYACK: "Il just wite down "TK" on
each one then.

MR. KRESS: | think the gap releaseis the
sane. | think the early in-vessel rel ease would be
about 70 percent, if you didn't count deposition. And
i f you counted deposition, it is going to be about 40
percent. So, let's see, that gives ne 75.

Ex-vessel, | think the late in-vessel is
probably -- | don't have any reason to change it. |
want to keep it and the renmi nder is excess.

MR. BOYACK: Ckay, so that says 5, and
this was 75, 85; this is 15 percent.

MR. KRESS: Nowthe early in-vessel cones
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out to be 40.
MR. BOYACK: Ch, I'msorry.

MR. KRESS: Yes.

MR. PONERS: | nmean, you're revapori zing
it, that 30 percent that you deposited, | mean sone
fraction of it. So you've got to nmake a

revaporization argunent here.

MR. KRESS: Yes, but -- no, no, | think I
woul d put the full 70.

MR. BOYACK: Was that 50?7 | think it was
75.

Shall we |et sonebody else weigh-in on
this? You can do just one, if you want, Jim but
otherwise if you want to look at it in total, that's
fine, too.

MR. LEAVER: Can | just ask Tom a
guestion? Is this a release fromthe fuel or into
cont ai ner ?

MR. KRESS: The 70 percent | neant to be
rel eased fromthe fuel

MR LEAVER Yes, that's what | thought.

MR. KRESS: |'mtrying to figure out what
-- | meant that to come out of the fuel --

MR LEAVER Right.

MR. KRESS: -- in addition to the gap. |
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have no reason to believe the anount that gets
deposited in the RCS is any different than it was
before. I'mtrying to figure out -- they've got a
|l ate in-vessel of .1, which neans they think 40
percent or they think only 1 percent got trapped and
all got rel eased.

MR. PONERS: | assuned that they assuned
that, the way they went, they said about half of
what ever was rel eased in-vessel got trapped in the
pi pi ng system

MR KRESS: Forever?

MR LEAVER No, no, not forever.

MR. PONERS: It just got trapped there,
and about a third of that subsequently revaporized, to
give themthe late in-vessel release.

MR. KRESS: Ckay, sothey started out with
the total release of the fuel of .45?

MR. POAERS: No, the total release from
the fuel, the fuel itself, |I suspect they were | ooki ng
at a nunber, if Dave is correct, it's 80 percent.

MR. KRESS: What's not in that total up
there was left on the surfaces.

MR. POAERS: That's right.

MR. KRESS: Ckay. | don't have any reason

to change those fractions except | think that the
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total it gets out of the fuel is about 70, and they
had about half of it, do you think? So | would still
say it still becones 35 because that's about half of
70.

MR. SCHAPEROW | did nmeke a copy of the
deposition that was done on 1150, if anybody's
interested. It's for each group on one page. |l
pass it around.

MR. KRESS: So | didn't change anyt hing,
even though | thought | was going to.

MR. BOYACK: So, in effect, when we cane
down the | ogi c diagram you said, is the given source
term applicable, and you just said yes.

MR KRESS: Yes.

MR. BOYACK: And so you told ne yes.

MR. KRESS: | thoroughly agree we get nore
i odi ne rel eased from the higher burnup fuel. This
tells you you woul d get nore rel eased. Mentally, it
tells me that | get some fraction of higher rel ease
fromthe fuel than you woul d have previ ously, because
you' ve got hi gher burnup fuel inthere, and that tends
to give you nore rel ease.

Except | thoroughly believe that they
overestimated the iodine release in the 1465. So if

| correct the 1465 for the overesti mte and t hen add
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the i ncrement that | get fromthe high burnup fuel, it
turns out to be the same, and that's why | was
surprised, that | got the sane thing. | thought I was
going to adjust it, but |I'm ending up at the sane

pl ace that they were.

The reason that | think they overesti mat ed
it is once again because CORSOR overestimates the
rel ease.

MR. PONERS: | think that's where | am |
guess. | think; therefore, I am right?

(Laughter.)

MR. BOYACK: Ckay, now was that just the

gap release phase that you just described or was

t hat --

MR,  KRESS: No, that was the early in-
vessel part. It was the early in-vessel part that |
woul d say CORSOR overestinates. | correct for it and

then add in a correction for the high burnup; | end up
at the sane pl ace.

MR. BOYACK: Ckay, and the gap rel ease,
you just feel like it is the sanme?

MR. KRESS:. There is a burnup correction
in ANS 5.4 which contains alittle higher, but I think
the .05 is already kind of a higher estimate than it

shoul d have been. So I'mgoing to leave it where it
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is. | don't have any reason to change it.

MR, BOYACK: kay, Jinf

MR. G ESEKE: M/ sense was that the gap
rel ease should ease up a little higher, to a little
hi gher nunmber. | don't knowhowfar totakeit. It's
not alot. It's just a nom nal increase perhaps, .6.
No, that's a little bit -- that's not enough to worry
about maybe. That's within the uncertainty. Perhaps
we could just leave it the sane.

| followed as much the sane | ogic as Tom
on the others. I wanted to bunp the releases.
Particularly the in-vessel rel ease was above a good
1465 nunber, | nmean NUREG 1465 nunber, but if the
sense i s that those are too high, and | don't know how
much too hi gh because with CORSOR it is kind of hard

to judge. So it gets to be nmaybe to the best of our

knowl edge a wash, like Tomis callingit. 1| could go
along with that. | could accept that.

VR. BOYACK: So your logic was
basically --

MR. G ESEKE: Yes, basically, the sane as
Toms. | wanted to raise them but if they' re already
overesti mates, then you have to make that correction
back down. Raise themfor the effect of burnup, but

t hen back them down to the previous overestimation.
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MR. BOYACK: What about the |l ogic, either

Tom or yoursel f, for ex-vessel, which has stayed the
sane also? | guess by the tine you get to the | ast
one there's no -- it's a big system but --

MR. POAERS: No, that's not the case now.

MR. KRESS: The ex-vessel just says
what ever didn't get rel eased fromthe fuel in-vessel
is going to get rel eased ex-vessel.

MR, BOYACK: (Onh.

MR KRESS: It'sthelatein-vessel that's
guesti onabl e.

MR. G ESEKE: That's right.

MR. KRESS: Because it's a resuspension
revaporization thing, and all | did is say | don't
know how to correct it for what they did before,
al though it very well could be different.

| think that is the sane.

MR. BOYACK: Pardon ne?

MR. KRESS: | think that one is the sane.
| don't think that one changed. |It's the late in-
vessel that |'m saying.

MR. BOYACK: Oh, that's why you're keepi ng
me straight here.

MR. KRESS: | have no reason to change it

because | don't know howto change it. It very well
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could be different.

You can zap the ex-vessel part of that.
You can zap the ex-vessel part of that sentence.

MR. BOYACK: Ckay. Al right, Jim
anything el se you want to add on either of these?

MR. G ESEKE: Ex-vessel, | would hold the
same -- oh, you're down on |ate in-vessel?

MR. BOYACK: Well, no.

MR. G ESEKE: | would take that as the
sane logic as Tom whatever was |left there goes out.

The ot her one --

MR. BOYACK: Well, | thought that rel ated
tothe late in-vessel. | don't think | had | ogic for
ex-vessel, but | --

MR. KRESS: The ex-vessel is, whatever
didn't get released in-vessel will get rel eased ex-
vessel. That's the logic there.

MR. G ESEKE: That's right.

MR. KRESS: The logic for the late in-
vessel is different.

MR G ESEKE: Yes.

MR. BOYACK: Now is this correct?

MR KRESS: No, that's wong. It is a
m xture of the two.

MR. BOYACK: So help nme get it right.
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MR KRESS: Wat it isis | have no basis

to change it, although I think it could be different.

MR, BOYACK: kay.

MR KRESS: Yes, that's the one.

MR. G ESEKE: No, no, no, no, |I'mnot done
wth --

MR. BOYACK: Ah, good.

MR. G ESEKE: W're just getting down --
the logic basically for 1465 is that roughly, what
we're saying, a third of what was deposited is
released. | think it is higher than that because
believe the nodels that are used in that don't take
i nto account the di scontinuitiesor theirregularities
in the depositions or the deposits. It would tend to
assune that they were nore uniform across surfaces,
where, in fact, they are not going to be that uniform
which I think will lead to higher releases, but I
don't know how nuch

Agai n, | couldtake up. Instead of saying
athird, I could say a half, which would raise that
nunber maybe not enough to bother with, but it could
take it up to maybe late in-vessel to be 17 percent.
Pi ck a nunber.

MR. SCHAPEROW And this is based on the

i dea t hat they are sel f-heating, the fission products?
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Because Dana nmentioned a couple of different
mechani sns, and it mght help us in the end to see
whi ch nechanisnms are referred to. It's a little
confusing to ne.

MR. BOYACK: So it's self-heating --

MR. SCHAPEROW  Sel f-heating of fission
deposits, deposited fission products.

VR. G ESEKE: I t hi nk that's
underesti mat ed because the deposits are not uniform

MR. SCHAPEROW Ch, that's right, because
t he deposits are not uniform

MR. BOYACK: So let's see --

MR. G ESEKE: | think we are going to have
hot spots, is what |I'm saying, nore than cal cul at ed.

MR BOYACK: Dana?

MR. POAERS: | believe that we can | eave
the gap rel ease at 5 percent because it is basically
a vapori zati on phenonena into a gas that is dom nated
by the fill gas. Since the tenperatures and timn ng
are about the same, and the fill gas is about the
same, it is going to be about the sane.

MR. BOYACK: | didn't get all that.

MR. PONERS: Vapori zation phenomenon into
the fill gas which didn't change.

MR BOYACK: Good, thanks.
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MR. POAERS: | believe that the roughly 60

to 70 percent of the core degradation is a strong
function of the core degradation, and I"mnot willing
to change that. | acknow edge that we need to
experinmental ly i nvestigate core degradati on w th high
burnup fuel, which mght be different. But at this
point 1| amnot going to change and | amgoing to stick
with the roughly 50 percent deposition in the piping
system so the nunber doesn't change.

| want to enphasize that, to do this
ri ght, you' ve got to understand how hi gh burnup fuel
degr ades.

MR BOYACK: And that's experinent?

MR POVERS: Yes. You need to understand,
experinmental ly investigate it.

MR. KRESS: It is atough experinent to do
because | think you have to take it to its burnup in
Situ.

MR. PONERS: |'mnot that big of a bug on
that. 1'Il take it any way --

MR, KRESS:. You have to be very careful
with transporting it, nmoving it.

MR. POAERS: | think you have to --

MR. KRESS: | don't think you can go pick

up ol d fuel that has been sitting around 20 years t hat
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has that burnup and bring it over and do the test.

MR, POVERS: | think you've got some
chal | enges ahead of you in extrapol ating fromthe test
to the reactor accident, but 1'll take anything | can
get right now.

Ckay, in the ex-vessel release we have
dunped the degradation of fuel that didn't get it in
the early in-vessel phase, and so | amgoing to | eave
t hat al one because that is eventually how the fuel
goes.

MR. BOYACK: Does it conserve the fue

degradation and early in-vessel phase? |s that what

you sai d?

MR. POAERS: No, it's --

MR. BOYACK: No change because?

MR.  POWERS: Because that's just the
degradation of the fuel that was left over. It's a

mass bal ance t hi ng.

MR BOYACK: Ckay.

MR. PONAERS: (kay, thelatein-vessel, I'm
going togo alongwith Jim but I"mgoingto el aborate
on the reasons. He believes in hotspots and what - not .
| also think that, with respect to the hal ogens,
they're sensitive to the oxygen pressure. So if you

have air circul ating t hrough this pi pingsystem we're
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going to jack up the rel eases.

On the iodine, | note that if we |ook
carefully at sone of the recent PHEBUS resul ts that we
had seen evi dence of revaporization occurring after
t hey shut off the source, even though they are only
circulating steamat that point, sol think air wll
have a nore profound effect.

| had i ndependently arrived at a nunber of
| i ke 20 percent of the i odineinventory. | don't know
that that's conceptually different than Jinms 17
percent .

MR. KRESS: | would prefer to use 20.

MR G ESEKE: | like 20, too. That's a
round nunber, you know.

MR. PONERS: And | woul d agai n say that |
anticipate that in the post-test analyses that are
going on as part of the PHEBUS program we are very
likely to get some nore information on whether air
wi |l cause revaporization or not.

Better said that way than the way | said

MR,  BOYACK: You know, | could shift,
instead of putting you first, we could put Jean.
Ckay, all right.

MR. CLEMENT: Before com ng to nunbers, |
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woul d I'i ke to say sonme words about how we' ve done this
sane job. First of all, for the sequences that are
consi dered, there are | arge break LOCA, hot | eg break,
okay? Gven what we have seen on the different
experinments, in the case of a hot leg break, we
consi der that we coul d negl ect deposits of iodine in
the RCS. So that's the first point.

Then, in fact, in our nunbers we have put
100 percent rel ease at the break for all the phases.
That neans we have considered that we have zero
rel ease from ex-vessel. W think it is released
during the gap release or froma short rel ease.

So I wuld say we do not like the
di stinction that's spoken before, for nobl e gases, for
the part of the fuel that is 60 to 70 percent invol ved
in the degradationinthe |late in-vessel rel ease, and
the remai nder that are in the -- the remainder is in
the late in-vessel release, andit is 60 to 70 percent
involvedisinthe early in-vessel release. So, thus,
we are not to nmake the difference, and we should |ike
to be consistent with what was done for another
guesses.

So concerning gap rel eases, | think we are
alittle bit lower than the 5 percent.

MR. EVRARD: That's not including --
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MR.  CLEMENT: Not including the high

burnup. So for high burnup, it could be increased,
but | ower than nobl e gases. Maybe you can keep the 5
percent. So 5 percent. Zero for ex-vessel. I n-
vessel, okay, well, 95 percent is split between the
early in-vessel and early phase of l|late in-vessel
okay, because that's a degradati on.

MR. POVERS: The way you can get that
early phase of the in-vessel is actually to put it in
t he ex-vessel because that is only a two-hour period
that overlaps withthe late in-vessel. Soif you want
to jamit together, if two hours is good enough for
you, put it actually in the ex-vessel. |It's not a
clearing ex-vessel. Its timng is such that it's
over | appi ng.

MR CLEMENT: Yes, it is overlapping.

MR. G ESEKE: 1s that m sl eadi ng, though,
to the reader of this docunent?

MR. POVERS: Vell, he just has to
recogni ze it.

MR. BOYACK: Well, the reader probably
won't recognize it.

MR. G ESEKE: | think either way, whet her
you put it in the late in-vessel and say it is early

or whether you put it in an ex-vessel and say where
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it's comng from either way, comment has to be
made - -

MR POAERS: Either way, yes.

MR. GESEKE: -- to make it clear to the
r eader .

MR. POVNERS: M 25 percent fromthe ex-
vessel is the sane as what ever percentage he gives us
here, and he's right, what we did for the gap
rel eases, we put it inthe late in-vessel and said it
was bi ased toward the front end. It's the sane story
here. | put it in the ex-vessel because it all put it
in a two-hour period.

MR. CLEMENT: Yes, okay.

MR. PONERS: | nean, that's one way to do
it. But sonebody has to understand that that's what
you are doi ng.

MR. EVRARD: O course, it could be | ate

i n-vessel .

MR. POVERS: It is actually a late in-
vessel release, but | want it on the front end of
t hat .

MR. EVRARD: Ch, okay.
MR. PONERS: So | put it in the ex-vessel
because those two actual |y overl ap each other intine.

| mean, the way you do it is, while late in-vessel is
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occurring, you al so have ex-vessel occurring for two
hour s.

MR CLEMENT: But late in-vessel during
the tinme period of the ex-vessel ?

