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PROCEEDI NGS
Time: 9:29 a.m

CHAl RVAN PONERS: The neeting will now
cone to order. This is a neeting of the Advisory
Conmittee on Reactor Safeguards, Subconmttee on
React or Fuel s. | am Dana Powers, Chairman of the
Subconmmi tt ee.

Subcommi ttee nenbers in attendance are:
Mari o Bonaca, TomKress, Victor Ransom G ahamLeitch.
Consultant in attendance is Spyros Tri af oros.

The purpose of the neeting is to discuss
t he application by Duke Energy for authorization to
| oad four m xed oxide fuel |ead test assenblies into
t he reactor core of the Catawba Nucl ear Station. The
subcommittee will hear presentations by and hold
di scussions with representatives of the NRC staff,
Duke Energy, Framatonme and other interested parties
regarding this matter.

The subconmittee wll be gathering
i nformati on, analyzing relevant issues and facts to
formulate proposed positions and actions, as
appropriate, for deliberation for the full Commttee.

Ral ph Caruso is the designated Federal
official for this neeting.

The rules for participation in today's
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neeti ng have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on April 9, 2004. Portions of this neeting
may be closed for the discussion of proprietary
i nf ormati on.

Atranscript of the neeting is being kept
and will be made available as stated in the Federal
Regi ster notice. It is requested that speakers first
identify thenmsel ves and speak with sufficient clarity
and volume so they can be readily heard.

We recei ved one request froma nenber of
the public to nmke an oral statenent. W have
establ i shed an agenda for today's neeting that all ows
for menbers of the public to provide their comments
early in the day, so the nenbers can consider these
guestions throughout the day on issues that are of
interest to the public.

Menbers of the public wll also be
af forded an opportunity to coment at the end of the
day following the |icensee and staff presentations.

The purpose of this neeting is limted.
W are limted to the consideration of the reactor
safety aspects of the application by Duke Energy to
| oad four LTAs in the Catawba core.

We do not intend to di scuss the MOX fue

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

6

fabrication facility that is planned to be built at
Savannah River or the safety and security aspects of
fuel transport and eventual disposal or the safety
aspects of any plans to | oad batch quantities of MOX
fuel into the Catawba reactors. Batch | oadi ng of the
MOX fuel will be the subject of future Ilicensing
appl i cati ons.

W have a fairly lengthy agenda that |
hope we can nove t hrough expeditiously. Contrary to
runors that | know abound, all nenbers of the
subcommittee can, in fact, read the Vu- G aphs. So you
can nmove expeditiously through it.

Al nenbers of the subconmittee are
relatively aware of the Dbackground of this
i nformati on. So you can truncate comrents on the
background and nove to t he heart of your presentation.
| encourage you to enphasize the points you want to
make clearly at the beginning, and then nove on to
your discussion for justification on those.

Do any of the nenbers of the subcommittee
care to make openi ng conmments?

MR.  CARUSO | would just like to
reiterate one point that | made before the neeting
opened. No food or beverage is allowed in this room

It is the Commi ssion's neeting room and their rules
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are you are not allowed to eat, drink, snoke, do
anything illegal in this room So please honor that
request .

CHAI RVAN POVERS: And, presumably, the
craps ganme in the back corner will have to stop now.

Wth that, | wll call upon M. Robert
Martin of the Ofice of Nuclear Regulation to begin.

MR.  MARTI N: Good nor ni ng. | am Bob
Martin. | am the Project Manager in the Ofice of
Nucl ear Reactor Regul ation for the revi ewof MOX Lead
Test Assenblies at Catawba Station.

W have nenbers of the NRCtechnical staff
wWith us today, which I will introduce themand their
areas later in the agenda when we get to the NRC
staff's presentation.

As you shal |l soon hear in nore detail from
the licensee, the |license amendnent application that
we are discussing today is part of an ongoi ng program
between the United States and the Russi an Federation
for the di sposition of excess weapons grade pl ut oni um

That programin the United States has two
maj or elenments, one having to do with the fuel
fabrication facility and one having to do with the
irradiation of the material in comercial power

reactors. As you nentioned, | believe, the fuel
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fabrication facility has been before the comm ttee on
previ ous occasi ons.

CHAl RVAN PONERS: Over and over again

MR. MARTIN: The goal of the programis to
di spose of excess weapons grade materi al by converting
it intoaMXfuel andirradiating it in a conmercial
power reactor.

The application for anmendnment of the
Cat awba operating license was submtted on February
27, 2003, a little bit over a year ago. That
application initially also included Duke's MGQuire
station, and t hat was subsequently wi thdrawn fromt he
appl i cati on.

Nunmer ous suppl enents have been subm tted
since that tinme, which are identified at the end of
the safety evaluation. The staff issued its safety
eval uation on April 5th of this year

The i ssuance of t he saf ety eval uati on does
not constitute final agency approval of the
application. Any NRC approval of the applicationwlI
al so require conpletion of other matters, including
results of the staff's environnental and physical
security reviews, etcetera.

CHAI RMVAN  POVERS: It seens to ne, |

received a letter that | probably cannot find that
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suggested that the actual core that is going to hold
the LTAs will be different fromthe one addressed in
t he SER.

MR. MARTIN; | was just about to get into
t hat .

CHAI RVAN POVERS:  Ckay.

MR. MARTIN. Ckay. The staff's review, as
reported in that safety eval uati on, was conducted on
the basis of what was in the application with its
suppl ements, which are basically two fuel designs in
t hat reactor core that woul d contain the MOX| ead t est
assenbl i es.

Recently, the staff has |earned of the
licensee's plans that would include a third fuel
design in that core. The licensee addressed this in
its letter of April 16th. The staff and the |icensee
plan to nmeet to discuss this issue in further detai
at the end of this week, two days from now.

At thistine, the staff has not determ ned
the extent to which this new information and the
licensee's responses to it inpacts the staff's
concl usi ons reached in the SE

| woul d say that the range of the inpacts
could range from-- As we | earn nore fromthe |icensee

about that additional fuel design, we could | earn that

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10

t he anal yses that the |icensee has al ready perforned
bound that fuel design.

The ot her extent of the range is that we
couldfindthat matters ari se whi ch require additional
anal yses or whatever fromthe | i censee. W don't know
t hat vyet. That would be the purpose of Friday's
neeting with them

CHAl RVAN PONERS: One of the problens |
face is | have to nake a recomnmendati on to M. Bonaca
on whet her to schedul e anything for his May neeti ng.
He gets irked with me if he finds that | am wasting
his time of his conmttee. Are we going to be in a
position to utilize the ACRS s time effectively on
this in May?

MR, MARTIN. | don't know that yet. CQur
position at this tinme is that we are going to
determ ne the inpact of the new information on the
conclusions that we presented in the safety
eval uation, and we will issue a supplenent to the SE
as appropri ate.

DR.  KRESS: The audio is not working?
W' || just have to speak up.

| was wonderi ng what were the differences
in this new design. so we m ght even have an opi nion

as to whether it will have a substanti al effect on t he
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various parts of the SE?

MR.  MARTI N: W know some of the
differences in not a deeply informed way. | think
Duke's presentation wll cover that in much nore
detail .

That concludes my comments, my opening
comrent s.

DR. LEITCH  Just one general question:
The scope has been narrowed to just Catawba, not
McCuire, fromwhat | understand?

MR MARTIN. That is correct.

DR LEITCH And I think it said Catawba
1, and I'ma little confused if it is1land 2 or if it
is just one unit that we are considering, or is it
both units?

MR MARTIN. Well, the application, in
| i censing space Duke has left it open such that their
application applies to either unit. The LTAs woul d be
put into one or the other.

DR. LEITCH But not both, as far as this
di scussion is concerned?

MR MARTI N: But not both. That's
correct. Four |ead test assenblies would go i nto one
of the two units.

DR. LEITCH Al right. Thank you.
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CHAI RVAN POVERS: Any ot her questions for

M. Martin? Seeing none, | will nowturn, I think, to
M. Lyman, Dr. Lyman. Cone sit with us, Ed. Wl cone,
sir.

DR. LYMAN: Good norning. It is always a
pl easure to be here. |Is this live? 1'll speak up.

How i s this?

Well, as always, it is a pleasure to be
here tal king to the subcomm ttee on MOX. |'ve done it
a fewtines now | amgoing to give an overview of

sone of the issues that the Blue R dge Environnental
Def ense League has raised inits intervention agai nst
Duke's LTA application.

The Union of Concerned Scientists is
assisting BREDL in this effort, and | amjust goingto
di scuss some of the issues that we think are required
to resol ve before this anendnent can be granted. Can
| have the next slide, please?

The only thing to observe hereis that the
application really has two parts. One is the safety
environnental application for the |icense anendnent,
the request for the license anendnent to use the MOX
LTAs at Catawba 1. The other part is a request for
exenption fromcertainregul atory requi renments having

to do with the security of the stored MOX fuel. My
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| have the next slide, please.

As | said, Union of Concerned Scientists
i s assisting BREDL, Bl ue Ridge Environnmental Defense
League, in challenging the LTA LAR and the security
exenption request, and in this context we have entered
both security rel ated contenti ons which are being --
that proceeding is being conducted in a closed
session, because there is safeguards information
i nvol ved, and non-security related contentions which
are the main subject of this neeting today. Next
slide, please.

