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8:35 a.m, Brent Boyack, Facilitating.
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P-ROGEEDI-NGS
(8:35 p.m)
MR. BOYACK: Good norning. Just a couple
of items that | wanted to check on as we begin, and
then we will return to our Source Term Applicability
wor K.
| just wanted to go ahead and reaffirm
that the date for the third and final neeting of the
panel , we agreed yesterday that that neeting woul d be
hel d i n February, the | ast week, February 26th, 27th,
and 28th. That is Tuesday, Wednesday, and Thur sday.
And the idea here | think for settingthe
neeting this far ahead is so that those of you who
need t o make arrangenents that invol ve non-refornmabl e
tickets and everything, this is a short day.
So | just wanted to |l ook at Charlie and
Jason, and make sure that this day is all right with
t he NRC.
MR. SCHAPEROW W may have an i ssue with
it. Can we get back to you later today?
MR, BOYACK: Yes.
MR, TINKLER: Well, fromwhat |I knowri ght
now, it woul d not be -- and not that ny i nvol venent is
critical, but it would be areal bad neeting for ne to

have, because it is the start of the EUSAFE Program

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

572

and their first meeting is scheduled for that week.

MR. BOYACK: Just to go ahead and gi ve you
an i dea of where you are. |If you | ook at the week of
t he nmeeting before, you will see that there are ACRS
nmeetings; and the week of the 11th for Tom and al so
Dana. It is a holiday the next week.

| can't remenber if there was anybody
el se. Then we get into February, and | was trying to
keep the neeting to the first part of the nonth, and
the first week was--

MR.  CLEMENT: Well, with the NRC, Mark
won't be involved wth that.

(Di scussion off the record.)

MR. BOYACK: So a Wednesday, Thursday, and
Friday. | think that possibly could work, but let's
j ust check everybody' s cal endar. Now, the di scussions
fromthe audi ence, you have to use the m ke.

MR CLEMENT: Is it a firmdate for --

MR TINKLER: | believe it is.

MR. CLEMENT: VWhat this neans is that
assum ng now that this week that has been previously
schedul ed is still available, it would | eave within
the period that we initially had bl ocked out, two
weeks, the first of them beginning the week of the

18t h of February, and there was a suggestion that we
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nmeet on Wednesday, Thursday, and Fri day.

| s there anybody for whomthat woul d not
be accept abl e?

DR, LEAVER M wife.

MR. SCHAPEROW Shal | we have the neeti ng
out in California?

MR. BOYACK: kay. David, what do you see
there? Then there is this other possibility. Wile
David is | ooking at that cal endar, the week of March
11th. What is the situation there with everybody?

MR. LEAVER: The week of the 11th is a
better week for ne, and if push comes to shove, |
could do it then

DR. KRESS: Dana, there is sonme suggestion
that we go down to Turkey Point on Wdnesday and
Thur sday of that week?

DR POVERS: Yes, | think we have our
Turkey Point visit then.

MR. BOYACK: Are you tal ki ng now about the
week of March?

DR PONERS: Yes.

DR, KRESS: Yes.

MR. BOYACK: Al right. It |ooks like,
although it is difficult to David, that really | eaves

the only avail abl e date here of -- and you suggested
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Wednesday, and Thursday, and Friday? |s everybody
else all right with that?

DR. PONERS: | think for us that work for
a hard working laboratory, we don't even get that
hol i day.

DR. KRESS: | don't even know what hol i day
it is.

DR. PONERS: | have no idea what it is
either, but I"'msure we don't get it.

MR. LEAVER: |'mnot sure that we get it
either, but we m ght.

MR BOYACK: Well, those who do work at
progressive | aboratories do cel ebrate Presi dent's Day,
and we do celebrate it on Monday, the 18th, although
| can travel on Monday, the 18th. Again, it is not a
big thing to me. It is just a question of when you
woul d rat her go.

If you would rather nmeet on the 19th,
20th, and 21st, that's perfectly all right with ne.
DR. POAERS: It is nox-nix.

MR. BOYACK: | amthe only one who has a
hol i day, right? And you guys don't travel.

DR. PONERS: Onh, | amsure that they get
t he holi day.

MR. SCHAPEROWN W get every holi day.
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DR. PONERS: And on President's Day we

have to travel . As an i ndependent Federal Agency, you
probably shoul dn't cel ebrate that holiday.

MR, Tl NKLER: Wll, we celebrate
Washi ngton' s birthday.

DR. PONERS: Ch, that's an idea.

MR, LEAVER: Wll, if we do the 20th,
21st, and 22nd, can we adjourn early enough Friday?

MR. BOYACK: Well, what | propose is that
we just go up to the middle of the week, which woul d
be the 19th to the 21st. Wuld that be all right with
everybody? February 19th through the 21st, Tuesday,
Wednesday, and Thursday.

MR LEAVER Yes, that's fine.

MR. BOYACK: Then that's okay. Now the
i dea here is that nobody is going to cross-program
and we can go ahead and nake reservati ons and things
l'i ke that.

Now, the next thing that | would like to
do before we actually get working is just to ask a
question that would help me with the docunentati on.
I f you | ook up on the screen here, this is one of the
typi cal tables.

It was the | ast one that we were worKking

on for the Telluriumgroup, and what | have done in

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

576

all the tables that | have generated thus far is |
have just entered your initials, and it seened to be
a good way because we were taki ng i ndi vi dual comrents.

The question is the final report. There
are perhaps three options that occurred to nme. The
first is that as | sit down |I have tried to identify
what | think would be the key points. W strip any
reference to individuals, and it just becones a view
of the panel.

The second one is that we | eave the nanes
there and you get to clean up your own |live
transcription of your coments, but they are
i denti fiable.

| guess the third approach is sonething
| i ke they did on one of the elicitations, where they
become Expert One, Two, Three, Four, and Five. Does
anybody have any questions or conments, because | am
going to ask if there is a preference for how to
docunent this. Any questions?

MR. GLESEKE: Well, | think that as it
appears nowthere is alot of just nonsense in there,
like same as X, Y, Z, or you know, those kinds of
conment s.

MR, BOYACK: Sure.

MR GLESEKE: | see one up there by ny
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name, for instance. | nean, it is the sane as sone
reference. Does that nean anyt hing?

MR,  BOYACK: Well, my preference on a
cl ai m docunent is to summarize the information, and
put it down, and |l et the panel reviewit, and comment
onit, and help nme to correct it, and get it right.
But then it doesn't have specific names. David, do
you have any conmments on this?

Wl |, the one thing that youlose thereis
that you | ose sonething that mght |ook nore Iike a
mnority opinion, and we would have to figure out a
way to do that.

DR. POAERS: Well, you just say that the
maj ority opinionwas this, and there was a viewthat - -

MR BOYACK: We could do that.

MR. LEAVER | think there is sonme val ue
to different views, or in some cases even contrary
views to docunent that and not lose it. But | think
t he way t hat Dana described it woul d be an okay way to
doit. | don't think it nakes sense to have the sane
as so and so.

MR. GLESEKE: And then there is a |lot of
lines in there like this.

MR. LEAVER | think it is kind of |ess

i mportant on who said what, but to capture the
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fundamental information that may be of use for people
inthe future when they are trying to figure out what
we did, and what they want to do.

DR. POAERS: Well, for instance, thereis
alineinthere that says when we | ooked at the JAERI
data, and, oh, I will get you the reference to that
very JAERI data, and things |like that.

MR LEAVER  Exactly.

DR. POVNERS: And we can dress that up and
things like that. It is |like progressives, and you
need to know what data the panel was | ooking at, and
the fact that they didn't have whatever was known in
five years.

MR LEAVER  Exactly.

MR. BOYACK: All right. And again, the
way that this will happen is that when | send this
information to you, | will send it in tw forns, two
el ectronic forms. One will be a PDF file, which you
can't work on, and one will be a Wrd file, Wird 6 or
sonmet hing |ike that.

And then if you choose, you can work
electronically on the file in color, and I wll put
these instructions in to just send it back to ne
mar ked up that way, whichever way it works for you

You can mark it up and fax it back tonme. | wll take
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it any way.

Ckay. Well, withthat, before we actually
go back to Tellurium are there any ot her comments of
an overview nature that you wish to offer? |If not,
when we concl uded yesterday, we had noved on to the
Tel | urium group.

After we finish Tellurium we have the
Barium Strontium Cesium group, and Lanthanides to
conpl ete by noon. W had gone through on Tellurium
the gap rel ease, and actually slipped in a value of a
hal f - a- percent.

W had sone differing opinions on the
early vessel, and | guess those range between 15 and
35 percent. And | don't think -- by that tine it was
| ate, and we had not really deci ded on howto cone to
a view, but we just heard the comrent from Dana that
sort of said that what we might do eventually here,
and the majority opinionwas to state t he val ue agai n,
and anot her opinion was to enter that.

Vell, enter ny password. | don't know
what my password is. Oh, I'msorry. | amcurious
about it why it came up. So | woul d propose that the
way that we handle this is since I--1 don't see any
way to continue on in a protracted di scussion, which

would lead us to a point where we would sort of
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negoti ate a value here or a value there. That is ny
opi ni on.

You may offer a different opinion, but I
suggest that what we do on the early in-vessel is
enter what we call the majority opinion about the
rel ease fraction, which |l think was in the area of 30
percent .

Then we woul d nake a statenent that there
was anot her opinion that the rel ease fraction was in
the area of 10 to 15 percent. | don't know any ot her
way to do that.

MR. LEAVER. Well, there was a conment - - |
don't know if you docunented it, but | think at the
end of that discussion that Dana had a conment.

MR. BOYACK: Is that here?

MR. LEAVER: | thought | saw it in the
t hing that you handed out. Maybe Dana can renenber
what his comment was.

DR. POVNERS: Well, ny conment was that
even if we take the |lowest value, the 15 percent
val ue, you are doing radical surgery of this, this
fraction, and you are really --

MR,  SCHAPEROW That conment is right
t here under notes, the very | ast sentence.

MR. BOYACK: Yes, it is. Down at the
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bottom here, if you take a | ook.

MR. LEAVER Yes, and | think we kind of
broke up right at that point.

MR. BOYACK: Right, that's where we are.
So the question is would the rest of the panel accept
an entry of 15 percent, and if not, we could go to the
majority and mnority statenent, because | think
everybody el se was in the 30 percent range.

DR. PONERS:. It seens to ne that if you
have got a majority opini on of around 30 percent, then
you mght as well put that in.

MR. BOYACK: Right.

DR. PONERS: | will comment that before we
met that the nunber that | had wittenin for that one
is a change as it was 15 percent, and when | did it
wi t hout the discussion.

DR KRESS: | would be interested in how
you arrived at that 15 percent.

DR PONERS: | think I arrived at it,
Tom thinking of the rel ease is a hundred percent from
the tool, and Bernard rem nded us that the PHEBUS
result, which is a fairly oxidizing environnment, but
not deliberately so -- it is not huge -- was a nore
guantitative release, and that they got very nuch

hi gher penetrati on.
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And nore troubl esone than that, they get
hi gher penetration when the codes are cal cul ated for
this steamgenerator tube. It is |like the codes are
overpredicting what the anpbunts and it is an
aer osol / physi cs probl em

And we never thought that. W always that
the codes were giving us a l|lower bound on the
deposition because they don't take into account all
the subtleties and things |like that.

And it just reminds us that it is a bit
nore conplicated than you think, and | don't think I
was taking that -- and so when | listed to you and
Jim and Bernard tal king, and you remn nded nme of the
FPT-1 results, | noved it back up.

MR. LEAVER Let nme ask a question of
Bernard. Wsat was it in PHEBUS that -- you had this
period of between 6,000 and 6,500 seconds, of which
you had rel ease occurring?

MR. CLEMENT: Which rel ease?

MR. LEAVER Your rel ease occurred over a
peri od of somewhere between 6, 000 and 6, 5000 seconds.
What was goi ng on, or what was the formof the bundl e?
Had t he bundl e nel t ed and sl unped, or was it just kind
of sitting there with steam goi ng by?

DR. PONERS: The junp in the rel ease that
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you get out at the end there.

MR LEAVER At the end?

DR. PONERS: That is arelocation that is
t aki ng pl ace

MR. LEAVER  So relocation occurred at
around 5,500 or 6,0007?

DR. PONERS: Yes. They had several of
them but you will recall that he is giving a pretty
fair release all the tine, and then it kind of junps.

VMR,  CLEMENT: It junps, and we have a
rel ocation of hot material.

MR. LEAVER Do you have your integrated
rel ease chart, and maybe we could take a ook at it?

MR. CLEMENT: Too many slides. Wat you
have at the end is novenent of hot materials.

DR PONERS: dd tine slides.

DR. KRESS: It's a sad day when Ceorge
passed away.

DR. PONERS: OCh, did he? | didn't notice
t hat .

(Di scussion off the record.)

MR. CLEMENT: You ar e speaki ng about this?

MR LEAVER  Yes.

MR. CLEMENT: And then it seens that the

* shoul d be roughly the sane for all the * inventing
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material | ower, because it is higher because thereis
-- this * is higher.

MR. LEAVER. At the end, yes.

MR. CLEMENT: But it is roughly the sane
rate for all three itenms * and the difference in
sl opes cones from what happens at the begi nning,
and --

MR. LEAVER There is a little bit of a
del ay, about a 200 second del ay, yes.

MR. CLEMENT: So, after that --

DR. KRESS: Actually, that is the kind of
results that we got at Oak Ridge when we used fuel
that didn't have clad on it and it was highly
oxi di zed. The ones with clad on it was the problem

MR. LEAVER Was this -- well, what kind
of a fuel bundle was this? Was it a typical PWR?

MR. CLEMENT: Yes, it was okay. 20 watts
comng fromthe R-3 reactor. So short watts coni ng
fromthe R 3, and --

MR. LEAVER Okay. Andit was fully clad?

MR. CLEMENT: Zircaloy full cladding and
the *.

MR LEAVER And it was heated how?

MR. CLEMENT: Heated by neutronic heating
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MR LEAVER  Heating from what?

MR. CLEMENT: Neutronic heating fromthe
-- the U2 is heated. But only if this is the PHEBUS,
but if we | ook at the VERCORS, we have three pellets
that are zircaloy -- and heated by high frequency --
and we have roughly the same rates for the material.

DR. KRESS: And that is basically what I
have in ny nodel .

MR. CLEMENT: | nean, it is a -- * sane
tendency, and recently they choose *

MR LEAVER: The FPT-2 has been done,
right?

MR. CLEMENT: Yes. FPT-2 has been done,
and it gave the results for the naterial.

DR. POAERS: And it is the sane.

MR. CLEMENT: And they are the sane.

DR. PONERS: Even t hough t hat one was nuch
| ess steam It actually went in earlier, in 20
m nutes of the test.

DR. KRESS: The only thing | would ask is

MR. LEAVER. And then FPT-2 was a nore --
MR. CLEMENT: It was a period of producing
where it was nuch lower. Typically, it was .5 instead

of 1.5. You have things in a period of about 17 or 18
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m nutes, and all the steam flow was consuned by
zircal oy oxidation, and plus nearly all the zircal oy
oxi dized, and * . And so the Telluriumrel ease was *
during this period.

DR. KRESS: Where did you get your fuel?

MR. CLEMENT: From Bel gi um - -

DR KRESS: From ER3?

MR CLEMENT: ERS.

DR KRESS: Yes, | wondered, because about
the only thing that | could reconcile the difference
bet ween the Oak Ri dge and that was the type of clad,
but that is what we used. W used Bel gi um ERS.

MR. CLEMENT: There are many sources of
ER3 used.

DR KRESS: | was wonderi ng.

MR. CLEMENT: W made a study at the
begi nning of the safety programto be sure it was
okay, because many people that they *.

MR. LEAVER So in ternms of inert
materials, theonlyinert materials inthis experinment
was the cl ad?

MR. CLEMENT: No, not the clad. It was
also *

MR. LEAVER. Oh, in PHEBUS you had --

MR. CLEMENT: Yes.
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MR. LEAVER: So these are the finger piece

MR. CLEMENT: They is arod in the center
of the --

DR. PONERS: Oh, he just has a rod that
goes down and out right in the center of the package.

MR. LEAVER In a BR3? | nean, it is out
of Westinghouse, basically a Westi nghouse type report?

DR. PONERS: Basically, Wstinghouse, yes.

DR KRESS: And the VERCORS didn't have

any.
MR. CLEMENT: The VERCORS di dn't have any.
MR. LEAVER. Yes, the VERCORS did not.
DR KRESS: And it is hard to discount
t hat .
DR. PONERS: And it is very difficult to
conform

DR. KRESS. kay

MR. BOYACK: | think there has been a good
review, but we need to nove on. Let ne tell you how
| propose to handle this. Wat | will dois that in
any case where you have a difference of opinion, you
will see that there is a footnote here, and we w |
refer dowmnto the bottom whichinthis case that says

that | recently had --
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But basically this is a note to the
majority opinion. However, one nenber of the panel
felt that |ower release rate of 10 to 15 percent was
nore applicable. So that will be explicitly called
out when they | ook at that nunber, rather than just
sonewhere down in the text, okay?

Now, the one that we are worki ng on now,
the Tel lurium we have a total of five groups |left, or
4-1/2, and Tom drew the short straw for being the
first speaker on Tellurium and then we wll go
around, and there is four nore groups and four nore
|l eads. So we will just go in order.

And what | put in for the early rel ease
was 30 percent. So, now we are going to nove to the
next release, and it is your turn.

DR. PONERS: | arrived at the 30 percent
nunber by a release that was the fraction of norma
fuel and high vertical fuel, and so what is |left that
didn't get released in the pool is 40 percent. And
that is going to get released in the sane sense that
sonme of the other volatiles and from residual fuel
that was in the core, it will get released fromthat.

The vessel had fails, and everything t hat
goes down and does the core concrete interaction wi ||

get -- and so | would be putting about a 40 percent in
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the -- rel ease.

MR. BOYACK: All of whichw |l be rel eased
when it reaches the concrete bl ock?

DR. KRESS: Yes, or in residual fuel, the
fuel that is left up in the vessel after the vessel
failed, and the fuel has been rel eased fromthat, and
so | counted that as excess.

MR. BOYACK: Okay. So that the statenent
that | need to capture is the release from the
resi dual fuel core.

DR. KRESS: Interaction. | know that |
said interaction, but --

MR. BOYACK: | didn't realize that |I was
so literal on the transcription. Thank you. Ckay.
Jim

MR. GLESEKE: [|'mtrying to reconstruct.
| went through all this |logic yesterday, but |I can't
remenber. | think | had --

MR.  BOYACK: Do you need a nonment to
reconstruct?

MR GLESEKE: Yes. Let ne take a few

m nut es.

MR, BOYACK: Dana.

DR. PONERS: |'mbehind Tom | can't help
but relate an antidote. Dick Vogle bet ne that
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Tel luri umwoul d not be rel eased during a nelt concrete
NR acti on because he was in love with the reaction of
Telluriumw th netal s.

And so | took advantage of him because
when you do a nelt concrete interaction after the test
results, you snell rotten eggs. And the reason is
t hat the gypsumout of the concrete is being reduced
down to sul fur, and sul fur is being vaporized as H2S.

So | knew damm well that Tellurium was
going to cone up, and so | laid a bet wwith himfor a
case of Scotch, and he has never paid off.

MR LEAVER Let the record show.

DR. POAERS: Let the record show that he
has never paid off.

MR. BOYACK: Do you need to continue on
for a nonent?

MR GLESEKE: Yes.

MR. BOYACK: Ckay. Bernard.

MR. CLEMENT: COkay. W have got in our
estimati on a nunmber of Telluriumin the future to be
rel eased by cerium?™* interactions.

MR. BOYACK: Yes, you basically have a
conmplete release fromeither the fuel and residual.

MR, CLEMENT: Yes.

DR. PONERS. We will catch up with you.
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We are just slow, that's all. You have to renmenber
that we are col oni al s.

DR KRESS: | didn't get the complete
rel ease for two reasons. One of themwas not all of
the fuel got real hot, because peripheral fuel was
pretty cold, and because a | ot of the fuel was still
at the lowburn up | evel s, and doesn't get rel eased as
fast at the low burn up. So that is the reason that
| --

MR, CLEMENT: Ckay.

But just what we are saying is that roughly * of
Tellurium either fuel remaininginthe vessel, or the
fuel remaininginthe vessel after | ower pressure, and
*,

DR. KRESS: But it all gets released
that's for sure.

MR. GLESEKE: |'mcom ng up with about the
sanme nunber of 35 to 40 percent.

MR. BOYACK: So, see TK, the -- David.

MR. LEAVER  Ckay. | wouldn't disagree
with that, but | think this is a -- well, this is
probably a simlar kind of situation to what we had
for the other volatiles, which is the release really
is fromwhat is left in the vessel. | don't think

that rmuch Tellurium is going to go down into the
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cont ai ner.

MR BOYACK: Yes.

MR. LEAVER  Yes, and the way that Tom
expressed it was that it was very slight.

DR KRESS: | think you are basically
ri ght given these --

MR LEAVER Right.

MR, BOYACK: kay.

MR. LEAVER: So we woul d want to footnote
this in the sane way that we did the other volatile
rel eases, indicating that this isn't really the next
vessel release. It is a faster -- release.