MR POAERS: Ex-vessel, that's right.

MR. CLEMENT: Ckay.

MR PONERS: Yes.

MR BOYACK: Do | need to just put a
qgual i fying statenment down here under late in-vessel
then for you? Because what | basically heard you say
is that this is --

MR. POAERS: Subsequently, inny late in-
vessel release, that's really the revaporization off
t he piping system and it does occur over a 10-hour
period, and involves interactions and all kinds of
t hi ngs. It is just a way of getting the timng
approxi mately correct on this.

MR. BOYACK: Al right, we're early in-
vessel on your conments, and | ama little confused,
but --

VMR,  CLEMENT: In our approach we have
about 5 percent for the gap, and now we have 95
percent to share in between early in-vessel and the
early phase of the late in-vessel. COkay, so this work

we have not done during our reassessnents because we
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have nmerged these two. So | don't know.

MR. BOYACK: Now let ne get this right.

MR. CLEMENT: So maybe | don't want to
give a definitive nunber. Maybe it could be 17, the
early in-vessel, and 25 in the early phase of the late
ex-vessel, or sonething like that.

MR. G ESEKE: This | ate in-vessel source,
however, i s not previously-deposited material. That's
zero.

MR.  CLEMENT: Vell, no, a negligible
anount of deposited material.

MR. G ESEKE: Yes. So his late in-vessel
t hat the others of us are attributing to
revaporization from surfaces, he is saying is zero
because he is taking no account of deposit of the
early in-vessel material. So when you fill in early
i n-vessel up there, you have to note that it is so
much rel eased fromthe fuel with zero deposition or
zero retention during that phase.

MR. BOYACK: COkay, | just need a little
wording in this. So | start out saying 95 percent
remai ni ng for these phases, and there's three phases.
It's divided between -- and then | heard tal k about
two phases, but there's three remaining. So | got

conf used.
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MR. CLEMENT: So with ex-vessel, zero,

because consider that everything is released from
fuel .

MR. BOYACK: Ch, okay.

MR CLEMENT: Ckay, so you put ex-vessel
as zero.

MR. BOYACK: Cot it.

MR. CLEMENT: Then the 95 percent, you
have to share in between the early in-vessel and the
| ast phase, the beginning of the |ast phase.

MR. BOYACK: Okay, so now |'ve got it.
That was confusing to nme for a nonent.

MR CLEMENT: But we do not nmke this
di stinction because for us it was rather artificial
because it is a continuous process.

MR LEAVER = Sure.

VR, CLEMENT: So it is just to enter
wi thin your tables. It is difficult to enter our
nunbers within your tables because --

MR BOYACK: Right.

MR. CLEMENT: -- of the distinctions, sone
are the same, different phases.

MR. SCHAPEROW You don't feel that there
will be deposition of iodine inside the reactor

cool ant systenf
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MR. CLEMENT: If we consider a hot |eg

break, all that we see as experinental evidenceis, |
mean, vapor for iodine with maybe a few depositions.
As we want to be getting the same difficult term
"reasonably", we coul d have been one or two persons,
but it doesn't matter, the one or two persons.

MR. EVRARD: | think the main part of the
deposit will accunmul ate *.

MR LEAVER It depends on the sequence.

MR. CLEMENT: Yes, but the nost inportant
deposits occur where the vapor i s condensing, whileit
is still vapor and there is not any suction --

MR. LEAVER But it won't be vapor up in
t he upper --

MR. CLEMENT: As | said before, we have
made t he hypothesis in order to abl e to consi der a hot
|l eg break and iodine emtted as a vapor into the
cont ai ners. That's why we do not consider any
deposi ts.

MR, LEAVER: Because you wanted i odine
emtted as a vapor into containers?

MR, CLEMENT: Yes.

MR. LEAVER |'mnot sure how that could
happen t hough.

MR. CLEMENT: Again, it depends on what
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use you are nmaking of the source term eval uations.

MR. LEAVER. Yes, okay.

MR. CLEMENT: For our own purposes, we
thought we had to go up to this degree of
conservatism but, again, it depends on what you want
to do with your source term assessnent.

MR. POAERS: That's absolutely true.

MR LEAVER Yes, that's true.

MR. BOYACK: Go ahead, Jean.

MR. EVRARD: Generally speaking, we take
val ues which are a lot of the release fraction itself
i n VERCORS experience to make up for it.

MR. BOYACK: For this entry, shall | just
put a slash and your nane, too, if that's all right?

MR. G ESEKE: The best you can do thereis
that 95 mnus "X' and down in the late i n-vessel put
N

MR. SCHAPEROW  You are suggesting that
t he origi nal value, that 50 percent deposition -- see
the set of tables there in front of you?

MR, CLEMENT: It's zero.

MR, SCHAPEROW I nstead of 50 percent
where there is iodine, it has a mean val ue suggesti ng
maybe cl oser to zero deposition.

MR. LEAVER: | think he is saying that
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t hey --
MR CLEMENT: No.
MR LEAVER | don't think he said that.
MR. SCHAPEROW Then you said, even if we
were nore realistic, we would still get only a few

per cent deposition?

MR. CLEMENT: | nean, it depends on the
sequences you are considering. I|f you are considering
not only hot |eg breaks, you will get deposition.

MR. SCHAPEROW (kay, and we have got a
whol e bunch of different sequences.

MR. LEAVER: Clearly, a large break
doubl e-guill oti ne break at the hot |eg nozzle --

MR. POAERS: You aren't going to get quat.

MR. LEAVER -- you aren't going to get
much deposition

But | personally think that some kind of
ri sk-infornmed approach to this is the right thing to
do. So | would not think that you should just
consi der that particular type of sequence.

MR. BOYACK: kay, we are on to you, Dave.

MR. LEAVER: Ckay. | think the 5 percent,
based on t he di scussi on we had on nobl e gases, | could
argue the 5 percent is high, but then we have the

effect of the additional burnup. So | would say | eave
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it the sane. | wouldn't have any basis for changing
it.

The iodine will tend to condense as it
noves away fromthe core, and so there would be sone
deposition even of what comes fromthe gap. So it
seens to nme it would be, potentially could be
significantly less than the noble gas, but | think
that is okay to leave it at 5 percent.

| think inthe 35 percent, there are sone
conpeting effects here of Tom s poi nt about t he CORSOR
tending to overestimate all rel eased, but then we have

sone portion of the core in high burnup. So | would

say, in ny mnd, those tw tend to balance one
another. | wouldn't have a basis for changing that
numnber .

| think on the ex-vessel, it is hard for

me to i magi ne that you are going to get 25 percent of
t he i odi ne down there, but I would tend to think you
woul d get nore, a higher release fromthe late in-
vessel, for one thing, because of the ingress of air,
but | don't think it matters too much on the ex-
vessel . So | guess | would |eave that the sane.
Presumably, these plants are smart enough to figure
out howto get water in there and at | east scrub sone

of that.
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But | would increase the | ate i n-vessel.
| think the 20 percent nunber woul d be a reasonable
estimate. So the total would be alittle higher than
the total within the original 1465.

MR. BOYACK: So under the context of what
was being done in the United States, is this what |
heard: Everything else just stays the sanme?

MR. G ESEKE: | think we need to address
t he French position, though, because | don't know what
Dave' s position was on that, since it got lost in the
nunbers, but are you assum ng, then, 50 percent
deposition --

MR LEAVER Yes, |'m|l ooking at what --

MR. G ESEKE: In-vessel and then as --

VR. LEAVER: From these expert
elicitations and what they used. |If they extracted
that and assenbled it in NUREG CR 5747, which is the
basi s for 1465, and we have all these argunents about:
VWhere is the break and how big is it, and hot I|eg
versus cold leg, and all that sort of thing. But we
really are, | think, trying to get sonmething that is
representative of the spectrum of sequences. So |
think the .5 is not unreasonabl e.

So | guess to nake a long story short,

yes, .5 of the release fraction fromthe fuel, which
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would is estimated to be about 70 percent, which we
t hi nk may be an overestimate for 1465, but there may
be some increase of that due to the effects of the
hi gh burnup fuel, and I would say that those things
bal ance.

But nowas | look at this, I amwondering
how i n the heck can you get 25 percent of the iodine
down on the floor of the container? How can that
happen?

MR. PONERS: What you are really | ooking
at is the degradation of fuel late in the accident
sequence.

MR LEAVER  \Were is that fuel?

MR. POAERS: In the core.

MR LEAVER So it's not ex-vessel then?

MR, PONERS: It is not really ex-vessel,
but you want it to occur for a fairly short period of
time.

MR. LEAVER: It isreally late -- so you
demand that you put it in the two-hour --

MR, POVERS: What you say is that it
nelts, falls down, and the rel ease occurs ex-vessel

MR. LEAVER So you're just putting it
down there because you want to release it sooner?

MR, POVNERS: Yes.
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MR. LEAVER. Yes, okay.

MR. PONERS: It'stimng. It'stoget the
timng.

MR LEAVER  Yes.

MR. PONERS: It is not iodine left inthe
nmelt that transcends all of this.

MR LEAVER Right.

MR. SCHAPEROW You needtoidentify that.

MR BOYACK: Yes.

MR. LEAVER: | think if you do do an
over haul of 1465, probably the thing to do is put that
25 percent out inthe late in-vessel and say that sone
of it gets rel eased sooner. Because the ideathat you
get that nuch iodine down on the concrete is --

MR. SCHAPEROW That is why | wanted to
keep t he nobl e gas on t he sane page there. | think we
did it the other way for noble gases. For noble
gases, we specifically said that there will be noble
gas release late in-vessel. But in this case we are
putting it in the ex-vessel colum.

MR. POAERS: We probably ought to go back
and switch that around just to get the timng correct.

MR G ESEKE: Well, we put a comrent in
the previous one that said it occurs early in the

| ate --
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LEAVER: Yes, we did.

G ESEKE: -- in-vessel.

LEAVER: And it's the sane thing.

2 3 3 %

SCHAPEROW That feels better to ne,
just fromthe point of viewof where is the materi al

MR. LEAVER In the interest of not
m sl eadi ng peopl e that use this, maybe we shoul d say
we t hi nk t hat ex-vessel iodinereallyisn't ex-vessel;
it's early in the late vessel, or late in-vessel
Sorry. Early in the late in-vessel

MR. G ESEKE: | was doi ng the sane thing.
| was getting all those words m xed up

MR LEAVER. M xed up.

MR. BOYACK: | would be very happy if
sonmebody would give ne sone words. We're on the
hal ogens, right? Ex-vessel, and you want to qualify
this. This is show ng up as 25 percent right here,
but you want to qualify this because it really isn't
hal ogens on the floor?

MR.  SCHAPEROW Go up the previous
nunbers. You had the noble gases. It's the same
rel ease we put in the |ast colum.

MR. BOYACK: Sothat's this statement here
for continuity of the early in-vessel release, the

| ate i n-vessel release would occur in -- so you want
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to do sonething consistently or what?

MR. PONERS: Yes.

MR. G ESEKE: W are tal king about the
same mechani sm basically, that the material cones
down, but it is an in-vessel sort of rel ease, rel ease
in-vessel or from in-vessel materials after the
failure of the vessel. It may occur ex-vessel if they
fall through, and they probably do. Unfortunately,
sonme will be in the vessel as well as outside the
vessel

MR. BOYACK: This is an area where | am
having trouble by trying to do the actual physical
work and then to keep track of the argunents. | have
lost it on this one. | just don't know where to go.

MR, SCHAPEROW  Well, the fuel that is
rel easing the fission products is situated inside of
t he reactor vessel

MR. BOYACK: Yes, what | amreally | ooking
for is for youtotell me what to do on the docunent,
or soneone tell nme.

MR. PONERS: You have to renenber that,
unli ke gap release and early in-vessel rel ease, ex-
vessel release and late in-vessel release, the way
they are used, they overlap in tine.

MR. BOYACK: COkay.
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MR. PONERS: GCkay? Wiat we would like to

do is to bias these releases that are occurring from
residual fuel early in that 10-hour peri od.

MR BOYACK: Yes.

MR. PONERS: One way todo it isto put it
in the ex-vessel, which is only two hours.

MR, BOYACK: Ckay.

MR PONERS: It looks to ne like that's
what people were doing when they canme up with the
original thing, because even at TM, a fully
pressurized accident, you really only have about 10
percent of the cesiumleft in the fuel nmelted; we're
down to zip with the iodine.

So | think we are putting it in the ex-
vessel to get it forward to the time. Because if you
put it over the entire late in-vessel, then you are
putting it up over along period of tine, and thereis
a tendency for it to remain and be even nore of a
contai nnent for a long period of tine.

So, to be realistic, | think they put it
in the ex-vessel. That suggests that we do the sane
thing here for the noble gases. It is not soterribly
i mportant where you stick the nobl e gases, except if
you don't want to do -- you don't want to m slead

peopl e about the timng onit. So you nove that .3
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over to the ex-vessel, even though it is occurringin
the vessel; it is not in the nelt concrete
interactions or anything |like that.

MR. NOURBAKHSH: You could say that this
shoul d not be exposed to the air for overlayi ng wat er.

MR. POAERS: That's right. That's right,
yes. It doesn't have any--

MR. NOURBAKHSH: Sonmehow t hat
clarification should be made in a footnote.

MR. KRESS: Yes, that's a good point.

MR.  SCHAPEROW Looki ng back at the
original expert elicitation, there are no curves for
i odine and cesium for core/concrete interactions.
There's no curves for releases. | think there m ght
be a statenment upfront. Wit a mnute.

MR,  POVERS: Wen we did the first
experiments on nelt/concreteinteractions, we actual ly
put cesiumiodine intothe nelt. W poured it on the
concrete, and said, oh, well, we'll just nonitor how
fast it comes out.

MR. KRESS: And then you couldn't?

MR. PONERS: Well, it came out faster than
the sanpling tinme. The very first sanple was on at
thetine the nelt hit the concrete. The second sanpl e

cane on 10 seconds later after it hit. The first one
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had cesium and iodine in it; the second one had
nothing. It blewit out --

MR. KRESS: That's interesting.

MR. POAERS: It just doesn't stay in the
melt when you sparge it through wi th gases.

MR. SCHAPEROW It is hard to tell where
t hey got the originals nunbers. They are not in Load
50. Maybe Hossein knows. \Where did the iodine and
the cesiumrel ease fractions in 1465 cone fronf

MR. BOYACK: Hossein, if you' re going to
answer that, cone to the m ke

MR.  SCHAPEROW Here's the expert
elicitation, and it doesn't show any i odi ne-cesium
nunbers. Maybe you can recall?

MR. NOURBAKHSH: That's exactly the sane.
Whatever retained nelt, when it cones go core
construction, everything been released. So that is
basi cal | y what ever cones fromthese nunbers, they are
not for iodine and cesium but it nmeans that they are
100 percent.

MR, SCHAPEROW Ckay, thank you.

MR BOYACK: Ckay, two questions. The
first of themis: Do any of these release fraction
val ues for hal ogen change or are they still okay? The

way that we had them down was the only one that we
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changed was the 0.2 on the late in-vessel

Now there is talk about a footnote or
anot her expl anation. So what | amasking is, is that
something we just enter as comments by one of the
people or do you want it just down below the table
here as a separate footnote.

MR. POAERS: | would put it down here at
the bottomof the table. In the footnote | would say
is that cesiumand iodine rel eases ex-vessel are not
mtigated by an overlying water pool.

MR.  KRESS: That's a little cryptic.
Sonmebody wi Il say, why not? The answer to why not is
because it doesn't go through any water.

MR. POAERS: GCkay, and the reason is that
the release is actually occurring in the vessel and
going transit to the ex-vessel. So it never sees the
wat er .

MR KRESS: Yes.

MR. SCHAPEROW | have a request that we
fix the noble gas table to be the same as this table
as far as which phase --

MR. KRESS: | think that would help. |
think it was just alittle confusing to nme ot herw se.