On March 5th the Atomi c Safety Licensing
Board in this case admtted three of BREDL'S non-
security rel ated contentions after refram ng the | arge
nunber that BREDL had submtted and cl assifying them
into three bins that are grouped by rel evant issues.

In addition, there was an order on the
security contentions, which was [|ast week. I
understand there will be a public version of that, but
it is not out yet. So | amnot going to say anything
about that order.

This is an unusual proceeding, because
Duke has asked the NRC to make a decision on this
application by August 2004, and the tinmetable hereis

driven by a request from the Departnent of Energy,
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Nati onal Nuclear Security Admnistration, which
actually wants the decision in hand before it ships
plutonium from the United States to France for
fabrication of the lead test assenblies at the
Cadar ache pl ant.

This is because the plant is already on
borrowed tine. France decided to shut it down | ast
year because it is not seismically qualified, but it
i s Iinping al ong doi ng some cl ean-up work and wai ting
for this |last mssion.

As a result of the ASLB's attenpt to
acconmodat e this accel erated ti met abl e, t he
adj udi catory proceeding schedule is in a highly
conpressed fashion. It seens to be proceeding tw ce
as fast as ot her expedited proceedi ngs before the NRC,
and that is seriously conprom sing the ability of the
intervenors to gather the evidence in an adequate
f ashi on.

Now one question that BREDL has raised is
what is the rush, because in every ot her aspect other
than this proceeding the U S. -Russian MOX programi s
proceedi ng at a gl acial pace. For instance, thereis
a failure to reach agreenent on --

CHAI RMVAN POAERS: To be honest with you,

we can't help you on that. | think we understand.
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Let's nove to the MOX

DR LYMAN: Ckay. Well, | dothink it is
inmportant to keep the context in mnd in this
proceedi ng, nanely because the approval in this case
is going to set precedents for the future batch
| oadi ng, and also, likeit or not, the U S. is setting
an exanple for its Russian counterpart, and the NRCis
trying to instruct Russian regulators in how to
actual Iy conduct its own proceeding. So we do want to
set a good exanpl e.

The ability of NNSA to ship plutoniumto
France is not affected by NRC s decision. It is
sinmply a voluntary offer on the part of NRCto try to
conmply with the request. So we do think we need to
take the tinme to do a thorough review. Next slide,
pl ease.

Now | do want to nmake a few coments on
the security exenption request, because | think this
is probably the only opportunity in an open session
where we can get comments on the record. Nothing I
say i s goi ng to have any safeguards informationinit.

The cover letter for the security
exenption as a rationale says that several
requirenents in 10 CFR 73.45 and .46 are, quote,

"“inmpractical and unnecessary to assure the security of
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any MOX fuel assenblies.”

If you look in the regulations, these
sections pertain to physical protection systens for
protecting fornmula quantities -- that is, Category 1
gquantities -- of strategic special nuclear materi al
fromthe design basis threats of theft and sabot age,
and the details of the request are provided in seven
attachnments, nuch of which NRC determned to have
saf eguards information in it. Next slide, please.

One of the only public statenments about
t he substance of that cones from a Washi ngton Post
article fromlast nonth where it stated that Duke
Power maintains that its security request is
reasonable, given the difficulty of diverting
pl ut oni umcont ai ned t he bul ky fuel runs. Next slide,
pl ease.

There is also sonme hint of the thinking
going on within NRC with regard to this application
from a publicly released review plan, which is
provi di ng guidance to NRC staff who are review ng
i cense applications involving storage of MOX fuel at
power reactors. This is a neno fromJoe Shea to Gaen
Tracy, January 29, 2004. Next slide, please.

Sone of the key pints of that publicly

rel eased review plan is the staff's assessnent that
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MOX materi al is not attractive to potenti al
adversaries froma proliferation standpoint, basically
because it is big and bul ky and dil ute.

Al arge quantity of MOX fuel and el aborate
extraction process would be required to accunul ate
enough material to fabricate and i nprovi se a nucl ear
device or weapon. Finally, that review points to an
exenption grant in 1989 from Category 1 security
requirements for fresh fuel stored at the Fort St.
Vrain gas cool ed reactor. Next slide, please.

Somre of the general observations | would
make about their plan is that this approach is
inconsistent wth international standards and
judgnents associated wth the threat or the
attractiveness of plutonium contained in MOX fue
assenbl i es.

For instance, there is no distinction
between plutonium in MOX fuel assenblies and
separating plutoniumwith regard to security with
regard to security, with regard to the internationa
convention on physical protection which the US. is
party, to the I AEA s gui dance docunent on physica
protection, |INFCIRC 225 (Rev. 4), the U S. plutonium
di sposition agreement which references |NFCI RC 225

(Rev. 4) as a standard, and the National Acadeny of
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Sci ences original recomrendation, which is that all
weapons using plutonium should be treated and
protected as if it were still in a nuclear weapon

Also, the Fort St. Vrain security
exenption has little relevance to today's MOX
exenption request, putting aside the fact that it
dates from 1989, |ong before Septenber 11th and the
security issues that have cone forth since then. The
SNM content is nmuch lower in the gas cool ed reactor
elements than in the MOX fuel assenblies we are
t al ki ng about here, and t he process for extracti ng HEU
fromthe gas cool ed reactor fuel el enment is not nearly
as straightforward as that for separating plutonium
from MOX assenbly.

So | just wanted to nake those renarks.
| would urge the commttee to ook into this, and |
woul d be happy to conme back and talk to you in a
cl osed session, if youbelieveit is warranted to | ook
nore carefully at this other very inportant aspect of
this application. Next slide, please.

Now to get into the non-security rel ated
contentions, the first refranmed contention fromthe
Board deal s with the fact that BREDL al | eges t hat Duke
has failed to adequately account for differences in

MOX and LEU fuel behavior with regard to |oss of
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cool ant accidents and ot her design basis accidents.

The issues that BREDL has pointed out
i nvol ve fuel related phenonmena -- that is, MOX fue
rel at ed phenonena t hat may affect conpliance with the
ECCScriteriain50.46 -- and al so Mb cl addi ng rel at ed
phenomena that may affect conpliance wth ECCS
criteria for the MOX LTAs. In that context, we are
t hi nki ng about any synergi es between MOX fuel and Mb
cl addi ng that have not been adequately accounted for
i n experiment.

This does lead us to the fundanental
problem that BREDL sees, which 1is that the
uncertainties dueto gaps inthe experinental database
from MOX under LOCA conditions is significant and
affects the ability of the NRCto conduct an adequate
review of this application.

| would point out the French safety
organi zation, |IRSN, has proposed out a test at the
Phebus reactor, including a design basis LOCAtest for
MOX fuel which mght help to settle sone of these

qguestions. Next slide, please.

CHAI RVAN PONERS: | am aware of the I RSN
proposi ng those tests. | am not aware of anyone
taking any action on that. | nean, people propose

tests all the tine.
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DR. LYMAN: Right. That is right, and |

don't know what -- O course, | can't speak for NRC,
but there was sone rel uctance at the | ast presentation
| saw given by IRSN to NRC s supporting MOX fuel
tests, but we think that that is shortsighted.

CHAI RVAN POVEERS: Wen | look at the
Board' s di scussi on of the contentions, there seenedto
be some confusion between issues raised by | RSN on
hi gh burn-up and issues rai sed on MOX.

DR LYMAN: Well, thereis noconfusionin
my mind. The issue is for a given burn-up, how does
MOX and LEU conpare. There nay be a -- W know t hat,
because of the MOX fuel mcrostructure and the limted
experinental evidence there is, at relatively |ow
burn-ups conmpared to LEU, MOX m crostructure mmcs
t hat of hi gher burn-up LEU fuel.

So for a fixed burn-up, the concern is
t hat MOX fuel nmay appear nore |ike hi gher burn-up LEU
fuel W th regard to t hese ef fects.

Now whether -- how that translates to risk
across the entire core, especially in this high burn-
up fuel, is another issue. But our concernisreally
the substitution of a MOX assenbly -- of an LEU
assenbly for a MOX assenbly at the sanme burn-up.

DR KRESS: M question was: Wuld that
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concern be related to the future batch |oadings or
just to the |lead test assenblies?

DR LYMAN: No. All these concerns are
anplified wthregard to the batch | oadi ng, because i f
you are replacing nore LEU fuel with nore MOX fuel, to
the extent that for a given burn-up MOX fuel is
inferior with regard to LOCA performance to LEU, then
that concern is going to be anplified.

Now one effect that we have identified
t hat NRC has not adequately taken into account is the
fuel relocation phenonena during a LOCA in which, as
aresult of the clad ballooningin a design basis LOCA
and the fragnentation of high burn-up or MOX fuel
fuel fragnments will coll apse, thereforeincreasingthe
i near heat generation rate and potentially the ECCS
rel ated paraneters |ike peak cl addi ng tenperature.

Fuel relocation is not considered in the
Appendi x K nodels at the present tinme, and we have
i ntroduced -- and we have | ocat ed sone correspondence
of NRC that is questioning whether this was an
appropriate decision, especially given nore recent
data and concern in Europe about fuel relocation and
its inpact on these paraneters.

According to I RSN, fuel relocationfor LEU

fuel may increase peak cl adding tenperature by nore
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than 100 degrees Celsius, which is 180 degrees

Fahrenheit. Theincrease in peak claddingtenperature
also results in increase in LOCA clad oxidation by
five to ten percent.