DR. POVNERS: There is a bunch of data from
Elrick and Conpany, and fromthe Brits, saying, gee,
you vapori zed this collodiumand you ran it down and
as soon as it sees netal it reacts, and that lent a
lot inthe trap nelt there to a very high deposition
of velocity for Tellurium

And since that tine as it noved towards
nore sophisticated chem cal nodels, where the gas
stays, and you have these control rods boiling off,
youendupwthtintellurides, and silver tellurides,
and things |ike that.

Should we note that that's why we get

relatively high transm ssion through the piping
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syst en?

MR. LEAVER. Well, we are getting there.

DR. KRESS: Well, yes, when we get |ate
rel eases and --

DR PONERS: Yes.

MR. LEAVER: Well, that's where we are now
isn't it?

DR KRESS: W --

MR. LEAVER: Thereis no transport section
of 1465.

DR. KRESS: Oh, yeah, the earlier vessel
has to include the fraction.

MR LEAVER  And you have already done
t hat .

DR. KRESS:. Yes, | have al ready done t hat.
In fact, basically | said --

MR. LEAVER: But maybe we need to capture
Dana's point just as a point of information.

MR. BOYACK: And that is?

DR. KRESS: Vell, the earlier vessel
nunber is 30, and 60 percent got released, and the
rest of it -- and so that is what happened to the
other and that's where it had to go. So we are saying
that -- out, and that is a nunber that we probably

ought to talk about. It used to be that --
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MR, BOYACK: Ckay. Since | was not

tracking the discussion at tines, does sonebody want
to give ne a statenment that | could enter in?

DR. POVERS: | think I would just note
t hat because of the fuel rod -- | nmean, the control
rods and other netals in the system chloromas
transport as Tel lurides through the reactor cooling
system

MR. CLEMENT: Not as el enentary Tel |l uri um

DR. PONERS: Not as el enmentary Tel | urium
and consequently it doesn't chemcally react with the
pi pi ng system

MR. CLEMENT: | would agree that thereis
some suspi ci ons *

DR. POAERS: Yes, and that's all we know.
| wouldn't argue with that.

MR.  BOYACK: Ckay. So basically what
happens is that because of interactions with the
control rods, and because of chemi cal reactions with
control rod materials --

DR. POVERS: Because of chemi cal
interactions with vapors fromthe control rods, and
other things, and it would be tin fromthe clad as
wel | .

DR. KRESS: You see, Telluride is --
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DR. PONERS: It is a place in Col orado,

and you can ski there in the winter time, or you can
get doped up there anytine. | think that Tellurideis
permanently floating about two feet off the ground.

MR,  BOYACK: Ckay. If we nove on to
rel ated vessel

DR. KRESS: The question is why did we
choose the nunmber of 50 percent?

DR. POVNERS: Well, it is just like the
i odine and the season of its particul ar deposition.

DR. KRESS: Yes, but | don't think we are
dealing with deposition.

MR LEAVER Because it is ms-mash?

DR PONERS: | don't think so.

MR. GLESEKE: The French experinents down
are |l ess of a hold up.

DR. PONERS: Yes, they got real hol d-ups.

DR. KRESS: And that m ght be because the
bul k of the aerosol --

DR. PONERS: It is hard to argue that they
didn't have it, because of the nelting down fuel.

DR.  KRESS: VWll, but the aerosol
concentration is --

DR. POAERS: That is al nbst exactly right.

It is alnost exactly right.
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DR KRESS: -- outside the flow rate.

DR. POAERS: It is alnost exactly right
for concentration in the piping system

DR. KRESS: And how about delay tines?

DR. PONERS: It is pretty well gl omerated
up. We don't see a whole lot of evolution in the
aerosol. It is zipping along pretty fast, and the
flow rates are high.

DR KRESS: And we will still stick with
t he 50 percent.

MR. BOYACK: Charli e.

MR. Tl NKLER: | just want to nmake a
request here. | understand the logic as you go
t hrough the tables of the different phases. But for
t he benefit of future users of this docunent, it m ght
be niceif we really think that sone of these rel eases
are laid in-vessel, and we put them under laid in-
vessel, as opposed to putting them under ex-vessel.
Just so that when people go through this docunment --

DR. POVNERS: The problem Charlie, is you
have got about 10 hours, and if we think it is
concentrated inthe front end of it rather than spread
over the whole 10 hours, we put it in the ex-vessel.

MR, TINKLER  Well --

DR. PONERS: And there is a footnote that
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MR TI NKLER
consi der some nodificati
laid in vessel.

MR. LEAVER

or sonmething |like that.

DR PONERS
t hat .

MR LEAVER:
ex-vessel, and that

DR PONERS:

MR Tl NKLER

years down the road --
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Then maybe you should

on of the duration for the
O break it into two phases,
Wel |,

effectively, you have

I[t's just that you call it

i s m sl eading.

Yes.

| can see this now. Three

DR. KRESS: Nobody is going to renenber
it.

MR. TINKLER -- why in the heck did they
put that under -- oh, yeah, and did they do it for
ot her things, and --

DR. POVNERS: There is a footnote on the
table. | nean, what do you want?

MR. TINKLER: | can understand.

MR. SCHAPEROW Actually,

bi g departure fromwhat i
aTelluriumrel ease -- wit

| don't

NEAL

t hi nk anybody here was on that

this is a very

s in 1150. | nmean, 1150 has
h nore concrete i nteracti on.

particul ar
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panel for that issue, but | personally would like to
see a little nore clarification in this areas, too,
but I amnot -- | aman in-vessel, but | don't know
t oo nmuch about that stuff.

DR. PONERS: All you can do is sit here
and create anot her columm, and augment the anount of
wor k by 20 percent.

MR, TINKLER: Well, | appreciate that, but
| don't want to do that. To the extent -- and | want
to rai se anot her issue here, too, because | know t hat
we have tal ked about this, and | amnot proposing t hat
| know the answer to these questions, but to the
extent Telluriumis influenced by netals -- and |
know, Dana, that you have al ready addressed that.

The scal ing and preservation of zircal oy
to fuel passes, and PHEBUS i s sonet hi ng t hat you m ght
want to look at alittle nore carefully. W have the
ratio of zircaloy tofuel may be alittle different in
sone other reactors than it is in PHEBUS.

W have pl ans for zircal oy grid space, and
we have plans with other zircal oy. W have |l ots of --

DR POVERS: They have zircaloy grid
spaces.

MR. TINKLER  Yes. So you re confident

that the zircal oy --
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MR. CLEMENT: For the zircaloy --

MR. TINKLER: So you are confident that
the zircal oy mass relative to the UX2 enphasis ratio
i s good in PHEBUS?

MR. CLEMENT: At thistine, it is* * the
sane in the reactor right now *.

DR. POAERS: But when you are tal k about
material mass, they are very good. | nean, that was
a focus in the design of the test, was to get the --

MR. TINKLER | know, | can renenber that.

DR. PONERS: And the relative anobunt is
about right.

MR. TINKLER: And | renenber the concerns
about sone of the -- and this is different, but
concerns that the Swiss had that they wanted nore
upper internal steamseparators, dryers, |ots of steel
on the top of the vessel. That is not --

VR,  CLEMENT: Speaki ng of volume wth
reactors obvi ously.

MR. TINKLER: | understood that. That is
a difference.

MR. CLEMENT: Well, the * is okay.

MR. TINKLER But do you -- so you think
the steel masses are scaled well enough, and the

effect of a small bundle relative to a larger coreis
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DR. POAERS: That is nore problematic.

MR. CLEMENT: You coul d argue t hat you are
getting nore oxidation of netallic surfaces, and
per haps PHEBUS woul d - -

DR. POVERS:. You woul d play hell tryingto
make that argunent.

MR. TINKLER: | amjust bringing that up,
and this is not in any way a criticism of PHEBUS.

MR. CLEMENT: No, no, | understand that.

MR.  TI NKLER: I am the biggest fan of
PHEBUS in the world. | wish we ran three tests a year
i nstead of -- you know - -

DR. POAERS: So do they.

MR. TINKLER: | would like to have nore
hi gh burn up tests, and air ingression tests, and
everything else. | amjust -- the argunents about
unreactive netal s, unoxi di zed netal s, and t he ar gunent
about tellurides, that is an excellent point, and
woul d make sone of ny di scussi on noot.

Is the panel going to read on chemi cal
formof Telluriunf

MR. CLEMENT: The point also | think is
related to oxidation processes, because even Tom *

zircaloy is not * and sonetines with claddi ng and not
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being able to continue any nore * and then all the
activity on that has not interacted with such netal

| mean, it is really * processes and has
been * of the core that are cold than the Tellurium
that is left inthe upper part to escape. And that is
really into the degradation processes, and this is
where it is quite not so easy to make -- to cone from
a small bundle to * and many effects are taki ng pl ace.

DR. PONERS: |In fact, | would argue that
as far as getting the Telluriumin a known reactor
form the large bundle is going to lead you nore
toward that than a small bundl e, because rather than
having a control release and then kind of tail off,
you are having control rods going off all the tine in
a |l arge bundl e.

And so there is al ways ki nd of a constant
amount of silver and cadm umcom ng t hrough t he pi pi ng
system at the same tine. And zircaloy reacts with
t hose t hings.

MR. TINKLER: | was just going to say that
originally I think we had a little too much silver
the ratio of molds of silver to nolds of iodine at
once upon atime. So we were getting an exaggeration
of the silver iodine to --

DR. PONERS: Well, that was true in zero.
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MR. TINKLER But not -- okay, because it

was -- yes, you are right on that one. Wth respect
to the chem cal formof Tellurium could we anti ci pate
that this would decay to iodine inits --

DR. KRESS: It doesn't matter whether it

isinits chemcal formor not. It will be iodine or

MR, TI NKLER: It will be iodine in its
nol ecul ar formor --

MR, LEAVER | was just talking with a
couple of nore guys, and there is six isotopes in
Telluriumthat are anpong the group that is considered
for design basis the 60 radionuclide considered for
desi gn basis access.

And three of them-- there is one 27-M
and 127 and 129-M and 129, and those are of course
woul d not be interesting even if indicates iodine,
because i odi ne woul d be non-radi oacti ve.

Then thereis 131-M whichis interesting,
and 132, which is interesting. 131-Mhas a 25 m nute
half-l1ife, and as to 131, and that is the main source
of i odi ne.

DR. KRESS: But your questionis that this
is going to be iodine or -- and | don't think it

di sassoci at es.
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MR LEAVER: W di d sone dose cal cul ati ons

to get the effects of this, and it is not truly what
one m ght expect, and the 131 is a big contributor,
and we assuned that it was as |1-2, and you are using
alittle nore 1-2 than you woul d have ot herw se.

DR KRESS: | woul d have assuned that it
was i odi ne.

MR LEAVER  You woul d have?

DR KRESS: O behaved like iodine.

MR. LEAVER: | nean, you have this clunp
of stuff, right? A couple of mcron particles of
sonet hing -- and the stuff decays and becones i odi ne.
Wiy is it going to stay --

DR KRESS: It is iodized.

MR. LEAVER Wy is it going to stay as an
i odi de?

DR POVERS: | think that's not how I
woul d go about attacking the problem | would put it
in containment, and | know that when it decays the
recoil alone will rip that conpound conpletely apart.

MR. LEAVER. The what ?

DR.  POVERS: The recoil wll rip the
conpound apart.

MR LEAVER  The recoil ?

DR. PONERS: The decay recoil. |If | shoot
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this way, something has got togothis

KRESS: The whol e thing goes out.

POVERS: Ch, no, it would bust the

CLEMENT: To conpare that to your --

POVNERS: And then | would run it into

the i odine chem stry nodel, and let it do what it will

do what iodine does. Fromthat point on it will do

what i odi ne does, okay?

What ever state that iodineis bornin, it

isn't going to last very |ong.

i odide, and I -2,

And you have cesium

it doesn't make any difference. You

go so quickly to a steady state that it wouldn't make

any difference.

MR
on.

MR.
poi nts.

MR

MR.

point, and if

VR.

VR.

VR.

(202) 234-4433

BOYACK: Could we go ahead and nove

LEAVER: Vel l, these are inportant

BOYACK: That's why | waited.

LEAVER: | thought | had reached the
am wrong - -
BOYACK: | think that is acceptable.

LEAVER. (kay.

BOYACK: (Ckay. Laid-in vessel.
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MR. SCHAPEROW | guess | wanted to know

the application of it. W are still not quite sure
why we woul d have -- coming out as aresult of -- and
| don't know if anybody had a chance to go back and
| ook at the question.

Al'l three of the experts have Tel |l urium
have 25 percent Tellurium from other interactions.

MR. LEAVER That may be because they
didn't release it fromthe vessel.

MR. SCHAPEROW Ch, okay.

MR LEAVER | mean, we may not have
released it all.

DR KRESS: Does it --

DR. PONERS: Well, it is the one thing
that we can predict. That is the only product that |
amvery confident of Vanessa predictions, because we
specifically validated that because, by god, | was
going to get ny case of Scotch if it killed ne, and
D ck Vogle was not going to give ne the horse |augh.

DR. KRESS: It depends on the type of
concrete that you used.

DR PONERS: No.

MR. SCHAPEROWN One of the things also
that | see in the beginning fromwhere it seens the

nmessage that | seemto be getting is that we insert --
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associ ated with the heat in the rel eases for fission
products, and generally it is the difference between
regul ar fuel and high burn up fuel.

| am not hearing nmuch tal k about, well,
this is so inportant for ny burn up.

MR LEAVER: | don't think that this is an

i ssue --

DR. POAERS: Hang on. As we nove down t he
list --

MR. SCHAPEROW Maybe sone of the other
itens are nore i nportant, but at least for -- at this

point it doesn't seemto be.

MR. LEAVER  Well, it is probably worth
noti ng that what we have been di scussing here for the
| ast coupl e of hours on zirconiumis really not -- we
woul d have had this discussion whether we were here
for high burn up purposes or not. |Is that fair to
say?

MR. KHATI B- RAHBAR: | have a conment on
this zirconiumissue inthe vessel part. The argunent
is that inthe PHEBUS you predi cted a conpl ete rel ease
of Tellurium because nost of the zircal oy was gone
either due to oxidation or relocated.

And the other argunment that Dana was

giving is that Telluriumis going to be in netallic

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

607

fornms because of all of the control rod material. So
presumably that will not settle on surfaces as it
woul d ot herwi se, and woul d not react, for exanple, on
netallic constituents like tin on a surface or
what ever, to formthings that woul d not ge retainedin
t he vessel .

It would behave |ike cesium iodide or
cesi umhydr oxi de, or what have you. If this Tellurium
is goingtocone very late, inthe very |l ate i n-vesse
phase, you may not have a lot of control on the
material left inside the core.

Most of the stuff is probably gone by them

MR CLEMENT: You may not follow to the
sur f ace.

MR. KHATI B- RAHBAR: Wl |, you have a | ot
of surfaces inside the vessel, and there is a | ot of
steel inserted.

MR.  CLEMENT: Yes, and the surface is
oxi di zed.

MR KHATI B-RAHBAR |'m sorry

MR. CLEMENT: The surface is oxidized.

MR. KHATI B- RAHBAR: Wl |, you are assum ng
you have | ost enough steam al ways, but you typically
have st eamderivatives i n nost of these accidents. So

the concern that | have is that you probably are
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putting too nuch Telluriuminto the contai nment.

DR. PONERS: We have not gotten to the ex-
vessel late, or the late in-vessel you have.

MR. KHATI B- RAHBAR: But you are rel easing
a hundred percent of it though.

DR. POAERS: And you only have 30 percent
on the viping system

MR. KHATI B- RAHBAR:  So 30 percent is still
retailed of the total.

DR. KRESS: Yes, but it is not goingto be
t here.

DR. PONERS: It's not going to be there
very | ong.

MR. KHATI B- RAHBAR: But the argunent, the
way that you have it, you are going to release the
rest of it anyway nost |ikely, and so you are going to
put nost of it into the contai nments.

DR. PONERS: Eventually we are going to
have it pretty much in the containnent. Wit until
Tom | aunches - -

DR KRESS: Yes, but wait until --

DR. PONERS: W have not gotten to that
part yet. But he is going after it.

DR. KRESS: | probably would put a .25 in

the -- or .02 in the hal ogens, or sonething |like that.
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DR. PONERS: Wel |, the nunmber that | wote

down was . 2.

DR KRESS: Yes, .2.

DR. POAERS: Because?

DR. KRESS: Because the .05 is predicated
on the fact that there is not very nmuch there in the
first place in that particular thing, andif thereis

alot there, it is not latched on chemcally to the

surfaces. It is latched onto sonething else, |like an
aerosol, and it is going to behave I|ike cesium
hydr oxi de.

So it is about the same amobunt on there as
t he cesium hydroxi de, and so the .2 seens to make a
| ot of sense.

MR. BOYACK: Okay. Thereis -- at present
and is not related to surface, but rather it has
bonded to aerosols and nore readily to --

DR KRESS: Rel eased.

MR BOYACK: Ckay. Jim

MR GLESEKE: Twenty percent.

MR. BOYACK: kay. Dana.

DR. PONERS: Well, once we open up the
pi ping system and while the oxygen portion will go
up, we oxidize all the Telluride TEQ, which is highly

vol atil e.
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BOYACK: To what ?

PONERS: TEO

BOYACK: TEO?

T 3 B3

PONERS: Yes, and telluric acid.

DR. KRESS: What is the chemi cal fornula
of telluric acid?

DR. POAERS: It depends on which one you

are worryi ng about.

DR. KRESS: | was going to see what it
woul d be.

DR. POAERS: You are just testing him

MR. BOYACK: No, | don't knowthe formnul a.

DR. KRESS:. Ckay.

MR. BOYACK: And | don't plan on | earning
it either.

DR. PONERS: Oh, cone on. It is good for
your soul .

DR. KRESS: There is probably about five
of them or six.

DR PONERS: Yeah, there is a bunch of
t hem

MR. BOYACK: Ckay. Bernard.

MR. CLEMENT: GCkay. W did not study the
* of Tellurium We did not consider it because of

uncertainty, and just because we have al ready put 17
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percent into the containnent.

DR. KRESS: It amounts to the sane thing.

MR, CLEMENT: But we agree with * and
maybe sone mechani sns.

DR. PONERS: Wel |, once again, you see t he
I mportance of doing the PTA work and PHEBUS.

MR. BOYACK: Ckay. David.

MR. LEAVER: | woul d have nothing to add
to those comments.

MR. BOYACK: Ckay. Jim you realize now
that you are on the hook for the next |ead here.

MR GLESEKE: What is the next |ead?

MR,  BOYACK: On the barium strontium
group; and David, you will have the | ead on the nobl e
nmetal s and so on.

DR. PONERS: It is the noble part. It is

appropri ate.

MR. BOYACK: | don't think | amgoing to
call in.

DR. PONERS: It only |l eads to dissention,
right?

MR. BOYACK: Ckay. Well, howeasy can it
be? There is only a couple of nunbers. Thi ngs
change, right? Ckay. | see, that you have noved to

the | ast of the stack.
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DR. PONERS: Onh, | have been denvot ed.

MR. BOYACK: No, that neans that you get
toreally just cap off the discussions and sunmari ze
it and make sure that everybody el se has got it right.

DR. PONERS: You have to understand his
personality. He likes to take potshots at everybody
t hat has gone before.

DR KRESS: | love it.

MR,  BOYACK: Ckay. Jim Rel ease for
bari um strontium for high burn up fuel

MR. GLESEKE: | think I amgoing to have
toleave it real small, | think. Like zero. Zerois
a very small nunber.

MR. BOYACK: So in our little --

DR PONERS: Say yes.

DR KRESS: Negative nunbers are real
smal | .

DR. POAERS: They are not small

MR. GLESEKE: They are.

MR. BOYACK: kay. Do you want me to go
t hrough the whol e thing, or do you want to conme back
and take it a phase at a tinme?

MR. GLESEKE: | am thinking naybe one
nore. That is kind of what we did with the | ast one.

| think this is going to be up from what we tal ked
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about before. | nean, fromthe 1465. He | ooks at
Tom s cal cul ations, for instance, with effective burn
up. And where his [ ow burn up was .02, and this may
be four tines that much

MR. LEAVER  Are you just talking about
just due to burn off?

MR GLESEKE: Yes.

DR KRESS: And you had better correct
that to fuel that has high burn off.

MR. GLESEKE: vyes, nmaybe you need to back
t hat down sonme because of the percent of the anount of
fuel, and --

DR KRESS: | know that when |I make that
correction that it takes it down to six, .O06.

MR. GLESEKE: Yes. | was going to say
.05, and .06, that's about right.

MR. BOYACK: So, 6 percent. kay. So
|l et's go back to Dana then

DR. POAERS: Zero is applicable.

MR.  BOYACK: Ckay. Ont he early in-
vessel ?

DR.  POVERS: | believe there are two
conpeting factors that are arising here. Wen you
rai se the di ffusion coefficient for post-stronti umand

barium but you increase the oxygen potential and t hat
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has the effect of decreasing the volatility of barium
and strontium

So | don't see a bases for changing the
val ue. | see the need for experinental investigations
of high burn up fuel.

MR. BOYACK: Ckay. So the first is the
i ncrease in diffusion coefficient for these speci es,
and the second is the oxygen potential.