MR. SCHAPEROW Thank you, right.

MR, KRESS: Thank you.
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MR. BOYACK: Now is this one okay now?

David, | guess we didn't give you a chance to get
t hr ough anyt hi ng.

So et nme go back and try to correct --
first, 1'"'mgoing to get rid of that one. Gkay, noble
gases. Now you're tal king about changi ng nunbers or
just text? You're tal king about putting sone of this
over here?

MR. SCHAPERON Did we?

MR, BOYACK: No.

MR. SCHAPEROW Ch, we never did. Onh, ny
goodness. | thought you had one where you had a | ate
i n-vessel release for nobl e gases.

MR, BOYACK: No.

MR. SCHAPEROW Ch, we never did?

MR. BOYACK: No. Oh, wait a mnute. Wit
a mnute. Wait a mnute. Sorry. Let ne fast
f orwar d

MR LEAVER \What was that first one?

MR. BOYACK: | was just taking them one
phase at a tinme. This is the gap rel ease coment.
Then you go down to t he next one, here's the early in-
vessel information

MR. LEAVER. Ch, okay.

MR. G ESEKE: 1t's m sl eadi ng because your

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

475
headi ng up --

MR. BOYACK: Well, | was just changing the
red nunbers as we went al ong.

MR. G ESEKE: Vell, if you know what
you' re doing, then that's fine.

MR. BOYACK: Hey, listen, | amperfectly
conpetent and | know what |'m doi ng.

MR. G ESEKE: | know you are. That's
because you're from Los Al anps, right?

MR BOYACK: Ckay, now --

MR. KRESS: The idea was to put the 30
into the ex-vessel.

MR. BOYACK: Is that right?

MR. KRESS: | think.

MR. PONERS: | think certainly Bernard's
comrent that they're biased forward in tine, and |
believe that as well. That rescues us out of this
probl em

MR. KRESS. Yes, you need a footnote.

MR. SCHAPEROW It's really a ness with a
table. Yes, that's the ex-vessel and | ate in-vessel
table there. The tabl e covers both. That covers both
the last two phases.

MR. BOYACK: Well, it doesn't right now

MR POMNERS: Yes, it does.
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MR. SCHAPEROW Yes, see, there is an ex-

vessel --

MR. BOYACK: It's got the nunmbers; it
doesn't have the justification.

MR. SCHAPEROW It doesn't? Oh.

MR. BOYACK: The justification is right

her e.

3

SCHAPEROW That's early in-vessel.

You' ve only got three tables.

MR BOYACK: By golly, | do, don't 17?2

MR. POAERS: Jason is on top of this.

MR. BOYACK: Because there's the other.
Al right. | am so tricky with ny file here, |

tricked nyself. Okay, |'mw th you. Nowwhat do | do
with the nunber?

MR. KRESS: Put 30 in the next estimate.
Then wite a footnote.

MR. BOYACK: Which is that the noble gas
rel eases?

MR. POVERS: Aren't mtigated by an
overlying water pool because they can't be.

(Laughter.)

MR. LEAVER. Because it's not possible.

MR. POVERS: Actually, when | did the

anal ysis for the ACRR reactor, the safety anal ysis,
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the rel ease there is predom nantly a krypton rel ease.
There is such a huge pool of water and it's so deep
that it goes into the solution deep and then actual ly
it stays in the solution and rel eases very, very
sl ow y. So much water and such a small anmount of
krypton gas --

MR. LEAVER  There's a snmall anount of
solubility.

MR. PONERS: It's a small solubility, but
it is a huge volune of water. It actually goes into
solution, and the net result of it is that you can't
go in and recover from the accident. This sl ow
rel ease of dissolved krypton keeps the radi ation | oad
hi gh enough t hat people can't go in and turn of f punps
or anything like that. |It's actually a pain in the
ass. If it would just go through the water pool and
come out, then it's clean in the atnosphere and you
could come in. So if you have enough water, you can
mtigate krypton release, but it's a lot of water

MR. KRESS: The note that you want here is
the rel easeis actually occurringin-vessel, but after
the time when the bottomhead fails. Soit is counted
as an ex-vessel release.

MR. PONERS:. Yes, it's actually occurring

i n-vessel
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MR. KRESS: Yes.

MR. G ESEKE: There you go.

MR. SCHAPEROW That would be a nice
coment to add on the other table, too.

MR. BOYACK: Ckay, where is this --

MR. KRESS: |n-vessel.

MR, BOYACK: So?

MR. KRESS: So it's counted as an ex-
vessel rel ease.

MR BOYACK: Al right.

MR. SCHAPEROW  Coul d you copy that for
t he other one, too, the other table?

MR. BOYACK: You were asking if | would
get tired on a day |ike today.

MR. LEAVER. You're starting to?

MR. BOYACK: The eyes are startingto feel
it. Absolutely.

Now it is the hal ogen rel eases?

MR KRESS: Yes.

MR. G ESEKE: It is in-vessel and during
transit.

MR, BOYACK: Yes.

MR. G ESEKE: This is your |ast sentence.

VMR, BOYACK: So this last sentence,

discard it?
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MR. POAERS: You want to keep that.

MR. G ESEKE: | think you want to keep
that instead of the first one, but just add the |ast
one. Wiat is it? "Therefore, it's after the tine
that the bottomhead failed, and soit's counted as an
ex-vessel release."

MR. KRESS: Yes, you want to get rid of
that m ddl e sentence. They are if they are rel eased
ex-vessel .

MR. G ESEKE: You're right, they are.
Vell, they're not.

MR. KRESS: That's confusing.

MR. BOYACK: Ckay, | guess nowlet's see,
this is hal ogen. So these nunbers are okay then. The
only thing that changes is this late in-vessel?

MR,  SCHAPEROW Did you want to add a
comment al so on Bernard's statenent that no deposition
due to consideration of an AB sequence or deposition
I S sequence- dependent ?

MR. BOYACK: \Were do | do that?

MR. SCHAPEROW Right nowall thereisis
a st at ement sayi ng 95 percent rel eased t o cont ai nnent.
| wondered if you wanted to qualify at |east that.

MR. BOYACK: This is right?

MR. SCHAPEROW Yes, right there, maybe at
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the end. Are you going to qualify that?

MR. LEAVER: Expl ai n why t hey are assum ng

t hat .

MR.  SCHAPEROW Yes, just to say that
deposition is sequence-dependent. Is that okay to say
t hat ?

MR. LEAVER: They wanted to wanted to wait
for a rel ease --

MR. SCHAPEROW Oh, okay, worse case or a
conservative --

MR. CLEMENT: Reasonably --

MR LEAVER  Extrenely unlikely.

MR. CLEMENT: But, | nean, reasonably it
could be different fromone to another. Wen you want
to be sure that your energency plans outside of the
plant will be okay, you need some conservatism in
witing. Okay?

MR, BOYACK: Conservative approach to
assure --

MR. SCHAPEROW Well, it's conservative
because they chose an AB sequence. They chose a hot
| eg break, a large hot |eg break.

MR. POAERS: A | arge break, hot |eg break
was assuned.

MR. BOYACK: And there's no depositionin

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

481

such an event.

MR, SCHAPEROWN  Yes.

MR BOYACK: Ch, | like that.

MR. SCHAPEROW | don't want to put words
i nyour nouth. Right nowwe' ve got -- |'mjust seeing
if one nore thing mght help the explanation.
Sonebody | ooking at it later m ght now know why does
it say 95 percent.

MR KRESS: W will forget.

MR. SCHAPEROW And ot her experts say --

MR.  POVERS: Reminds nme of a panic-
stricken phone call | got froman NRC staff nenber,
who's not present, so | can talk behind his back.
They had one of the Commi ssioners, who is no | onger a
Conmi ssioner, so | can talk about him had been in
Europe and they were tal king about the source term
there. They were, of course, tal ki ng about the source
termto the environnent. RES had cone in and tal ked
about the source term and of course they were tal ki ng
about the source term to the containment. The
Commi ssi oner says, "Ch, ny God, RES has gone off the
deep end. They have this huge source term

MR. LEAVER. It's a hundred tinmes greater
t han what --

MR POVERS: Oh, thousands of tines
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bigger. This was in Sweden. They were tal king about
1 percent release, and it nmade all kinds of
accusations of irresponsibility onthe part of the NRC
staff, and they wanted ne to conduct and wite a
report for this guy onthe different source ternms used
around the world for these things. There was this
massi ve phone-cal li ng going on just to strai ghten out
one elenent of confusion, but it couldn't be
straightened out with this guy by the RES staff. He
was convinced that they were irresponsible,
duplicitous, overly conservative individuals, and it
was sinply a matter of nonencl ature.

(Laughter.)

MR. SCHAPEROWN Do you want to take a
break now? | can go ahead and print those out.

MR. BOYACK: | was actually going to try
to go to 3:00.

MR. G ESEKE: Rest your eyes, Brent.
Don't kill yourself.

MR LEAVER Yes, let's take a break.

MR. G ESEKE: If you want to take a break
for awhile and rest and we'l| take anot her break, and
we'll work a little later.

MR. BOYACK: How about 10 m nutes then?

MR d ESEKE: No, we'll work later, if
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necessary.

(Wher eupon, the foregoing mtter went off
the record at 2:33 p.m and went back on the record at
2:45 p.m)

MR. BOYACK: The next fission product on
the list is alkaline netals.

MR. G ESEKE: Dana said he wants to be
first on all of these.

(Laughter.)

MR. BOYACK: This may be right, but I have
sort of forgotten where we were | ast tine.

MR. d ESEKE: I think | was first |ast

MR.  BOYACK: So why don't we -- 1've
al | oned our French col | eagues to not go first unless
t hey have a desire to do so. Wuld you |Ii ke to wei gh-
in and of fer your opinion on al kaline netal s?

MR. CLEMENT: GCkay. So for gap rel ease,
| think we shoul d have the sane val ues as for iodine.
There is no reason to have differences.

Then go to the other points. For cesium
we consider that there will be sone deposits, okay?
So we consider --

MR. BOYACK: Now are we down in the early

in-vessel area here or is it just that |I'm stil
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continuing on with -- no, gap rel ease you said.

MR. CLEMENT: Gap release, that's okay.

MR, BOYACK: kay.

MR. CLEMENT: Then we have the same --
okay, how to express it? W consider that we wll
have 65 percent release both in the early in-vessel
and in the early phase of the ex-vessel, as | said
bef ore.

BOYACK: Total ?

CLEMENT: Total .

2 3 3

KRESS: No deposits?

MR. CLEMENT: Yes, deposits. That's at
t he break, through the containnment. W consider, in
fact, an overall release fromthe fuel of 95 percent.

MR, KRESS: Ckay.

MR. CLEMENT: And overall, that is not --

MR. BOYACK: Did | get that right?

MR, CLEMENT: Okay. So | will sunmari ze.
So phase 1 --

MR BOYACK: Yes?

MR. CLEMENT: -- that was gap release, 5
percent .

MR BOYACK: Yes.
MR. CLEMENT: GCkay? Then for the phase 2

and 4, okay, that is early in-vessel --
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MR. BOYACK: kay, so the --

MR. CLEMENT: That is early in-vessel and
early phase of late in-vessel, okay? You have a 90
percent release from fuel, that there are sone
deposits. You consider sonme deposits, and thereis 65
percent release at the break

MR, BOYACK: Ckay.

MR. CLEMENT: We did not consider an ex-
vessel release. Infact, thereis some cesiumleft in
t he fuel because we only rel ease 95 percent fromthe
fuel. So we consider that there is sone cesiumleft
in the fuel, but not all will be released, so we did
not consider it.

MR. BOYACK: (kay, soO --

MR. CLEMENT: Then | am consi dering our
figure fromthe two in-vessel phases, except the gap
rel eases. This should be shared in the sane way t hen
for other volatiles.

MR. BOYACK: So did I read this right,
that you retai ned about 30 percent of the cesiumin
the fuel or --

MR CLEMENT: No.

MR. BOYACK: Then |'ve got ny nunbers
wr ong sonehow.

MR. CLEMENT: Ninety-five rel ease fromthe
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fuel, including gap rel ease.

MR. BOYACK: So, okay, this figureis 95.
Par don rme.
LEAVER: N nety.

CLEMENT: N nety.

2 3 %

BOYACK: |'msorry, | m sunderstood.
MR. CLEMENT: Ckay. >From this 90, 65
percent goes to the containnment fromthis 90.

MR. BOYACK: That will be 90 percent,

MR. CLEMENT: Five

MR,  BOYACK: Sixty-five percent is
rel eased to contai nnent.

MR, CLEMENT: Yes.

MR. SCHAPEROW Twenty-five is deposited.

Is that okay? After "deposit,"” did you wite in
"RCS"?

MR. BOYACK: And this represents both of
you?

MR. CLEMENT: It is, in fact, what is in
our own estimates.

MR. BOYACK: Ckay, we'll stay over on the
other side of the table, David, if it's all right with

you and ask for your comrents. David Leaver?

MR LEAVER: Well, the cesium at |east if
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you believe the tendency in the expert elicitations
from 1150, you had naybe a 10 to 15 percent | ess of a
rel ease fromthe fuel for cesium |'mnot sure that's
right, but I had in ny mnd that the i odi ne and cesi um
rel eases would tend to be about the same. So | guess
i f one accepts these expert elicitations, and there's
also information in here that suggests that there's
slightly greater retention of the cesiumin the RCS
that tends to justify the -- that is the basis for the
25 percent versus 30 percent nunber. Is it 25
percent ?

MR PONERS: Twenty-five percent early in-
vessel rel ease.

MR. LEAVER It is a difference of 40
percent versus 25 percent?

MR. POAERS: Thirty-five versus 25.

MR. LEAVER. Thirty-five versus 257

MR PONERS: Yes.

MR. LEAVER Yes, for the PWR, right.
Ckay.

| guess it would seemto ne the | ogi c that
we apply to the iodine release in turns of the effect
of burnup would tend to be the same here, which is
maybe for the higher burnup fuel, you mght see

slightly higher rel eases, but at | east for theiodine,

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

488

and | would think the same | ogic would apply with the
-- they may have been overestimated, the cesium may
have been overestimated in the first place. So that
woul d suggest that the .05 and the .25 not change.

|"ve always struggled a little bit with
the idea that the cesiumwoul d be that nmuch | ess than
the iodine, say .35 versus .25. 1'Ill just check one
t hi ng.

MR. BOYACK: Wil e heis doingthat, which
one is the real problematic group? Because | wanted
to start it out with Dave on that one.

MR. LEAVER Ch, you nean the contentious

group?

MR.  BOYACK: Yes, of these fission
products.

MR. LEAVER Barium certainly barium
strontiumand rutheniumm ght be. Interestingly, at
TM, | know -- | was just trying to recreate --

MR. CLEMENT: Sorry, but for barium
strontium and ruthenium we would have sone
differentials because we don't have the sane
classification that you have for release in groups.

MR. BOYACK: Actually, what happened was
| was trying to be funny and it wasn't.

(Laughter.)
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That's because people think it may be
true.

MR LEAVER: At TM both iodine and
cesium rel ease fracti on was 55 percent fromthe fuel
In the PBF, the one | have here, which is 1/4, the
cesiumrel ease was twi ce as nuch, alnobst as tw ce as
much as the iodine release. So |, for one, have never
been confortable particularly with the cesium being
| ess than the iodine, but the iodine is pretty high.
So | don't knowif it would make sense to increase the
cesiumup to the iodine. So |I guess | would be, at
| east at this point, satisfied to | eave it the sane.

MR. BOYACK: Ckay, and on the early in-
vessel now, of course, what our French col | eagues have
done is sort of conbined these phases. But, by
necessity, | think we have to separate them

So early in-vessel ?