Qur concern is that, by ignoring
rel ocation, to the extent that MOX fuel may be nore
l[imting than LEU in this case, that makes it even
| ess -- or even nore non-conservative, and | point to
the lower margin for MOX generally because of the
typically higher tenperatures for a fixed power | evel
and the fact that Mo cladding forms bigger balloons
because of the greater ductility in the Zircaloy. So
t he synergy between Mb and MOX may be a probl emt hat
has not been studied in integral tests. Next slide,
pl ease.

CHAI RVAN PONERS: | f | understand t he | RSN
i ssues that they were addressi ng, those were i ssues of
rel ocation of fairly high burn-up material ?

DR. LYMAN: Well, | think 48,000 negawat t
days per ton was where they first saw the effect in
LEU, but I"mnot -- Lower than what was expected, in
t hat i s consi dered hi gh burn-up t oday, you know, above
62, 000.

Agai n, one probl emBREDL has is it doesn't

have access necessarily to a lot of the data
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generating these international fora, particularly if
sonme of it is proprietary or conceal ed because of
vari ous nenoranda of understanding. So we don't --
Al'l we are gettingislittle hints of the data that is
out there, and through the discovery process we are
trying to get nore.

Thi s Vu-graph, just taking the results of
Duke's | arge break LOCA cal cul ation fromthe |icense
anmendnent request, peak cl addi ng t enper ature was 2018
degrees Fahrenheit for MOX, while it was 1981 degrees
Fahrenheit for LEU for an assenbly in the sane
posi tion.

Clearly, an increase of 180 degrees
Fahrenheit fromrel ocati on effects wouLD bring the PCT
to just under the regulatory PCT limt of 2200 degrees
Fahr enhei t. So this, obviously, is a highly
significant effect in either case, but to the extent
that the margin for MOX is smaller, it is nore of a
concern.

CHAI RVAN POVNERS: But isn't this margin --
this limt, isn't it a real cliff, that if | am
2199.9, I'mokay? Isn't there margin built into the
whol e concept there?

DR. LYMAN. Well, the 100 degrees Cel sius

actual Iy was a nom nal figure, and actual |y one of the
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docunents that we obtained during di scovery contains
addi ti onal 1 RSN cal cul ati ons and whi ch | ooks |i ke 150
degrees Cel sius for higher packing fractions is al so
a possible increase due to this effect.

That's another uncertainty here, is any
difference in the packing fraction which affects the
peak cl addi ng tenperature i ncrease due to rel ocation
bet ween LEU and MOX at a fixed burn-up.

| would guess, to the extent that MOX
starts fragnmenting at |ower burn-ups than LEU and a
greater part of the fuel pellet is affected and
fragnment ed, that may nmean t he nean particl e size -- or
fragment size is lower for MOX. But | don't have any
-- | haven't seen anyt hing.

CHAI RVAN PONERS: What | amnot aware of,
and maybe you can help nme there, is atendency for MOX
to fragnent nore extensively than LEU. In fact, one
would think that MOX would have inherently a | ow
fragmentation tendency, because <crack tips get
bl unt ed.

DR. LYMAN. Well, |I'mjust going by the
fact that the fission gas rel eases, you know, are
greater and you have at |ower burn-ups nore -- The
phenonena that were observed in the context of the

reactivity insertion experinments where there did seem
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to be greater -- when MOX fuel rod failed at a | ower
burn-up than LEU, there seenmed to be greater
fragnentati on and | ower burn-up. But | don't -- There
is definitely a difference in the particle size
di stribution. | don't know what it is, but it is
certainly a difference that should be considered.
It's possible that it is favorable.

CHAI RVAN PONERS: We can ask the staff to
hel p us on this fragnentation i ssue, because seens to
me that my limted experience with MOX is it shows
| ess tendency to break up in nornmal operations at a
gi ven burn-up. But | can always be m staken on those
t hi ngs.

The fission gas release | understand.
It's not connected with fragmentation at all. It has
to do with the m crostructure.

DR. LYMAN: Well, again, these are
uncertainties that need to be addressed. Next slide.

Now as far as the Mb cl addi ng i ssues goes,
in addition to any synergy between M and MOX, it
hasn't been well studied. The issue of the tendency
of the zirconiumniobium alloys to enbrittlenent
appears to be, I think, a little less clear, and it
may have been a couple of years ago, and the

dependence ontheinitial surfacetreatnment, polishing
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versus etching, | think, raises questions that need
further exam nation.

| would point to the experinent that was
done at Argonne that was disclosed in aletter dated
May 5, 2003, which only appeared on ADAMS within the
| ast few weeks, where it was remarked that an Argonne
oxi dati on test on etched Mo sanpl es showed a potenti al
simlarity to the oxide characteristics of alloy E-
110. This is a letter from framatone to NRC that
woul d seemto be quite concerned about the way the
outcome of that test | ooked.

CHAI RVAN PONERS: O wor ds associated with
t hose tests: One struggles to understand what a
potential simlarity neans. Not your fault. It's the
wor ds the author used.

DR. LYMAN. Well, that is all we've got,
but judging fromthe publicly avail abl e i nformati on,
it seens that there is quite some concern on
Framat one' s part that this experi nent was done. Since
etching is not the initial surface treatnment that is
carried out for Mb, it is not clear why there is that
concern, but | think until this phenonenon is fully
under st ood, there are going to be questions regardi ng
the stability of Mo with regard to differences in

production conditions, and especially the changes in
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i rradi ation, corrosion, hydrogen uptake t hat NRC hopes
to address through tests onirradi at ed hi gh burn-up Mo
fuel at Argonne.

CHAI RMAN PONERS: I n your researches on
Mb, have you been abl e to | ook at what t he experiences
are in Europe with the use of Mb ?

DR LYMAN: Well, again the nornal
operation, which was what supported the original
request for Mb cl addi ng approval inthis country, that
is well docunented. But what isn't so well docunented
is a full understanding of the relationship between
surface condition and its behavior in enbrittlenent
after oxidation.

The Framatome -- After the E-110 issue
first arose, Framatone qui ckly provided the results of
ductility testing that showed that M wasn't too
different fromZircal oy and did not | ook |ike E-110,
di d not experience this nodul ar oxidation that seens
to be the problem But to the extent that, again, the
phenonenon i s not fully understood, |I think we need to
have tests on hi gh burn-up irradi ated Mo i ntegral LOCA
tests just to confirmthat the surface changes during
irradiation don't |ead to any surprises.

You know, we don't want surprises to occur

inthe core of areactor. You know, that is the | ast
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pl ace you want a surprise to occur, and the fact that
Mb turned out not to share E-110's propensity to
enbrittlenent at a | ower oxidation |evel seens to be
a coi ncidence, as far as | cantell, andit's a | ucky

coi nci dence, but to the extent it is not understood,

it is still a coincidence.
CHAI RVAN PONERS: | guess | am perpl exed
alittle bit when you say it is coincidence. | nean

it's the behavior of the material or you are you
suggesting that there is a stochasticity here?

DR. LYMAN: Well, no. |'mjust suggesting
that the ring conpression tests which showed that it
reveal ed thi s behavior in E-110 which wasn't, | guess,
seen through sinple strength tests or quench tests,
that those tests were not done in M. Mb was
originally qualified in this country based only on
i npact tests after Quench, and the ring conpression
tests were done after the i ssue associated with E-110
cane up

So to the extent that those tests sanpl ed
different material characteristics, that wasn't known
before. If ny recollection of the history of thisis
incorrect, | hope that staff will correct nme. That
is the way it |ooked on the outside. Next slide.

BREDL's contention 2, the refraned
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contention by the Board, deals with di fferences i n MOX
and LEU with respect to the rel eases during what are
call ed core disruptive acci dents, whi ch enconpass any
core nelt from design basis LOCAs and beyond.

| don't see any need to sit here and tell
you guys about the 1issues associated wth
uncertaintiesinexperinental databases for corenelts
and severe accidents with regard to MOX fuel, but |
woul d just rem nd you of the expert panel report which
at |l east two of you sat on, which remarked that there
may be a di fferent degradati on behavi or of MOX duri ng
core nelt that may lead to different release
characteristics.

The few tests that have been conducted
seem to indicate sone radionuclides have enhanced
rel ease rates for MOX, and the current regulatory
source term may underestimate rel ease fractions of
groups like tellurium and ruthenium ruthenium in
particular with regard to any air oxidation occurring
| ate i n vessel phase, and because both t hose i sot opes
are typically greater -- have greater inventories in
MOX because of the different fission product spectrum
for MOXfissionthat, tothe extent those source terns
aren't adequately taken into account, that is another

potential non-conservatismw th respect to MOX source
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t er ns.

Again, the -- Sorry.

CHAI RVAN PONERS: We are | ooking at LTAs
here, so you coul d have rel atively radically different
source terns, and it wouldn't really affect things at
all, would it?

DR. LYMAN. Well, it will affect things
nore than -- | mean, there will be a difference.
Duke's own -- Duke referred to Departnent of Energy's
original EISto point out that there was a coupl e of
percent at nost difference in release in popul ation
dose or various dose related characteristics
associated with that release, associated with the
difference in source terns.

That didn't take into account -- That only
accounted for differences in inventory. This just
hasn't been -- The cal cul ation hasn't been done yet
with the uncertainties in the source ternms that are
i mportant for the differences in MOX and LEU taken
i nto account.