DR. PONERS: Yes, the oxygen potential,

and to depress the volatility of both strontium and

bari um

MR. BOYACK: Ckay. | see no reason for
changing -- well, it lacks a basis really to change
it.

DR. POWNERS: You don't have a bases to
change it.

MR BOYACK: Ckay. Let's see.

MR. CLEMENT: Applicable

MR, BOYACK: Sorry?

MR. CLEMENT: Applicable.

MR. BOYACK: Thank you. All right. GCkay.

MR. CLEMENT: And bariumshoul d be treated

in a different way than strontium because there is
experinmental evidence that they are not released in

the same way with the same amount fromthe fuel.
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DR KRESS: That's right.

MR. CLEMENT: Bariumis nuch nore vol atile
than strontium from experinments.

MR. BOYACK: VWhich is nmuch nore vol atil e?

MR. CLEMENT: Barium

MR, BOYACK: kay.

DR. PONERS: Even froma chem stry thing,
it has to be because the barium is huge, and the
strontiumjust about fits in the vacanci es of uranium
di oxi de.

MR. CLEMENT: If you | ook at VERCORS and
H /VI experinments, we derive the release of barium
fromfuel of 50 percent of inventory, and what is true
from contai nnent of 10 percent.

MR BOYACK: Ckay. So, this was which?

MR. CLEMENT: From barium because we
observed i mportant deposits above the fuel regions in
experi nments. PHEBUS doesn't give you the sanme
reasons. PHEBUS gi ves you very | ow areas of barium
and we have to take into account H/VI and VERCORS
experinments, and that's why it retains high areas for
bari um

MR. LEAVER: You have to take i nt o account
H /VI?

MR. CLEMENT: Yes. H/VI fromthat, yes,
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from Cak Ridge.

MR LEAVER From Cak Ri dge.

MR. BOYACK: Well, you did get about tw ce
as much bariumrel eased in FPT-1 as you did strontium
didn't you?

MR. CLEMENT: If you want to put it as
negl i gi bl e.

MR. BOYACK: Well, | have got sone nunbers
and maybe they are not right. But it is a factor of
two is it not?

MR, CLEMENT: Vell, it is very small.
Okay. For strontium we get 10 percent rel ease from
fuel, and 2 percent through containnent.

MR BOYACK: FPT-17?

MR. CLEMENT: That is the general judgnent
from all the available data. That is our own

definitions, and that is the release fromfuel in the

MR BOYACK: Ont he barium was that a 10
percent rel ease of bariumfromthe fuel, and then a 10
percent delivery, or --

MR. CLEMENT: Fifty percent fromthe fuel.

MR. BOYACK: Ckay. So that is what it
was.

MR. CLEMENT: And 50 from the fuel and
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then 10 fromthe contai nment.

MR. BOYACK: Thank you. | had that w ong.

MR. LEAVER  \What are these nunbers if
this is not correct for bariun®

MR. CLEMENT: Yes, yes, but they are very
smal | .

MR. LEAVER: For FPT-1, do you have t hose?

MR. CLEMENT: They are snall.

MR, LEAVER This is the release from
cont ai nnent ?

MR. BOYACK: Tom wi th what you are doi ng
for this test, what if any of the elenents in the
m ddl e of sentence, is it capitalized or not?

DR. POV\ERS: The names are non-
capitalized.

DR. KRESS: The nanes are not capitalized.

MR. BOYACK: kay. Thank vyou. Ckay.
Davi d.

MR. LEAVER On the bariumand strontium
| am just confirmng with Bernard that the FPT-1
rel eases in the containnent were of the order of a
factor of 5 to 10 less than -- and we are talKking
about in-vessel release now, early in-vessel, and a
factor of 5 to 10, and less than what we have

currently in NUREG 1465, which is where we have 2
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percent.

For FPT-1 the rel eases i n the contai nnent
were tenths of a percent, and noting also TM was a
tenth of a percent, and the SFD-14 was about one
percent .

And also noting that to the extent that
there is a slight increase in oxygen potential, that
would tend to suppress the release of barium and
strontium

So | woul d say probably we are high. Qur
2 percent number is probably high, but | certainly
don't see any basis for changing it other than | guess
we could lower it, but if we are not in the | owering
busi ness, then we would | eave it the sane.

DR. POVNERS: Maybe what you wanted is --
well, it seens like it mght be alittle high to ne,
but it is not very much high.

MR. LEAVER Yes. If it is high, it is
probably only a factor of two high.

DR PONERS: Yes.

MR, LEAVER. So it is not a huge effect.

MR. CLEMENT: At that point, | believe we
should note that | Dbelieve that * different
experimental results.

MR LEAVER: Between bari umand stronti unf
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MR. CLEMENT: Yes. We have got out of

five experiments, there was high rel ease of barium
and you take away the five experinments, and there is
no rel ease of barium

MR LEAVER Right.

MR. CLEMENT: And it is worthwhile to say
whet her we have a need to understand really why.

MR LEAVER Right.

MR. CLEMENT: And not to say that | choose
one or the other.

MR. LEAVER No, | think that's right. It
has al ways been in ny m nd that bariumand strontium
t hat t here probably shoul d have been a di fference, but
| don't think -- you know, we are trying to decide
what to do with 1465, and so we could split them up
and make them two different nunbers.

But | think that the .02 is probably high,
and so what we wouldn't want to do is | eave strontium
the sane and raise barium W mght want to reduce
strontium and | eave barium the sane.

But | am not sure. The difference is
nodest enough that | amnot sure that it is worth the
trouble of creating an extra fission product group,
whi ch is what you woul d be doi ng.

DR. PONERS: Well, they have not stayed.
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VWhen we get down into noble netals, all of the
problems that we wll run into is the different
el enents, because they have unique and different
chem stry.

MR LEAVER Right.

DR. PONERS: So you are averaging over
t hose t hings, and you have to bear that in m nd. And
the penalty that you pay in systens |evel codes and
witing another category is a lot.

So you don't like to -- | nean, we went
from essentially noble gases, and iodine, and
particles, to this.

DR. KRESS: The question that | woul d have
is at these levels does it make any difference?

MR. CLEMENT: The systemthat would * for
strontium and also --

DR. PONERS: Oiiginally it was that you
woul d just take the average of them and --

DR. KRESS: Well, you know, the release
rates are -- even if you had themdifferentiated, they
are so lowthat | don't think that it nakes a | ot of
difference, in ternms of consequences.

MR. LEAVER | think that one perspective
onthisis that we are sort of tryingto do -- | guess

get things as right as we can get them based on the
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i nformati on that we have here.

And | think if we were to present -- if we
were to present, or cut this release of strontiumin
hal f, that woul d have a non-trivial effect on-- well,
with the strontium | don't know what percent of the
dose is, but in the stuff that we handed out, it is
about 10 percent of the dose.

DR.  KRESS: Vell, the thing about
strontiumis that it hangs around a long tine, and it
can have environnmental effects, and those are
overl ooked in things |ike dose.

MR. LEAVER. Well, maybe -- well, i woul d
say again what | saidearlier, that there certainlyis
sone evi dence that we naybe overdidit alittle bit on
strontium and less than in barium

But if we were toreduce the strontium it
woul d have sone effect, and that we are trying to get
it as right as we can get it, but | think that is
probably worth considering.

W seemto be changi ng things, and there
is no rule that says we can only change themin one
direction, or at least | haven't heard it.

DR. PONERS: | don't know about that one
ei t her.

MR LEAVER: | think it would be a
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significant thingif we were to break up the strontium
and barium but | think that if there is a difference
there that we shouldn't just push theminto the sane
nunber if we don't think that is the right way to do
it.

And peopl e who do dose cal cul ati ons coul d
handl e this w thout any problem You m ght need a
little reprogrammi ng, but it is not a big deal.

MR. SCHAPEROW For the record, bariumand
strontium or different groups, drafted NUREG 455 in
' 92.

DR. POAERS: | renenber that, yes.

MR, SCHAPEROW And the strontium was
| ess, and they were nerged on the basis of in-close.

DR  POVERS: | think the argunent is
al ways an ungroupi ng, and the argunment goes that if
there are uncertainties, and the values are as big as
t he di fferences, or commensurate with the differences,
then that when it comes to official product rel ease --

MR. SCHAPEROW They are separate and --

MR. LEAVER: kay. Let's continue onwth
the discussion, and first with Tom Kress on gap
rel ease.

DR KRESS: The sane.

MR. BOYACK: kay. And then we conme down
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to the next phase --

DR KRESS: My fission product release
nodel does have bariumand strontiumseparately, and
the strontiumgets rel eased | ess than the barium but
it is about half, and I link them together because
half is well within the uncertainties.

So | put them together and the analysis
that | get with the nodel tells nme the sane thing that
Jimdid, that it ought to be about 6 percent. | have
to qualify that and say that the database that
underlines the bariumstrontium release does not
really have this oxidation potential change in it,
because the tests will run in such a way that you
woul dn't get this kind of oxidation potential.

So to worry about just a tiny bit about
it, and | think that the release of strontium and
bari umoccurs | ater than al ot of the other materi al s,
and it is during a tine when you are reducing
envi ronnent according to ny nodel.

So | amgoing to go ahead and stick with
the 6 percent.

MR. BOYACK: So did you say you predict
the bariumstrontium separatel y?

DR. KRESS: They are cl ose enough t oget her

that --
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MR.  BOYACK: They are close enough

t oget her.

DR.  POVERS: Tom your 6 percent 1is
rel eased fromthe fuel and --

DR. KRESS: The 6 percent is the rel ease
of aerosol that transmts all through that, and the 6
percent was the rel ease.

DR. POVERS: So if we assunme it was
transmtted as an aerosol, would that be consistent
wth --

MR. GLESEKE: | had mne down to 3
percent .

DR. PONERS: Well, 2 percent and 3 percent
| ook an awful |ot alike.

DR KRESS: | have to admt that |
over| ooked that in this particular one, and 6 percent
is the release fromthe fuel.

MR. GLESEKE: I had mne down to 3
percent .

DR. KRESS: So that gets ne back to David,
and 3 percent is alot |ike 2 percent. So you m ght
want to adjust that. So, 3 percent is close enough to
2 percent, and in fact if | separated the strontium
out it would be 2 percent.

MR, BOYACK: Ckay. And so --

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

625
MR. GLESEKE: And | didn't put that up

here either. | have it here in ny cal cul ations.

MR.  BOYACK: Ckay. So you |ose your
identity.

MR GLESEKE: G eat.

MR. BOYACK: But that's all we are going
to go anyway. And then there was the debate about
whet her or not to consider to stay conbi ned, which at
the present time we will just keep them conbi ned at
the two percent?

DR. PONERS: That's right. M argunent is
that | will intend that Bariumis al ways nore vol atile
than Strontium and ny uncertainly is in the absol ute
rel ease fraction is so high, and that the difference
between the two is that they just don't seem very
i mportant at this point.

MR. BOYACK: Okay. All right. Let's see.
W now nove to the ex-vessel phase. Jim

MR. GLESEKE: | don't see anythi ng about
burn up effects.

MR BOYACK: Dana.

DR. POVWERS: The release of barium and
strontium excess was directly proportional to the
amount of zirconiumnetal that cones ex-vessel. If it

has i npact onthat, it will adjust the nunber. | have
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no reason to think there is an i nmpact on that, and so
| just stayed with what they have.

MR. BOYACK: Ckay. Wuld you like to have
that comment in there?

DR. PONERS: Yes, | thinkit isinportant,
because they need to understand how high burn up
affects the core degradation process, and how nuch
nmetal you have com ng out of this vessel.

MR. BOYACK: | canuseit to capture three
word phrases, but this one went on a little | onger.
So, if you would just --

DR. POAERS: Three words? Okay. Release
of bariumand strontiumex-vessel is proportional to
t he anount of zirconiumnetal becones ex-vessel. |If
hi gh burn up affects the anount of ex-vessel netal, it
wi || change the release fraction in proportion.

DR. KRESS: High burn up fuel has been in
the reactor |onger and has had a chance to oxidi ze.

DR. PONERS: That's right. | mean, that
is the potential for a severe accident. In the case
of a design basis accident, it is |legislatedthat thou
shal | not change that nunber very nuch.

DR. KRESS: But we are dealing in design
basi s.

DR. POAERS: GCkay. And | don't know how
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t hings are going to go, but what it all says toneis
we have got to understand how high burn up fuel
degrades if there is a difference. | nean, that is
the test.

| have the fundanental doubt about the
adequacy of the existing nodels to high burn up fuel
| think they quantitatively |ack consideration of
f oam ng potenti al .

MR. BOYACK: kay. Very good. Bernard.

MR. CLEMENT: We agree with Dana that the
rel ease of bariumand strontiumfrom?* depends on the
exi sting anmount.

MR BOYACK: Ckay.

MR. CLEMENT: | have got sone val ues from
t he thermal -dynam c cal cul ati ons, saying that 10
percent of the strontiumpresent in the core that is
directing * , and 2 percent of volume present in the
core be *. Thisis to be appliedto our reinspections
to full volune, and we release 50 percent and 2
percent of the remai ning 50 percent. So, 1 percent of
bari um

And for strontium it is 10 percent of 90
percent remaining, and so 9 percent of strontium W
have got sone nore thermal dynam c cal cul ati ons, and

this is purely a cal cul ation.
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DR. KRESS: Is that not with the Wchel

Code?

MR CLEMENT: The Gem ni Code.

MR. GLESEKE: And that is 10 percent of
the --

MR. CLEMENT: Ten percent of 90 percent.

MR GLESEKE: Ninety percent?

MR CLEMENT: N ne-zero, not 19. So, 9
percent .

MR. BOYACK: You will notice that the job
of the court reporter is safe. Are you going to keep
your day job?

DR, KRESS: | don't knowif you have read
any of her transcripts.

DR. PONERS: | think the logic that has
been used in the French study and the |ogic that we
used in ours are identical. W just can't get the
fractions comng down, that's all. It depends
strictly on what you do on the in-vessel.

MR, CLEMENT: Yes.

DR. PONERS: On the ex-vessel, we agree
exactly on the physics ex-vessel, and we are all
working with the sane database, and technol ogy base
here. W do use different codes, radically different

codes. But the way that we get to our nunbers is
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about the sane.

MR. BOYACK: Ckay. David.

MR. LEAVER  There may be an effective
burn up, but nmy instinct is that it is not a |arge
effect, and so | woul d have no basis for changing the
i mportance of that. I|f anything, you woul d think that
hi gher burn-up would tend to oxidize a bit nore, and
so there would be alittle |l ess nmetal com ng down and
it mght reduce the nunber, but probably not a big
effect.

DR. POAERS: Well, the one thing that you
can't imagine is that high burn up increasing the
anount of metal available, and it is just very
difficult to see that.

MR BOYACK: Right.

DR. PONERS: But | see the potential of
cutting the anobunt of ex-vessel Telluriumby a factor
of two. | nean, it certainly exists.

MR.  BOYACK: O course, you were wll
remenber though that the high burn up in only on a
portion of the core. So it is probably no a huge
anount. |f you predicting 50 percent zinc oxidation,
and then you do it with what we call with a high burn
up core, where sonme portion of the core is 65 or

gigawatts, | would be surprised if you went from 50
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percent oxidation to 75.

DR. POAERS: | can see that.

MR. BOYACK: Well, that's why we need to
figure that out.

DR. PONERS: You need to run a test. It
won't happen if our candling nodels are good, and if
t hey are good for everything, then you are right. You
can't get up to 75 percent.

| can't imagine it happening if you go to
a foam ng kind of scenario.

MR. LEAVER That's a fundanental change,
and you don't get into the degradation process.

DR. POAERS: That's right. That's right.
And that's why you can't do this calculation. You
have to do it experinmental ly at | east once, and see if
you need to qualitatively change the codes, and then
you |l et the codes do their thing.

MR. LEAVER: But | think it would tend to
pronote oxidation as if things kind of stay up there
for |onger.

DR POAERS: Well, that's what he does.

MR. LEAVER. Ch, he does, yeah.

DR. POVERS: Actually, what happens isthe
fuel stays up there all foaned up, and it forces the

steamto go where there is a code in the vessel, and
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it keep it there so that there are long interaction
times.

MR. BOYACK: Ckay. Tom it is your tine
to wap it up.

DR. KRESS: | have no basis to change it.

MR. LEAVER: That is a nice succinct way
of saying it.

MR. GLESEKE: That's a good way to wap it
up, Tom

MR. BOYACK: So this stayed at 10 percent.
Ckay. Laying in vessel. Jim

MR GLESEKE: Zero.

MR. BOYACK: Okay. What is the phase that
| use here then?

DR PONERS: Appli cabl e.

MR. BOYACK: | need to use alittle nore
wor di ng.

DR. PONERS:. You guys at Los Al anpbs never
get to the point.

MR. BOYACK: kay. Dana.

DR. POVNERS: | can't see anything that
raises the volatility of bariumand strontiumin this
system | see lots of potential for loweringit. It
is kind of hard to drop it down bel ow zero.

MR. GLESEKE: M | ogic exactly.
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DR POWNERS: Signma.

MR. CLEMENT: | nean, there are * on all
the different * processes. As you have seen then, we
consi der el ements such as bariumand strontium we see
from the experiments that there is rather high
deposits above the fuel zone.

So we have nmaterial available for
resuspension, and * many any late emission. So in
that case * . But maybe, for instance, sone steam
surge, if we adjust the water on the core and things
i ke that, and we think they should be investigated.

MR. LEAVER: Well, a quench test i s one of
the things --

MR. CLEMENT: Yes, because you rel ease a
rather fraction from the fuel, and you deposit a
fraction in the * structure of the vessel *

DR. PONERS: And you get high pressure
st eam

MR. CLEMENT: And in the containment, you
may have mechanisnms in terns of quenching that *

DR. PONERS: Either a high pressure steam
or a high pressure hydrogen. Either one of them--

MR, CLEMENT: Yes.

DR. PONERS: -- will drive vaporization.

| f you have a nmechani smfor getting that, you can get
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it and | think it is sonething to pay attention to
when you go experinments.

MR BOYACK: Yes.

MR. CLEMENT: So we think we need to --

MR. BOYACK: Okay. So | have entered your
i nformati on about testing. David.

MR. LEAVER | woul d have no change to t he
NUREG 1465 nunber.

MR. BOYACK: Thank you.

DR KRESS: | certainly agree with the
French position that these things are stuck on those
aerosols, and | know that is chem stry is going to
react on the surfaces, and so they could be
resuspended i f you have ways to do it, and they coul d
be revolatilized if you have got hydrogen or steam
goi ng hot enough.

At the nmoment | have no basis for
eval uating any of that. So | have no basis for
changi ng t he nunber, al though | think those need to be
I nvesti gat ed.

DR.  POVERS: Hydrogen suppresses the
volatility.

DR. KRESS: Air ingression --

DR. POVERS: Hydrogen or steamcoul d j ack

it up.
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DR. KRESS: Yes.

DR. POVNERS: But what nost |ikely happen
is that it will just react further and bury itself
down in the air and oxi de as bariumand strontiumfl ow
rate. Al that work to | eave the nunber alone. No
fun at all.

(Di scussion off the record.)

MR. BOYACK: Ckay. All right. Dana, are
you ready to go?

DR. POAERS: COkay. W are going to take
it as applicable here, and it is not zero, but it is
so smal|l that at this stage of resol ution you m ght as
well just call it zero.

MR. BOYACK: Dana, do you want to conti nue
on?

DR PONERS: Sure. And in here we cone to
the trouble with grouping. Wthin this category we
have rut henium nolybdenum and pal | adi um

DR KRESS: And technetium

DR POVERS: And technetium And
technetium by everything that I have been able to do
is arelatively non-volatile material. And because
our oxygen potential isinthe fuel is going higher is
arelatively volatile material .

And you will see fromthe PHEBUS results
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t hat you get novenment of ruthenium even though they
are not particularly strongin oxidizingenvironnments.

So you have got to kind of nentally
integrate all those findings together for this
category. Based on doing that, and recogni zing that
in the piping system that you have fundanentally
di fferent processes, and you have nol ybdenum novi ng
along as the trioxide or the cesium nol ybdate.

And ruthenium coming out as an oxide
vapor, and then getting reduced down to a netallic
particle. So it is an aerosol physics. You have got
sone substantial integration of the two.

But | woul d say that the preponderance of
i nformati on com ng out now suggests that the val ue
that we have is too small in this category. That when
we are tal king about a quarter of a percent here.

And based on that, | propose to raise that
up to about one percent.

MR. BOYACK: Ckay. |If you are ready to
go, | amgoing to take you right through them

DR. POVNERS: kay. The one el enent that
we do an atrocious job in the Vanessa nodeling to
nonitor the release is ruthenium and universally
under - pr edi ct ed. | think we would do better for

nol ybdenum and the pal | adi um netal s and what not .

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

636

But when we have | ooked particularly at
the results from Argon on the experinments, we just
underpredict there. Ruthenium rel eases by about 3
orders of magnitude and what not.

| think the people and the panel that we
are doing this evaluation are aware of that under-
predi ction, and so | suspect that the nunber actually
reflects that. So | amnot going to change it at this
poi nt .