MR. KRESS: That is the one he just said
was the sane.

MR. LEAVER  Yes, the gap in early in-
vessel

MR.  BOYACK: Ch, it was early. See,
you' ve gone ahead of me, and | hadn't realized it.

MR. LEAVER: | was just kind of treating

a few together.
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MR. BOYACK: So you're saying hold it at

25 percent?

MR. LEAVER Yes, although | would
certainly bewilling to enter into the discussion. |
woul d | i ke to understand better why it makes sense for
the cesiumto be I ess than the i odine, given the fact
t hat probably anong the two best integral experinents
we have, TM and one of the PBF' s, had it just the
opposi te.

| would also say it is hard to i magi ne 35
percent of the cesiumbeing in the debris that comes
out of the vessel. So that sane | ogic that we used on
the iodine would tend to apply here. Well, that's
anot her story, but whatever it is, there's not going
to be very nmuch cesiumleft in what's on the fl oor.
And i f anything, cesiumwould tend to be nore vol atile
than iodine. So | wouldthink that the late in-vessel
woul d make sense. Since we increased that for iodine,
we woul d expect to get the sane kind of increase for
cesium

MR. BOYACK: Ckay, so can you help ne a
little bit with what these values m ght be? So for
the early in-vessel, it clearly is |less than what we
were seeing for iodine, but what woul d you suggest a

val ue of ?
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MR. LEAVER. Well, let nme ask a question

before I do that. Wy is this nunber less than the
i odi ne nunber ?

MR. PONERS. Because we canidentify al ot
of vapor pressure cesium conmpounds that formin the
system and especially if you have boric acid.

MR. LEAVER: Cesium borate, you nean?

MR, POVERS: Forms cesium borate and
things like that with relatively | owvapor pressures.
So they found that both, there was the potential of
retaining nore of the fuel as cesiumuranate, and the
potential for depositing nore in the reactor cool ant
system as things |like cesium borate or zircanate,
things like that. Though people were aware of
experinmental evidence on cesiumrel ease, | think nost
peopl e conceded iodine tends on the whole to be
rel eased nore than the cesium

MR. LEAVER Even though two pretty
good - -

MR. POAERS: Yes, they al so knew what t he
uncertainties in those nunbers were.

MR.  LEAVER Yes, yes, but it is
i nteresting that both of themfly in the face of that.

MR. POAERS: Yes. Wat we al so know is

finding all the iodine, the mass bal ances on these
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experinments on iodine is not very good. At |east on
t he PBF experinments it was never very good. Finding
all the iodine is a chore. So | think they just
underestimated it.

MR. LEAVER  So the denom nator may be
wong for the iodine.

MR POAERS: Yes. And let's see, | did
think, based on TM, that there would be sone
retention and the fuel in ex-vessel. Mst of that 35
percent is, in fact, the 25 percent of the residual
fuel that didn't nelt during the in-vessel phase
melting out |ate.

MR LEAVER  The sane as for --

MR. POAERS: As for the iodine.

MR LEAVER -- as for iodine, right.
Yes, that | understand.

Ckay, so the point you' re maki ng i s cesium
we know it is wong to assume that it is al
hydr oxi de. Maybe even none of it is hydroxide. It's
these other forms which tend to have reduced vapor
pressures, and that can explain -- it is not as
volatile as it would be if it were hydroxide.

MR. POVERS: Yes, | think that people
didn't know exactly. Al they knew is they could

identify all these things when they had nore vapor.
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W had done sone cal cul ations explicitly with various
fornms of cesiumborate and showed t hat we coul d just
drop the vapor pressure down to zip, dependi ng which
of the borates forned, and bend it on the boric
acid/the cesiumratio that you had.

MR LEAVER It is very stable stuff?

MR.  POVERS: What happens is just the
cesiumactivity drops off solowthat there's no vapor
pressure, is what happens. W find these pol yborates
t hat have one cesiumatomin every 100 boron atons.
There's no activity.

So it is largely based on just
identification rather than explicit calculation.
Whether it is really true or not, of course, not bad.
Not bad.

MR. LEAVER Well, if you want a numnber
| guess | will do the nunmber of 25 percent and maybe
listen to what everybody says and be allowed to
reconsider that at the end perhaps.

MR. BOYACK: But that was a good questi on
because it did solicit the information.

MR. LEAVER Wl |, | think Dana has a very
good point about the cesium conmpounds. | think 10
years ago everybody said it's hydroxide, and | think

we know now that that's not that sinple. That woul d
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expl ai n why peopl e think the nunber is | ess, although
| tend to believe the experinental results than what
peopl e calculate on these things, but, of course,
there is uncertainty in experinents, too. These
measurenments are hard to nake

MR. BOYACK: Ckay, solet's nove ontothe
ex-vessel phase.

MR, LEAVER  For ne you nean?

MR BOYACK: Yes.

MR LEAVER | don't believe the 35
percent, but | guess what it is is it's a way of
saying that this release fromwhat's I eft in the fuel
that is in the vessel goes out sooner, the same as for
iodine. So | think that structure you had with the
footnote woul d apply, and the reason it is 35 percent
instead of 25 is because | guess you' ve got an
addi ti onal anmount of cesiumleft upinthere, whichif
you heat that fuel, if that fuel continues to heat up
| ong enough, it's all going to go.

MR.  SCHAPEROW You are on hal ogens,
right?

MR. LEAVER  Yes, you call it hal ogens,
right.

MR. SCHAPEROW | think you included that

in the ex-vessel colum, though, for hal ogens.
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MR. BOYACK: Pardon ne? Onh, okay, yes.

MR. SCHAPEROW The actual nunber.

MR. BOYACK: | see. Okay, SO were we
| eaving this at 35 percent then on the ex-vessel?

MR. LEAVER Well, it's the footnoted ex-
vessel, which is that it is really released early in
the late in-vessel phase.

MR. BOYACK: Ckay, and that | eaves us | ate
i n-vessel. So maybe this comment that | enteredinis
no longer valid because it was prior to vyour
di scussion with Dana.

MR LEAVER  \What does that say?

MR. BOYACK: It says nothing because |
don't think it nade sense. | had gone down quickly
and made sone ot hers.

So let ne just ask you, what about the
| ate i n-vessel phase, your thoughts?

MR. LEAVER: | guess | would | eave it the
sane.

MR. BOYACK: So what this is saying, 60,
65, 75, this is saying what, 25 percent is retained,
the cesiumis retained, 30, 65, 75, right?

MR. SCHAPEROW In the RCS.

MR. BOYACK: Uh- huh.

MR LEAVER: A third of it.
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MR. BOYACK: Yes. So you're okay with

using --

MR. LEAVER Yes, | think that is kind of
consistent with, if we believe the cesiumreally is
somewhat | ess volatile form then that i s probably not
a bad nunber.

MR.  SCHAPEROW There was also a
chem sorption nodel that we put in our codes over the
| ast few years, some Sandia experinments where this
chem sorbed on the interior surfaces of the RCS. Dana
can probably help ne with that.

MR. POVERS: For a long time they have
nodel ed cesium in terns of a condensation and an
i rreversi bl e chem sorpti on.

MR. LEAVER. As a hydroxi de?

MR. PONERS: They don't call it a species
because what t hey observed i nthe experinents was t hat
they woul d find these tightly-bound cesi umspeci es on
the surface associated with the tranp el ements, |ike
phosphor ous- added steel, alum na that canme from God
knows where, probably the water supply, and things
li ke that. O course, it was formng the cesium
| um nat es and cesi umphosphat es and things |i ke that.
It was form ng these m xed oxi des t hrough arel atively

non-vol atil e.
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So they set up -- so fromback in the days
of trapped mlk, they set up an irreversible
chem sorption termin the deposition nodels, as well
as a nor e physi cal absorption due to cesi umhydroxi de.

As yougoonintineinthe anal ysis, what
happens i s t he physi cal | y- absorbed materi al vapori zes
and sone fraction of it depositsirreversibly. So you
get a slow conversion into this irreversible kind of
t hi ng.

Simlarly, in TM we found cesi umbound t o
the lead screws as cesium silicate, which is the
silicate inpurity in the |ead screw steel. So it
slowmy converts itself into a --

MR. LEAVER. It's very reactive stuff.

MR. POAERS: It's very reactive stuff.

MR. BOYACK: (Ckay, Dana, how about you
begin with gap rel ease for al kaline netal s?

MR. POAERS: |'m going to be enornously
controversial here and just say | want to | eave the
nunber s al one. My reasons closely parallel Dave's
t hi nki ng on this.

The one | have question about is whether
we are overestimating the vaporization rel ease, but |
amattentive to Jinmls conmrent that we probably tend,

we coul d naturally tend to di sperse the material so we
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have a | ow heat source, don't get these hotspots,
which will perhaps counterwei gh the tendency to form
| ess vol atil e species.

So the net effect is that understanding
t he revaporization of cesiumis a critical need. W
need experinents in that area. |'mnot prepared to
argue for substantial changes to the nunbers. 1 think
revapori zati on becones much I ess | i kel y as you get air
i ntrusion because you tend to formiron oxides and
chrom um oxi des that will form cesium chromates and
cesium ferrates, which will be even nore type of
bi ndi ng materi al .

So the upshot is | can't find a basis to
change the nunbers.

MR. BOYACK: Okay, but you did have a
statenment of need, did you not?

MR POAERS: Right.

MR BOYACK: And that was?

MR.  POWERS: W need experinents on
revapori zati on of cesium

MR. SCHAPEROW In the | ast in-vessel and
the early in-vessel or just late in-vessel?

MR. POVERS: It is really the late in-
vessel .

MR, CLEMENT: | think Dana is right
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because we have sone simlar experinents and conpl ex
reactions of cesium with sulfates, not only wth
chem sorption, but even when only deposited by vapor
or condensation, thenit reacts with the sulfates and
fornms di fferent speci es, many bundl ed, some bei ng abl e
sonetinmes to revaporize at rather |ow tenperatures.
So it is a very conplex pattern.

MR. BOYACK: Ckay, Jinf

MR. d ESEKE: | am torn between going
t hr ough sone hand-waving with | eavi ng everything the
sane. Because | went through a logic system and |
don't come upwith anything that's very different from
what is there, thinking about all the things.

MR.  BOYACK: But sonetines just the
conments to the rest of the panel are useful.

MR. G ESEKE: Well, | was going to say, as
far as release from fuel, | don't know, that could
range pretty widely, 30 to 100 percent, naybe half
that retained, or thereabouts, in transit. A few
percent, 5 percent gap release, if you want to put
that, that's okay. Maybe 30 to up close to 100
percent or 90 percent release with continuation. So
| woul d guess | i ke 30 percent for the early in-vessel,
but that -- what's the nunber that's there? It is not

that nmuch different.

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

500
PONERS: Twenty-five.

G ESEKE: Yes.

BOYACK: So you are saying, if you --

2 3 3 3

G ESEKE: | went through sone nunbers
and | cane up with these, but they are not that
different. So it is hardly worth quibbling about.

MR. BOYACK: Al'l right. So if you're
going through this the first time, you may have put 30
percent .

MR G ESEKE: Yes.

MR. BOYACK: G ven sort of the fact of the
uncertainty, you can live with the 25 percent?

MR G ESEKE:  Yes.

MR. BOYACK: Ckay. Like | say, any of
these, later on you will be able to strike or nodify
any of these statenents.

MR. G ESEKE: What's this one attaining?

MR POANERS: Thirty-five percent.

MR. G ESEKE: Thirty-five. | guess a
little | ower.

BOYACK: So | had this one w ong.
G ESEKE: Yes, retain the 25.
BOYACK: Actually, 1 --

G ESEKE: The 35 | nean.

3 3 3 %

BOYACK: Yes, yes.
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MR. G ESEKE: Actually, those should be

about the same also, for the sanme reasons that Dana
nmenti oned, the two conflicting reasons.

MR. BOYACK: | didn't really enter that in
this table. | mght be able to just enter it one
pl ace, those two conflicting reasons. One of themwas
air ingress, was it?

MR. G ESEKE: Air ingress and hotspots.

MR, BOYACK: kay.

MR POVERS: Vell, |1 would call it
conpound formation and hot spots.

MR G ESEKE: Yes.

MR.  PONERS: Because it's conplex
structures and things |like that that we are seeing.
| mean, this has been known for a long tine: that
cesiumjust lovestoreact with stuff. Unfortunately,
t hose reactions are things that we don't have in the
t her no- chem cal dat abases.

MR. BOYACK: And that gets that.

MR. SCHAPEROW The second one is not air
ingress. It's --

MR, BOYACK: Hot spots.

MR, SCHAPEROW  Hot spots

MR. POVNERS: Hotspots caused by | ocalized

deposition. Wat happens, |ike you say, you' ve got a
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little discontinuity of the pipe; you get these
recirculating structures, and all of the products go
ri ght back there, whereas the code tends to steer
t hose out over the whol e pipe.

MR. G ESEKE: These are the sane.

MR. BOYACK: If | read this right, this
brings us to -- drumroll --

MR. POAERS: You're goingtobedifficult,
| can tell. You're not going to be difficult?

MR. KRESS: Not very difficult, alittle

difficult.

.05 i s okay, for the same reasons that we
have said. | amgoing to be alittle contrary on the
in-vessel. [I'mgoing to go with Jims 30. | think

it's actually a real nunber, partly because of what
Dave said. Wwen | |ooked at the separate effects
test, release rates for cesium they are not that far
bel ow the iodine, as shown. So when | meke a
correction for that, | get it rel easing sonethinglike
60 percent as opposed to 70 percent for iodine. But
about half of that gets retained in the vessel. So
that makes it 30 percent for nme, and ' mgoing to go
with it. | actually believe that's a good nunber.

| woul d keep the 35 for ex-vessel, and for

t he sanme reason everybody el se is.
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MR. LEAVER: This is not a burnup effect

t hat you're tal king about though?

MR. KRESS: No, there's a slight burnup

effect.

MR. LEAVER. Slight?

MR KRESS: There's not a |ot.

MR. LEAVER But if there was no burnup
effect, you would still tend to --

MR. KRESS: | would still raiseit, and |
woul dn't go all the way to 30 if it wasn't for the
burnup effect.

| thoroughly believe that cesium is
retai ned nuch better than the one-third that we are
using, but | think for a design basis source term
it's better totake care of the uncertainty by letting
it get out. So I'm going to stick with the .1,
although I think it is less than that.

MR. BOYACK: This is the revaporization?

MR, SCHAPEROWN  Yes.

MR. BOYACK: There's this coment that |
have entered for cesium retained better --

MR. KRESS: |'msaying that 30 percent got
retai ned and then 10 percent of that got released in
ny nunmbers. I'msaying | really believe that |ess

t han 10 percent got rel eased; nore of it got retained.
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But | thinkit is better -- | amuncertain about that,
and | thinkit is better to deal with that uncertainty
by goi ng ahead and releasing it inthe late in-vessel.
So I'msaying |"'mgoing to stick with the 10 percent
because | think it is a better design basis nunber to
use, although | thoroughly believe nore of it will be,
when it gets |ocked onto those surfaces, it stays
there, is what | believe.

MR.  BOYACK: Ckay. Now we face this
chal | enge between sort of the French approach and t he
U.S. approach, but this will go mainly to the U S.
usage, so | will probably continue to divide these.

So the only issue, if | heard it right,
was -- these are okay.

MR LEAVER There is not that nuch
di fference between necessarily what the French are
sayi ng and what we're saying.

MR. POAERS: The difference is between 60
and 65 percent rel ease into contai nment, and then we
have 10 percent |ater on.

MR LEAVER  Yes.

MR. PONERS: Ckay. So we are 5 percent
bel ow them at start and 5 percent above them at the
end, and there is not a whole | ot of difference there.

MR. LEAVER: | feel like they are kind of
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validating alittle what we're -- okay, it is all kind
of hand-wavi ng, but not too bad.