What i s significant, what isinsignificant
is a judgnent call. There is limted regulatory
gui dance, and that is not sonething we have taken a
position on this time, but we think it has to be

properly accounted for before you can nmake a
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determ nation  whet her it is significant or
insignificant. And that sinply hasn't been done yet.

To the extent that the uncertainties are
| arge because the experinmental database is sparse,
that has to influence the ability of NRC to nake a
judgnent call as to whether there is enough
information to conclude that there is insignificant
ri sk increase associated with this amendnent.

Once again, | point out that |IRSN has
proposed doi ng source ternms as to MOX fuel and severe
accident conditions, and again we think that such
experinments would be well worth the cost to resolve
sone of these issues. Next slide.

So to conclude, we believe that nore
research i s needed to reduce the uncertainties in M
cl adding and MOX fuel performance to support this
application. W note that there may be LOCA tests
with a rated Mo clad fuel with LEU fuel.

We note there is fuel relocation tests
goi ng on at Halden, and | don't have the details how
that's cone out, and we note that | RSN has proposed an
addi tional test series.

W think all of these are necessary to
begi n understanding and reducing the experinental

uncertainti es associ ated wi th MOX
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Wth that, | wll conclude.

CHAI RVAN PONERS: | t hi nk you have rai sed
three maj or technical issues here not associated with
security that we need to consider as we go through
her e. By ny count, you've raised the issue of
rel ocation and fragnentati on. You' veraisedtheissue
of the cladding, and you have raised the issue of
source termhere. |s that a roughly correct synopsis?

DR. LYMAN: Yes, that is. Wth regard to
the MOX fragnmentation issue, again it is something

that just needs to be better studied, because there

will be a difference. If it is beneficial, it is
beneficial, but | think it needs to be taken into
account .

CHAI RVAN POVZERS: Now my understanding i s
that MOX fuel, at least in the pellet form have been
taken up to radiation | evel s as high as 100 gi gawatt
days per ton. |Is that correct?

DR. LYMAN: In light water reactors?

CHAl RVAN POAERS:  No, in test reactors.

DR. LYMAN: |'mnot aware. Certainly, in
the fast spectrum reactors those burn-ups were
achi eved, but there is no conparison. | think the
neutron spectrumdifferences are significantly great

and t he producti on nmet hods for t hose were consi derably
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different from those today, but | don't how nuch
rel evance fast reactor fuel perfornms as of current --
on light water reactors.

CHAI RVAN POVERS: Any ot her questi ons you
want to pose to M. Lyman?

DR. LEITCH Yes. | had just a question
of understanding. Both contentions really say that
Duke has failed to adequately account for differences
between the MOX and the LEU fuel. These differences
are both known di fferences and recent information on
possi bl e differences, and one relates to primarily
LOCA and the other primarily to rel eases.

Have you di scussed the recent i nformati on
on possible differences? Is that basically what -- |
mean, | understand the known differences, but what is
the issue about recent information on possible
di fferences?

DR. LYMAN: Yes. | think what the Board
was trying to get at -- what we have di scussed nowis
| argely inthat category. Known differences, | think
woul d refer nore to issues |like in Duke's application
and on the environnmental report it sinply referenced
a Departnment of Energy calculation froma few years
ago that was based on, let's say, an inventory

generation radi onuclide inventory that | don't think
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was correct, for exanple.

So | think the enphasis really is on
differences that are -- Obviously, these are well
known, but not well understood. So that's probably a
better way to characterize, | think, where the heart
of the matter lies.

DR LEITCH  But my question basically:
Is there other recent information on possible
di ff erences ot her t han what you have di scussed here or
you've told us?

DR LYMAN: No. These were the chief
i ssues, stemming primarily froma presentation that
| RSN gave to NRCin Cctober, which crystallized in ny
m nd how nuch i sn't known about MOX fuel performance.
Again, alot of these are i ssues that have been ki cked
around a long tinme, but sinply not taken seriously
enough to call for an effort to resolve themfully in
an experinental setting until now.

DR KRESS: | amstill hung up on whet her
BREDL was concerned with potential riskinpacts of the
two percent |oading of MOX in Catawba or are they
really concerned that this is a precedent for nuch
hi gher loadings in a batch reactor |ater on.

DR. LYMAN: Well, in the context of this

proceedi ng whi ch deal s specifically withthe LTAs, our
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point is sinply you can't begin to nmke a
determ nati on of what is significant or not until you
have a good nunmber, and we don't think they have a
good nunber yet.

Then you can debat e about whether that is
a significant inpact. Again, that is arelative term
whi ch has something to do with risk-benefit. Soit's
not directly conparable to other issues where there
are risk increases associated with | icense anendnent .
| think each one has to be judged on its own.

Putting that aside, though, inthe | arger
picture BREDL is, of course, concerned with batch
| oadi ng and nailing down these uncertainties so that
there is a proper counting of the additional risks
associ ated with that application, which is com ng or
expected to conme next year.

O course, the sooner there is a
commtment to resolving sone of these issues, the
better and the |l ess potential delay there will be in
a chall enge to that anmendnent.

DR. KRESS: Thank you.

CHAI RVAN POVERS: Any ot her questions?
Thank you, Ed. It is always useful to hear fromyou.
You have rai sed sone i ssues for us, and hopefully, we

will get those clarified over the course of the day.
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DR LYMAN: Thank you.

CHAl RVAN POVNERS: At this point | wll
turn to M. Nesbit to discuss the MOX fuel |[ead
assenbly program

MR. NESBIT: Thank you. 1In the interest
of tine, | amgoing to dispense with the majority of
ny presentation and sinply make a fewpoints. | would
ask youtogoto Slide 6. That will be the first one
that 1| will actually talk from

These points that | make are not at the
current tinme related directly to that slide, but I
will point out the MOX fuel |ead assenbly program
whi ch we are discussing today, is a critical part of
the overall program to dispose of surplus weapons
pl ut oni um

It needs to happen if the programis going
to go forward. Due to factors, including the
availability of a site for fabrication of weapons
grade MOX fuel |ead assenblies, it needs to happen
Now.

Duke and Framatone have engaged in a
substanti al di al ogue with the NRC over t he past years
related to MOX fuel use, culmnating in a nunber of
topical reports and the |license anmendnent request

itself and responses to requests for additional
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i nformati on which grew out of the NRCreview And as
Bob Martin poi nted out, that cul mi nated in theissuing
of a safety evaluation earlier this nonth.

On Slide 6, which is up there on the
screen, | summarize sone of the technical work that
has been presented to the NRC. Duke has provi ded NRC
with topical reports relatedto the thermal-hydraulic
performance of the MOX fuel and nucl ear anal ysis.

AREVA or Framat onme has provi ded topica
reports related to fuel mechanical perfornmance of MOX
fuel. That is COPERNIC, the fuel assenbly design that
is going to be used, and a MOX fuel design topica
report that addresses nore specifically MOX fuel
rel ated issues. And of course, we have the |icense
anmendnent request and associ ated exenption requests.

There is a security plan change and
exenption request that has been provided to the NRC,
and that is not the subject of this neeting, and | am
not going to tal k about that any further.

The DOCE has requested -- applied to the
NRC for an export Ilicense. That application is
pending, as are requests for certification for
transportati on packages associated wth plutonium
oxi de powder and MOX fuel |ead assenbli es.

There's a lot of things in front of the
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NRC, but we are going to concentrate today on our | ead
assenbly |icense anendnent request.

You have heard fromEd Lynman about some of
his concerns. W have addressed in our application
and related materials the difference between m xed
oxi de fuel and | owenriched uraniumfuel to the extent
that they could possibly affect the safety case for
using the fuel at Catawba, and we are going to talk
about that in subsequent presentations.

| woul d characterize the BREDL i ssues as
t hreshi ng around bet ween hearsay of presentati ons and
letters here and letters theretotry to come up with
sone i ssue that could be bl own out of proportion, but
in the context of this application for four MOX fuel
| ead assenblies, we have presented a robust safety
case.

CHAI RMAN POAERS: |If | | ook at | ook at the
heart of the issues that M. Lyman has just addressed
for us, it seenms to ne that one of his contentions --
the central contention he makes is that there is just
not a lot of experinmental data on the MOX fuel. |
mean, is that a fair characterization?

MR. NESBIT: That is probably a fair
characterization of his contention. | wouldn't agree
with it.
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CHAI RVAN PONERS: Ckay. So you will help

us to understand what we know here?

MR. NESBIT: And |'mnot going to address
that right now, but in subsequent presentations, we
will.

CHAl RVAN PONERS:  Sur e.

MR NESBI T: The presentations that foll ow
wi || be by Patrick Bl anpai n of Framatone i n France who
will tal k about the MOX fuel experience base, and al so
current and future plans for MOX fuel use. | think
sone of the menbers of this subconmttee have heard
from M. Bl anpain before.

George Meyer from Framatone in the U S
will tal k about the fuel assenbly design. JimeEller
from Duke Power will talk about the nuclear design
aspects and our plans for core | oadi ng of m xed oxi de
fuel in |ead assenblies, and I will wap up and talk
about the safety and environnental analyses and
eval uations that we have perforned.

There is way too rmuch i nformati on i n what
we have submitted to cover here, and we are not goi ng
totry. | will note --

CHAI RMVAN POVERS: You have found a good
occupation for ny evenings and weekends. M wfe

t hanks you. She hasn't seen her kitchen table nowin
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several weeks.