We are going tolearn fromthe experinents
and other sorts that we actually get release and
novement of the use of materials when they are
deposited on the primary piping system but they are
susceptible to volatilization in the oxidizing
environnent that exists in the laid in vessel.

And so | amgoing to propose that we have
about a four percent revaporization of these
mat eri al s.

DR. KRESS: Four percent of what was on
t her e?

DR POWNERS: Yes.

DR KRESS: Wich was one percent?

DR. POAERS: No, no. It is nore like 10
percent of releases, and | only got about 2 percent

through, and so | have about 8 percent of the
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inventory. So | amgoing to get half of that off.

MR.  BOYACK: | am not sure that | got
enough of that.

DR POAERS: | think you got enough.

MR, BOYACK: kay.

MR. LEAVER: Just a second. | was going
toclarify. You are saying that the retention of this
group in the RCS is of the order of 80 percent
aerosol deposition?

DR. POAERS: It is a conbination of vapor
and aerosol, both.

MR. LEAVER  Sone vapor condensation?

DR. PONERS: Yes. The pall adi umis noving
around as the trioxide and as a cesiumupdate. The
rut heni umprobabl y noves around -- it conmes off as one
oxide, dioxide, trioxide, and even the cesium
| ut hi nat e.

And as soon as it gets the opportunity and
converts into a netallic particle and deposits as an
aerosol at that point, andit is reasonably efficient.

| mean, | suspect that Bernardis goingto
show you some stuff about it from around the top of
t he bundl e and things like that. And so | think that
there is a |lot of deposition that goes on here.

MR. BOYACK: Ckay. And do your numbers

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

638

add up? To get a one percent rel ease to contai nnent,
you woul d need if you had a 10 percent rel ease of the
fuel, you would need 90 percent retention.

And if you had a 5 percent rel ease of the
fuel, it would be -- well, sonmehow you want to end up
wi th one percent.

DR. POVERS: If | said one percent, |
shoul d have said two percent.

MR. BOYACK: Wbul d that change any of the
figures or just the comment?

DR. PONERS: Well, 1 should have said 2
percent and these fractions should be raised to 2
percent .

MR. BOYACK: Ckay. Thank you. Ckay.
Ber nar d.

MR. CLEMENT: GCkay. The first one, the *.

MR BOYACK: Ckay.

MR. CLEMENT: The second one is that we
have a problem of grouping. There is a problem of
groupi ng here. * probably find this very volatile.

MR. BOYACK: And those figures were for
what, nol ybdenunf

MR. CLEMENT: So the figures we got from
experinmental -- is for nolybdenum and 90 percent

rel ease from* and 70 percent from contai nnment, and
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the sane for --

MR. LEAVER. And the FPT-1?

MR. CLEMENT: It is mainly * . And the
sane for technetium For rhodium 10 percent from*
and 2 percent to containnent.

MR. BOYACK: That's your severe acci dent?

MR. CLEMENT: Yes. Rhodium seens to be
nore rel eased than the ruthenium

MR. BOYACK: \What was that |ast --

VR. CLEMENT: Rhodi um  And 30 percent
fromfuel, and a total of 6 percent to containnent.

DR. PONERS: It does not get industrial
use as nuch as sone of the others.

MR. CLEMENT: | think --

DR PONERS: It is break tine.

MR.  BOYACK: Ckay. So you are again
showi ng these problens -- whichisthenreferredto as
trying to deal with -- but having a significant
di fference.

MR. CLEMENT: Yes, there are significant
differentials in * and also in the consequences for
each agreenent.

DR. PONERS: The technetium not the
bi ggest probl em

VMR. CLEMENT: No, the technetiumis not
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t he probl em

DR. POWERS: It is pretty high. But
pal l adiumisn't very much of a problem

MR. LEAVER  Not too nuch.

DR. POVERS: But ruthenium is a pole

buster.
MR LEAVER  Yes.
MR BOYACK: Ckay. For the ex-vessel.
MR. CLEMENT: Looking for the ex-vessel
for what we consider exists or that * . Except that

our cal cul ations indicate that we will be negligi bl e,
and so for the tine being there is on reason to change
your val ues.

MR. BOYACK: Ckay. And finally the ex-
vessel .

MR. CLEMENT: GCkay. There is again this
sane probl emwi th t he reaut hori zati on, suspensi on, and
soon. As | stated for the previous group, and | have
stated here, we have a lack of data and a need for
experiments. Just because *

DR.  POVWERS: Yes, that is absolutely
correct. What you are saying is that wth
experinmental we know that we can get it off, and we
know t hat we could get it on, and it would be nice to

know whet her it cones back of f again.
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MR, BOYACK: So you know that it is

created and deposited. Not created, but --

DR. POAERS: Rel eased.

MR. BOYACK: Released. | think after we
get through with this, we will take a break. David.

MR. LEAVER | really think that this is
a case where the right thing to do is to split this
group up, because | think the nunbers are
substantially different for nol ybdenumand techneti um
and for ruthenium Those being -- well, | don't know
how i nportant rhodiumis.

DR PONERS: It is about seven --

MR. LEAVER: Do you have data for rhodi un

MR, CLEMENT: No.

MR. LEAVER: | didn't think so. The FPT-1
real | y does showa significant hi gher rel ease fraction
for -- and rel ease to contai nnent for technetium and
moly. So | think it is difficult to -- | think you
can justify using the 1465 nunber for earlier vessels.

MR. BOYACK: Okay. You are in adifferent
category than I am

MR. LEAVER: | have no change on t he gap.
Sorry. Ruthenium | guess | don't see a basis for
changi ng t he rut heniumnunber. |f you | ook at FPT-1,

it was .005, and the 1465 nunber is half of that.
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So, | guess the factor of two is within
our uncertainty. | suppose that you could double it.
But | think I would say that the rutheniumnunber is

pretty cl ose.

VR. CLEMENT: For which that is
cont ai nnment .

MR, LEAVER And that is .005. | note
that again for what it is worth, | tend to -- I'm

sorry, go ahead.

MR. CLEMENT: GCkay. We have a high val ue
for contai nment because you consider it a hot |eg
breaks, and the --

MR. LEAVER: Well, the hot | eg breaks are
part of it, but certainly we need to bal ance that with
as we sai d before different grid | ocations and si zi ng.
So | think for ruthenium that | wouldn't have a
conpl ete basis for changing what is in 1465.

But | woul d suggest that we recogni ze noly
and technetium and | don't have any data for rhodi um
and so | am not sure where it fits, as being
different, and as being nore volatile. And | think a
nunber |i ke maybe 5 percent for those, and create a
new group.

MR. CLEMENT: That neans that it is not

wort hwhi | e because *
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VR. LEAVER Well, | don't know. You

don't have any data on rhodium and so | amnot sure

what - -

MR CLEMENT: *

MR. LEAVER And | don't know how
i mportant rhodium is radiologically. | just don't

have that information with ne.

DR. PONERS. My recollectionisthat it is
not wildly different from ruthenium

MR. LEAVER | suspect that if it was a

substantial rel ease fraction, you probably woul d have

MR. CLEMENT: But | think that what is
nost inportant and maybe a radi ol ogi cal * rhodiumis
-- ruthenium That means in fact what are the
radi ol ogi cal consequences in tinmes of release of * is
i mportant.

MR. BOYACK: You coul d keep rhodiumw th
you.

MR, CLEMENT: Yes.

MR. LEAVER: And also | amjust going to
add that once could certainly debate what the right
rel ease faction and contai nment is for techneti umand
nmoly. | would be tenpered sonewhat in this judgnent

again by the TM accident, and just sort of bear that

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

644

in m nd.

And that is perhaps why | sort of arrived
at a nunber |ike 5 percent. It is kind of an in
bet ween kind of nunber. It is not quite as high as

was observed with PHEBUS, but it is a lot higher than

what is in NUREG 1465 today.

MR. BOYACK: So your 5 percent -- is 2
percent ?

MR. LEAVER: right.

MR. BOYACK: And that's because it was
splitting?

MR LEAVER Right.

DR. POVERS: | have integrated them
t oget her and he wants themsplit.

DR PONERS: Ckay.

MR BOYACK: Ckay.

MR. LEAVER Agai n, just recogni zing that
there seenms to be sonething fundanentally different
goi ng on, which | think we understand perhaps alittle
bit, because the release fractions are greatly
different.

MR. BOYACK: Ckay. Let's see. The ex-
vessel. | amnot sure about that. | guess | am not
sure why would we not see the sanme effects going on

ex-vessel for technetium and noly as we saw in the
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core.

DR. POVNERS:. Keep t hembecause we have got
a huge amount of steel that keeps themin a nmetallic
stat e.

MR. LEAVER In the ex-vessel?

DR. PONERS: Yes. And when we tend to
have a nodel, we calculated it and it was truly
negligible. Wat we |left out of the database didn't
i nclude cesium ruthenate, and cesium -- or the
correspondi ng sodi um and pot assi um

So when -- they did the experinments up in
Argon, where they delivered -- they put theseintothe
charge that we never did and --

MR. LEAVER  That's because you were in
New Mexi co.

DR. PONERS: Yes, and they actually got
sonme rel ease. They got releases up around -- well,
maybe around t he one percent | evel, and maybe alittle
| ess than that. And then we just don't calculate with
the codes, because we have got it all down on the
metal and keep it producing and release into the
envi ronnent .

And the rutheniates and -- have |just
enough vapor pressure to give you enough release

protection, and | think the nunber on the table
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actually reflects that, because if you had just gone
on cal cul ations, it woul d have been a rel ease fraction
of 10 to the m nus 6 or sonething.

MR. LEAVER. Well, | would say that is a
little nore detail ed explanation than what you said
when you dictated yours, and so | would say let's
| eave the nunber the sane. | have no basis for
changing it in light of that comment.

MR. BOYACK: Ckay. In-vessel

MR. LEAVER. No change.

MR, BOYACK: kay. Tom

DR. KRESS: Well, | guess | have to add
comments or dissenting opinions onthis one. Thisis
a place where | think we have assented out of the
sublinme into the ridiculous, and we need a paradi gm
shift.

The ability to predict things at this
| evel is just not there. You can't doit, and to put
the di fferentiati on between nobl e netals, and ceri um
and | ant hani des, and to try and differenti ate between
all those things is just not a thing to do for design
basi s acci dents.

And those nunbers wup there that are
al ready there have no basis in fact. They are just

put up there --
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DR. POAERS: Are you tal king about noble

nmet al s?

DR. KRESS: Yes, all of them Nobl e
nmetal s, cerium and | ant hani des. What | think happens
is that you get sone -- and especially wi th high burn
up fuel, you get the potential for some decrepitation
of the fuel itself because of the grain structure.

And even in ex-vessel core concrete
i nteractions, you get bubbles splattering off the
fuel, and you get the fuel itself transmtting. So
there is a mninum | evel of release that just goes
with the fuel itself. This doesn't have anything to
do with vaporization or chem stry, or anything.

And what you do is you just put a ground
floor on the rel ease of those things, and | woul d put
it at about one percent to two percent |evels, which
is what | think those nunbers cone fromin the first
pl ace, both ex-vessel and in-vessel.

And | would lunp all of them but I didn't
bot her putting themin ny nodel because of this. The
nobl e netals and cerium and the | anthani des, and so
| think the rel ease nechani sns are just different for
t hose, and they have to do with the way that fuel gets
ki cked off of its -- the grains get kicked off the

fuel .
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And | would just stick themall the sane,
both ex-vessel and in-vessel, and | would make them
all about 2 percent or sonething.

MR. BOYACK: Ckay. So on the gap --

DR. KRESS: Nothing on the gap. Thereis
not hing there. | amtal ki ng about the early in-vessel
and the ex-vessel.

MR. BOYACK: So, the --

DR KRESS: | would | eave themall about
.002, and | get rid of that damm five, and do it on
both ex-vessel and in-vessel, and all the noble
netals, | would group themall together, and | woul d
al so group the cerium and the |lanthanides, in with
t hat .

MR. BOYACK: And do you see the need for
testing?

DR. KRESS: Well, always. | have never
argued agai nst nore testing.

MR. BOYACK: | guess it is hard to argue
agai nst testing. So you would see then another
rel ease fromdown here at 0.2 percent tine; is that
what you told ne?

DR. KRESS: Yes, sonething |like that.

MR GLESEKE: Two percent wasn't it?

DR. KRESS: No, no, . 2.
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MR. BOYACK: Let's see. And where did you

get the .2?

DR KRESS: It was just pulled out of the
hat, out of the air.

MR. BOYACK: No, what is that for?

DR KRESS: For all of it. Just for ex-
vessel and in-vessel.

MR. BOYACK: For each one?

DR. KRESS: For each one, and | think if
| 1ook at the amount of uraniumthat gets transnmtted
inin-piletests, and inthe tests that we dowith the
anneal ing fuel, it woul d be about -- it woul d give you
about that | evel of release just fromthe fuel itself.

There is no vaporization, and nothing. Just fuel

parti cl es.

MR. LEAVER: But that's alnost |ike
staying in the fuel. | nean, the stuff just falls
down.

DR KRESS: No, no.

MR. LEAVER. Well, where does it go?

DR KRESS:. It is grains, and these grains
are very small, alnost |like an aerosol wth
a--

MR. LEAVER: When you say very small, you

are tal king what?
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DR. KRESS: Mcrons. Aerosols.

MR. LEAVER How many -- well, aerosol -

si zed?

DR KRESS: Yes, 4 or 5, to 10.

MR. LEAVER: Vell, with 10s, you are
getting big.

DR. KRESS: Well, | nmean, it is aeroso

size. But you can deal with that later. So you just
lunp it in with the aerosol. And what happens with
the core concrete, is that your bubbles of CO2 cones
up and breaks at the surface and just kicks fuel up.

And here is sonme fraction of those that
are real small particles conparedto the aerosols, and
it is about the sane |evel. | have no basis for
predicting how many, and so | just put a floor onit,
and say it is about that many.

DR PONERS: Right.

MR. BOYACK: Laid in-vessel. DidIl mss
sonmet hing, or was that --

DR. KRESS: Laidin vessel and it is such
a small anpunt that it i s nothing even worryi ng about,
and | just would give it at zero. But | think it jus
travels like an aerosol, and half of it gets re-
rel eased.

MR. BOYACK: All right. Ckay. Jim it is
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your cast.

MR. LEAVER. Can | ask Tom a question?

MR. BOYACK: kay. Go ahead.

MR. LEAVER. How do we account -- you are
| ooking at |ow percent release data from certain
experinents, and Tomi s sayi ng t hat nechani cal rel ease
is an aerosol from the fuel at a |ow percentage,
fractional percentages. And the French data show 90
percent nol ybdenumin the fuel.

DR. KRESS: That has to be a vapori zation
process.

MR. GLESEKE: That's right. That's right,
but where does the two glide between .2 and 90, and
when we are | ooking at the data here --

DR PONERS: The French are right.

MR. GLESEKE: What ?

DR. POVERS: The French are right. I
agree with Tom Wen you get down into the ceriumand
| ant hani des, | amsynpathetic to the point where you
-- well, we can neasure, and we are measuring, and we
are seeing differences fromwhat we presunmed wi th our
nodel s.

And here i s a pox on your houses, and nmake
it a constant level, and | don't think that is a bad

view for the ceriumand | ant hanides. But | think the
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noble netals we can do things with, and it is
nmeasurable, andit looks likeit is actually inportant
in discussing things like cesium which are very
| mportant.

MR. CLEMENT: Even for the cerium if we
| ook at neasurenents, for instance, of neptunium and
plutonium you can see that there is a lot of
di fference between t he reasons that neptuni umis nuch
volatile than plutonium and this is actually
nmeasur ed.

So, for instance, you | ook at neptunium
and plutonium and uranium Nept unium is nore
volatile than uranium and uraniumis nore volatile
t han pl utoni um whi ch neans that not only they can be
made fromsmall grains *, and ot her nechani sns.

DR KRESS: | would just trying to add on
t he others, because the rel eases are low. Int he case
of moly, | may have to retract what | said. | don't
like to go in the face of experinental --

DR. POVNERS: And what we need to do i s pay
attention to the noble netals and not -- well, is
because of the -- and you really want to know where
that rutheniumis, because rutheniumis a
bad - -

DR. KRESS: And none of my data deals with
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air intrusion that | have.

DR. PONERS: And what we never suspect ed,
and | think that it i s becom ng nore and nore obvi ous,
and | think it gets worse and worse as you go to high
burn out, is that the rutheniumand noly woul d nove
around the way we see them

And | think it is sinply because as you
burn you are driving that and you are losing the
ability to buffer the oxygen potential around and
striking that uranium

And you start getting nore oxidizing, and
these things start nmoving around, and it gets worse
and worse on you. And you get this, and there is a
| ot of evidence in getting cesiumupdates so that you
are pulling the nmoly, as well as pushing it.

And then you say, okay, now what happens
if I put this stuff on the primary piping system and
let air into this vessel, and watch them noving
around. If it was just nmoly, | would say, so, but
when | 1 ook at rutheniumtoxicol ogy, and ask guys to
do consequences to tell me howthat relates to things
that | amnore famliar with, they come back with a
scary nonment data.

MR. BOYACK: Did you get your question

asked?
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MR. GLESEKE: Yes. GCkay. Starting with

Tom | will go along with the consensus there.

MR. BOYACK: Ckay. Are you goingto bring
clarify to vessel s?

MR. GLESEKE: |'mafraid not. What | see
is a wde range of experinmental results, and a | ot of
unknowns in terms of chem stry and phenomena; from
aerosol s, where there will be a residual aerosol, and
all the way down through these | ast groups.

And | can see Tomls point there, but it
| ooks to ne like there is a lot of vaporization, and
because of the wide diversity in the experinental
nunbers, | can't see breaking this into pieces.

And there is so nmuch uncertainty in the
nunbers that to divide theminto separate groups, |
think you are kidding yourself no nore than you do.
So, | would be included to lunp them at |east at this
point intime until there is nore data avail able, and
that we are dealing with a firmbasis for splitting
t hem

And | wuld go with sonme md-range
percentages simlar to Dana and Dave's numbers on
those, maybe 2 to 5 percent early in-vessel.

MR BOYACK: Ckay.

MR GLESEKE: And smal | ex-vessel fraction
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of a percent here. Maybe a quarter of a percent. And
with a laid in-vessel, a few percent again.

DR. POAERS: Four is a good one, right?

MR. GLESEKE: Four is a good nunber. You
can define four as a few

MR. BOYACK: Can sonebody tell me how to
make somet hi ng out of this mess?

DR POAERS: Just take Jim s nunbers.

MR. BOYACK: Okay. Wat we had tal ked
about was whether to see there was a -- and we tal ked
about majority, and the mnority nunbers, and there
was at nost one or two people. And so what about
this? Let's see, we have got 2 percent.

MR. LEAVER Can we have a little
di scussion on this before we try --

MR BOYACK: Sure.

MR. LEAVER Let me just throwthis out in
i ght of Jimls and Tom s conments on this. The PHEBI S
FPT- 1, which seens to be sonet hi ng that people feel is
i mportant, the results that we get, and it is new,
since 1465, and it is probably the best fission
product neasurenent experinent that we have done.

So we are paying attentiontoit. | wll
have sone ot her comments about that |ater. But there

is a factor of 500 difference in their release 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

656

cont ai nnment for rutheni umversus t hese apparently nore
vol atil e noble netal s.

| just don't see how -- what bothers ne a
little bit here is -- and naybe a lot, is the notion
that you are see from noly and technetium higher
nunmbers. So why not just raise the whole group.

But the problemw th that is that if you
make rut heni um4 percent or 2 percent, that really is
hi gher than what the data suggests, unless you have
sone ot her reason for thinking that.

And howyou wi || have a pretty significant
i mpact on dose, and not that that is not a reason to
do it, but I think we need to be sure that we know
what we are doing if we are going to do that, and I
just don't think that is --

MR. CLEMENT: Well, if it is a question of
the volatility of noly, the * other -- out of other
experinments is the first point; and the second poi nt
is that it is quite |logical --

MR. LEAVER Right. It is logical. You
rai se the outside potential that --

MR. CLEMENT: And hi gher volatility, and
| think it is clear that it is much nore volatile.

MR. LEAVER Especially with alittle bit

hi gher oxygen potenti al .
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MR. CLEMENT: Yes, of course.

MR. LEAVER So there is a reason for
t hat .

MR.  CLEMENT: And the radiological
consequences of noly and oxygen is not at all the sane
as for --

MR. LEAVER And you need even higher
oxygen potential to see the sane effect --

MR,  CLEMENT: It is a fact that
radi ol ogi cal consequences are not all the sane. There
is other reasons for separating nolybdenum from
rut henium and t he radi ol ogi cal consequences we don't
care so nmuch about noly. But for ruthenium we care
very much.

MR LEAVER Right.

MR. GLESEKE: They do have 2 percent of
t he contai nment on rut heni um

MR. LEAVER: Let's see. Half-a-percent is

what | had.

MR. CLEMENT: What we give as a nunber
am just entering as a contai nnent. It is not the
nunmber from one single experinent. It is a nunber

derived from the FPT-1 experinment and other
experinents, and our own experinents -- and this is

just one piece of the feather.
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MR GLESEKE: Ch, okay.