MR. BOYACK: My comrent was breaking it up
into tables, but, yes, that notw thstanding, |
under st and.

MR LEAVER  Yes.

MR.  KRESS: |  wonder if ny very
unconvi nci ng argunents convi nced anybody to go with
the 30 percent instead of 45?

MR.  BOYACK: So, basically, we have a
coupl e of people that have got to 30 percent.

MR. KRESS: Yes, Jimwas wanting to go
there, but he didn't quite do it.

MR, G ESEKE: | gave up.

MR. BOYACK: Is there --

MR KRESS: | think it is inconsistent
with the iodine mainly.

MR. SCHAPEROW | think we have a | arger
al kaline metal ex-vessel release than for iodine,
unl ess we change that.

MR. BOYACK: We coul d al ways change t hat.

MR. POAERS: |If you take Tom s 30 percent
there, I'll bet you you're going to take the extra 5
percent out of the ex-vessel release.

MR, KRESS: It adds up.
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MR. SCHAPEROW What was t he i odi ne t abl e,

Brent ?

MR. POVNERS: | nean the suns are the sane.
The i odi ne tabl e has 35 and 25 and t his one has 25 and
35.

MR. SCHAPEROW Nobl e gases.

MR. BOYACK: That's what we want, isn't

MR. SCHAPEROW | odi ne, hal ogens.

MR. BOYACK: Hal ogens? Onh, well, let ne
get the right one then. Al right, there we go.

MR SCHAPEROW 05, .35, .25, .10.

MR. PONERS: Are we going to normalize?

MR. KRESS: |f you |l ook at that, the 35is
hal f of 70. The add the 5 for the gap, and it makes
it 75. So that |eaves you 25 ex-vessel. It is the
same thing here. My 30 is half of 60. Sixty and five
is 65; that [eaves 35 in ex-vessel.

MR. G ESEKE: But there's a difference.
The French are saying a total of 90 percent rel ease.

MR. KRESS: | thinkit all gets eventually
rel eased.

MR. BOYACK: | haven't heard anybody say
change that to 30. Wth enough nunmbers, then I'm

going to do it, but | just wanted to know whet her
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anybody has a strong opinion.

MR. KRESS: You're not getting nuch of a
hue and cry for 30 percent, are you?

MR. BOYACK: Well, no, and | shouldn't be
the final arbiter of this.

MR. PONERS:. are you going to take the
extra 5 percent out of the ex-vessel hide?

MR. KRESS: No, it still adds up

MR. LEAVER: It adds up to nore than
iodine if you don't take it out. Your total release
woul d be greater, wouldn't it?

MR. KRESS: Yes, ny rel ease of the cesium
from the fuel is 60 percent. That is what |
cal cul at ed usi ng ny rel ease nodel with the high burnup
correction. GCkay. If that 60 percent gets 30 percent
or half of it gets deposited, | don't even need to
worry about what gets deposited. The 30 I have is
hal f of the 60. The rest of it gets deposited.

MR. LEAVER. (Ckay. So you've got 30.
KRESS: So | have 60 plus 5 over here.
LEAVER. Right, right, 65.

KRESS: Sixty-five.
LEAVER. Pl us 35.

KRESS: Plus 35. That's all of it.

2 3 3 % 3 3

LEAVER:. So you have no rel ease for
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| ate in-vessel ?

MR.  KRESS: Yes, the part that gets
deposited, 30 percent. Thirty percent got deposited;
10 percent of that got re-released. So it adds up.

MR. POAERS: Ckay, so you just want early
in-vessel to go up to 30 percent?

MR KRESS: No.

MR. LEAVER Yes, he does.

MR. KRESS: Yes, yes, that's the only
thing I want, is the early in-vessel to go up to 30
percent, right, and ny nunbers still add up.

Now this is where it doesn't add up, |
don't think, unless they are assunming 60 percent
rel ease, but --

MR. POAERS: There's nore deposition

MR KRESS: There's a lot of deposit.

MR, POVERS: There's nore deposition.
There's a conbination. There is nore retained in the
fuel. 1 nmean, at the tinme they were heavily biased by
the 10 percent nunber for the nelt in the bottom at
TM, plus in the analysis for cesiumiodine all | had
was a physical process. They knew for the cesium
wi thout the iodine, that they had an irreversible
chem cal deposition. Ckay, that is what | eads to t hat

nunber there.
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MR KRESS: What leads to the extra

deposition? | don't know what l|leads to the extra
deposition of cesium conpared to iodine. You would
have thought they deposited about the sane.

MR. PONERS: No, what they were sayi ng was
the cesium at the time they were sayi ng cesi umi odi ne
deposits largely by condensati on nmechani sns. Cesium
hydr oxi de deposits both by condensati on and chemi cal
reaction with the surface.

MR. KRESS:. Yes, but the anpunt that goes
there is condensati on.

MR LEAVER It's what stays there.

MR PONERS: No. No, because --

MR. KRESS: Condensation is a two-way
street?

MR. PONERS: Well, the partial pressure at
the interface, the chemcal reaction is very, very
| ow.

MR. LEAVER. Yes, that's right.

MR. PONERS:. Whereas the partial pressure
when you have condensation is actually quite high.

MR LEAVER: You could have no
condensation; if you have the chem sorption, you're
goi ng to have deposition.

MR. POAERS: Deposition, yes, and that is
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what the code did for you, was it gave you deposition
from the |eading edge, whereas condensation only
occurred way down the pi pe. That's howit canme about.
Now whet her they got their suns right and things |ike
that, that is open to argumnent.

MR KRESS: So | mght be tenpted to

say --

MR. POVERS: I wouldn't have to say
anyt hi ng.

MR KRESS: Yes, | think | will |eave it
at that.

MR. POWNERS:. Thirty, between 25 and 30
just doesn't get me too excited.

MR. LEAVER: Me, either. You coul dn't
argue that he is wong with 30. That's for sure.

MR. PONERS: No. No, |'ve got no argunent
for him but | sinply have no argunment that the 25 is
wrong either.

MR LEAVER Right.

MR. PONERS: So, | nean, if he was going
to froth at the nouth and bl ubber and bawl and t hi ngs
like that, | would give in to him Since he's not
going to do that, I amgoing to nake hi msweat it out.

(Laughter.)

MR. d ESEKE: One reason to raise the
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nunber woul d be to be cl oser with the French gui dance.

MR. POVNERS: That woul d get you right on
top of the French guidance.

MR. G ESEKE: Well, no, they're saying 70
percent penetration, 30 percent deposition, roughly.
We're saying 50 percent deposition, 50 percent
penetrati on. But this would nove us up a little
closer tothem whichis the only consideration, is a
consideration for raisingit to 30 rather than the 25,
| ooki ng at everything together, regardl ess of what |
comput e, doing a peopl e averagi ng exerci se.

MR POVERS: Show us what we have done so
far. Can you just flip through these now. Start from
t he top.

MR. LEAVER It would be nice to have a
transparency that you coul d mark up. | have forgotten
al ready what we did on the duration

MR. BOYACK: 1'Il tell you what --

MR. G ESEKE: | have, too. | don't even
remenber the duration

MR.  BOYACK: Is it possible to get a
transparency nade of this?

MR, SCHAPEROW  Sure.

MR. BOYACK: And then we can just mark on

t he changes and keep it up there.
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MR. SCHAPEROW Yes, | think we need t hat.

| really do.

(Wher eupon, the foregoing matter went off
the record at 3:31 p.m and went back on the record at
3:40 p.m)

MR. BOYACK: The first thing | want to do,
as | nmentioned to you, Jason, during the break we took
the tine to |ook at the calendar and to schedul e,
assum ng that thereis no conflict with NRC schedul es,
the third and final neeting of the panel.

MR. SCHAPEROW That's just fine with ne.

MR. BOYACK: Ckay. So, for therecord, if
you woul d consider that we will be holding the third
and final panel neeting on February 26th, 27th, 28th.
That's a Tuesday through Thursday. For your travel
arrangenents, if you would sort of hold to the idea
that we would finish maybe two o'clock in the
af ternoon generally is about the tinme that we finish.
W will need alittle afternoon tinme. GCccasionally,
we get done early, but generally that is the approach.

Now, given that, why don't | flash these
up and let you --

MR, SCHAPEROW 1'Il mark them Ckay, go
ahead and put the other thing up and I'Il mark them

MR. BOYACK: So we start out with noble
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gases. GCkay, let me cone down here. Ckay. The next
one is 0.63.

MR. POAERS: Brent, if people would like
to get coffee, the coffee place will close in the next
few m nut es.

MR. BOYACK: 1Is there sonebody that woul d
| i ke to have coffee? Then Dana could take them down
or one of the badged peopl e could. Anybody t hat wants
cof fee?

Ckay, it will take us a nonent.

MR. SCHAPEROW  Are we going into the
timng al so?

MR. BOYACK: Yes, | can do that.

MR. SCHAPEROW We'l| do the whol e thing
here, see how we're maki ng out.

MR. BOYACK: Let nme get down to the bottom
here and see. (Kkay.

The first one is 0.4, then 1.4, and the
| ast two are staying the sane.

Then we go to hal ogens. The only thing we
changed on hal ogens was the | ate i n-vessel, whi ch went
to 0. 2.

Let's see, now we're down to alkal
nmetals. | believe this is the one. COkay. So alkali

metals, we left those all the same, didn't we?

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

514
MR SCHAPEROW That's what we were

di scussing, actually these two nunbers, the early in-
vessel and ex-vessel.

MR, BOYACK: Ckay. So now is this an
ongoi ng di scussi on?

MR, KRESS: | think we're going to | eave

MR SCHAPEROWN W |eave it?

MR. KRESS: | couldn't convince anybody.

MR. BOYACK: So that nopves us on to the
telluriumgroup, right?

MR. SCHAPEROW Just for clarification,
guess |I'mKki nd of wondering why so much of an al kal i
nmetal release ex-vessel. | think that kind of does
tieinto the --

MR LEAVER It's not ex-vessel

MR KRESS: It's the same comment as the
hal ogens do.

MR SCHAPEROW But it cones out |ater
t hough. The idea is that cesiumconmes out a little
bit later than iodine.

MR KRESS: But not rmnuch.

MR. SCHAPEROW But not nuch, all right.
Al right.

MR. BOYACK: Ckay. So the next one on the
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list would be the tellurium
MR. SCHAPEROW Wbuld it be all right if
| put like as asterisk on these two, saying they're

released early in the late in-vessel period, or |

don't know?

MR BOYACK: Well, if you want --

MR. SCHAPEROWN Well, let's see how the
next one cones out, | guess. Al right.

MR. BOYACK: Now, Tom | want you to start
t hi nki ng because you are going to be first.

MR. KRESS. |I'mready to start, except |
want Dana here, because | don't, for the life of ne,
know where they got those telluriumnunbers. | would
have them al nost exactly the sane as the iodine and
even a little higher or close to the iodine.

MR SCHAPEROW There is al so a comrment in
the final points that tal ks about telluriumrel ease
bei ng reduced sonewhat i n response to coments. Shal
| get those? Those are up there in nmy office.

MR. BOYACK: You notice we're in a mni-
break here now while we wait for Dana to come back.

(Wher eupon, the foregoing matter went off
the record at 3:47 p.m and went back on the record at
3:55 p.m)

MR. BOYACK: Tom Kress said that he just
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found it inpossible to go ahead and |aunch on the
telluriumuntil Dana got back

MR. KRESS: Tellurium

MR. G ESEKE: The big "T" group.

MR. KRESS:. |f onelooks at the volatility
of tellurium it is even higher than that of iodine.
It's close toit. If it were not for the fact that
some peopl e think, and the evidence is there, that it
gets held up by the clad, it would get rel eased j ust
about |ike the iodine would.

Isit afact that the clad or sonmewhere it
gets tied up, either inthe fuel or inthe clad, until
about 90 or 95 percent of the clad gets oxidized, and
then it gets released as a Dburst, al nost
quantitatively.

So t he questi on conmes down t o, how nuch of
the clad will get fully or 95 percent oxidized in a
given transient, so that that fraction of the
telluriumgets rel eased fromthat fraction they' ve got
tied up, say, if it got tied in the clad?

| think the .05, which is 5 percent, is
ridiculous. | think nore than 5 percent of the core
gets fully oxidized in npost of the accidents. So |
woul d rai se t hat nunber to sonething, but ' mnot sure

what vyet.
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Even nore ridicul ous is the 25 percent ex-
vessel because, if it didn't cone out in-vessel, when
it gets down there in the ex-vessel, it's going to
conme out during the zirc oxidation part of that. So
| don't know where they got the 25 from

" mnot too happy with the | ate i n-vessel
ei ther because | think there are sonme questions of
residual fuel that, when you get to the higher
oxidation, it mght very well come out there.

So those are ny comnments. | don't know
exactly how to change the nunbers, and | don't know
where they got those nunbers from Any discussion
about that?

MR. BOYACK: Hossein, do you have any
background or comments you wi sh to make about the
telluriun®

MR. NOURBAKHSH: |In the draft document,
based on again 5747, it was 15 percent. There was a
comment, fromwhat | see here, fromthe British -- |
don't renmenber who -- that made the comments that this
is too high. So they nmade it -- | nean, the NRC
deci ded to | ower that down.

MR. KRESS: | think what they are tal king
about is, what fraction of the plant gets oxidized to

95 percent? That fraction is going to rel ease that
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fraction in tellurium | think it ought to be nore
| i ke 15 percent or even 20 percent. | don't know
where they get the 5. Then what about the 25 percent?

MR. LEAVER. So it was a British conment,
but you don't know the substance of that comment?

MR,  NOURBAKHSH: | know the comment; |
have a copy of the comrent, at |east the part that I
hi ghl i ghted for NRC.

MR. KRESS: How did they come up with 25
percent for the ex-vessel? | don't recall at all
t hat .

MR,  NOURBAKHSH: It doesn't say that
point. It says it is high because of the diffusion by
cl addi ng.

MR. LEAVER They were tal king about the
i n-vessel

MR. NOURBAKHSH: | n-vessel.

MR LEAVER  Yes.

MR. NOURBAKHSH: In the final report it
came down from 15 to 5.

MR. SCHAPEROW  And for the in-vessel
rel ease, one of the experts had a very | owrel ease of
tellurium It was expert B. He's got this curve
here. He doesn't get --

MR. NOURBAKHSH: Yes, but if you | ook at
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t he onset of these, the telluriumis nuch higher --

MR. SCHAPEROW Then in the ex-vessel the
experts all suggested that telluriumwoul d be rel eased
ex-vessel . That is one of the five curves we got from
the expert elicitation. That is the first one.

MR. KRESS: Then what's that 25 percent up
there for?

MR. SCHAPEROW It should be the nean
value fromthis curve.

MR. POWERS: Twenty-five percent of the
core has slunped down into the ex-vessel, and it
rel eases 100 percent of its inventory.

MR. KRESS: But there is only 25 percent
of the core.

MR. LEAVER. No, there's got to be nore
because --

MR. PONERS: There's got to be nore.

MR. LEAVER | think it is nore like 35 or
40 percent because t he cesi umrel ease ex-vessel was 35
percent, unless these guys neant by that, that that's
what was rel eased fromlate in-vessel. | don't know.

MR. POVNERS: One thing, | nmean, what you
know is a lot gets released, but telluriumhas this
propensity to react with any netal it sees along the

fl ow pat hway.
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MR LEAVER: | would offer --

MR. KRESS: So maybe that 5 percent, the
di fference i s what gets plated out in-vessel? It gets
| at ched onto things in-vessel, do you think?

MR. PONERS: | don't know. | know that
they were really, at the tine, these crazy guys at Qak
Ri dge were saying that you had to oxidize clad up to
these fairly high nunbers --

MR. KRESS: Ninety-five percent is what
t hey said.