MR. NESBIT: You're certainly wel cone.

One thing that we are not going to talk
about further except in a limted extent is the
question of the Westinghouse NG- | ead test assenblies
that, based on current plans, would be co-resident
with the MOX fuel as it woul d be | oaded in the spring
of 2005 at Cat awba.

In M. Eller's presentation, he will show
the | ocations of -- planned |ocations of the fuel.
The details of the NGF fuel assenbly are proprietary
to Westinghouse, and | can't talk about themin this
neeting, inthis context. There will be a neeting on
Friday that Bob alluded to at which sone of that
i nformati on can be shared, although that is al so not
a proprietary neeting.

| will characterize the Westinghouse NGF
fuel assenblies as fundanentally simlar to the
current co-resident RFA fuel assenblies. It is a
little different, but to the extent that there are
di fferences, those differences, if they had any ef f ect
on m xed oxi de fuel | ead assenblies, which they woul d,
the differences would actually be beneficial to the
MOX | ead assenbli es.

W have some people in addition to the
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presenters who are here. |If you have questions that
get into specific areas of technical detail, we wll
do our best to respond to them

|"d li ke to nmake anot her point, and then
Il will turnit over to Patrick. Wat you have heard
fromBREDL i s basically an argunent that, in order to
have a MOX fuel lead assenbly program you need
perfect certainty about everything that is going to
happen.

Well, | think that is inconsistent with
t he history of fuel developnent in the United States
in nuclear power, and | think it would be
fundanental |y a chilling approachto take to say that,
before we can run a |ead assenbly program in a
reactor, we have to know everyt hi ng.

That is not the NRC s regul atory charge.
The st andard NRC uses i s reasonabl e assurance, and we
feel we have nmet that standard.

So now I would like to turn it over to
Patrick Bl anpain, and he will discuss his experience
and Framatone's experience with MOX fuel wuse in
Eur ope.

MR. BLANPAIN: Thank you. The objective
of nmy presentationis to showyou the fabrication and

t he addi ti onal experinments of Framatone i n Europe, and
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the main part of my presentation will be an overview
of the reactor performance of the MOX fuel.

| start with sone facts. Since the first
commercial reloads in 1972 in Germany and in 1987 in
France -- of course, it was in one reactor --
pl ut onium recycling as performed in the form of MOX
fuel has reached an industrial maturity.

The production capacity today in Europe
and used by Framatome ANP i s about 150 Thm year using
the M MAS process in the French Melox and in the
Bel gi an Bel gonucl eai re pl ants.

More than 2400 fuel assenblies have been
delivered by Franmatome ANP/ France to 20 French, two
Bel gi an and four German pressurized water reactors,
and nore than 1300 fuel assenblies have been delivered
by Framat ome Germany to 11 German and t hree Swi ss PWRs
and BWRs. Next slide.

| will now recap about the MOX fuel
fabrication. So we start with UQ, and PuQ, powder.
That primary blend is m xed and mi cronized with sonme
recycled scraps, and then that primary blend is
sieved. W had | ubricant of pore fornmer, and feed UQ
powder into that original to reach the final blend,
and then that final blend is pressed, sintered,

ground, inspected and | oaded in the fuel rods like in
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t he UQ, process. Next slide.

Now the primary blend: W are starting
with the UQ, powder, with the PuQ lots, and they are
m xed and then ground, mcronized, which is the
primary blend, and the principal conpound in that
primary blend is between 20 and 30 per the UOQ,. | am
showi ng that primary m xi ng. The recycl ed scraps from
the fabrication are this. Next slide.

Then that primary blend after sieving is
mxed with fresh UQ, powder to reach the fina
pl ut oni um content. Next slide.

Then at that final blend, the different
| ots of secondary blends with [ubricant, then m xed,
pressed, sintered and controlled as UQ, fuel. Next
sl i de.

kay. That is the results. It's the
m crostructure of that MOX fuel wusing the M MAS
process. On the top of the slide it is electronic
i mage obtained by a electronic probe m croanal ysis,
but the top imge is showing -- Showi ng white, the
plutonium rich particles. That's in white, and in
bl ack is the UO, fuel matrix.

After image analysis, now going to the
back of the inage, we can see in red and yellow the

plutonium in blue the uraniumthat is on the right
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scal e of the plutoniumcontent fromUQ, 50 percent.
So we can see that nost of the concentrationis around
20 percent in the nmaster bl end.

Then if we increase the contrast, we can
see in red the plutonium rich particles with an
enri chment -- plutoniumenrichment higher than 20-25
percent of plutonium a blue phase which is al npst
fuel UQ,, and a green phase called the coating phase
bet ween the UQ, grains. W have a pl utoni um cont ent
between 2 and 5 or 10 percent. Next slide, please.

Then we can construct a calcul ated
analysis if that plutonium distribution. So that
graph on the y axis -- or x axis, sorry, there is a
cunul ative plutoni um-- the plutoniumcontent. And on
the y axis the size of the plutoniumrich particles.

We can see, for exanple, on the left that
inthe MMAS MOX fuel we have only 25 percent of the
total plutoniumin the plutoniumrich particles. For
exanple, there is a 10 percent of the total plutonium
is included in the large particle, larger than 100
m crons. Also that nmeans that 75 percent of the total
plutonium is in the coating phases or in the UQ
phase. Next slide, please.

That is another representation of the

m croanalysis. It is an analysis crossing a pellet
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di ameter, and | have presented here a series of |arge

pl ut oni um aggl onerates, but it is inmportant to note

that the maxinmum plutonium content in those
aggl onerates is around, in that case, 27 percent. It
istheredline. 1t is the plutoniumcontent of the

primary bl end.

It is inportant to note that there is no
very hi gh plutoniumcontent i nthose particles, higher
than the primary blend content. Next, please.

Now the different fuel designs used in
Europe for the MOX fuel. So the MOX fuel is used in
light water reactors up to power of 1300 el ectric, and
it isdifferent fuel assenbly we can design, under 14
by 14, for exanple, to the 18 by 18.

In Europe we are using different design
and type of fuel nmanagenment. The pl utoni um content
used is 75 percent with an average assenbly. It just
goes fromU?® enrichment up to 4.3 percent, and real ly
one-third and one-fourth core |oadings can use it,
usually NEL, but in sone cases, for example --
Bel gium for exanple -- they are using up to 18 nonth
cycl es.

The core fraction is usually 30 percent,
but 50 percent is licensed in Germany for boiling

wat er reactors, and 38 percent are used.
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For the UOQ, matri x, depl eted urani umor --
uraniumare used. It is normally depleted today. The
current discharged boiler fuel assenblies is between
45 and 50 GM/tHM and up to 60 for individual fuel
assenbl i es.

It is inmportant to know that the MOX can
operate in | oad foll ow node since nore than 10 years
in France, and also the failure rate -- W have the
sane failure rate as uraniumfuel, an that no rod ever
failed for MOX specific reasons. That neans that, due
to the correct fabrication of the MOX fabrications.

So typically, the failure rate is |less
t han one rod there, 100 in 1,000 rods. Next, please.

CHAI RVAN POVEERS: Just doing a quick
cal cul ati on, that suggests you had a couple of rods
fail? You' ve had two rods fail? |Is that roughly
correct?

MR. NESBIT: There is information in the
MOX fuel design report about the MOX fuel failures in
one of the appendices. It has been nore than two
r ods.

DR. BONACA: Ontherecyclerate, license,
what are the limts, the anmount of MOX fuel you
i ntroduce in the core?

The question | had was on the recycle

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

a7

rate. You said that 50 percent is licensed in
Ger many?

MR, BLANPAI N Yes.

DR. BONACA: And 38 percent is used. What
is the basis for the 50 percent?

MR. BLANPAIN: | do not exactly -- What is
t he basis of -- Maybe it is the basis of the paraneter
of the void fraction in the core that limts the use
of MOX fuel or the fraction of MOX in the core.

DR. BONACA: Ckay. So that is the basis

t here.

MR. BLANPAIN: Yes. But those are -- In
France, for exanple, the 30 percent is also -- to go
back to -- we have a UQ, fuel. So that is to put two

nore MOX in one core to get a high visibility, easy.

So the next slide shows the irradiation
experience in Europe by Framatonme France. It is
mainly -- It is in the pressurized water reactors at
mainly 17 by 17, three reactors in France.

You can see mainly two peaks. The first
one to the left is the French experience with the
di scharge burnup for up around 37. It is assenbly
burnup, and to the right is the discharge burnup in
Bel gium in Germany, which are higher. The discharge

burnup is around 55 to -- 45 to 50. Next one.
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| have got the sane representation of the
fuel fabricated by Framat onme Ger many, ex-Si enens, and
showi ng that the discharge burnup is quite higher in
Germany and in Switzerland, and that also higher --
very high burnup fuel have been discharged from --
hi gher than 55. Next one, please.

So what about fuel design and then
performance? So usually the nechani cal design of the
fuel assenbly structure is identical for MOX and for
UQ, fuels. It is the materials used as well as the
skel eton of the assenbly.