MR. LEAVER: | was just tal king about the
H1/ V1 nunber. The nunber that | think Bernard was
t al ki ng about was ki nd of a regul atory congl oner ati on.

MR. GLESEKE: There were nore experinments
t han one.

MR LEAVER  Yes.

MR. GLESEKE: Well, yes, but FPT-1 to ne
i s probably nore neani ngful nunbers for our purposes.
Yes, it is .005, and | amnot sure whether that is a
basis for changing a .0025 nunber. It is within a
factor of two, and so howsignificant is that relative
to our uncertainty.

That is how | arrived at keeping it the
same, but | think the factor of 500 really tonmeis --
and in effect as Bernard points out, there is sone
physi cal basis, chem cal basis, for why we think the
noly is going to be nore volatile.

And breaki ng themup does give you a nore
adequate picture, and in this case it is probably
worth a significant enough effect that it is worth
doi ng.

MR. BOYACK: Maybe the first question that
we have to deal with is literally this question of

breaki ng up the groups, and I amnot exactly sure how
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one resolves this, except to |ook at the users. MW
users are the NRC, and Charlie, any coment?

MR,  TI NKLER: Yes. There is a way to
conmprom se on this, and that would be to reflect the
much hi gher volatility of some of the nobl e or what we
once called, and still may be called, transition
netal s.

And then retain the other radionuclides
t hat we have separated i nto separate groups, and then
we conbine those. I nean, we could reflect a
different release fraction for |anthani des, and then
conbi ne | ant hani de and plutonium and all the cerium
and | anthanites, into one group.

| know that is another option. If we
think that ruthenium has a higher volatility as is
reflected in the vaporization phenonena, and you
separate that out, and then we conbine all the others
because we think they are perhaps at |least to a |l arge
degree nechanically -- due to decrepitation and ot her
factors.

And as far as the NRC is concerned, we
don't have a view that thou shalt retain these
particul ar groups, and historically the original 1465
panel struggled over this question a little bit on

rut heni um ver sus Lant hani di um
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The large difference in radiologica
effects is clearly one of the reasons why you m ght

want to nake a distinction between .2 percent and 5,

or 10 percent, or whatever you decide, for
anthanithium | mean, there is a large difference
t here.

MR. CLEMENT: | agree with you for a

separation of themand ot her groupings, but nmaybe we
have some * . For instance, if you l|look at the
VERCORS - -

MR. LEAVER. Can we take a short break?

MR. BOYACK: In just one mnute.

MR. CLEMENT: kay. If we |ook at the
results fromthe tests, for instance, on neptunium
and uranium and plutonium W have got here 6
percent neptunium and 2 percent uranium and .2
percent plutonium So, exactly one decay between
these three el enents. So we are agai nst thembecause
t hey are a grouping.

MR. TINKLER: Yes, | understand, but in
this case, | would attach a little nore significance
to sonme of the integral data when we are tal ki ng about
rel eases to containnment, and for the less volatile
stuff, if it mgrates alittle bit to the upper part

of the bundle, well, that is inportant.
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And it reveal s a difference, but as far as
ny release -- to defining ny rel ease to contai nnment,
| guess | amnot sure that | can reflect that |evel of
di scernnent in the table

MR. BOYACK: Please cone to the m ke.

M5. M TCHELL: Jocelyn Mtchell. | wanted
to speak from the point of view of off-site
consequence cal cul ations. W are preparingto be able
to put into the off-site consequences uncertainty
di stributions, and if you see that different chem cal
el enments have a nore uncertainty, or others have | ess
uncertainty, you mght want to divide them

Maybe they are the 50th percentile, or
their mean val ue m ght be the sane. But if they are
big uncertainty differences, you m ght want to have
the ability to keep themseparate so t hat when you get
to the off-site consequences that you can put in
di fferent uncertainty distributions on them

MR. BOYACK: | have had nmultipl e requests
for a break now. Let's take 10 m nutes and come back
at 11: 00 and try to work through these.

(Whereupon, at 10:50 a.m, the panel
nmeeting was recessed, and resuned at 11:04 a.m)

MR. BOYACK: Let's consider alittle bit

about where we are and where we need to go before the
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end of the norning. W have in ny view maybe unti
12: 30, and then a very short lunch -- a quick run down
and a qui ck run back, and then to go ahead and cover
two nore areas.

DR. KRESS: Bring our lunch back with us?

MR BOYACK: We could do that, sure.

(Di scussion off the record.)

MR. BOYACK: Al right. G ven all of
that, we have had some maj or i ssues that have cone up
since we dealt with this noble netals group, and it
seens clear to ne that we are not going to be able to
deal with themin the course of this neeting, and t hen
al so cover the rest of the itens.

These primarily have to do wi t h whet her or
not to separate and reformthe groups. And then even
within that, there may be sonme differences in the
val ues.

Now, | guess if we reformthe groups that
maybe some of those differences would narrow, but I
don't think we can do that withinthis tine franme that
we have.

What | woul d suggest is that we go on to
the next two, and that is that we don't firm the
val ues up right now Wat we do is go on and have t he

di al ogue about the next two groups, and record that
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i nf or mati on.

And t hen bet ween now and t he next neeti ng,
try to figure out what to do withit. So that is ny
position. Let's see. Bernard, did you end up with
t he overhead that had our groups?

MR, CLEMENT: Sorry, no.

MR. BOYACK: IT is the one that we were
marki ng up with the changes in val ues.

MR. LEAVER. Yes, you do.

DR. POVERS: There you go. The third
group.

MR. CLEMENT: Ch, sorry.

MR. BOYACK: Maybe | ought to check and

see if you have

DR. KRESS: Maybe he fixed t he val ues up.

DR POVERS: He corrected them He
corrected them He got themright.

MR. BOYACK: David, you started to make a
comment before? Wre you just going to nake a conment
or just put up the slide?

MR. LEAVER: | was just going to put the
slide up.

MR. BOYACK: kay. s there any
di sagreenment or ot her perspectives on continuing? So

what we have to do is -- well, just so there is no
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guestion about that val ue.

So when you get your copies, which you
wi |l be provided, and | think before you | eave t oday,
you will be able to get those to you. Al right. So
that noves us on to the cerium group.

(Di scussion off the record.)

MR. BOYACK: So now we are noving to the
cerium group. So with that in mnd, | wonder,
Bernard, if you would be willing to provide your
know edge on the cerium group.

MR. CLEMENT: Ckay. So we start wth
neptunium and first of all, there is no reason for
changi ng that.

MR. BOYACK: Thank you. There we go.

MR. CLEMENT: Then neptunium for our
measurenments, and mainly from VERCORS and al so from
PHEBI S. We derived the value of 10 percent rel ease
fromcerium and 2 percent from*.

Okay. For plutonium it is one percent
from* and 2 percent to the contai nnents. For cerium
BOYACK: And what is ceriunf
CLEMENT: Ceriunf? CE.

BOYACK: Thank you.

2 3 3 %

CLEMENT: W did not have direct
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measur enents, but * rather than with other cerium and
| will speak later on on |lanthanum but from this
anal ogy, we cone out with a figure of 10 percent from
fuel, and 2 percent from contai nnent.

MR, BOYACK: That was pl utoni unf

MR. CLEMENT: That was cerium It is the
measur enent of | anthanumin VERCORS, and an anal ogy
bet ween | ant hanum and ceri um

MR. BOYACK: Anything el se?

MR, CLEMENT: No.

MR. BOYACK: Ckay. Then as we go along to
t he ex-vessel.

MR. CLEMENT: GCkay. We don't -- well, no.
We don't think we will have a significant rel ease from
an MCCl .

MR.  BOYACK: kay. And the late in-
vessel

MR. CLEMENT: The late in-vessel is the
same remark as for various groups. As far as we have
i mpor t ant deposits, and speci es whose vol atilities can
change, dependi ng on the oxi dati on degree and so on.
And we need nore experinment on that to reduce the * on
t hese processes.

MR.  BOYACK: kay. Thank you. | am

assum ng that everybody has read NUREG 1465 val ues?
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DR. KRESS: | think everyone has.

MR, BOYACK: kay.

DR. POVNERS: You had better check that
with the guys from LSU.  They seem to do better on
t hese things. Gkay, Dana.

MR. CLEMENT: | |ooked at * that maybe in
hi gh burn up fuels and so | amgoing to * of these
groups.

MR. BOYACK: Ckay. So basically --

MR. CLEMENT: That is not easy to quantify
now, but we know t hat the norphol ogy of the fuel has
hi gh burn up will not be the sane, okay? So the
access fromoxygen fromthe steamto the fuel, or from
the fuel to the steam may really change, and we know
that the volatility of species, dependi ng upon their
oxi dation state -- for instance, the volatility of
speci es for plutoniumis plutoniumdioxide, and so it
has to go to di oxi de and nonoxi de.

For uranium it is thee oxides, and so it
is dioxide and trioxide. And then we need to have
nore on the effect of norphol ogy of the high burn up
fuel on the rel ease of these species.

MR. BOYACK: kay. Thank you. Al right.
Davi d.

MR. LEAVER Well, the PHEBUS -- the FPT-1
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rel ease of plutoniumwas sonewhat | ess than 1465, the
1465 nunber for VERCORS for the ceriumgroup, and the
nept uni um was sonewhat hi gher

So | guess | think -- 1 have -- these
nunbers are all so small that | just don't really know
-- | don't feel too confortable throwi ng nunbers
around because they are all so snmall.

But | think qualitatively that the
nept uni um nunber from FPT-1 would make me want to
t hi nk that perhaps we are a little | ow on 1465, even
t hough t he plutoniumrel ease is | ess t han what we have
for 1465.

So I maybe woul d doubl e t hat nunber j ust
to reflect that that FPT-1 data, and make it 10

percent. And | woul d have no basis for changing the

ex-vessel. I'msorry, 0.1 percent.
And that was ex-vessel. Was there any
comment on any question about the vessels? | would

say it is applicable.

MR, BOYACK: kay.

MR. LEAVER. Thank you.

DR. KRESS: The hi gh rel eases of neptuni um
and rut heni umeven i n t he VERCORS experi nents gi ves ne
room for pause, because 2 percent would be a

significant biological effect inadesignbasis space.
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MR. LEAVER You are talking about

r ut heni unf?

DR. KRESS: Yes, and | amtal king about
nept uni umal so. That has a severe biol ogical effect.
Cerium al so does. So, | worry about those nunbers.

| still believe that all the other things
ought to be capped at sonething Iike one-tenth of a
percent, but | am about to change ny m nd about
nept uni um and ruthenium and cerium and we m ght
want to separate those out as separate species,
because each of themhave bi ol ogi cal effects that are
severe, and apparently there is experinmental evidence
to think that the rel eases mght be in the order of
magni tude nore than the .1 percent.

So | would kind of focus on those, and
say that we need to understand and have nore
experinmental datato understandthe PHEBUSresul ts and

the VERCORS results.

But right now!l would still say that until
we get that data | think I would still |ook for a cap
on all of those at .1 percent. | don't think | can

differentiate between .1 and . 0025.
So | amsticking with nmy nunmber, just .1
percent across the board right now, and with the

qualifier that I think we need to go back and recheck
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the results for neptunium cerium and ruthenium
Those are the ones that | worry about.

MR BOYACK: And that is because of the
health effects?

DR. KRESS: Yes, and | amnot sure that ny
.1 percent properly captures the results of the
VERCCORS i n pl aces.

MR BOYACK: Ckay. And the next vessel ?

DR. KRESS: The sane, .1 percent.

MR. BOYACK: And the laid in vessel?

DR, KRESS: | don't have any reason to
worry wi th changing.

MR BOYACK: Ckay. Jim

MR. GLESEKE: Well, for not necessarily
all the sanme reasons, | amgoing to go along with the
nunbers that Tomhas here. | would think it woul d be
i mportant to point out that the neptuni umnunbers from
the French experience may be a big deal if they are
closer to right than the | ower nunbers. And we are
| ooking at 2 percent for the containment, and that
woul d be a significant deal. | would be inclined to
go with Tom s nunbers on this one for the tine being.

MR, BOYACK: Let's see. | am not sure
what those are.

MR. GLESEKE: About a tenth of a percent
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in the in-vessel

MR. BOYACK: And for the same reason, the
health effects?

MR, GLESEKE: Yes.

MR. BOYACK: And the ex-vessel?

MR. CGLESEKE: That can be a tenth of a
percent also for NUREG 1465.

MR.  BOYACK: Ckay. | would like to
i ntroduce the clean up man for the survey group now.

DR POWERS: Over the | ast decade there
has been quite a lot of work noted at the national
| aboratory in the high country in the sout hwest by an
i nvesti gator named Oscar Krikorian, |ooking at the
vaporization of plutonium at relatively nodest
t enper at ur es.

And this has been an effort that he has
wor ked on for at | east a decade, and maybe a decade-
and-a- hal f. And she has indeed found that within
wat er vapor there are vapor speci es for pl utoni umt hat
will lead to | ower tenperature vaporization.

And | think this |lends credence to the
assessnent that the French have made for plutonium
that is quite at odds with the thinking at the tine of
the source to include package and the tinme of the

devel opnent of 1465.
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And | think we just have to say that here
we have two lines of investigation, totally
i ndependent, that areleadingtoasimlar result that
says i ndeed under these accident conditions you can
get non-trace rel eases of sone of these el enents.

| have conceptual difficulties wth
estimating cerium rel ease based on an analogy to
| ant hanum and | just basically wouldn't do it. |
think a better analogy is between cerium and
pl ut oni um

Al'l together, that leads ne to be very
supportive of the idea of an overall 2 percent in-
vessel rel ease of the ceriumgroup to the containnent.

The results they have obtained fromthe
neptunium| find remarkable. | don't doubt them but
t he neptuniumchem stry is an area that | just amnot
very famliar wth.

| didan assessnment inconnectionwththe
devel opnment of the Vanessa Code, and ny recoll ection
is that i ndeed the thermal dynam ¢ data woul d support
a higher volatility for neptunium

Currently, my mental integration, biases,
t hi nks heavily toward the plutonium because | think
t hat Krikorian is giving us a nmuch richer

under st andi ng of the vapor chem stry of pl utoni umt hat
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woul d have us say, yes, this is not an irrational --
it is not a fluke of sone particular experinenta
thing, or that you should get sone substantial
rel ease.

So | am supportive of adopting pl utonium
rel ease as representative of the cerium group

MR LEAVER: Pl utoniumrel ease f or PHEBUS

DR.  POVERS: Wen they did their
assessnent, PHEBUS is one point in space. They have
t hese VERCORS tests which -- and | have been able to
exam ne themonly to the extent of view graphs being
put up on the view ng table.

And it would be nice to have a close
exam nation of these tests, because there are things
that go up and down in them that | don't quite
under st and.

Again, | doubt them and our history of
these out of pile tests is that there are things that
we don't understand about them But you al so see sone
consi stent trends.

And | al so knowthat the French, when t hey
make these assessnments, use heavy use of the Genini
code in devel opi ng an under st andi ng. | have spent

i nnurrer abl e hours with sonme of the originators of this
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code nanme, and generally appreciate its quality that
t hey have exacted on that.

| state again that frequently we find
ourselves in conpletely -- in harsh debate, but |
t hi nk they have found sonething. Furthernore, it
seens to ne that these trends that they observed and
their experinents to date, that it only gets
excesuat ed as we nove toward hi gh burn up fuels, where
there is the propensity to have sonmewhat nore
oxi di zing conditions in the fuel.

And as Bernard points out, indeed even
greater access  of oxidizing gases to the
mcrostructure. So | amsaying |let's accept what you
have done for plutoniumas representative, and flag
it, and say let's look further at this neptunium
busi ness, because Tomtells nme that neptuniumis a
real bad actor.

And ceriuml know has the -- is our decay
heat carrier for the long duration. So we need to pay
attention to what it is doing just as a heat source.

The French have t aken a roughl y 80 per cent
deposition al ong t he rel ease path, which | think these
materials are transmtted primarily in the aerosol
form and if we consistently |ooked at what we did

with aerosol, we basically took a 50 percent

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

674

deposi tion.

And | amnot going to go into that kind of
detail. | amjust going to be supportive of the 2
percent to containnent.

MR. GLESEKE: 1 think they have a tenth of
a percent of plutoniumload, Dana, and not to qui bble
over nunbers.

MR. CLEMENT: Yes, you always take *
deposition, and just because when the contents just
above the fuel, there is not so nmuch aerosol in which
they can *. So the |l owest volatility of elenents, the
hi ghest will be the position by vapor condensati on on
the walls.

I f you take a highly vol atil e el enent, and
the condensation wll find a huge population of
aerosols to be transported. That is the reason. That
is al so supported by neasurenents of deposits in the
upper part above the * section and the * section, and
that is the idea.

And concerning cerium | don't renmenber if
| have ever known why people have made the anal ogy
with *, and they were probably sone reasons that |
don't know.

DR. POAERS: Well, the basis for doing it

i s that the predom nant vapor species froml ant hanum
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sesqui oxi de i s LAOQ, and t he predom nant vapor species
fromceriumis CEOQ, and they are very simlar intheir
properties, and that's how they would do it.

MR. CLEMENT: In VI-5, there was a
measur enment of 2 percent of the rel ease of cerium one
for one, and that is the only value that we have got
as a neasurenent.

DR. PONERS: Well, ny bottomline is that
it is 2 percent to the contai nnent.

MR. GLESEKE: Now, that's a neptunium
number ?

DR, POVERS: Yes, 2 percent to the
cont ai nnent .

MR.  BOYACK: And the name of the
researcher, was that Krikorian?

DR. PONERS: Krikorian, yes;
K-RI-K-ORI-AN

MR. BOYACK: | was distracted by sonebody
speaki ng here. Could you giveit to ne one nore tine?

DR, PONERS: K-R-1-K-O-R-1-A-N. The noted
Lassel (phonetic).

MR. BOYACK: OCh, | did want to get that

DR. PONERS: Yes, | figured you did.

MR. BOYACK: | assuned that may be what
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was going on when it was an unnaned lab in the
sout hwest . .

DR. PO/ERS: Vell, no. A fanous
| aboratory in the high country of the Anmerican
Sout hwest .

MR. BOYACK: And the ex-vessel.

DR. PONERS: The ex-vessel nunber here
agai n i s conposed of two conponents. One component is
a mechani cal rel ease due to the bubbling, the bubble
bursting at the surface, and then anot her conponent
that is a vaporization release that is directly
proportional to the amount of zirconium present.

| f that anobunt of zirconiumnetal present
is changed radically by going to high burn up fuel,
you wi | | see sone change in the ceriumrel ease, but at
this point | am confortable with the nunbers that
exi st .

MR BOYACK: Ckay.

DR. PONERS: And | thinkit is .5 percent.

MR, BOYACK: Oh, I'msorry. | was just
| ooki ng at the other val ues.

DR. PONERS: No, .5 percent.

DR KRESS: .5 percent.

MR. BOYACK: .5. I've got it. Thank you.

DR. PONERS: And for the late in-vessel
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release, | think any of this is a resuspension
rel ease. | don't see a vaporization route here, and
our under st andi ng of resuspensi on hi nges very nmuch on
physical formon the surface.

| think that these will be anmong t he nost
resuspendabl e of the fission products that drop onthe
surface. But right nowl think that our assessnment of
that suspension is that it is small.

MR, BOYACK: Like?

DR. POVERS: Li ke zero. | would not
change the existing val ue.

DR KRESS: Wy to go.

MR. BOYACK: Way to go. Pardon nme while
| try to find out where | am Ch, there it is.

DR. POAERS: These guys up at Los Al anps,
they |lose tape drives, and they lose -- they just
can't find things, you know.

MR BOYACK: It is our way of keeping --

DR KRESS: Look behind the xerox
machi ne. .

DR POAERS: The xerox machi ne.

MR. BOYACK: It is an enploynment thing
t hat we engender for the NRC, or not for the NRC, but
for the FBI and other security forces.

DR. POAERS: Security forces?
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MR. BOYACK: Yes. And | think thinking,

Davi d, because you get to lead off on this.

MR. LEAVER | forgot about | anthanide.
| guess | woul d see no basis for changi ng t he nunbers
in 1465, and that is based on that the FPT-1 data --

MR. BOYACK: Now, just to nake sure where
we are, which phase are you in?

MR. LEAVER: Early invessel, andthereis
no change on the basis of the FPT-1 data, and very

simlar results for sone of the earlier tests with

SFD.

MR. BOYACK: S what?

MR, LEAVER  SFD- 14.

MR. BOYACK: Ckay. So that is applicable.
Ex- vessel .

MR LEAVER | would have no basis for
anyt hi ng on NUREG 1465 on that.

MR. BOYACK: And in-vessel?

MR. LEAVER: That is a factor. That is a
factor.

MR BOYACK: And | ate vessel?

MR LEAVER: No basis for changing the
number .

MR. BOYACK: Ckay. Tom Is there anybody

who woul d change the gap --
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DR. KRESS: Hang on. | want to change

some things that | have done before, because | was
saying a cap of all of these things at .1 percent. |
think that is only inthe early in-vessel rel ease. |
woul d nake all of those .01, or .1 percent.

But for the ex-vessel release, | would
keep those at .005, because it is a different
mechani sm and it is bubble bursting |i ke Dana said,
and it is nore like .005. So | would nmake all three
of those at .005, and the ex-vessel, and all three of
the early in-vessels at .001. And | would not change
t he | at e-endi ngs.