MR. POWERS: -- to get any kind of
release. At the time there was a bias to argue that
t he codes were overpredicting the amount of cl ad t hat
was oxi di zed.

MR. KRESS: So you put those things
t oget her --

MR. POAERS: They may have suppressed t he
rel ease fraction and then they may have tied up a | ot
of it in the primary piping system was their
t hi nki ng.

MR. KRESS: All those things |ower that
one nunber.

MR PONERS: Yes.

MR. BOYACK: Inyour testingit in France,

have t here been any insights into telluriumbehavior?
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MR. CLEMENT: Yes. We cite here that

clearly the tellurium reaches very higher release
fraction. That's true that the rel ease stops at a
given place. W are close to 90, 95 percent. But |
am not so sure that we should apply this anmount of
oxi di zed cl addi ng t o cal cul ate t he amount of tellurium
because when the zircaloy is not oxidized, what
happens when you are speaking of that nelt, there are
sone interactions. It slows down. It could be,
mean, oxidized after *, and so on. This doesn't nean
that if you have sone zircal oy, unoxidized urani um
that's getting oxidation one way, * tellurium

| know that during the oxidation the
telluriumor sonething *, and so on.

For instance, in PHEBUS we had reported
metal interactions that probably the counts, at | east
our counts, underestimate, and this didn't appear
until nearly 100 percent telluriumrel ease, very high,
or 85 percent.

So I think that, fromour point of view,
we shoul d stick to very highrel ease fraction fromthe
fuel for tellurium

MR.  BOYACK: Right now they are only
showi ng about 1 in 30 percent release.

MR KRESS: Well, | don't knowhownuch is
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retained in the primary system You can't tell from
t hose nunbers.

MR. BOYACK: Evenif it was just these two
figures, you're saying sone fraction of that may be
redeposited or --

MR. KRESS: Redeposited in the primary
system

MR. BOYACK: But even at that, that's the
maxi num  You could have that none of it reacted or
redeposi t ed.

MR. POAERS: Sone of those nunbers refl ect
sone material being deposited in the primary piping
system and being fairly irreversibly retained.

MR. BOYACK: So, basically, what | hear is
you're not confortable -- | presune this is all --
you are not confortable with the current val ue of the
NUREG 1465 nunmbers. So | guess at this point the
thing would be to do to try to ask ourselves what
m ght be the appropriate val ues and the physics to go
alongwiththat. And you'retelling ne, | guess, that
it's not clear what the physics are.

MR. POVNERS: The enpirical observationis
that as long as you keep that fuel so that the fuel
environnent itself is substantially reduced, thereis

clad around to suck up the steam that you don't seem
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to get a lot of telluriumrel ease.

MR, BOYACK: Ckay.

MR. POAERS: Now where that telluriumis
| don't think has been conclusively denonstrated. W
have certainly had the Cak Ri dge experinments i n which
they certainly found the tellurium sonewhere around
the clad. | think a ganma standard or sonethi ng, but
you found it.

Wen we did the Sandia in-pile
experinents, it is a very tricky neasurenent to do
because you very quickly get blinded by the cesium
signal, but we deliberately took the scan of the fuel
right after the test in a wi ndow where we could see
tellurium and we had nelted the clad and it had
drained off the fuel, and the telluriumwas right in
the fuel. It was not in that clad. The nolten clad
pool down at the bottomwas telluriumfree.

MR. KRESS: So the clad may just be

preventing the oxygen fromgetting into the fuel

MR. POVNERS: The fuel. | nean that was
the conclusion, but it still didn't tell you where the
telluriumwas. It had to be sonething, because if it

is just tellurium that sucker would be a vapor.
MVR. KRESS: Oh, yes, at t hose

tenperatures, it just --
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MR PONERS: So we knew it had to be

somet hi ng, and | have al ways assuned, wel |, it nust be
reacting with the nmetal inclusions because they form
incredibly stable tellurides, but | don't know that
for a fact.

So then why does it un-react when it
becones oxidized? Wll, it wll do that. | mean,
that is just the truth of those things.

So now we have the PHEBUS resul ts i n which
they say they've got tellurium all over the place.
They're hip-deep in telluriumin there.

MR. CLEMENT: We can give you nore precise
figures fromour work on the PHEBUS tests; for the
VERCCRS 4, VERCCRS 5, and VERCORS 6 tests, that's 100
percent, nore than 98 percent, and 97 percent rel ease
of tellurium

MR KRESS: That's pretty close to the
| ot .

MR. POAERS: When we run the Victoria Code
on these things, we tend to see the telluriumtied up
and it's things like silver tellurides, stuff I|ike
that, like it's pre-reactive. |In other words, it is
already a telluride, so that when it sees the piping
system it doesn't want toturnintoirontelluride or

nickel telluride or something |like that.
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Just know ng the environnment that Brian
Bausher was operating in, he had just been doing
experinments on tellurium reaction wth nickel
pl anchettes, and of course nickel sucks up tellurium
li ke a sponge. | mean, it really goes after
tellurium So he may have, when he nmade hi s conment,
been thinking of the nickel in the piping system

But, | nmean, | think for the PHEBUS it's
pretty clear. They are running it up out of the fuel
al ong several neters of 700 degrees Centigrade, in
canal. | nean, that's a serious nickel.

MR CLEMENT: But it's oxidized.

MR. PO/ERS: Wll, the surface is
oxi di zed.

MR. CLEMENT: The surface is oxidized.
That's why there is no --

MR. PONERS: Well, even oxidized in cana
sucks tellurium and then it goes up through t he steam
generat or tubes and out into the containnent. So, |
mean, it looks to nme |ike understanding that we have
very few actual telluriumneasurenents fromin-pile
tests, because it's a tricky measurenent to make.

MR. KRESS: In fact, that's one of the few
| know of. | don't know what they did in PBM

MR PONERS: PBMhad a heck of atime with
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MR. G ESEKE: That's really dramatic
t here, Dana.

MR. CLEMENT: Well, there is uncertainty
for the VERCORS, if | | ook at the PHEBUS, if | conpare
* that is retaining the fuel through other *. So we
are 17 percent of telluriumretained in the fuel as
conpared to 16 percent for cesiumand 13 percent for
i odi ne.

MR. LEAVER  You said 17 percent?

MR CLEMENT: Seventeen percent.

MR, LEAVER  One seven?

MR. CLEMENT: Yes, one seven, as conpared
to 16 for cesiumand 13 for iodine. So it is really
conparable and it correspondstore-enteringthe |l ower
part of the bundle that was not so hot. Then if you
| ook at the retention inthe hot zone that made the in

canal, 700 neters long, it was 3 percent of the

i nvent ory.

MR KRESS: Three percent?

MR, CLEMENT: Yes.

MR, KRESS:. Kkay.

MR. CLEMENT: kay. So that is our
results.

MR. KRESS: Those results argue for a | ot
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di fferent nunbers than we've got up there.

MR. BOYACK: David, why don't you talk to
t hese nunbers. Then we can put that up after he has
shown that, and then maybe we can tal k about it.

MR. LEAVER: This is just for the rel ease
of FPT-1 and FPT-1-14, which of course are radiated
fuel, and FPT-0 is not radiated.

MR. CLEMENT: You are with respect to your
first colum --

MR LEAVER: Telluriumrel ease fraction.

MR, CLEMENT: Ckay.

MR. LEAVER: It is 79 percent, 53 percent,
21 percent.

MR, CLEMENT: Seventeen percent.

MR, LEAVER = Seventy?

MR, CLEMENT: No, 17.

MR, LEAVER  Seven zero or 177

MR KRESS: It's the rel eased.

MR LEAVER  Rel eased fractions?

MR KRESS: This is the anmount rel eased.

MR LEAVER That's to the fuel?

MR, CLEMENT: It is .83.

MR. LEAVER. Onh, it's .83?

MR CLEMENT: Yes, .83.

MR. LEAVER: Al right, well, | had
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sonething that said 53, but all right.
So it sort of correlated with the percent
zirc oxidized, although we are getting a very high

release with alittle over half of the zirc oxidized.

But even nore significant | think is the time and
tenperature. 1t does seemto be strongly correl ated
to that.

| don't know -- the NRC, it was research
that ultimately deci ded what to put i n NUREG 1465, and
t hey got, of course, the work that Hossein did and
then they got input from other people, and that is
where these conments from Brian Bausher cane in.

But | suspect that TM had sonet hing to do
wi th where they ended up because that is a heck of an
experi ment. Even though we can argue that the
acci dent wasn't typical, it's an acci dent on a react or
and that's what they got.

| think the time and tenperature are
significant. |If you hold the fuel and the nelt and
the debris and you let it sit there and cook, then
t hat woul d suggest that at sone point it's going to
go. Now how much of this sort of phenonena we want to
push into that 1.4 hours, well, | guess that's the
qguesti on.

MR. BOYACK: Okay, | wonder if we coul d go
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ahead and see the French data one nore tine.

MR,  CLEMENT: So that is PHEBUS FPT- 1.
Here this foamis what is retainedinthe fuel. So it
istellurium 17 percent; cesium 16 percent, iodine,
13 percent. So very simlar.

Then we have what i s deposited in the zone
just above the fuel. So we have only 5 percent for
i odi ne. That is not condensed in that zone. For
cesium and tellurium roughly 26 percent. That is
because the vapors are condensing in that zone.

Then we have aerosol, and we are convi nced
that that our rates are rather small. So that's the
overal | val ue.

Now when you get kinetics --

MR LEAVER Can | take a look at it?

MR, CLEMENT: Yes, sorry.

MR LEAVER If | can just hold it?

MR. CLEMENT: So this is cesiumrel eased.
This one is tellurium GCkay? What you can see here,
this is the trapping value of zircaloy foam non-
oxi di zed zircaloy. Both go in the sane direction.
That's the degradation process *. This is why we are
concer ned.

So why don't we have sufficient regul ation

level? We think the release of tellurium would be
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simlar to that of other tellurides.

MR. BOYACK: So you're show ng about 85
percent? |'mnot sure which one --

MR. SCHAPEROW One of the things to think
about, | think, is after about an hour or so, they
have some separation. W are tal king, as Dave said,
about a 1.4-hour heatup tinme. So even around 14, 000,
15, 000 seconds, one's a bit belowthe other, but it's
not a huge difference.

MR BOYACK: Al right.

MR. LEAVER  This is released fromthe
bundl e?

MR. CLEMENT: This is released fromthe
bundl e, yes.

MR. BOYACK: So then you have to decide
what was deposited, but the release is 85 percent,
roughl y.

MR. LEAVER: Bernard, how would you
explain, in light of this and the intuition and
insight that this gives you, how would you explain
what happened at TM with telluriun? Have you t hought
about that?

MR CLEMENT: No.

MR, LEAVER:  No?

MR. BOYACK: So what did they do to do the
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TM neasurenents? They took sone --

MR. LEAVER: Wll, they did a lot of
t hi ngs. | mean, they neasured what was in the
contai nnent. They took the entire what was |eft of
the core out and did a | ot of exam nation of what was
left. | mean, perhaps Dana could speak to the
nmeasurenents they actual |l y nade, but their guys spent
10 or 15 years of their |ife doing those nmeasurenents.
It was very, very carefully done, and there are a | ot
of papers witten on it.

So | think maybe there i s some uncertainty
on the 2 percent neasurenent for TM, but certainly
not -- | would be surprisedif it was too | arge of an
uncertainty.

MR. SCHAPEROW That's 2 percent of the
entire fuel --

MR LEAVER O the core inventory.

MR. SCHAPEROW Rel eased fromthe fuel ?

MR. LEAVER Probably that's okay for us
to assunme, that it was released fromthe fuel. [|'m
actually not sure if they say that's released to
contai nnent or released from fuel, but it doesn't
really matter. |If it is 2 percent for the fuel, then
it is 1 percent to containment; if it is 4 percent to

the fuel, then it is 2 percent to the containnent.
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But the idea is that they were | ooking at 2 percent.

And then SFD test, which admttedly was a
| ower zirc oxidation, but, nonethel ess, they sawthe
sane kind of thing from SFT-1-4.

MR. BOYACK: To this point in the
telluriumdiscussion, what we have really done is we
have gone back and reviewed the information. So
havi ng done that, now!| would |ike to come back and go
around the table and see what people have to say by
phase. W have the four phases, and sonetines | get
| ost because | don't track when you change fromphase
to phase, but if you would tell nme your thoughts for
t he four phases, we'll go around the table. Ton®?

MR KRESS: M thoughts are that --

MR. BOYACK: Starting with gap rel ease.

MR. KRESS: Gap release, | don't care;
it's zero.

MR. SCHAPEROW  You mi ght save yourself
some tine and see if anybody thinks there is a
significant gap release for tellurium

MR, BOYACK: Vell, | have to enter it
anyway. GCkay. Early in-vessel?

MR, KRESS: I'minclined to put a |lot of
weight on the PHEBUS results and say that the

telluriumrel eases in-vessel are very high. | don't
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know how high yet, but this is significant because
tellurium decays to iodine. It is a pretty serious
i sotope. If we have to deal with it in design basis
space, we ought to knowwhere it is com ng out. There
isalot of it there, and | aminclined to say we had
better think about those PHEBUS experi nents and put a
| ot of weight on them

MR. BOYACK: Is there a need here
underlying this? It seens to me this is one --

MR. KRESS: There is a need to explainthe
di fference bet ween what PHEBUS gi ves and what you get
intheselittle separate effects tests, where you heat
up fuel in a furnace, and all of the telluriumgets
trapped in the fuel and doesn't get rel eased until you
oxi di ze 95 percent of the clad. Wiy do you get that
in these experinments and why does PHEBUS get
quantitative release summarily? What's the
di fference?
CLEMENT: At VERCORS we got a |lot.

KRESS: Ch, you got it in VERCORS.

2 3 3

CLEMENT:  Yes.

MR. KRESS: So there is an inconsistency
bet ween VERCORS and, say, the ORNL tests, and | don't
know why the difference, but TM | don't think that

was a very good experinment. | don't think TM was a
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very good experiment.

MR.  SCHAPEROW ORNL tests, he said
various ORNL.

MR, BOYACK: kay.

MR. KRESS: So, primarily, the conception
that you don't get telluriumrel ease until you get 95
percent of the clad cones out of the ORNL tests. Here
we' ve got two sets of tests, one of themin-pile and
one of themseparate, that contradicts that. W need
to know why, but that sure puts a big question mark on
the ORNL tests.

MR. PONERS: | mean, | think ORNL and SFD
tests.

MR. KRESS: Oh, the SFD tests also did
t hat .

MR. POAERS: Those guys -- you guys at
ORNL started focusing on it because they weren't
seeing the release in the SFD

MR. KRESS: Wiy if sonmething is that
volatile, why didn't you see it? That's right.

MR, SCHAPEROW SFD, Severe Fuel Damage.

MR. POAERS: Sonehowin our in-pile tests
that we did we didn't get the telluriumout. It was
still in the fuel.

MR LEAVER. The SFD tests?
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MR. POANERS: No, the ones that were done

in Sandi a. There were sone specialized tests done to
| ook at the highly-reducing conditions, and they did
a couple of tests. Telluriumdid not nove.

MR. KRESS: There's a need to reconcile
these contradictory results, but inthe neantinme if we
have to specific a source termfor design basis, | am
one of these people that falls down on the
conservative side and says, let's use the PHEBUS
results, because that gives you nore problemin what
you have to do.

MR. PONERS: Well, | tend to look at it a
little this way: that we were really floundering
around with the SFD tests. | mean, they were
basically core degradation tests, and t hey nonitored
fission products. We really didn't know what we were
doi ng, whereas PHEBUS tests were dedicated, directed
frominceptionto | ook at fission product rel ease and
transport, and they had | ots of help in ensuring that
they did well-designed test.