As for UQ, we need a reliable prediction
of the therno-nechanical behavior of the MOX fuel
rods. That should be obtained through an adequate
description of the MOX-specific properties as for UQ,
and t hat nmeans the design nodels and the codes to be
conti nuously verifiedby conpari son w th neasurenents
to obtain finally the sane | evel of accuracy as for
urani um fuel, and show you that now. Next slide.

This i s an exanpl e of the MOX properties.
It's easy to see. That shows the thermal conductivity
of the MOX fuel conpared to UQ, tenperature. The
graph shows a very small difference, a difference of
t he picture of MOX fuel wi th about 5 percent of PuQ.

It is around a 5 percent difference on thernal
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conducti vity.

The next one shows the specific heat of
the MOX fuel conpared to UQ,. On the x axis here is
t he specific heat, onthe y axis the tenperature. The
red star is specific heat of UQ, with -- and the
different points result from different experience
comng fromthe literature, and but addressing MOX
fuel with 20 percent of PuO,.

You can see that sonmetinme -- nost of the
ti me you have conservative, and for the MOX fuel with
| ow plutonium content that we use in light water
reactors, it is recomended to wuse the PuQ
correl ation.

CHAI RVAN POVNERS: So you say that that is
-- using the UO, correlation is conservative.

MR. BLANPAIN. This?

CHAl RVAN PONERS: |'s conservative?

MR. BLANPAIN: It is nostly conservative,
yes.

CHAI RVAN POVERS: But, | nean, the
speci fics of the heat seens higher, and it seens to ne
t hat t he conservative position would be to use a | ower
speci fic heat.

MR. BLANPAIN: No. Thereis no-- W have

data from MOX fuel is high plutoniumcontent at 220,
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and t hey are using 5 percent plutoniumcontent. Al so,
it is not seen here, but for very |low plutonium
content we have seen a decrease -- to sone extent, a
decrease in specific heat.

So it is the reason why we are using the
UQ, correlation, which is conservative conpared with
t he UQ, experinents.

CHAl RMVAN PONERS: Well, | guess | am a
little puzzled, because | nean, for a given heat
input, the tenperature you arrive is |ower.

MR. NESBIT: | guess, if | caninterject,
it is sonetines dangerous to nake a statenent that so
and so i s conservative or not conservative, because it
depends on the application that you are using it for.

CHAl RVAN PONERS:  Absol utel y.

MR. NESBIT: It may be conservative for
one and not for another. | think the fundamental
point that Patrick is trying to make is that, for the
ki nd of pl utoniumconcentrations we are | ooki ng at for
our MOX fuel, which is less than five percent
plutoniumin the pins, the specific heat is virtually
i ndi stingui shabl e between MOX and LEU, and using the
LEU val ue is appropriate.

CHAI RVAN POVERS: Let ne also comment

that, if | conpare your specific heat curve here for
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UQ, agai nst those in recent reviewarticles on UQ,
fail to see a discontinuity up above about 2600
Kelvin. 1t has been variously attributed to second
order phase transitions and the |ike.

| wonder why that is not reflected there.
You don't see it when you meke the neasurenents?

MR NESBIT: | don't think we've got an
answer for you right here.

CHAIl RVAN POVNERS: Wl l, | think for sone
time, since at |east 1980, there's been recognition
t hat sonet hi ng funny happens in UQ, in the vicinity of
about 2600. Your initial reactiontoit is we've had
t he onset of a disorder inthelattice, and it doesn't
take long to figure out the discontinuity is way too
big to be that, and it just didn't show up in these
curves.

There has been a recent reviewarticle --
| probably cannot pull out the citation in ny head,
but of course, the nost fanmous stuff is the stuff that
was done at Argonne back in the Eighties in their
revi ew of urani umdi oxi de froma physical properties.
But it has been reiterated.

I nean, people have nade these
nmeasurenents a lot, and they see this discontinuity,

and you have a snooth transition | ooking |i ke probably
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t he onset of charge carrier effects here. But | don't
know. Pl ease go ahead.

DR LEI TCH: On that slide | don't
understand what the X=2-O'Mis. What is that? What
is Oand Min that?

MR. BLANPAIN: That is a deviation from
st oi chionetry. It is a deviation from the
stoi chionmetry.

DR. LEITCH  Onh, okay.

CHAI RVAN PONERS:  Yes, t he pl ut oni umt ends
to -- on these systens, and so you get
hyperstoi chionetric fuel pretty easily. Are you
pl anni ng on touching on the oxygen potential changes
as a function of tenperature and plutonium content?
It seens to me that that is the issue when you talk
about internal oxidation of the clad, is what the
change in the oxygen potenti al is for the
hyper st oi chionetric material here.

MR. BLANPAIN: The MOX fuel ?

CHAl RVAN PONERS:  Yes.

MR.  BLANPAI N: ['"'m not sure -- the
tendency i s to becone stoichionetric, because | think
slightly hyper st oi chi onetric and goi ng to
stoi chionetric.

CHAI RMAN PONERS: Yes. That i s because of
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the fission rel ease of oxygen. Wat |I'minterestedin
is how the oxygen potential of the fuel changes over
the course of the irradiation as a function of Pu
cont ent .

MR. BLANPAIN. W can nmke that |ater,
because of all the cladding oxidation.

kay, the next one, please. It's a
graphi c showi ng the thermal expansi on of UQ, conpared
to MOX fuel. It says there is no effect of the
addi tion of PuO, thermal expansion.

Now sone exanples of the two graphs
show ng --

CHAI RVAN POVNERS: On this slide you have
-- Inyour | egend here you have PuO2 with a bracket 1,
UO, with a bracket 1, PuQ, with a bracket 2. 1'mjust
guessi ng that those are references?

MR. BLANPAI N: Yes, those are references.

CHAI RVAN POVERS: Are those references
provi ded? | would appreciate it if you woul d provide
t hose.

MR. BLANPAIN: Okay. So as an exanple
that we are | ooki ng at the physical properties of the
MOX fuel on the irradiated materials also during
irradiation. That is an exanpl e of the neasurenent of

the fuel central line tenperature, first on the un-
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irradi ated fuel and neasured during irradiation with
t he central thernmocouples onsmall -- in experinental
reactors.

There is fuel central tenperature on the
x axis, and the heat generation on the y axis. That
shows smal | difference between the tenperature of the
MOX and UQ,. Typically, the tenperature of -- the
temperature of the MOX fuel is 15 degrees -- 50
degrees higher than UGQ, 200 per centineter. The
next, please.

CHAI RVAN POVERS: \Wy?

MR. BLANPAIN: Thernmal conductivity.

CHAI RVAN POAERS: The t her mal conductivity
ismnusculely different. The density can't bew ldly
different. Soit all has to bethe -- It has to be in
the specific heat. | mean, it has to be a difference
in thermal diffusivity. R ght?

MR. BLANPAIN: The thermal diffusivity.

CHAI RVAN POVERS: And it can't be the
t hermal conductivity. It can't be the density. Soit
nmust be the specific heat. | nean, that's the only
thing left to you. Right? | nean, the therma
conductivity you showed us is --

MR. BLANPAIN. Diffusivity.

CHAI RMAN POVERS: Yes, it has to be a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

55

difference inthermal diffusivity. Soit hasto bein
t he specific heat. That is the only thing open to us,
unl ess the thermal conductivity changes wildly inthe
course of the irradiation, but these are nopdest
i rradiations.

VR, BLANPAI N: The conductivity curve,
because this is what is used in the conputer codes.

A feature to be predicted is the fission
gas rel ease, because it depends mai nly on t enperat ure.
It i s taken agai nst nmeasurenents nmade by t he COPERNI C
code and the calculation on the x axis and the
nmeasurenent on the y axis, and | represented here the
dat abase of -- and conparing the MOX fuel -- The MOX
fuel is in red. No, in bl ack. Ckay, in black,
conpared to the UO, fuel in blue and red.

That is to show that there is no bias
brought by the MOX fuel. The clarity of the
predictionis verysimlar tothe other fuels. That's
t he nessage.

DR. KRESS: Can we go back to the previous

sl i de. I'"m not sure | understood the discussion.
These are tenperature center line differences at
steady state. Right? Stead state only involves
thermal conductivity. | still don't understand this

difference. These are steady state results.
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DR, KRESS: Yes.

transient.
MR BLANPAI N:
DR KRESS:

the only -- and the heat

difference in distribution,

56

The steady state?

You are not in a

Yes, but --

The thermal conductivity is

generated is the only

is the only things that

enter into the steady state. So I don't understand

t he answers you got.
MR, BLANPAI N:

the -- to verify your cal

Yes, but you need to know

culation in your nornmal

operation. That is the reason of that experinment.

That is what normal operati

on causes in Phase 1 and

Phase 2 situations,

but the answer

to check the --

accident condition is presented here.

DR KRESS: Certainly. That |eads ne to

ny question. This nust be due to the different power
generation distribution. It can't be due to the
diffusivity. It nust be a power difference. Your

t hermal conductivity is al nost the sane. If | wereto
calculate this, the only thing that enters into that
i s power generationrate andthe thermal conductivity.

MR. NESBIT: | think we would agree with

you, that the two factors are the pellet radial power

profile and the thermal conductivity.

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

(202) 234-4433 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

57
DR. KRESS: | would buy that answer

better. | didn't understand the previous one.

MR. BLANPAI N: Yes, but of course, those
type of -- kind of experinents, because we have al so
done it for high burnup fuel and so on, and of course,
the difference in tenperature between MOX and UG, is
not only due to the thermal conductivity, called the
power radial profile difference. W knowthat it is
taken into account in the conmputer codes.