MR. BOYACK: | amjust a little slower
here, because now we are goi ng back to tal ki ng about
previous --

DR KRESS: Yes. | had themall at .001.

MR. BOYACK: So, for the nonent here, if
you could just give ne this entry, and then | will go
back and --

DR. KRESS: .001 and .005., no change to
t he NUREG 1465. | actually think that nunber was
probably based on the bubble bursting in the first
pl ace.

DR POWERS: It has a little bit of a

conponent in the vaporization, or the zirconi umnetal
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that is pleasant.

MR. BOYACK: Now, how many of these are
there that we need to go back to?

DR KRESS: The noble netals and the
cerium

MR.  BOYACK: The noble netals and the
cerium Ckay. And this was now . 1.

DR. KRESS: What are you | ooking at, at
t he end-vessel ?

MR. BOYACK: | am back at noble netals,
i n-vessel

DR KRESS: kay. It is .1; and ex-vessel
is .005, or .5.

MR. BOYACK: Five percent. | should have
been consistent on this, but I wasn't. And then we
were all right on the --

DR. KRESS: And the sane thing for the
cerium

MR. BOYACK: Okay. So, now let ne get
this together. Now, for cerium--

DR KRESS: And | have .1 percent and that
i s okay, and down there | would use .5.

MR, BOYACK: Five?

DR. KRESS. Yes. Thank you.

MR,  BOYACK: That is just part of the
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service out at Los Alanps. | amtrying to keep ny
pil es straight here. One nonent.

(Brief Pause.)

MR. BOYACK: This gave you a |lot of tine
to think, Jim

MR. GLESEKE: And it should go pretty
qui ckly shouldn't it. Just to inform you of the
logic. | used Toms total nunbers here, and --

MR. BOYACK: That is his calcul ations.

MR. GLESEKE: Hi s cal culations of the
correl ation of data, and | adjusted that for sone | oss
of core practice, and |lo and behold we come out at
. 002, which is amazi ng because that is the nunber that
is up there for the NUREG 1465. So it stays the sane.

And | will go al ong wi th NUREG 1465 on t he

ex-vessel, and the same for in-vessel.

MR BOYACK: Ckay.

MR. BOYACK: Zero, point, oh, two.

MR. POAERS: Zero, point, two percent?

MR. BOYACK: Zero, point, oh, two rel ease
fraction.

MR. POVNERS: kay, all right. [I"Il just
try to be consistent. Ckay. And do you want to

provi de a basis?

MR.  BOYACK: You're going to hear it
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shortly.

3

PONERS: Ckay.

3

BOYACK: And so you can say CDC/ JVE up
t here.
POVNERS: Here?

BOYACK: Yeah.

2 3 3

PONERS: CDC, CDC/JME. Ckay.

MR. BOYACK: And for the ex vessel, I'lI
stay with the NUREG nunber .

MR. POAERS: You say the sane?

MR. BOYACK: Yeah, the same way.

MR. POVNERS: | have this projector going
inny ear, and | just --

MR. BOYACK: And for the laid in vessel,
| don't see a |lot of perturbation. | see
resuspensi on, but my understandi ng, resuspension is
fairly lowlevel. So I'll stick with the 65 nunber.

MR. PONERS: So this was CDC?

MR G ESEKE: SED.

MR KRESS: The first Cis SED.

MR Q ESEKE: It's not three initials.

It's a word "see.

MR. POAERS: As in "see saw Marjorie Daw'
(phonetic)?

MR BOYACK: See what?
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MR PONERS: CBCA, right?

PARTI Cl PANTS: No, no, no.

(Laughter.)

MR. KRESS:. |It's supposed to be BC

MR POAERS: "See" and then BC.

MR. BOYACK: Evidently, what is that when
you flip on I? Am| dyslexic? 1've got dyslexic
ears, | guess. So this is CBC?

MR. G ESEKE: There you go. Now you're
okay.

MR. BOYACK: Hardly took anything, didit?

MR. KRESS: Have you heard of the
organi zation called DAM D A-M?

MR. BOYACK: Tell ne.

MR KRESS: That's Modthers Against
Dysl exi c.

(Laughter.)

MR. BOYACK: Now that | see BC/JMB, what
am | supposed to do with this?

MR POAERS: Listen.

(Laughter.)

MR. BOYACK: Onh, I'msorry. Nowl finally
got it.

(Laughter.)

MR. BOYACK: | amreally slow, yeah.
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Bernard, | have been told to listen to
you.

MR. POVERS: Intently. Let me put the
"intently" listen.

MR. CLEMENT: W' ve got the two | oops
because we initially thought as everybody that all of
this stuff had very lowvolatility. In fact, when we
performed t he VERCORS HT-1 experinent, it was a burn-
up of 14. When they perforned it up to 3,000 Kel vin,

we neasured the significant rel eases of | anthanum

eur opi um

MR.  BOYACK: So the two groups are
| ant hanum - -

MR. CLEMENT: No, no. The first group,
you've got -- we put |anthanum europium and

praeseodymnim Pr.

MR, BOYACK: Br?

MR. CLEMENT: Pr. It was not neasured,
but you can do an anal ogy.

MR, d ESEKE: Yeah, vyeah, not a bad
anal ogy.

MR. CLEMENT: Ckay. So from these few
results, we've put ten percent rel ease fromthe fuel
and two percent to the containnent. In fact we

nmeasur ed ei ght percent that we are using.
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For the others, zirconium and neurodene
(phonetic), there are others. GCkay, but we have put
one percent from*, .2 percent to containnent.

MR. BOYACK: And .27

MR CLEMENT: Point, two to contai nment.

MR BOYACK: Al right. Thank you.

MR.  CLEMENT: Ckay. | address those.
Ckay? The sane as --

MR. BOYACK: (kay, and laid-in vessel?

MR. CLEMENT: Laid-invessel, | don't know
if we could have sonme resuspension or not for the
staff. That's again the point. W are in the
resuspensi on. W don't give any number, but just
poi nt out that as far as we have i nportant requi sites,
we've got this problem of uncertainties in
resuspension for the latent vessel. W're sayingthis
is a point to be addressed then.

MR. PONERS: Right, but it has to do with
what we find out about the physical form of these
deposits, and as we learn alittle nore about it. 1In
some cases the deposits down in the |ow tenperature
regi me, they nove around with a breath of air, and
others you can't chip themoff with a hamer.

MR, BOYACK: All right.

MR. LEAVER. You certainly don't see that
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type of result from PHEBUS

MR CLEMENT: No.

MR. LEAVER: So there's sonething else
goi ng on.

MR. CLEMENT: Yes. | don't knowif it's
an effect of burn-up of tenperatures, but somethingis
goi ng on.

(Pause in proceedings.)

(Wher eupon, the foregoing matter went off

the record at 11:49 a. m and went back on

the record at 11:51 a.m)

MR. BOYACK: As you know, as we dealt with
the | ast three groups, no netals, cerium group, and
Lant henides, we ran into this issue where the data
uncertainties, this regrouping, and what |1'd like to
do is just have your thoughts on candi date ways of
dealing with this, not a resolution, just options.

MR. KRESS: Well, first off, | would be
tenpted to | ook at neptuni umand ceri umand | ant hanum
separate from the other groups because of their
bi ol ogi cal effectiveness, and fromthe fact that it
| ooks like in sone cases they get rel eased enough to
worry about.

If they didn't get released enough to

worry about, | wouldn't worry about them otherw se,
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but they seemlike in some cases they get rel eased
enough, and their biological effectiveness is severe
and can nmake some differences.

So | would be tenpted to | ook at those as
separated out fromthe groups.

MR. BOYACK: Ckay. So this was a case
where you would separate them out. VWhat el se?
Anything el se that m ght occur to you or is that --
you can do this nore than once.

MR KRESS: Well, | would think all the
other groupings are pretty nuch okay because it
doesn't nmake nuch di fference anyway, and t hat woul d be
ny feeling.

MR.  BOYACK: Ckay. Jim what do you
t hi nk? Any thoughts about how we handle this, the
fact that we have these --

MR. G ESEKE: Well, | thinkit's inportant
to note that at least in the case of neptunium the
French data suggests that that's significantly
different than sone of the other elenents in that
grouping. So it warrants a special | ook.

| just supported what Tom said, | guess.

MR. BOYACK: kay. Dana?

MR, POVNERS: | guess you're asking the

guestion really of what do you do about the fact that
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sone people say ten and ot her people say . 1.

MR. BOYACK: Yeah, yeah. So what do we do
with the variability?

MR. PONERS: And | think you go with a
voting nmechanismw th careful attention in the text
outlining the mnority opinion. | think you need to
end up with tables with nunbers in themthat people
can use, but | think you have to put the explanatory
part in there that says overall this is based on
i nconpl ete information, a snapshot in tine.

It could be that the outlier view is
closer to reality than the majority.

MR. LEAVER  Your point about ending up
with a table that people can use, when we started
this, there was sone talk about witing a -- do you
consider this a PIRT exercise, a PIRT report, which
woul d be |ike a NUREG CR report simlar to the ones
t hat you've done on the reactivity insertion of the
three that you get?

If we do that, then naybe we don't need a
table. Maybe it's a range. | don't know, but then
maybe it's RES job as the issuer of 1465 to reissue
1465 using this information that we provide. | mean
that's anot her process here.

"' mnot sure what the process is, but --
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or whether we're expected to come up with a table.

MR. BOYACK: Let ne just comment that the
very first contact | had referred to this work as a
PIRT activity, and | carry within ny mnd a certain
definition of what that nmeans, the processes and the
appr oach.

And we had a pre-neeting, came together,
sat down, and di scussed what was real ly the objective
of the NRC activity, and that was to come up with
t hese tabl es, these revised tables.

And so you may see that | don't use the
word Pl RT. In ny correspondence | call this the
source term applicability panel rather than a PIRT
panel, and that's the reason why. | don't thinkit's
t he PIRT.

MR. LEAVER  Yeah.

MR. BOYACK: | understand the point that
you' ve i ndi cated, and so what |'ve done is to put down
as one of the options to consider whether the NRC
woul d take the results of the panel, which may not
have a single value, and then cone up with --

MR. LEAVER. Well, in some cases it nay;
in sone cases it may not.

MR. BOYACK: Yeah.

MR. KRESS: Can you change that word
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"early" in the top line? | didn't say that or at
least | didn't neanit. It seens to be released to a
greater extent than previously filed.

MR. BOYACK: | can change it.

MR. KRESS: Yeah.

MR. BOYACK: Sure. kay. Let's see. So
any comment s about options, things we m ght consider?

VR, CLEMENT: Yes, | think that sone
el ements should be separated. So | agree wth
nept uni um cerium and | anthanum and they woul d add
the volatile ones, nolybdenum and techneti um

MR. BOYACK: Ckay. So was all of that a
singl e group?

MR. CLEMENT: No, no, no, no, no. This
shoul d be separated according to their volatility and
t heir radiol ogi cal inportance. | don't give the
separation right now of these other three inportant
factors.

MR. BOYACK: Let's see. Thevolatility was
t he second.

VR. CLEMENT: Bi ol ogi cal effects,
bi ol ogi cal hazards, you know.

MR. BOYACK: The list of species. So let
nme go ahead.

VMR, CLEMENT: So neptunium cerium
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| ant hanum nol ybdenum technetium at | east.

Ckay. Then the second point is | fully
agree with what's said that we should identify what
are the sources for the variability withinthe val ues.
This is quite very inportant. | think we do not have
time to discuss in detail all of what were always
sources of variability. What | woul d propose i s when
you | ook at all what we have said, you identify the
nost i nportant sources of variability and maybe aski ng
panel nenbers --

MR LEAVER To confirmthat.

MR. CLEMENT: -- to confirmthat and to
send inwitten formwhat are t he reasons why, not for
all of the variables that were given, but | think that
you can identify after the neeting what are the main
sources of the main differences between the nmenbers of
t he panel, and you coul d ask each nenber of the panel
to give nore detail in witten form about why stay
w th that.

That could help to docunent these
variability.

MR. LEAVER. Wile he's typing, what are
we doing on getting copies of the material that you
presented? |s that happening? Are you going to send

it out next week?
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MR. BOYACK: They'll sendthat tonme early

next week.

MR. LEAVER: kay. That's going to happen
next week. Ckay.

MR. BOYACK: And the one thing, | think we
sai d Power Point is what you had the material in, but
if you can also in addition create a PDF file. The
one thing I've found out is the PDF files alnobst
al wvays work and sonetines --

MR. CLEMENT: Yeah, yeah, yeah.

MR. BOYACK: -- we have troubl e w th other
files.

MR LEAVER Is that why you do it, PDF?

MR. BOYACK: Absol utely.

MR LEAVER Is it a smaller file?

MR. BOYACK: No. It's platform
i ndependent . That's why it seenms to work better.
Since | generate on a MAC machine, that becones
i mpor tant.

MR.  LEAVER If you got after that

readi ng, sonething |ike that.

MR. BOYACK: Right, and those can be
downl oaded pretty often off the Internet.

Ckay. Is there anything else then? |

t hink that sort of captured what | wanted.
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Charlie, what we're going to do is in a
nonment take a break for | unch, cone back a few m nutes
before one, and so the question |I have is is there
anyt hing el se that you wanted us to discuss for a few
m nutes or are we kind of covering what you wanted?

You' || note that we haven't done anyt hi ng
on BWR yet, for instance.

MR. TINKLER  Ri ght.

MR. BOYACK: And we had sone di scussion
yest erday based upon Ralph Meyer's presentation.
Maybe that was the first day, that the BWR fuel is
novi ng i n appear ance and characteri stics towards a PW\R
fuel, and there was sone t hought that we m ght be abl e
to go through the BWR --

MR LEAVER Pretty quickly.

MR, BOYACK: -- pretty quickly, which
maybe woul d be the first section of the final nmeeting

MR TINKLER: Well, | nean, to the extent
you can tal k about the BWR fuel, you know, as we went
into the i npl ementation of the alternate source term
revi sed source term we t hought agai n about whet her or
not the distinctions in the source term between the
PWR and BAR were really worth the effort, werereally
worth the distinction, frankly.

Revi sed system | evel calculations only
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serve to convince us that variability i n sequences was
| arger thanthe variability in the source termbetween
the two reactors, and that, you know, rmaking
di stinctions between 30 and 35 percent, which was an
averagi ng process once upon a tinme, just really has
guestionabl e value to us, okay, and whether or not
it's, you know, a distinction without a difference,
frankly.

MR. BOYACK: Yeah.

MR.  TI NKLER: You know, ["'m not
encouraging you to spend lots of time on it if you
want to, but you m ght consider whether or not it's
just -- considering, as we say, the preponderance of
evi dence maybe and t he uncertai nty associated with al |
of this, we just adopt the same source termfor Ps and
B.

MR. LEAVER: You recognize if we do that,
you' re tal ki ng about a 30 percent increase in iodine
rel ease.

MR.  TI NKLER | understand, but do we
really think that, you know, there is that nuch
difference at this point?

MR LEAVER  Yeah.

MR. Tl NKLER: It's just sonmething to

consider. | knowthat it's going to have sone i npact
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on some cal cul ations, but do we really think there's
a difference within the range of uncertainties?

It's sonething you m ght want to debate
anong yoursel ves, you m ght want to consider.

MR.  BOYACK: Ckay, all right. What |
suggest we do then now is eat |unch

MR. LEAVER That's an idea.

MR. BOYACK: Unl ess there is any real
objection to that particul ar approach.

MR KRESS: Wiy don't we get back at
12: 307

MR. BOYACK: And?

MR. KRESS: You said we'd get started at
12:30 or did you say shortly before one?

MR. BOYACK: W have speakers conming in at
one to talk to us on this particul ar question.

(Wher eupon, at 12: 03 p. m, the neeti ng was
recessed for lunch, to reconvene at 1:00 p.m, the

same day.)
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AAF-T-EERRNOON S-E-S-S1-ON
(12:57 p.m)

MR. BOYACK: Let's go ahead and resune our
nmeet i ng.

We're grateful that we've been able to
have some individuals come and talk to us about MOX
fuel, and | don't know whether one of you will take
the lead in introducing all of that.

Steve Nesbit. So l'll turn the tine over
first to Steve and have hi mintroduce his col |l eagues
and al so the course of the neeting.

Now, | should informyou that we have a
court recorder. W're going to have a transcript of
the neeting. There is a m crophone --

MR. NESBIT: \Whatever | say can and wil |
be used agai nst ne.

MR. BOYACK: -- mcrophone here on the
pul pit, and if fromthe audi ence you wi sh to speak, if
you'll use the m crophone over at the side.

And, Steve, thank you.

MR NESBI T: Thanks.

MR. BOYACK: And if there are handouts,
can take care of getting those out.

MR. NESBIT: kay, great. Okay. Thanks

for giving us the opportunity to conme and partici pate
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in this neeting this afternoon.

| do have sone handouts, and if you can
distribute those, 1'd appreciate that.

"' mSteve Nesbit fromDuke Power, and |'m
t he m xed oxi de fuel project manager for Duke Power.
WE al so have with us today Patrick Blanpain from
Framtone in France. Patrick is going to give the
second presentation of our two.

Larry Losh from Frantome USA back there
next to Patrick, and we may be joined by Patrick
Rhodes from Departnent of Energy. | don't see him
here yet.

And we wer e asked to come and di scuss with
your panel aspects of m xed oxi de fuel that m ght bear
upon the applicability of the NUREG 1465 source term
tothat fuel, and we've tried to put together a couple
of presentations to address those issues.

W certainly encourage you to ask
guestions, and if we can't answer your questions
today, we'll try to get back to you at a later tine.

The purpose of my presentationis to give
you a general overview and background of the program
that we're involved in to use m xed oxide fuel and to
address a few of the points that | think were raised

inyour first nmeeting, which | got fromreview ng the
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transcript there.

Some of this information, maybe all of it,
you're famliar wth. "1l try not to go into
excruciating detail onit, but I do want to give you
a general overview of what we're trying to do here.

The Departnment of Energy has the
responsi bility for managi ng surpl us pl ut oni umfromt he
United States Wapons Program and in Septenber of
2000 the United States and Russi a si gned an agr eenent
t o di spose of significant portions of that plutonium
34 tons of weapons grade plutoniumfor each country.

By the ternms of the agreenent, the
majority of the plutonium will be disposed of by
conversion to mxed oxide fuel in use in existing
nucl ear power reactors. Pursuant to that agreenent,
actually a little before that, DOE contracted with a
team of conpanies known as Duke Cogenma Stone and
Webster, or DCS, to provide MOX fuel fabrication and
i rradi ati on services.

As a general overviewof the project, the
way it's supposed to work is this. The material, the
plutoniumis currently in the formof pits stored at
Pantex in Texas, a DOE facility there. It's to be
transported by DOE to a facility to be devel oped at

t he Savannah River site called the Pit Di sassenbly and
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Conversion Facility.

That facility will turn the classified
weapons into unclassified plutonium oxide powder,
which will be transferred to another facility on the
Savannah Ri ver site, al so not yet built called the MOX
Fuel Fabrication Facility. That's the subject of a
current |icense proceeding in front of the Nucl ear
Regul atory  Commi ssi on. They're applying for
construction authorization.

This facility will make m xed oxi de fuel.
It will be transported by DOE to four nuclear power
reactors, McGQuire Units 1 and 2 and Catawba Units 1
and 2. There it will be used in a manner very simlar
to existing uraniumfuel and eventually it will be --
t he eventual in-state would be a geol ogi c repository.

Who's who inthis teamof conpani es? Duke
Cogema St one and Webster, inmaginatively named after
Duke Engi neering and Services, Cogema, and Stone and
Webster. These are the three main partners.

Cogemn, of course, is the French fuel
cycle company that has a |ot of experience in the
field of plutonium and m xed oxide fuel and also
anot her partner or another subcontractor through
Cogema i s Bel gonucl eaire, whichis al so an experi enced

MOX fuel fabricator, and El ectricity de France, which
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has a | ot of experience using m xed oxide fuel.

O her subcontractors i nclude Nucl ear Fuel
Servi ces, who are working i n saf equards and security;
Duke Power, which is responsible for using the fuel;
and Frantone AMP, which is responsible for designing
t he fuel.

Sonme key m | estones. | mentioned that
there's a construction authorization request before
t he Commi ssion. That was submitted in 2001 for the
MOX fuel fabrication facility. The goal was to start
MOX fuel fabrication facility construction 2002 or
2003; receive a license to possess and use nucl ear
material at the facility in 2004, begin a |ead
assenbly irradi ati on programin one of our reactorsin
2004; conplete the MOX fuel fabrication facility
construction and start-up and testing and start maki ng
m xed oxi de fuel in the 2006 and 2007 time franme, and
ultimately start to use the fuel at MG@ire and
Cat awba 2007 to 2008.

Moving on to sonme facts about what MOX
fuel is and isn't, MOX fuel is, as you're probably
aware, a blend of about five percent plutonium oxide
wi t h about 95 percent urani umoxi de, depl eted urani um
oxide in our case, and | will point out that I|ike

conventional |ow enriched uranium fuel, MOX fuel
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pellets are primarily uranium

Fi ssion power from MOX fuel cones from
Plutonium 239 primarily rather than Uranium 235.
QG her than the fuel pellet material, a MOX fuel
assenbly is essentially the sane as a uranium fue
assenbl y.