MR. KRESS. And, simlarly, the Gak Ri dge
test --

MR. POAERS: |[|s that how you describe it,
"l ots of help"?

(Laughter.)
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MR KRESS: Simlarly, the Cak Ri dge test

had trouble finding tellurium because there wasn't
much of it in that fuel going in and they didn't re-
i rradi at e. So they really had problens with their
tel lurium anal ysis.

MR. PONERS: Well, that's another thingto
bear in mnd, is that the tellurium the radioactive
telluriumyou are seeing in the PHEBUS test is short-
life stuff. If it has been generated, it perhaps has
not had the opportunity to go around and find
sonething to tie itself up with.

MR. KRESS: And that is another possible
expl anation for the difference. The questionis, what
woul d a reactor do? Maybe that short-life stuff --

MR. POVERS: | mean, what |'m going to
argue i s that, as we nove to hi gh burnup fuel, we take
the tin out of the clad. As we consune the netallic
alloys that can react wth things by inherent
oxi dation, that we're losing --

MR. KRESS: You' re noving towards nore
tellurium

MR. POAERS: So we are goi ng to nove nuch
nore toward the PHEBUS result.

MR. BOYACK: So, basically, what | said

for Tomfor the early in-vessel release of tellurium
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which decays to iodine, those PHEBUS tests were
designed and directed to fission product managenent.
There is justification for basing source term
applicability on the PHEBUS results.

MR,  KRESS: That's pretty nmuch what |
t hi nk.

MR. BOYACK: Ckay. So if you were basing
it on, for this early in-vessel phase, what do you use
for the --

MR KRESS: | would be tenpted to nmake it
just |ike the iodine phase that we had, except | woul d
have to rethink a little bit about retention in the
primary system but | would also be guided over the
PHEBUS tests, that if your primary systemis oxidi zed,
maybe the telluriumdoesn't have that reading. So |
woul d be tenpted to make a lot |ike the iodine.

MR. POAERS: You know, there is another
t hi ng about the Severe Fuel Damage tests. \Wen they
bl ewt he control rods, that material sl unped pronptly.
Control rod material is highly reactive toward
tellurium [If that sucked it out and it fell out of
t he hot zone very quickly, you would not get --

MR KRESS: It sequesters it.

MR. POVERS: -- it sequesters; you

woul dn't get any rel ease; whereas, in PHEBUS it tends
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to hang up.

MR KRESS: That's interesting.

MR. PONERS: | think what you are going to
see, | nmean all of the analyses that | have seen on

the primary piping system always show the tellurium
tied up, silver-Indian tellurides and things I|ike
that, | mean you see lots of tellurides, like it's
al ready reacted fromthat --

MR. LEAVER Not just tin telluride, but
there's --

MR. POAERS: |In fact, | can't recall ever
seeing any tin telluride. It's always Indian
telluride or silver telluride, but I can't renmenber
the calculations that well. There may be tin
telluride, but | just don't renenber.

MR. LEAVER Well, that's what | renenber,
but there's a lot of Indian in the PWR s.

MR.  KRESS: Yes, but they tend to go
first, and |'"'mnot sure if they're still around -- |
don't know, it depends on how you cal cul ate the core
melt progression, but those things tend to go first
and get di spersed. Maybe they are still there; nmaybe
they aren't by the tine the tellurium --

MR. PONERS: Well, they tend to be all

over the place because you' ve got control rods going
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off sequentially in tine.

MR. LEAVER: There's just alot of mass of
I ndian, a lot of noles --

MR. KRESS: Ch, yes.

MR. LEAVER -- relative to the noles of
tellurium

MR KRESS: Yes, a lot there.

MR. LEAVER: So, yes, sone of it could go
off. It is hard to imagine that there wouldn't be
sone of it around.

MR. POVERS: It depends on two things.
You have this -- the control rods are going off as a
function of time, and then if you nodel it to slunp
down out of a hot zone very qui ckly and quench on the
| ower support plane, you don't have very nuch. If you
spray it, interact alittle bit withthe clad, hang it
up in things, then you' ve got silver all the tine.

MR. LEAVER: But, of course, things aren't
honobgeneous.

MR. POAERS: The answer is probably, yes,
it does all those things.

MR. BOYACK: kay, we've got you through
two of the phases now, but these are hard phases. Do
you want me to stick with and just take the first

coupl e of phases and go around the table, and then
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conme back?

MR. KRESS: Yes, let nme think about the
ot her t hi ngs.

MR. BOYACK: COkay, Jim let's start with
the gap release for tellurium Your thoughts?

MR. G ESEKE: ["m go with Tom on that.
He's saying -- what is it, zero? |It's zero.

MR. BOYACK: Yes. You've heard the dial og
on the early in-vessel releases. Wat are your --

MR. G ESEKE: It's really confusing is

what it is

(Laughter.)

MR. BOYACK: Really confusing.

MR G ESEKE: I'minclined to think that
there should be a lot of release, but |I don't know
what's going to happen to it. It wants to get tied

up, and whet her that happens in-vessel or in transit
is not clear.

| was wondering if we know the conputed
retention was in the RCS for tellurium

MR. LEAVER. Yes, |'ve got it here.

MR. G ESEKE: Do you have those?

MR. LEAVER: Yes. This is the
transm ssion, not the retention.

MR. G ESEKE: Oh, okay, what was that?
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MR LEAVER: These are the numbers under

the tellurium colum for the different environment
condi tions.

MR, NOURBAKHSH: They are the 1150
elicitation.

MR. LEAVER Yes, those are the 1150
elicitations.

MR. NOURBAKHSH: Those are quite high. If
you look at chad nelt-type calculation, you are
getting -- you can bond it |ike 50 percent.

MR. G ESEKE: So the retentionis simlar
to the iodine, cesium--

MR. NOURBAKHSH: No, the total release
woul d be Iike 50.

MR. Q3 ESEKE: You nmean the retention
fraction, the retained fraction?

MR. BOYACK: If you are going to talk,
stand by the m ke.

Jim if you were forced to give a val ue,
woul d you -- pardon ne, encouraged to give a val ue --
do you have a sense of what rel ease fracti on you woul d
use for the early in-vessel phase?

MR. G ESEKE: Well, I'"minclined to think
it mght be simlar to the iodine.

MR. BOYACK: kay, Dana?

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

542
MR POANERS: Telluriumis one of the first

ones where | think we started seeing really
prof ound - -

MR. BOYACK: Just a mnute.

MR G ESEKE: Ckay, fractionrel eased from
the pool goes into containment. Those are fairly
hi gh, aren't they? There's not too nuch --

MR, BOYACK: (kay, thanks, Dana.

MR POWERS: Tellurium is the elenent
where | think we start seei ng profound burnup effects
potentially intruding, and especially as you nove
toward 75-gigawatt-day fuel, | think that you wll
have | ost your oxygen potential buffering capacity.
In that light, | would think that | would need to
i nclude sonme telluriumrel ease in the gap rel ease. |
don't think it is large, but | wll argue for
sonet hing on the order of 1 percent. You could talk
me into a half a percent w thout nmuch trouble.

But | want to enphasize that this is an
area where | think we need experinental neasurenents
of fission product release during design basis
acci dents.

MR. BOYACK: So the needis -- part of the
problem is I'm typing while you're talking, so |

mssed it. Wuat was the latter part on need?

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

543
MR. PONERS: We need experinents with high

burnup fuel wunder LOCA conditions and nmeasuring
fission product rel ease, both gap rel ease, which you
only get kind of in the experiment, but you'll get
somet hi ng, and --

MR, KRESS: |Is that PHEBUS LOCA?

MR. PONERS: Well, | nean, they may be
able to do themin the single-rod experinents. I
don't see howif they don't re-irradiate. You have to
be careful of re-irradiation because then you're
getting short-life stuff that hasn't had a chance to
nove around. So you nay get an upper bound there, but
you have to be careful, and | think we ought to be
measuring that. | mean, why guess?

PHEBUS LOCA experinents are ones that
haven't been done yet. They're proposed.

MR. BOYACK: Ckay, so you're tal king about
a gap release of half to 1 percent and the need for
experiments. kay.

| s that what you have in the gap rel ease
phase and your other earlier conments --

MR. PONERS: |'mready to nove onto early
i n-vessel release.

MR, BOYACK: Ckay.

MR. PONERS: | just can't ignore the
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PHEBUS results. So nmy tendency is to say, gee, |
believe I'll just take the average of the iodine and
cesiumor that fraction that gets released fromthe
fuel in-vessel and transported through the reactor
cool ant system

MR. BOYACK: Take the average of iodine
and cesium that is released, transported, and used
for -- is that what --

MR. PONERS: Yes, yes, and say it i s going
to be right in between those two sonepl ace. | swal | ow
the PHEBUS results, and | nean |'ve watched those
tests fromtheir inception. It's kind of hard for ne
to neglect them They were well-designed. They
seened to yield a pretty incontrovertible result.

MR.  BOYACK: VWhat is that, roughly 30
percent now?

MR POAERS: Yes. See, this is Toms 30
percent that he has been arguing for all along. W're
going to give it to himhere. 1'Il just put it in a
different box, Tom W were going to get there.

(Laughter.)

MR. KRESS: | don't mnd as | ong as we get
it up there sonehow.

MR. BOYACK: You mean any pl ace you get 30

percent ?
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MR. KRESS: Yes.

(Laughter.)

MR G ESEKE: Any 30 percent will do.

MR. KRESS: If you could do that on ny
| RA, | would appreciate it.

(Laughter.)

MR. BOYACK: We tal ked about reconciling
the differences, but is there any need for additi onal
experimental prograns that are not already planned?

MR. PONERS: Again, | think that we should
be doi ng experinments with high burnup fuel under both
severe acci dent and | ow conditions.

MR. BOYACK: Al right, Bernard? W're

sort of dealing with the first two phases here, gap

rel ease --

MR. CLEMENT: Ckay. So for the gap
rel ease, we don't think about what *. We did not
consider any gap release, but | understand the

argunents that nmaybe there could be sone, but | don't
know.

MR, BOYACK: kay.

MR. CLEMENT: Concerning the ot her phases
of in-vessel release, so without distinction between
phases, as for other volatiles, okay, we arrive with

the sane figure of overall release; that is, for the
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cont ai nnent, 70 percent fuel deposition and 70 percent
for the contai nment. They shoul d be separated in the
sanme way.

MR. BOYACK: Same way. Wuld you rem nd
me what the breakdown of the 75 percent was?

MR. CLEMENT: Seventy. W did not nake
any breakdown.

MR. SCHAPEROW The sane as cesi umi s what
he sai d.

MR. CLEMENT: Yes. W personally did not
make any br eakdown.

MR. BOYACK: No, | wasn't talking about
t he breakdown bet ween t he phases, but | was referring
to what was deposited and what was contai nnent.

MR. CLEMENT: GCkay. It should be clear:
100 percent release from fuel, and 70 release to
cont ai nnent .

MR BOYACK: Ckay.

MR. CLEMENT: We say 100 instead of 95
because of the 5 percent we did not consider as
rel eased during the gap will be rel eased anyway.

MR. BOYACK: So 100 percent is released
fromthe fuel, and rel eased to the contai nnent was - -
was that the 75 percent?

MR, CLEMENT: Seventy percent.
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MR. BOYACK: Seventy percent; | thought

heard you say that. Ckay.

Anyt hi ng el se?

MR, CLEMENT: No.

MR. BOYACK: (kay, Dave?

MR. LEAVER | think that the FPT-1 data
is new since 1465 and is significant. | would just
observe that fromthe integral release curve that it
tends to be on the order of maybe two-thirds to three-
guarters of the cesiumrel ease right until the very
end, when they both kind of junp up to 85 percent or
so on that curve.

Sol think, innm view, that the tellurium
nunber should cone up. This is primarily, | guess, a
rel ooking at 1465-type observation as opposed to
effect of higher burnup. | think I would make these
comments irrespective of the higher burnup, and |
think the FPT data is the main reason to make this
sone ki nd of increase.

But if you observe, first of all, that the
telluriumrelease is on the order of two-thirds to
three-quarters of the cesiumon that integral rel ease
curve, and the second thing is while TM and SFD are
old, | don't think we should just ignore them

conmpl etely.
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Ch, | guess anot her observation woul d be
the fact that the FPT was at tenperature for maybe
twice as long as what we're saying our in-vessel
rel ease durationis, roughly, or 1.7 or 1.8 tinmes. So
at | east acknow edging that TM and SFD results and
the fact that we're looking at this early in-vessel
release as a significantly shorter period than the
FTP-1, but bal ance that with the fact that the rel ease
rate seens to be higher than what cane out of 1465,
per haps sonething a little bit | ess than the cesium
| woul d say a nunber maybe |i ke for telluriumrel eased
fromthe fuel, maybe 20 to 25 percent wi th sone anount
of retention.

| don't see a basis for deviating too nmuch
fromthe factor of two, which tends to be kind of a
m sh-mash-type nunber, considering alot of different
sequences condi ti ons, which woul d | ead nme a nunber for
telluriumof, say, into the contai nment of somewhere
in the nei ghborhood of 10 to 15 percent.

MR. G ESEKE: Just as a point of
i nformation, the conmputed val ues for transm ssion of
tellurium were roughly 80 percent, for better or
wor se.

MR. LEAVER. Oh, they were?

MR G ESEKE: Yes.
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MR LEAVER: These are transm ssionis 15

to 20, maybe 30 percent, according to this. This is

fromthe expert -- do you mean this table?

MR. G ESEKE: No, his conputations. The
comput at i ons.

MR, LEAVER. Wi ch comput ati ons?

MR. NOURBAKHSH: The t abl e you are | ooki ng
at are NUREG 1150, the nean val ues. They have | ooked
at the result of Source Term Code Package, but they
tend to look at them |ike upper bound. \Wen they
quantified the distributions, it canme |ower.

MR. LEAVER So, like all these nunbers,
there's arange, and, yes, these are nedi an and neans,
but |I guess a factor of two. [|'mnot smart enough, |
guess, to say that this nunber should be different
than a factor of two.

So, with a release fromthe fuel of 20 to
25 percent, based on the FPT resul t, but acknow edgi ng
that we are | ooking at duration on the order of 1 to
1.5 hours, and renenbering the fact that there was
this event called TM and the SFD tests, | guess |
woul d come in at 20 to 25 percent, with a factor of
two reduction, giving ne 10 to 15 percent.

MR,  BOYACK: Ckay, Dave, on the gap

release, | think all your comments with respect to
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early in-vessel and then subsequent to that --

MR. LEAVER Yes, | woul d have no basis to
change the gap release, though we mght nmeke it
sonmething other than zero. W could meke it sone
really small nunber, but I don't think -- | wouldn't
adjust it to a nunber |like 1 percent or sonmething, if
we want to make it sonething other than zero. That
woul d at | east qualitatively acknow edge t hat maybe we
t hi nk something would cone out during the gap. I
think it is hard to defend zero for the gap rel ease;
that's for sure.

MR. BOYACK: COkay. Nowlet's wal k through
a coupl e of these and see if we can't wap these two.

The first of them is the gap rel ease,
whi ch i s sonewhere between zero and 1.

MR. G ESEKE: | said a half is sonmewhere
bet ween zero and 1.

MR BOYACK: | guess that's right.

MR KRESS: Probabilities are between 0

and 1.

(Laughter.)

MR. BOYACK: Sone of us are getting near
the end of the day, | can tell.

(Laughter.)

Ckay, the question, | think, is basically:
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Do we want a non-zero value? Oiginally, we started
out over here, and then there was sone discussion
about the possibility of perhaps having a non-zero
val ue, and Dana would live with a half percent and
David would live with a half percent. The question

i's, anybody else --

MR. G ESEKE: "1l live with a half
percent .

MR. KRESS: Five percent isall right with
me.