DR. RANSOM Were these cl added?

MR BLANPAI N:  Yes.

DR. RANSOM So what about the gap
conductance? It would enter into that, too.

MR BLANPAIN: \Well, we have perforned
experiments such as this one. W are using exactly
t he sane pel | et geonetry and t he sane enri chnents, the
same cl adding material, the same gaps and so on. W
know that is not evident to conpare that. W need
such experinments to verify the predictions.

DR. RANSOM Do you have any idea of the
uncertainty in this neasurenent due to dinmensional
tol erances --

MR BLANPAIN: Usual ly, the experiments --
Peopl e perform hundreds of experinments with central

t her nocoupl es to benchmark t he t enperat ure prediction
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of the fuel, but it is around -- what is used usually
is between 5 and 10 percent on the final uncertainty,
knowi ng t hat t he hi ghest uncertainty is brought by the
uncertai nty of the power duringthe experinent and not
due to the instrunentation

DR. RANSOM Well, the 5 to 10 percent
woul d al nost account for the difference, if this is
j ust one case.

MR. BLANPAIN: Yes, it is one case, but we
have nany cases. It is described in the COPERN C
manual, how we manage those datapoints. It is
essentially --

DR.  RANSOM This difference my be
insignificant. 1s that correct?

MR. BLANPAIN: It is exactly the sane for
the other fuels, for UQ, for exanple. There is no
new bi as brought by the MOX fuel.

So continuing with the feedback experi ence
-- many cone fromthe surveillance program where we
buil d rods and exam ned those rods in hot cells, and
al so com ng from anal ytical experinents.

So about nore than 100 commercial fuel
rods fromGerman and French reactors were exam ned in
hot cells up to hi gh burnups, and al so we parti ci pat ed

in alot of national and international prograns for
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anal ytical irradiations. These are international
prograns |ike Hal den, for exanple.

We have perfornmed power ranping with the
MOX fuel and with instrunmentation to assess the PCl
properties of the MOX fuel, the fission gas rel ease,
the in-pile densification and so on. Those
experiments were largely published in the open
literature.

And what was the main reasons of those
prograns? The next, please. W have very simlar
behavi or of the MOX and UQ, fuel s concerning the rod
gr owm h. There is no effect on the MOX pellet, in
connection of the MOX pellet and the claddi ng, nodel
cl addi ng di aneteral deformation, the sane for MOX and
UQ, fuel ; concerning the cl addi ng wat ersi de corrosi on
-- | shall show you an exanple; nodel pellet solid
swelling -- | al so show you an exanpl e; the zirconium
i nternal |ayer. So the oxidation of the internal
| ayer of the cladding is the sane as on UQ, and we
have seen at high burnup that the mechani cal
i nteraction betweenthe -- or the chemi cal interaction
between the pellet and the cladding is simlar.

As far as the fission product and
activity, release of the failed rod are simlar for

MOX and the UQ, fuel. So it is difficult to determ ne
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| eakage fromUQ, fuel. That could be, but it is not
SO easy.

VEE have seen a sonewhat hi gher fission gas
rel ease in MOX fuel than for UQ, fuel, mainly at high
burnup. That could | ead to higher fuel rod internal
pressure. Also, the MOX fuel shows a better pellet-
cl addi ng nmechani cal interaction behavior due to the
hi gher creep rate of the MOX pellets. Addressing
mai nly France, it shows the MOXis not limting with
respect to plant maneuverability.

Next slide, please. This slide shows the
fuel rod growh is prediction agai nst the neasurenent
of the UQ, again the MOX fuel and the gadolinium
fuel. The MOX fuel is in blueinthis representation.
So there is no bias due to the MOX presence in the
fuel rods.

DR KRESS: I's the gadolinium mxed in
with the UQ, --

MR. BLANPAIN: The gadolinium-- but we
don't use gadoliniumfuel with MOX fuel

CHAI RMVAN PONERS: | notice on your slide
that you distinguish UQ, with what is called ZY4,
which I'Il guess is Zircal oy 4 cladding, and UQ, with
Mb cl adding. But you only have MOX with Zrcal oy 4.

MR. BLANPAIN: Hereinthis slide, we only
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have MOX with Zircal oy 4, yes. But we have MOX with

Mb cl addi ng, but not including the very recent data.
CHAI RVAN PONERS: Now what | was curi ous

about is at the beginning of your presentation you

listed sonme 2400 fuel assenblies -- 1300 fuel
assenblies. | wonder, could you give ne an estimate
-- |1 don't need a particul arly accurate nunber -- what

fraction of those had Mo cl addi ng and what -- Well,
that's the only nunber | need, is what fraction had Mb
cl addi ng.

MR, BLANPAIN:  Yes.

CHAI RMAN POAERS: Just a rough esti mate.

MR. BLANPAI N: Today, usually in France we
are using Zircal oy 4 claddi ng for our MOX assenbl i es.
W have sonme Mo fuel rods with MOX for experinental
purposes in France, but today the MOX product
delivered by Framatone France in Gerrmany is Mb. The
reference is M.

So we have four reloads of MOXwith Mo in
Bergdorf and in four reactors today in Gernmany.

MR. NESBIT: | think that woul d nmaybe be
tens of assenblies probably. It isrelatively recent,
if I"'mnot m staken, after the transition to Mb. So
we are not tal king, | don't think, about hundreds and

hundr eds of Mb.
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MR. MEYER: At Cadarache they have

fabricated approxi mately 50,000 Mb fuel rods. Those
are for the German market.

MR. BLANPAIN: To answer your question,
it's the next one. You can see better about the clad
outer surface corrosion. That is al sothe cal culation
agai nst t he measurenent, and here t he neasurenents al |
cane fromthe reactor at Finisberg in Gernmany.

That graphis aresult of a measurenment of
t he rod of two assenblies, onethree-cycl e and anot her
four-cycle MOX assenbly, and conpared to the L5
dat abase.

In blue we have the Mb database. 1In the
red points are the UO-M database on the KKP2
reactor, and the yellow points as well as the green
ones are MOX rods conpared to the world database
showing that there is no MOX effect on cladding
corrosion. It is a nmeasurenment of 100 percent of the
rods in one assenbly. Next.

That graph represents the pellets' density
evolution with burnup. So it is a nmeasurenent of the
pellets after irradiation, and it is also for the
conparison of MOX fuel to UQ, fuel. You can see
there, there is no difference. The tendency is the

sane, because the surface -- is only due to the
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generation of fission products, andit is normally the
sane for UO, and MOX fuel. Next, please.

Here we have the fission gas release
dat abase. That is a database obtained from the
exam nation of rods irradi ated i n EDF reactors. So we
have here the UQ, data in blue conpared to the -- the
MOX data in blue conpared to the UO, data in red.

You can see quite an increase of fission
gas rel ease for the MOX. That corresponds to the end
of the cert cycle, and it is not -- The ranking i s not
a certainty on the neasurenent, but is due to the
di fferent heat rate experienced by the different rods
during the - mainly the -- of the irradiation cycle.
So the fission gas release is a function of the
tenperature, and then to the -- experienced by the
fuel .

| f you notice al sothat thereis no burnup
enhancenent due to the burnup when we see the blue
points at 50 and then a 60 -- because there is
normal |y a power decrease after the second -- cycle.
The next one.

This slide, higher fission gas release
sanpled in MOX fuel. 1t explains we have neutronic
properties of the MOX, | eading to higher |inear heat

rates at nedi umand hi gh burnup, but it is mainly in
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the -- in EDF reactors, and also different pellet
radial power density distribution, leading to
di fferent tenperature, at higher tenperature for the
MOX fuel at high burnup.

The physical properties: As | said
before, is due to the slightly lower therm
conductivity of the MOX, leading to higher fuel
temperature. But it could be also due to the oxide
m crostructure, to the presence of the plutoniumrich
particles due to the M MAS process can change the
nmechani smof fission gas rel ease due to the very high
| ocal burnup and leading to the formation of dense
pore popul ations. But we think it is a very small
effect, and there is no -- As | said at the beginning
of the presentation, the contribution of the |ast
plutoniumrich particles is quite small.

VWhat is inportant to note is that the
Hal den tenperature threshold for fission gas rel ease
is the same as for UQ, fuel. That has been neasured
several tine sin the Hal den reactor

The next one, please. Here we have a
radi al cut of a high burnup MOX pellet, show ng that
there is no difference conpared to the radi al cut of
a Uo, fuel. It is showi ng the sane cracking pattern

CHAl RVAN POWERS: This hits to a point
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that Dr. Lyman raised, a question that he raised in
his presentation. | thinkit is fair to characterize
it as a question.

Was there any inherent difference in the
fragnentation of this MOX fuel relative to what we

have experienced i n urani umdi oxi de fuel awe goupto

t hese burnups? [|'Il have to admt, had you not told
me this was MOX fuel, | probably woul d not have known
otherwise. | nean, it | ooks |like pretty nmuch the sane

kind of fraction pattern that | amused to, but that
is not a statistical -- It's not a statistical set.
Do you have statistical datathat suggests
that this is about the sane or is just a qualitative
senti nent here?
MR. BLANPAIN: No. That is the cracking

pattern of the fuel after normal operation as conpared

to UQ, is the sane. After the -- incident, UQ and
MOX fuel is roughly the same also. But with --
roughly the sane. But what -- Sone differences were

-- People have published that the MOX behaved
differently during the Al situation, after the --
test. But what we have seen is not a difference in
fracture of the MOX conpared to UO,.