MR. POVNERS: Wien you say "a blend,” you
don't mean a blend on the atom c scale, do you?

MR. NESBIT: | think you' re asking about
a question that pertains to the mcrostructure of the
pellet itself.

MR PONERS: Yes.

MR. NESBI T: M. Blanpain is going to
address those issues.

Using m xed oxide fuel in light water
reactors, typically this is being done on an
i ndustrial scaleinEuropetoday. There's 35 reactors
usi ng m xed oxi de fuel.

You typically load a mxture of m xed
oxi de fuel assenblies and conventional uranium fuel
assenblies in a core.

I f you | ook at the EDF program they have
30 percent MOX fuel assenblies in the core. The
Eur opean experience base actually goes up to 38

percent in German reactors. Qur plans for the fuel is
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to use approxi mtely 40 percent MOX fuel assenblies
and the remminder conventional uranium fuel
assenbl i es.

We designed t he MOX fuel assenbly interns
of plutonium concentration to have essentially the
same reactivity as the urani um f uel

MR. BOYACK: Does the plan to burn this
how many tons, 34 tons of plutoniumin these four
pl ants and no ot hers?

MR. NESBI T: The current planis that. In
fact, there's currently 25 tons of plutoniumall ocated
for MOX fuel. Those 25 tons would be used in those
four plants.

What ki nd of plutoniumisinthe MOX fuel?
Wl |, in the European prograns, the plutonium cones
fromrecycl ed or reprocessed commerci al nucl ear fuel.
As aresult of that, theisotopic mx is approxi mtely
60 percent Plutonium 239, nore than 20 percent
Pl ut oni um 240.

The material that we're going to be using
i s weapons grade plutonium It will have 93, 94
percent Plutonium 239, and the remai nder Pl utonium
240. Qobviously the material we're using, the weapons
grade material was produced in a special manner

optim zing or maxim zing the amount of Pl utonium 239
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in the mx.

|"ve got sone anal ytical conparisons |'m
going to show between different nox fuel types and
uranium fuel that shed a little bit of Iight on
differences and simlarities between the fuel.

This first slide is a nuclear slide, and
"' m a nucl ear engineer. So | actually understand
this. \What you have got on the Y axis is Kinfinity
or a measure of the reactivity of the fuel assenbly as
a function of burn-up on the X axis, and of course, as
the fuel is burned, the reactivity or the energy
content decreases.

The purple or blue line here is a nom nal
| ow enriched uraniumfuel assenbly. The red lineis
a reactor grade MOX fuel assenbly, and as you can see,
conpared to the uraniumfuel assenbly, the reactivity
in the reactor grade MOX assenbly drops off nuch
sl ower .

The third line is the weapons grade MOX
fuel assenbly, and as you can see, the nuclear
behavi or is between the other two, the reactor grade
MOX and the |ow enriched uranium fuel. So the
behavi or is bounded by the other two.

Total plutonium content shows a simlar

story. Again, these assenblies have a simlar
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reactivity at burn-up of 20 gigawatt days per ton.
This is the amount of plutoniumin a fuel assenbly as
a function of burn-up. The uranium fuel assenbly
starts with none and builds up to around one percent
as the fuel assenblies burn.

React or grade starts with nore because t he
pl utoniumis not as high grade as the weapons grade
pl utonium and it decreases with burn-up. The weapons
grade decreases w th burn-up.

Two poi nts. Weapons grade is between
reactor grade MOX and | ow enriched uraniumfuel, and
second, as you burn it up in terns of content of the
fuel material, the weapons grade becones i ncreasingly
close to | ow enriched uranium fuel .

The fuel that we're going to use in our
programis shown here, andit's a proven designinthe
United States. It's the Mark BWFrant onme desi gn t hat
has been used for years, and in fact, for years in the
McCuire and Cat awba reactors.

The difference, of course, is the fuel

pellet material will be five percent weapons grade
plutoniumin the formof MOX fuel. There is advanced
alloy Mo cladding for the fuel. | think you all are

probably fam liar with that; internediate fl owm xi ng

grids to nake it conpatible with the co-resident
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uranium fuel, and another difference here between
uranium and MOX fuel, W' ve got radial plutonium
concentration zones within an assenbly. 1've got a
picture here that's going to show that a little
better.

Most pressurized water reactor fuel
assenblies have all the pins are the sane enrichnent
uranium That's not uniformy true. There actually
i s sone uraniumfuel that I'maware of that's zoned i n
two zones.

Wth MOX fuel, MOX fuel has a much | ower
t hermal neutron fl ux t han urani umfuel, and t herefore,
when you put a MOX fuel assenbly next to a uranium
fuel assenbly, the edge pins in the MOX fuel assenbly
see a high neutron flux |eakage from the adjacent
urani um fuel assenbly.

So we zone the fuel assenbly. W put | ow
concentration plutonium in the corners and on the
edges and next to the control rod guide tubes, and
that way that keeps the power profile across the
assenbly flat.

Tal k briefly about the reactors that are
going to use the m xed oxi de fuel inthe United States
program MGQuire Units 1 and 2 were started up in

1981 and 1984. They're | ocated near Cornelius, North
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Carolina, which is north of Charlotte.

Catawba Units 1 and 2, |ocated near
Clover, South Carolina, which is southwest of
Charlotte, and Catawba units started up in 1985 and
1986. Al four units are operated by Duke Power.

Al four units share the sanme designed
primary system and core, for the Wstinghouse
pressurized water reactors; core power |evel of 3411
megawat t s t hermal and 193 fuel assenblies inthe core.

And all four reactors enploy an ice
condense contai nment system

| want to talk briefly about our planned
fuel managenent wth mxed oxide fuel. We're
currently on 18 nonth cycles at these reactors. Qur
intent is to stay on 18 nonth cycles so that we'll
keep the sane cycle |ength.

W usual |y have batches around 80 or 84
feed. In other words, we |load 80 or 84 fresh fuel
assenblies for each reload, and we anticipate that
we'll keep about the sane feed batch size.

For the MOX fuel, we are going to inpose
a 50 gigawatt day per ton burn-up limt on the fuel
Now, our uraniumfuel is licensed to either 60 or 62
gi gawatt days per ton burn-up, but we're putting this

limt on there for the MOX fuel to make the burn-up
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that we're going to use consistent with the burn-up
that's been achieved in European reactors.

And Patrick Blanpain is going to talk a
little bit nore about that in a mnute, too.

W' re going to discharge the m xed oxi de
fuel assenmblies after two cycles. Mst of the |ow
enriched uraniumfuel will run for three cycles. Wat
we expect, based on our prelimnary core designs is
that the typical nox fuel assenbly burn-up will be
about 40 gigawatt days per ton.

The maxi numfuel assenbly burn-up will be
in the area of 45 gigawatt days per ton in order to
keep the rod burn-up under the 50 gi gawatt day per ton
limt.

MR. POWNERS: How do those limts conpare
to the limts the French have on their MOX?

MR. NESBI T: The French, interestingly
enough, don't have specific burn-up limts for their
fuel. They have fuel nmanagenent |icensed by their
regul atory authority. It's alittle different.

The French typically see burn-ups in the
range of 36 to 40 for their MOX fuel assenblies
However, other countries in Europe which use m xed
oxi de fuel typically see burn-ups in the 40 to 50

range.
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Patrick is going to have a slide that
shows that, but the Germans and t he Bel gi ans for years
have been usi ng m xed oxi de fuel to burn-ups in the 45
gi gawatt day per ton range.

| should add that that's also on a
production basis, and that there's |ead assenbly
prograns i n various countries that are takingthe fuel
burn-up well above 50 gigawatt days per ton.

Here's typical wuranium fuel nmanagenent
t hat we use in our cores. The shaded assenblies, this
is a quarter core slice. The shaded assenblies are
the feed assenblies. These are all uranium
assenblies. W use a |low | eakage pattern, one or
twice burned fuel on the exterior. This increases
neutron econony, and it also mninmzes the fluence
(phonetic) at the reactor vessel walls. It's a
typi cal checker board pattern with concentration feed
assenblies in the so-called "ring of fire" here.

This is a busier slide here that tries to
il lustrate our MOX fuel core managenent as we envi si on
it today, but the point that 1'Il nmake is that in
ternms of patterns of feed assenblies, it's al nost the
same as the uranium patterns. Agai n, the checker
board feeds in the m ddle.

In this case, the feed LEU are shaded
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i ght green. The feed MOX are shaded dark red. The
once burned MOX are shaded |ight red. Again, checker

board in the mddle, the "ring of fire," the once or
twi ce burned fuel on the exterior.

Shift gears alittle bit here. One of the
i ssues that | think was discussed at your first
neeting | wuld Ilike to talk about  briefly:
radi onuclide inventories or, | guess, the starting
point for your source term work. Frant one
specifically has done sonme work on the applicability
of the scal e code systemfor m xed oxi de fuel and t hey
benchmark scale, 4.4 against MOX and LEU fuel rod
measur enent s.

And what they've seen is that when you
compar e agr eenent between t he code prediction and t he
nmeasurenment or the Cover M if you will, calculated
over measured, that the results are conparabl e for MOX
and LEU fuel . For nost isotopes you' re within plus or
m nus ten percent.

| should nention when | say scal e that
i ncludes the code origin that sone people mght be
nore famliar with the code system by that nane.

OCak Ridge has done a lot of work with
scale. In fact, they' re the peopl e who devel oped t he

code and nmaintain it. They are participants in the
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ARI ANE Program which has recently been conpleted in
Bel gi um managed by Bel gonucl eaire actually all over
Eur ope.

And t her e has been benchmarks there to LEU
and m xed oxi de fuel rods. They benchmar ked ot her LEU
and MOX fuel rods, and again, they' ve cone to the sane
results that Frantone has, that the results are
general |y conparabl e in ternms of accuracy between MOX
and LEU fuel.

So when you exerci se t he codes agai nst two
fuel types what happens, what you find out is
general Iy MOX fuel has slightly fewer fission products
than uranium fuel, and it has nore actinides than
uraniumfuel, and that's due to the fact that you' ve
got the initial presence of some plutoniumthere. So
you are already starting higher up on the atomc
nunmber scal e.

Framtone did force sonme conparisons of
radi onuclide inventories using scale. | forgot to
capitalize it. Sorry. And they conpared a couple or
three different fuel assenbly types actually, |ow
enri ched urani um weapons grade MOX, and react or grade
MOX at a 45 gi gawatt day per ton burn-up point with no
decay tine.

So this is right at 45 gi gawatt days per
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ton, no shutdown tine. What kind of fission products
do you see?

And | just pulled sonme sanpl es out here.
These are sone radioi sotopes that are inportant to
dose cal cul ations, certainly not all, but I just want
to show the general pattern.

Agai n, the sane radi oi sotopes are there.
They're in different concentrations dependi ng on what
fuel type you' ve got. What 1've done is |'ve
normal i zed everything to the |low enriched uranium
val ue here. So you start here with weapons grade MOX,
Krypton 87, about 68 percent of the activity;
Rut heni um 106, 74 percent hi gher activity; |odi ne 131;
Xenon 133, about the same; Xenon 135, about 60 percent
hi gher in MOX; Cesium 137 about the sane; Cerium 144,
about 17 percent | ower.

Integrated over all of the fission
products, you're about 98 percent of the | owenriched
uranium fuel at that point, at that snapshot point.

Reactor grade MOX is very simlar to
weapons grade MOX.

Actinide activities, as | nmentioned,
weapons grade MOX and the reactor grade MOX are
significantly higher than the |ow enriched uranium

because you just start out with nore plutoniumthere,
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two to three tines higher for these type of isotopes.

Anot her issue that nmay bear on your work
i s decay heat. There's two real contributors to decay
heat in fuel. One is fission product decay, and that
is higher enriched, low enriched wuranium fuel.
There's actini de decay or the heavy el enents. That's
hi gher in m xed oxi de fuel.

As a result, when you look at a total
decay heat conparison between the two fuel types,
short-termdecay heat is | ower than m xed oxi de fuel.
It's dominated by the fission products, and that
difference is what nakes the difference there.

Long-term decay heat is higher in m xed
oxide fuel. After many of the fission products have
had a chance to decay off, then the actinide
contribution is nore inportant, and the MOX fuel has
a higher decay heat. | guess the point that | would
| eave you with here is that MOX fuel has | ower decay
heat during the tine frame of the kind of accidents
that | think you' re considering for the purpose of
your work on source ternms, and | have got a plot here
that shows that a little nore quantitatively.

This is a conparison, again, a ratio of
MOX to LEU decay heat. Total decay heat for two fuel

assenblies irradiated to 43 gigawatt days per ton.
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One i s weapons grade MOX. The other is |ow enriched
urani um fuel .

Sointhe vicinity of 80 days or alittle
| onger, you cross over the 1.0 point. So before --
excuse nme -- hours, 80 hours. Before 80 hours, the
del ay heat fromthe MOX fuel is lower. Afterwards it
woul d be hi gher.

|"ve tried to give you a brief overview,
and Patrick Blanpainis going to give you a nuch nore
det ai |l ed and t echni cal overvi ewof the MOX fuel pellet
and the characteristics there.

| will leave you with this. As a part of
our programwe have been worki ng devel opi ng reports,
submtting themto the NRC. 1'Il call your attention
to several that you may be interested in. The
COPERNIC topical report from Frantone covers a
COPERNI C code whi ch i s used to predict fuel mechani cal
behavior. And the MOX part of that was submitted to
the NRC i n August of 2000.

D. C Hess has devel oped a fuel
qgualification plan, which describes the work that
we're doing in order to qualify in m xed oxide fuel
for use in United States reactors.

Revision 2 was provided to the NRC for

information in April 2001, and | woul d add that it has
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a lot of information that we're covering today in
t here.

Duke Power submitted a topical report on
nucl ear anal ysis net hods for MOX and uraniumfuel in
August of 2001, and that's before the NRC for review
ri ght now

There's a Wb site that the DCS Conpany
runs that has i nformati on on DCS and al so has links to
ot her Web sites that are out there that have pl utoni um
MOX fuel information.

So that's about it for me. I|f anybody has
any questions they want to ask now, you're wel cone to,
or if not, I'Il turn it over to Patrick.

MR. BOYACK: Any questions?

(No response.)

MR. BOYACK: kay. Wy don't we proceed
with Patrick's presentation then?

MR. BLANPAI N: Good afternoon, |adies and
gent | emen. The purpose of ny talk is a genera
overvi ew on the MOX fuel fabrication, on the MOX fuel
experience in Europe, and on the MOX fuel behavior in
t he reactor.

First istheintroductiontothe stages of
MOX fuel use in Europe.

The first comm ssion in 1972 in Gernany,
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and in 1987 in France, fuel recyclingis a formof MOX
fuel, has reached an additional maturity.

The production capacity used by Frantone
ANP was 180 ton per year heavy netal with the M MAS
process. The two French Cogema plants in Kederash
(phonetic) and Machood (phonetic), and t he Bel gi an at
Desser (phonetic) operated by Cel gonucl eaire.

More than 1, 700 fuel assenblies have been
delivered by Franmtone in Bay of Fragema to 20 French,
two Bel gian, and three Gernman pressurized reactors.
A little nore than 1,000 fuel assenblies have been
delivered by Frantome NP GvBH, fornmerly Sienens to 11
German and three Swi ss PNBWRs.

Now, a few words about the MOX pell et
fabrication. Through the M MAS process, which neans
the m croni zati on nassi ve pl ants where you' re starting
with U2 powder and Pu2 powder. First, we are
performng a primary blend with Pu2 powder and Pu2
powder at a ratio that's about 20 to 30 percent of *
stock in UQR.

That primary blend is mcronized with a
ball grinding (phonetic) to mcronic size.

MR, POVNERS: What kind of balls are you
m croni zi ng?

MR. BLANPAIN: Pl ease?
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MR PONERS: What kind of balls are used

for the mcronizing?

MR, POAERS: | think it's uraniumballs.

So that primary blend -- also with the
primary blend we can recycle the scraps, and that is
one of the interests of this process. W can reuse
all of the scraps of the fabrication in the primry
bl end.

So the primary blend is then mxed with
fresh U2 powder to constitute the secondary bl end,
which is nmechanically m xed, and then the process is
famous for U2 fuel pressing, centering, and different
dried grinding conpared to U2 where we use wet
grinding control, and then the MOX pellets.

And the results is that * structure.
That's the fresh MOX pellets as fabricated. It is
m crographed after chemical etching to reveal the
grain boundaries. That scale is ten nicrons.

So we can hear what age of plutonium the
plutonium * uranium So you can see here are sone
quite white, large grains that's plutonium rich
particles. So with plutoniumenriched zone here, we
can see the gray, some pure uranium particles or
grai ns.

So it's easy to see sonething here that
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need to be nore easy. And you saw the m crograph
after special attract or review, the plutonium
sust ai ned edge chenical attack, and we can see the
pl ut oni um oxi de in white.

So that what is called plutoniumenriched
particles, but what is inportant is that the plutonium
compound in those particles is the content of the
primary bl end between 20 and 30 percent of Pu2.

You can see al so that we have pl utoni umin
the U2 matri x al so, and here on the right you have a
careful analysis of the plutoniumdistribution into
pellets. Onthe Yaxisthereis the total, percentage
of total plutoniumin the pellets, and on the X axis
the particle sizein mcron fromzero to 100 m crons.

And t hi s was m xed by EPNE (phonetic). So
we can see fromthat graph we have two curves because
two -- the * obtained with a U2, AOCC U2 border or ADU
U2 border. There is small differences in that zone.

But we can say that 50 percent of the
total plutoniumis included in particles |arger than
ei ght mcrons. That neans al so that 50 percent of the
plutoniumis included in very small particle size,
smal l er than eight mcrons in this region.

And also it's about 25 percent of the

total plutoniumis included in particles |arger than
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30 microns, to give you those | arge particles, size 20
to 30 mcrons.

So that fuel is not so intelligent in
radi ati on use, but nost of the plutoniumis spread in
very small particles. And the plutonium content of
t hose particles is the content of the primary bl end.
So it's charged through EPMA, and these are the
pl utoni um through the pellets. It will glow if
there's a plutonium content to plutonium rich
particles. That's the size of the particles, about 60
m crons here. It's a | arge one.

So if we have zero plutoniumhere in the
U2 grain and then the particles with present content
of about 25 percent, which was the plutoni umcontent
of the primary bl end.

Then out of the particle there's another
smal | particle, back to the U2 netric, and then the
next one.

MR. SCOIT: You nentioned on the --

THE REPORTER: Could vyou wuse the
m cr ophone?

MR. BOYACK: You can go over here.

MR SCOTT: The question had to do with
t he di mension on the bottom of the graph. WAs that

your just arbitrary scale? It was over 100.
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MR. BLANPAIN: Here? Sorry. That scale,

it's mcron.

MR SCOIT: M cron.

MR. BLANPAIN: So it's the size of the
particles between -- it's roughly 40 m crons.

So as | said, this is the MOX use in
Europe. So we're using MOX Uin |ight water reactors
up to 1, 300 negawatts el ectric and are using different
* designs. For exanple, for the PARs from14 by 14 to
18 by 18 array.

They're using in Europe different
neutroni ¢ design in fuel managenent. They're using a
total * content up to seven percent, enriched
assenbly, and givento U5 enrichnment to nore than four
percent. That would be in Germany, for exanple.

Di fferent core | oadi ng schenes are used,
one third annual or one fourth annual .

As nmentioned before by Steve Nesbit,
recycle rate is wusually 30 percent of MOX fuel
assenblies in the core, but 50 percent of MOX
assenblies inthe coreis licensed in Germany, but in
fact, with maxi mumuse it's 38 percent.

W are wusing different U2 matrix,
depleted, due to natural U2, natural U2 that's

formally in Germany, but not used anobng it for the
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most .

The di schar ge assenbl y burn-up are usual |y
around 45 * and up to 54 gigawatt day * assenbly was
reached for individual elenents.

In France the MOX fuel can operate in
neutral |oad nodel w thout any restrictions, and so
t he conclusion of that is no rods, no MOX rod ever
failed for a nox specific reasons. | nean for reasons
linking tothe fuel itself or to the plutoni umcontent
of the fuel.

That table shows in nore details the MOX
used in Europe. Here is reactor type, B or PWRs, and
different countries, GCermany, France, Belgium and
Switzerl and.

The initial year of |oading from 1996.
The total nunber of assenblies delivered at the end of
2000 and the max assenbly burn-up at shields and the
time. This year delivered fuel assenblies reached 80
and 58 * in the German * water reactor. The rough
burn-up in the assenbly was 63.

I n France t he di scharge burn-up i s usually
around 37, 40, but it is on assenblies which * 58
gi gawatt days per *. Also in Switzerland.

And that is the actual situation of

di scharge burn-up with the burn-up experience for the
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Fragenma deliveries in Bel gium Germany, and France.
In blue we have France. You can see that average
di scharge burn-up is around 37, 38 wth |ead
assenbl i es at hi gher burn-up here. That corresponds
to a rough burn-up of about 60 gi gawatt days per ton
nmet al .

In Germany and Bel gi um the nunbers are
qgui te higher, in green and yel |l ow here. W show burn-
up around 43, 45.