MR, BOYACK: kay.

MR. PONERS: | think you need anot her zero
in there.

(Laughter.)
MR. BOYACK: kay, |'msorry. Nowwe cone
to the early in-vessel, and there is a span here, if

|"ve recorded right, between 25 and 35 percent, 20 to

35 percent.

MR. SCHAPEROW Actual ly, Dave had about
10 percent.

MR, LEAVER: No, not 20.

MR. BOYACK: OCh, | guess what happened i s,
when | heard you, | interpreted you to be telling ne

somet hi ng down here.

MR. LEAVER  Okay.

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

552
MR BOYACK: So this is wong.

MR. LEAVER: No, ny thought was early in-
vessel .

MR. BOYACK: So it is 10 to 15 percent,
right?

MR LEAVER Right.

MR. BOYACK: You've got to watch the typer
all the tine.

(Laughter.)

Okay. So now what | would like to do is
try to figure out howto deal with this. Actually, we
had t hree of the panel nenbers were up in the area of
30 to 35, and | guess the French don't break it down.
Okay. But you get 100 percent rel ease fromfuel and
eventual |y delivery to the contai nnent of 70 percent,
which is, again --

MR. CLEMENT: Not so far fromthe total.

MR. BOYACK: Ckay. Thisthingis starting

to get warm evidently because, if you can see, | am
losing sonme of the lines here (referring to
equi pnent) .

So we have Dave who is down at a nuch
| ower val ue.
MR. G ESEKE: | would like to propose a

hi gher val ue. I would like to look at Toms
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calculation for this sort of burnup. He gets 100
percent release predicted. If you take the
conmput ati on of 80 percent of transm ssion, then you
are |l ooking at 80 percent to the containnent as an
upper bound. | think that 1is probably an
overestimate, but | think that is consistent with what
the French are finding in their experinents. | think
it is a little high, but I wuld like to see the
nunmber hi gher.

MR. BOYACK: Higher than 35?

MR. POVERS: Understand that you're
working in this phase with only 60 to 70 percent of
the core nelting down. So if you take --

MR. d ESEKE: Ckay, you can take that
times 60 percent, if you want.

MR. PONERS: So if you take 70 percent of
t he core and 80 percent transm ssion, that would give
you a 56 percent rel ease.

MR G ESEKE:  Yes.

MR. KRESS: So perhaps we can play with
t hat .

MR. POVERS:. That's what he neans by -- he
says 20 percent of that being plated out.

MR G ESEKE: Yes.

MR. PONERS: You're going to pasted by the
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transcri ber.

MR. G ESEKE: |'mjust saying | think to
go down to 10-15 percent is |ower than what | would
say. M 60 percent Dana is saying is probably on the
high end. So | think it is closer to maybe a half;
40, 50 percent would be a better nunmber than the | ow
end, especially since it 1is supported by the
experimental results fromthe French.

MR. BOYACK: So is that number different
t han what you've got here?

MR. G ESEKE: It needs to be nodified for
sone fraction of the core, for the fraction of the
core invol ved, say 70 percent of the core involved in
this in that tine period.

MR. BOYACK: Yes, what |'masking, Jim is
| "' mhaving a hard ti me tracki ng whet her this nunber is
the sanme as you offered initially or changed.

MR. G ESEKE: | didn't give you a nunber
initially.

MR. BOYACK: Well, sure you did. See,
it's right here.

(Laughter.)

MR G ESEKE: That was fromthe fuel.

MR.  BOYACK: Ch, this is a release

fraction fromthe fuel, right?
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MR. G ESEKE: Ri ght. But it could be

hi gher than that even, if you want to use Tom s
cal cul ation. He cal culates 100 percent, but being a
little skeptical, I'"magiving 90 percent or sonething
like that. So you take .9 times .7 tines .8 and what
do you get? Fifty percent. Now that still may be
hi gh. You know, it seens |ike a big nunber to ne, but
it tends to be nore supported by the French data is
all 1'm saying. There is some |ogic behind those
nunber s.

"1l start tal king dowmn fromthat nunber
now, if you want.

MR. BOYACK: And |I'mputting 50, is that
right? See, I'"'mnot quite sure whether |'m m ssing
sonet hi ng.

MR. G ESEKE: Yes, take out "from the
fuel"” and just say 50 percent.

MR. KRESS: That's the nunber that goes in
t he box.

MR. BOYACK: Yes, that's the nunber | was
after. Okay, so now we're between 10 and 50 percent.
You heard sone of the dial og. Does any of this change
your mnd or are you still back where you were?

MR. LEAVER: No, | guess not. | think if

we believe cesiumto be 25 percent in-vessel, and if
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we t hink we' re tal ki ng about a rel ease duration on the
order of 1.4 hours, and then the reason, at | east one
of the reasons for that release duration is we are
saying this is a recovered accident. That is what we
say i n design basis space, and that is the reason why
we don't consi der the ex-vessel and the | ate i n-vessel
rel ease.

Sowi th that rel ease duration and t he fact
that we felt that the right nunber for cesiumwas 25
percent, and if you |look at the French data, the
telluriumis | aggi ng the cesiumrel ease such that you
get roughly three-quarters or so of the cesium
rel ease, although at the end, as | said, it catches
up, but that's out of |ike 6500 seconds or so, | don't
see how we can justify a larger nunber for tellurium

unl ess you believe telluriumisn't retained in the

RCS.

If you look at the French results, it
shows about the sane retention. Now |'m not
personally -- | don't feel like | amsmart enough to

say that the retention would be different.

MR. G ESEKE: The French shows -- what did
they say -- 70 percent?

MR. LEAVER Well, | was just |ooking

at --
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MR. G ESEKE: It's a 30 percent retention.

MR. LEAVER Yes, | was just |ooking at
the -- if you ook at the cesium this is for FPT-1
the cesiumline and the telluriumline, the percent in
t he upper plenum and the percent deposit in the hot
| eg, and what-not, | ook roughly the sane.

So | would say, even if you were to say

t hree-quarters of our cesi umnunber, we woul d be cl ose

to 15 percent. | nmean, maybe it is a little nore.
Also, | just don't feel that we should totally throw
out what happened with TM and SFD. | think we want

to consider a range of conditions and sequence types
and that sort of thing. So that is kind of what we
are doi ng, and those two data points, inmy mnd, tend
to kind of nake ne want to tanp the nunber down a
little bit or at | east accept the kind of |ogic that
| just went through that woul d gi ve us a nunber of, if
not 15 percent, then between 15 and 20.

MR. BOYACK: Ckay, | don't know where to
go with this one, but are there any other conmmrents?
As you heard the dialog back and forth, is there
anyt hi ng that changes anybody's m nd?

(No response.)

Okay, so this is a case where we get a

| ar ge range.
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MR.  POVERS: It's a large range, but

understand, even if we took the bottomof that range
and made sone radi cal change in the way we | ook at the
source term | nean even if you were to take Dave's
nunber which is at the bottomof the range at 10 to 15
percent, it is three tinmes what you've got now, but,
nore inportantly, it is abigdifferenceinthe way of
| ooki ng at things.

MR. SCHAPEROW A big difference in what?

MR POAERS: How you | ook at things.

MR LEAVER In terns of tellurium

MR, POVERS: That's right, in terns of
tellurium

MR. LEAVER  Are acknow edgi ng, | think,
that there is that difference. Yes, that's right.

MR. PONERS: W've got sone really good
data poi nts now.

MR. LEAVER: There is sone significant
data that we didn't have a couple of years ago.

MR. PONERS: A guy can cone al ong and nake
an argunent and say, okay, you've got a core that's
like a third high burnup fuel and two-thirds | ower
burnup fuel, and if you said, well, | ower burnup fuel
behaves just like TM, releases squat, and higher

burnup fuel behaves a whole lot |ike PHEBUS and
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rel eases a bunch, you cone up with these kinds of
nunbers, 1 think.
MR. LEAVER Wait a mnute. Are you

saying that the FPT-1 was hi gh burnup fuel?

MR. PONERS: Well, it was not, but it was
up around -- | think FPT-1 was 20 --

MR. CLEMENT: Twenty-four.

MR POAERS: Twenty-four?

MR. CLEMENT: Twenty-four.

MR. POAERS: G gawatt-days per ton.

MR LEAVER  Twenty-four.

MR. POAERS: \Wereas, TM is 8.

MR. LEAVER. oh, core average was 8?

MR PONERS: Yes.

3

KRESS: That is why TM shoul dn't be
extrapol ated to t hese ki nds of nunbers. The burnupis
just too | ow

MR. LEAVER Well, yes, | don't think we
are extrapolating it. | amjust saying | can't bring
nyself just to conpletely ignoreit. So it tends to
want to at least inpact a little bit on ny thinking.

But | agree with what you said, Dana. |
think that we are acknow edging a different way of
| ooking at telluriumthan we did five years ago when

we did 1465, or eight or nine years ago when we did
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t he thinking for 1465.

MR. SCHAPEROW Twel ve years ago.

(Laughter.)

MR. POAERS: It was a long tinme ago. As
| said, for the NUREG 1150 elicitations, | said, for
tellurium I'm totally uncertain, drew a diagonal
l'ine --

MR KRESS: Just straight across.

MR. PONERS: |'mtotally uncertain. Today
| think I would end up drawi ng maybe not a di agonal
line, but it would still be a vast wuncertainty
associ ated with this.

MR. SCHAPEROW | see your diagonal |ine
right there. There it is.

MR. POAERS: Yes, that's ne.

(Laughter.)

MR. SCHAPEROW  Sonebody thought it was
very low. This is a very low fraction.

MR. POAERS: Well, you have to understand
at the tine that they weren't seeing anything in the
SFD tests. So they asked Oak Ridge to take a | ook
particularly at it, and OCak Ridge couldn't find it.
Then they cane up with this clad thing. They wote a
paper on it. | nmean it's in Nuclear Technol ogy or

sonmet hing |ike that.
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At the sane tine we were going in an era
froma period in the March code where we said every
bit of the clad gets oxidized during the in-vessel
core degradation to saying, no, wait, lots of this
escapes oxi dation in the core and cones ex-vessel. So
t hose conbinations of things |l ed at | east one guy to
say, oh, it's very |ow rel ease inside.

But, wunderstand, what you don't get
i nside, you bring it ex-vessel and nmy nelt concrete
gets it for you. | mean, if there is one fission
product that | think we know well experinentally on
nmelt concrete interaction and cal cul ate well on nelt
concrete interaction, that is tellurium

MR. KRESS: That is why | never understood
t hat 25 percent.

MR. POAERS: Well, | think that is 25 --
well, | don't knowwhy. | guess | don't understand it
ei t her.

MR. BOYACK: Let nme ask a question at the
extrenes of the values. What is the user inpact of a
nunber now that goes into the source term for high
burnup fuel of 15, even though it is reflecting
know edge not on high burnup fuel, but just on
telluriun? What is the inpact on the 15 percent val ue

and what is the inpact on a 50 percent value? |Is
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there any significant real-large inpact on the end-
user?

MR. SCHAPEROW Well, as Tompoi nted out,
one of the telluriumisotopes decays to |odine-132.
Generally, right not it is pretty small.

MR. LEAVER VWhat's the half-life of

| -132? The half-life of lodine-132, |ike about 90

m nut es?
MR SCHAPEROW If you multiply that --
MR PONERS: No, it's a few hours.
MR. LEAVER: A few hours? Five, six
hour s?

MR. POVERS: | think it is longer than
that, but | can't renenber exactly.

MR. BOYACK: The reason | amasking is if
relatively insensitive to one end or the other, then
maybe you can just pick one of the values and say,
okay, it's not a matter that is really highly
sensitive on the inpact, but if it has |large inpact,
then there is large uncertainty.

MR. G ESEKE: Let ne reconsi der ny nunber.
| think | overestimted because | didn't consider the
di stribution of high burnup in the fuel.

MR, BOYACK: Yes.

MR. Qd ESEKE: If 1 go through that
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estimation of the fractions of the fuel for high
burnup conpared with |ower burnup, | can get ny
estimated nunber fromthe 50 down to 30 percent.

MR. KRESS: So he is right online with ne.
in saying it is about the sanme as the iodine.

MR. G ESEKE: Yes, | forgot about that
when | made ny first calculation. O course, that
puts it to be not consistent with the French line, or
| ess consi stent.

MR. PONERS: Well, we will get back up to
t he French when we do the other two sections. W wl|l
catch up with them

(Laughter.)

We're just slow, that's all.

(Laughter.)

MR KRESS: Wiat's the half-life of it?

MR. PONERS: 2.3 hours. But, effectively,
| odi ne-132 has an 88 half-life.

MR. LEAVER: Well, Tellurium 132 has a 78-
hour half-life.

MR. POAERS: Seventy-eight? Al right.

MR. LEAVER  That defines the half-life
for iodine.

MR. PONERS: Tellurium 132 in an acci dent

acts like it has a 78-hour half-life.
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MR. BOYACK: | am not sure we know the
answer to the question you are asking, which is --

MR. KRESS: | thought | would just try
t hat questi on.

MR. LEAVER: It is too bad we didn't cone
to this at two o' cl ock because | probably could have
made a coupl e of phone calls and had a coupl e of quick
cal cul ati ons done where we could probably tell you
pretty darn good what the i npact that would be. It is
not trivial.

MR. BOYACK: Well, | don't even knowit's
a problem for us.

MR. LEAVER: The 50 percent nunber | think
| could be a potential disaster.

MR. BOYACK: Well, the 50 percent just
went away to 30.

MR SCHAPEROW | magi ne that.

MR. LEAVER: A factor of three. If we
went from5 percent to 15 percent --

MR. BOYACK: See, thisisn't ny call. So
the question is: How do we deal with this?

MR. SCHAPEROW | t hi nk we shoul d sl eep on
it because it's five o' clock.

MR, BOYACK: Well, yes.

(Laughter.)
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MR. POAERS: Yes, | don't m nd sl eepi ng on

it, and | enphasize what | said earlier, that even if
we take Dave's nunber and put it in there, you're
tel egraphing then that you really need to do sone
serious study in this area because you just nmade a
huge change in this thing. It calls attentiontoit.
Maybe we need to sleep on it and just go on and do the
others so that we catch up with the French, you know.
Those guys are always ahead of us.

MR LEAVER  They were ahead of us when
they built standardized pl ants.

MR. POAERS: Yes, that's the thing. Ever
since they went to standardi zed pl ants, they've been
ahead of wus.

(Laughter.)

MR. KRESS: Now we are trying to --

MR. PONERS: Well, we gave up. W just
i mported them and had them make the MOX fuel for us.

(Laughter.)

We will never catch up on MOX. W shoul d
buy theirs; it's easier.

MR. KRESS: W should have listened to
them shouldn't we?

MR PONERS: W would, but they were

speaki ng French all the tine.
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MR KRESS: Yes.
(Laughter.)
MR. LEAVER  And then they dropped the
"s," and that really confused us.

MR. PONERS: Yes. They said, "lI'reactors”
and "reactors” and we t hought they said "la reactor, "
and thought they were only building one, you know.

(Laughter.)

MR. KRESS: But they kind of screwed up on
theliquidnmetal. W'IlIl forgivethemfor that, right?

MR.  POVERS: Well, they built one, as
opposed to us.

(Laughter.)

It isjust our argunments that had holes in

(Laughter.)

MR. SCHAPEROW If you can go upstairs for
| i ke five mnutes, we can get this stuff printed out,
| think. | can plug you into a printer up there, if
you woul d |ike.

MR. POVNERS:. Hey, that would be kind of
neat .

MR SCHAPEROW We'll| be back in about
five or ten m nutes, hopefully, with the recording of

t oday here.

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

567
(Wher eupon, the foregoing matter went off
the record at 5:09 p.m to reconvene the follow ng

day, Thursday, Decenber 13, 2001.)
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