That was our experience, and now some nore
about the design and on the performance of the MOX
fuel. First, the mechanical design of the fuel
assenbly structure is identical for uranium and MOX
fuel assenblies.

MR. POAERS: That suggests to ne that you

anticipate the swelling of the fuel to be the sane.

MR, BLANPAI N: I will show you sone
exanpl es.

| submt the design of the fuel assenbly
first. Okay? So FOQU to fuel neter variable

prediction of the thermal critical behavior of the
fuel rods. So we are meki ng a design of the MOX fuel
wi th adequate description of the MOX specific
properties.

The design nodels and codes are
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conti nuously clarified by conpari son with
measurenents, and that is continuing with high burn-
up, and for the design code, we have for the nonent
the sane | evel of * as for uranium fuel

In France, the current 17 by 17 fuel rod
desi gn accommodat e hi gh efficient * of the MOX fuel by
an i ncrease of the pl enumvol une and t he | ower area of
initial pressure, and that was * mainly to accommodat e
hi gh efficient gasol eaks (phonetic) due to the | oad
follow effect.

In Germany, they don't do that because
t hey have a | arger plenumthan the 13 by 13 designs.
They have two pl enuns.

So sonme exanples of the physical
properties of the MOX fuel we use in all codes. The
thermal properties, a nore inportant one, and the
specific heat of the MOX fuel conpared to U2 fuel
You can see U2 in the red and the MOX fuel in black
and bl ue. It's going from an open literature and
showi ng it the sane tendency.

The | arger difference between MOX and U2
isthe thermal conductivity. The thermal conductivity
of the MOX fuel is a little bit lower than the U2
fuel. It depends, of course, on the plutoni umcontent

in the pellets.

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

723

Here we have the thermal conductivity of
t enper at ur e. The dashed line is U2 and the |ower
using for the MOX fuel in blue. There is about a
difference of five percent for the six percent of
plutoniumin the penthouse (phonetic).

MR. POWNERS: There is sonething that I
don't quite understand when you show heat capacity as
a function of tenperature. For a heterogeneous
material, surely as you get up in the upper range of
t hat tenperature you have plutonium dissolving into
the lattice.

MR. BLANPAI N.  Yeah.

MR. POVERS: And that becones a tine
dependent phenonena, and there mnust surely be sone
sort of heat of solution that's reflected in your
measur ements, you know.

MR BLANPAI N: Yes, we have a * of
plutonium in the netric has a very, very high
t emper ature above | attice, 1,800 degrees. No, there's
no asset to that, but it was neasured, | know, because
we have performed rmeasurenent at very high
t enper at ur e.

Finally, to the thermal expansion of fuel
U2, fuel U2 and m xture of * U2 with the sane BA | oad

of course.
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Agai n, t he f uel - - t he t her nal
conductivity and the fuel tenperature. That's just
t he reason of the experinent.

The final experinment is MOX and U2 rod
flex wwth a central thernocoupl e eval uated i nthe sane
condition in the sane reactor, and on the Y axis we
have the central conparator as a function of the
power. In blue we have the MOX fuel and in red the U2
fuel .

You can see that snmall difference, and
typically we have a difference of 50 degrees at 200
watt per centimeter, cell * tenperature at begi nning
of life.

Al so reasons for experinment about the fuel
central departure, but at highlevel, that's awatt *,
50 gigawatt days per ton. It also is a rod pre-
irradiated in a comrercial reactor and then
refabricated with central thernocoupl e andirradi ated
in the Al den reactor.

Her e we have t he conpari son. Then we have
the central tenperature, assunption of power. The
experinmental points are in blue here. and the * are
the cal culations made by design code. That's the
percentage here and the two bounds, the upper and

lower limts.
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And that is the prediction at high burn-
up, and what is interesting to note is that the fuel
* degradation with burn-up in MOX fuel is the sane as
for U2 fuel. It was denobnstrated in the Alden
experi ments.

For fission gasoline, I'mgoing |ater on
the resource, but that is the conparison of the
prediction and the nmeasurement with COPERNI C on 56
commercial fuel rods irradiated to four radiation
cycles, typically burn-up to 50, 53. I'mshowa quite
good prediction of the codes.

Now I will show you some regions from
partial exam nation of irradiated fuel. W have a
quite | arge experience feedback through surveill ance
and anal yti cal prograns. W have about 100 commer ci al
fuel rods, to a rod burn-up of 60.

W have performed a lot of power ranp
testing and al soinstrunented * irradi ati on whi ch have
been | aunched through a national or internationa
programto assess the particul ar i nteraction, fission
gas rel ease, fuel central t emperature, *
speci fication, and so on.

Those experinments were published in the
open literature.

But as the mai n reasons of those prograns.
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So the MOX fuel has the same behavior as U2 fuel
concerning the fuel rod growt h, the cl addi ng vari ance
of the formation. That neans the fuel swelling in
normal irradiation conditions. So the irradiation of
the fuel density is the same.

The cl addi ng water wi de corrosion, there
is no MOX effect on the cladding and no nutual
spectrum effect on the corrosion. As al ready
mentioned, the pellet solid swellingis the sane. It
is quite normal because it is a cell fission
(phonetic) product in the same anobunt of fission
product in the U2 netrics.

Also with no difference concerning the
zirconium oxide internal |ayer. That's zirconium
oxide internal layer gross with burn-up after the
contact of the pellet and the cladding, and then
stabilized with thickness of around ten, 12 m crons as
in high burn-up U2 fuel.

Roughly the fission product and activity
rel ease of failed rod, of failed MOX rod is the sane
as for U2 MOX rod. So we can see sone differences in
the ratio of sone i sotopes. So that allows us to know
if it isalinked MOX assenbly or U2 assenbly, but the
activity release is the sane.

And those results were published in the
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literature.

So we're seeing the sonewhat high
efficient gasolines than U2 fuel at high burn-up.
That neans about 40 gi gawatt days per neter, |eading
to a higher fuel rod internal pressure at the end of
life. | will explain that later.

The MOX fuel shows a better cladding
behavi or due to the high creep property of the pellet.
So it isinteresting for us in France because the MOX
fuel is automating (phonetic) versus the plant
maneuverability. So thereis nolimtation for the *
oper ati on.

And al so there is no AWrel ease i n nor nal
pressuri zed water reactor irradiation conditions. As
you know, the MOX fuel produce nore radium than U2
fuel. This is another magnitude of difference mainly
due to the decay of the Curium 242.

Hel i umr el ease was observed i n non- preci se
fuel rod, and it's also observed in boiling water
reactor fuel rods, but in the case of pressurized f uel
rod, there is no helium rel ease because helium *
pressure is higher outside than inside the pellet.

So fission gas release data. After
fission gas rel ease, at the induction of rod burn-up

for conrmercial fuel rodsirradiatedin EDFreactors in
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France. The MOX data are inred. They're conparedto
sone U2 data, whereas it is also because it's due to
quite high enrichnent. That's in higher power than
t he standard U2.

And you can see that fission of radiator
(phonetic) of the MOX is generally higher than for
U2, and mainly at high | evel, above 42 gigawatt days
per ton here.

What's interesting, that at high burn-up
thisis three cycle fuel rods, annual cycles, and four
cycle fuel rods. There's no fission rate enhancenent
due to the burn-up alone. It's, of course, norma
because the power during the four «cycles is
decr easi ng.

We had obt ai ned very recently newfi ssion
rel ease data after five irradiation cycles. They are
here.

And | oss MOX rod whil e irradi ated, power
| evel simlar tothe U2 fuel rods. So we can see t hat
they are in the U2 range.

O her data provides by our German
col | eagues. Here we have the fractional fission * as
a fraction of the rod power during the second
i rradi ati on cycl e because it's the high powered cycl e,

and there have been the open triangles, U2, and here
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the MOX fuel. There's data above 100 for * and

showi ng roughly the sane * at relatively | ow burn-up.

At sonmewhat high efficient gasoline we
have observed in the ADS plant, is explained first
mainly by the neutronic properties of the MOX fuel
| eading to the higher |inear heat rate at nedi umand
hi gh burn-up. That's the first factor.

| know so the MOX fuel presents a
different paired radial power density distribution
| eadi ng to the higher fuel tenperature at high burn-
up, and that's higher power, high burn-up. It's
expl ained by the K infinity showed by Steve Nesbit
during his presentation.

So due to the physical properties, dueto
the relatively |lower thermal conductivity already
mentioned, what is inportant is the typical threshold
for fission gas release is the sane for MOX fuel and
for U2 fuel that was denonstrated in different
experinents. These are Framatome Hal den reactor
projects, and that tendency remains the sane at high
bur n- up.

Anot her factor we could explain high
efficiency gasolineisthe oxidemcrostructure. It's
the presence of plutonium rich particles of 230

percent of Pu2 during the * process can change and

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

730

make an inefficient gasoline.

And due to the | ocal high burn-up zone,
which leads to the formation of dense pore
popul ati ons. | didn't go into nore details about
t hat .

So as a result of EPVMA neasurenments i n MOX
fuel, mainly in the plutonium enriched particles,
that's a nine concentration, as | nentioned, for the
burn-up as a function of the average paired burn-up of
50, we have a local burn-up of 102, 150 gi gawatt day
per ton of metal in the plutoniumenriched particles.

And what isinterestingalsotonote, it's
no big difference, is that it's normal between the
periphery with radius and the center of the pellet.
That's the nine. It's the difference increased
slightly wth burn-up. It's due to the fluid
depression in the pellet of high burn-up.

Here we have a typical radial cut of a MOX
pel l et at high burn-up. 1t is 50, showi ng the typi cal
cracked bottomas U2 fuel, but what we can see here,
t he bl ack spots enhanced due to the chem cal etching,
but it is plutoniumrich aggl onerates.

And on magni fi cation of t hat

m crostructure, it shows it on the large plutonium

aggl onerates, 20 microns. That's why it's a big one,
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but peri phery, we have the formation in the plutonium
rich zones if porosities of brittles (phonetic). It's
like a *. At bigradius, it goes out at center where
the tenperature i s higher. W have * coal escence, and
so we have t he presence of | arger pebbles, and that's
pretty centralized. Sonetinmes we have a big
coal escence of the purpose leading to the whole
surrounded by smaller porosities and netallic
precipitates.

And here we have an X-ray map of pl utoni um
and xenon in the set time of agglonerates. Here we
have pl ut oni ummappi ng. You can see i n white pl utoni um
rich zone with porosities in black. And to the right
si de i s xenon mappi ng. W cannot see anynore xenon in
the plutoniumrich particle, minly dueto the cutting
and polishing of the pellet. So the gas escape the
porosities.

But it is interesting that we have a | ot
of xenon around, such as in red, higher with xenon,
hi gher across red around t he aggl onerate, of course,
is due to the fission in the U2 around aggl oner at es.

Actual Iy now al so we have pl utoni umal so
in -- this is quite a solid solution in the pellet,
but also we have xenon around due to the fission

spi ke, the * and recourse, but our high burn-up with
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quite a lot of xenon in the U2 matri Xx.

W have honogeni zation of the fuel with
t he burn- up.

Also the result of EPMA analysis, but
t hrough the pellets, both the pellet's periphery and
the pellet's center, in green here is the cal cul ated
predi cti on of xenon, and the red spot, the neasured
xenon. W can see a quite |arge expression, of
course, is duetothe porosities because we cannot see
xenon porosities, but EPMA cannot see xenon in pul se
and bubbl es, and al so we have cracks in the fuel *.
So about half of the gas escape in the detection
It's the same for U2, but particularly for the MOX
fuel .

But what is interesting, that that fuel
rod release -- | don't renmenber -- but five to six
percent of gas, and we have t he depressi on of xenon in
t he center of pellet exactly as can be seen on the U2
fuel. So it is the same fission gasoline mechani cs.

Goi ng back to the heliumin the fuel, the
graphs show a hel i umbal ance in comrercial figure of
MOX fuel rods, and yet here, the heliumvolune t the
permt (phonetic), and the open square hereisinitial
volumes with uncertainty on the as fabricated fuel

rods.

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

733

And t he bl ue squares are the final vol une
of helium which is lower than the initial volune.
That nmeans that a part of the heliumwas absorbed by
t he fuel. It's well known we have exactly the sane
reasons for U2 fuel.

And al so after power ranping. So we have
an exanpl e here. The initial volune of the rod before
ranp testing and in green the final volume after
testing. So we have no heliumrel ease doi ng standard
| ess two power ranps.

And the |ast results about fission gas
rel ease obtai ned for weapon grade MOX fuel. This is
the data from OGak Ridge, the Oak Ridge National
Laboratory. And those data are comnpared to conmerci al
data com ng from Gernmany. It's the sane data |
present ed before.

The fractional release is a function of
aver age pour (phonetic) duringthe second irradiation
cycle. So we have German data, and here the data from
the short rods irradiated by Oak Ridge at Aidelle
(phonetic) with weapon grade fuel, and a quite | arge
amount of gallium around the one ppm

And here after 20 gigawatt days per ton
netal and sufficient gasoline resource, and after 30

gi gawatt days per ton nmetal. So we have a very good
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correspondence wi th other fission data. So we can say
that there's no gallium effect on the fission
gasol i nes.

And as a conclusion of ny talk and our
maj or and | ong-term devel opnent. So for econom cal
reasons, MOX fuel will performas efficiently as U2
fuel, with the gas burn-up and * of flexibility
because t he burn-up, the key bal ance to uraniumfue
assenblies as applied in Germany, Swtzerland, and
Bel gium 1t's the maxi numassenbly di scharge burn-up
around 50 gigawatt days per ton of netal.

In France that U2 and MOX parity will be
achi eved near 2004 because today the maxi num burn-up
arrived is 52, andit's dueto a MOX-- 52 is the nane
of the project.

The |icensing process is underway. It's
a quite constant process because it concerns the 20
MOX |'i cense plans in France, and the rod burn-up wl|l
be 60 in that fuel managenent.

So that we are thinking about the future,
that disparity nmust be studied on a | ong-term basi s,
and the objective of EDFis to further i ncrease the U2
fuel assenbly discharge burn-up.

The next step is six days of degraded

pattern neter (phonetic) assenbly by 2010, and

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

735

research and devel opnent to prepare the future MOX
product is still ongoing.

Thank you for your attention

MR. BOYACK: Thank you.

Any questions or comrents?

MR. PONERS: | thought it was a very nice
presentation, the introduction.

MR. BOYACK: Yes, it was.

There was a third presentation, and then
we can open it up.

MR. PONERS: | have to |eave.

MR. BOYACK: You have to | eave? kay.

Any ot her questions or comments here?

MR NESBIT: That's it for us.

MR. BOYACK: That is? Okay. Very good.
| just wanted to nake sure | had that right. Okay.

Then you' ve escaped us w thout a | ot of
guestions. Again, the presentati on was very nice and
very much appreci at ed.

MR. NESBI T: Thank you.

MR.  BOYACK: Wuld you cone up to the
m crophone if you have a question? Wuld you come up
to the m crophone?

MR. SCHAPEROW Brent, would you like to

pass around the sign-up sheet again? | think there
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are a few nore people that weren't here earlier.

MR. BOYACK: That woul d be good because
didn't pass it around at all

MR SCHAPEROWN  Well, | think the very
first day when we started the nmeeting you did.

MR. BOYACK: Yeah, okay.

MR.  SCHAPEROW If you could say your
nane.

MR LYMAN: Yeah, I'mEd Lyman fromthe
Nucl ear Control Institute.

| have questions actually for Steve
Nesbit, but they pertain to the presentati on we just
saw.

| just want to establish for the record
now we saw t he pel | et honogeneity distribution of the
M MAS fuel that's used in france, and |I just want to
conpare that to the specification which DCS has i ssued
in the dual qualification plan, and it |ooks to ne
|i ke those are not the sanme, and that the DCS
specificationis |less strict as far as concerning the
size distribution of the aggl onerate.

So it just --

MR, NESBI T: Well, the purpose of our
presentation here wasn't to get into a detailed

conpari son of fuel specifications and i nformationthat
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you may have gleaned or inferred from this
presentation, and |I'mnot going to stand up here and
try to respond to that question

Do you have any other questions?

MR LYMAN: But it's inmportant because if
you're going to argue that the French data is
pertinent to this discussion, you want to knowif the
paraneters are the sane for the two types of fuels.

MR. NESBI T: The specificationthat we're
usi ng for weapons grade MOX fuel is fundanentally the
sanme as the specifications being used i n Europe today
for reactor grade MOX fuel

MR. LYMAN: But that -- well, | have the
specification here. It says it's 95 percent of the
pl ut oniumenriched particles shall have an effective
di ameter of | ess than 100 mi crons, and the nean of the
pl ut oni umenri ched particle distributionshall beless
t han 50.

Now, if you | ook at the distribution that
was j ust shown, it shows a nmuch smal | er nunber, a nuch
smaller fraction as an agglonerate size of 100
mcrons. So it's --

MR.  NESBIT: Wll, but that's actual
results  of manufacturing process versus the

speci fication. The specification provides upper
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limts for acceptabl e paraneters. 1t doesn't provide
"you shall not be below this."

MR, LYMAN: Well, considering that
West i nghouse recommended back i n ' 94 t hat i nprovenents
be made for the U.S. MOX program in fact, limts on
pl ut oni umaggl oner at es shoul d -- t he aver age shoul d be
limted to ten to 15 mcrons. Wy don't you start
with the specificationthat's at | east as good as what
the French are achieving and try to inprove it?

MR.  NESBI T: W're wusing the sane
speci fication.

Anynore questions?

MR. LYMAN. Okay. The other question |
have is you keep maintaining that the maxi num fuel
assenbly burn-up is typical of European experience,
but fromthe graph that was shown, just by eyeballing
this it |ooks |like no nore than about ten percent of
t he fuel assenblies that have been burned have burn-
ups greater than about 40 gigawatt days per ton.

And so it just I ooks to nme |ike a maxi mum
burn-up of 45 is outside of the envel ope of the bul k
of the experience.

MR. NESBI T: It's clearly within the
experience as shown by that graph, and I woul d further

add that if you were to |ook at uranium oxide fuel
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burn-ups in the United States, you'd see a simlar
shape. b ut that doesn't nean we can't and don't take
urani um fuel to burn-ups of 45 or 50 or 55 gigawatt
days per ton.

MR. LYMAN. Well, but there are issues
associ ated wi t h hi gh burn-up MOX fuel performance t hat
may be nore critical than high burn-up LEU fuel
performance, and so | think it's even nore critical
t hat the experience be supported for the --

MR. NESBIT: Your opinion is noted.

MR LYMAN: Ckay.

MR. BOYACK: kay. Thank you.

Let's see. If there were no other
comments or questions, first off, I want to thank our
guests for bringinginthe MOX material. It was very,

very much appreci at ed.

What wi | | happen, for your information, is
we will be neeting, if | can find the slide, we wll
be neeting in the third and final panel neeting here
at the NRC February 19th to 21st, and that will be the
neeting that focuses on the MOX source term
applicability, February 19 to 21.

And | have you, Steve, | have you on the
distributionlist. Soyou'll receivethe E-mails that

have to do with that, but | wanted to make sure you
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were aware of when we neet again.

MR. NESBIT: Do you anticipate a desire
for any nore participation from our team at that
nmeeting or is that yes/no or is that to be determ ned
| ater?

MR. BOYACK: Maybe | don't have t he answer
because | basically facilitate and rather than deal
with the technical aspects of the neeting, but,
Charlie, do you have any insights as to an answer to
t hat question?

MR. Tl NKLER: Wll, since that's the
neeting at which we wll be discussing release
fractions, to the extent anyone has an interest in
hearing those deliberations | woul d encourage you to
attend, you know, if it's --

MR. BOYACK: And we --

MR Tl NKLER: You know, if you think
you're going to have an interest in that, | would
encour age anyone to attend.

MR NESBIT: Well, I"'msure we will. |
just wondered if --

MR. Tl NKLER: No. Ri ght now | guess |
don't see a need for presentations as part of that.
Ckay? Al that will be panel deliberations.

MR BOYACK: But we also welconme and
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accept the comrents comng fromthe --

MR. TINKLER: Oh, sure, sure.

MR. BOYACK: -- the participants, too.
Ckay. Well, very good. | think we have
concluded the business that | had arranged for

ourselves. \Wat | will be doing is nonentarily going
upstairs adjacent to make copies as we di d yesterday
of the materials that we generate through the course
of our di scussions today, and certainly if you want to
stay here for a few nonents.

The other alternative is |'mgoing to be
providing these as PDF files in any case to people,
but we will go upstairs and make qui ck copies if you
want to stay here for a few nmonents, and we'll be
back. It takes us about 15 minutes to get themout of
ny conputer through the copyi ng machi ne and back down
here to you.

PARTI CI PANT: |If we're | eaving do we need
escorts or do we need to wait for you?

MR.  BOYACK: Ckay. The question was
whet her we need escorts, and anybody that's not an NRC
person needs escorts.

MR.  SCHAPEROW It says on your badge
whet her you do or not.

MR. BOYACK: Wththat, | will adjournthe
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Thank you very much.

(Wher eupon, at 2:16 p.m,

742

the nmeeting in

t he above-entitled matter was adj ourned.)

(202) 234-4433
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