If we can see the next figure, please.

That is the evolution of the plutoniumrich particles
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during irradiation. That is the period after three
irradiation cycles.

The plutonium rich particles -- The
evolution is |ike high burnup structure or the ring
structurewith the formati on of small bubbl es and t hen
coal escing throughout the pellet center line due to
t he hi gh tenperature.

Ckay. But after the Cabri tests, we have
seen that, like for UQ fuel, we have the equation of
t he grains, the equation of the UQ grains, but what
we have seen also -- and that is the plutoniumrich
particles remained intact after the Cabri test.

So today the explanation is not
definitive, because we haven't seen the grain
equation, but around the UQ, -- the UQ, grains, and
not around the plutoniumrich particles. Gkay, next
one.

Now I conclude with the short and nedi um
term devel opnent. For econom cal reasons, MOX fue
has to performas efficiently as UQ, fuel with regard
to the burnup and operational flexibility.

The burnup equival ence to uranium fuel
assenblies has been denonstrated in Germany,
Switzerland and Bel gi um The di scharge burnup is

around 50 in those countries.
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I n France, that parity between UQ, and MOX

fuel is not rich today, but wll be conpleted next
year. The licensing process is al nost conpleted for
the 20 MOX | i censed power pl ants, and that parity will
be to discharge rod burnup of 60, as for UO, fuel.

That parity nust be established on a
medi um or long term basis, of course. So we are to
work and to denonstrate that the MOX product can
follow the UO,. Next slide.

Now t o concl ude: Extensive pool side and
hot cell exam nati ons have denonstrated t he excel | ent
behavior of the MOX fuel up to assenbly burnup to
around 60. The performance of the current MOX is
equi valent to that of UQ, in terns of di scharge burnup
wi t hout any penalty on core operating conditions and
fuel reliability.

Now ongoing devel opnent are still
underway, and to denonstrate equival ence of UQ, and
MOX fuel up to very high burnups. By that | nean that
we are working on UQ, for a very, very high burnup.
For exanple, UO, -- to develop the UQ, fuel with the
chromum fuel with large range to go to very high
burnup to increase the efficient retention.

We are working al so on the MOX product in

the sane way, to increase the range. Thank you for
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your attention.

CHAl RVAN POVERS:  Thank you for a nost
informative presentation. Do nenbers have any
guestions they wish to pose to the speaker?

DR. BONACA: The MOX experience, the
Eur opean MOX, which has a different kind of isotopic
content of plutoniumas well as different content of
UOQ,. Are you going to say about the effect of those
di fferences on this experience or i s sonebody goingto
address that today?

MR. NESBIT: Let me take a short first.
First of all, the issue that you bring up is addressed
at substantial length in our application, in the
topical report, and in sonme other materials which we
have provided the NRC

We didn't make that a point of enphasis
t oday, because it is not one of those issues that is
really highlightedinthe current contentions that are
before the licensing board. But |et me nake a coupl e
of statements about that.

Fundanmental ly, the major inpact of the
isotopic differences is to lower the required
pl ut oni um concentration in the fuel pellet, and what
that neans is that the MOX we use is generally closer

to LEU than the MOX that is used in the European
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experi ence.

The isotopic differences are addressed
specifically in the nucl ear design topical report and
in the nuclear analyses by nodeling the specific
i sotopics that are in play there.

Al so one other thing. It is the sane
urani umwe are using for our MOX

CHAI RVAN POVERS: | t hought their urani um
drank nore red w ne.

MR NESBIT: It may.

DR. BONACA: | sinply -- Regarding some of
t he exhi bits that we were shown, it woul d have been - -
For exanmple, there is an exhibit 24, fission gas
rel ease of BAR MOX. It would be interesting to have
a coment that says, as to applicability to the
specifics that we are going to insert in the US.,
this is the expected -- | nean, | realize that you
have sonme i nformation, but this is information that |
hadn't seen before.

MR. BLANPAIN: O course, it isdifficult
to do within half an hour

DR. BONACA: | understand.

MR BLANPAIN:  And about the plutonium
content, of course, we have i n our database fuel rods

with two percent of plutonium content up to 10
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percent. From the EDF reactors it is from2 at the
| ow pl ut oni umcontent inthe assenbly at the begi nni ng
to 7 today. It is higher content in our assenblies in
France. But we have data from higher plutonium
content fromanal ytical experience fromHal den or the
BR3 in Bel giumor from Germany.

If we -- Between the 2 and 3 and 7-8
percent, there is no effect of plutoniumcontent on
the BWR, but of course, there is no effect of the --
for us, the thermal nmechani cal point of view, thereis
no effect of the i sotopic conmposition on the thermal
nmechani cal behavior, because if you have a best
i sot opi ¢ conposition, that nmeans fewfission content.

You have to increase the total plutonium
content, and that is what we are doi ng today, because
for the MOX parity project, for exanple, the highest
pl utoniumcontent in the fuel rods will be around 10,

due to the evolution of the isotopic conposition of

the reactor grade fuel. But the weapon grade fuel
will be enveloped by the experience, because the
average plutoniumcontent will be 4.

DR. BONACA: | guess my questions are nore
directed at a full -- whatever a full load with MOX
fuel will be rather than just the LTAs. The reasonis

t hat you presented to us sone linmts that are used in
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Europe to the ampbunt of MOX fuel that you can insert
in a core, and they seemto be related to fission
product releases or whatever. That is what you
ment i oned sonet hi ng there.

Now, you know, the pl utoni umconposition,
particularly the abundancy of 239, may cause sone
differences in this fission gas release in PWRs. In
the long run, | am interested in know ng how that
pl ays out in the anbunt of MOX fuel fromweapon grade
that you would be inserting in the U S. reactors.
Maybe that is not pertinent to the LTA presentati on,
but that is why | was interested in those figures.

MR NESBIT: It mght also be a little
premat ur e. Until we actually perform the safety
anal yses for batch inpl ementation, which are ongoi ng
at this tine, and do the related anal yses, we can't
come back and say there is a hard and fast limt.

Based on everything we have seen right
now, the 40 percent goal for batch inplenentation is
achi evabl e, but we haven't conpl eted the case at this
poi nt .

DR. BONACA: That was the reason | was
| eavi ng those questions. Ckay.

CHAl RVAN PONERS: Let ne foll ow up that

guestion. Wen you go to the weapons grade pl utoni um
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feed into the material, wll you get the sane
di stri bution between particul ate and matri x pl ut oni un®?

MR, BLANPAI N: So okay. In Europe
Framatome is using primary blend. The pl ut oni um
content inthe primary blend is around 30 percent. So
it is for evident econom cal reasons and also the
plant is designed for that.

As you know, we are using three different
pl ut onium content for one assenbly, and we dilute
differently that primary blend to the secondary to
redefine the plutoniumcontent. OCkay?

So the overall experience we get from
those MOX fuels is a MOX fuel with 30 percent of
plutonium in the primary blend wth a fission
density. It is awell known fission density, because
it is the same -- different kind of fuel.

So the reason why we go to the different
i sotopic conposition of the weapon grade fuel, we
deci ded to reduce t he pl utoni umcontent inthe prinmary
bl end so to get the sane fission density that we have
in our ARPM fuel .

CHAIl RVAN POVERS: So your primary bl end
will run nore |ike 20 percent?

MR BLANPAI N Yes.

CHAI RVAN POAERS:  And now when you cone t o
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the final fabricated material, youw !l blend up with
a higher fraction of matrix plutonium or the sane
fraction?

MR. MEYER: W expect it to be about 20
percent .

CHAl RVAN POVERS: But 20 percent -- \Wat
we sawin the mcrostructural exam nation hereis that
you have about 25 percent of your plutonium in
particul ate, and the rest of it in matrix. [|'mjust
wondering if you are going to get the same split
t here.

MR. NESBIT: | don't know the answer off
the top of ny head.

CHAI RVAN POWERS: Any ot her questions?
Well, we very much enjoyed it. | can assure you, the
comm ttee very nmuch enjoyed your presentation. They
| ove to get into this.

| think we are nowin a position to take
a well earned break, and so | will recess us until --
what is that, 11:35? 11:40. Ralph is being generous
today. We will recess until 11:40.

(Wher eupon, the foregoing matter went off
the record at 11:23 a.m and went back on the record
at 11:42 a.m)

CHAI RVAN PONERS: Let ne apol ogi ze for M.
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Bl anpai n. | did not do nmy job of summarizing his
essential points, which | took it to be that under
normal operations, MOX and your AM di oxi de fuels are
about -- are essentially the sane. There m ght be
some differences for a reactivity initiated event,
per haps because there is an earlier onset to the
equi val ent of what we could call the remeffect.

He al so made a point that the pellet clad
nmechani cal interactions mght be sonewhat reduced
because of a higher creep rate for the fuel. There
m ght be other ramfications of a higher creep rate.

A quick and dirty summary of a very nice
presentation. |f you have no objections, then we wll
proceed on to di scussing the fuel assenbly designw th
Geor ge Meyer

MR. MEYER. We expect M name is Ceorge
Meyer. |I'mthe MOX Fuel Qualification Manager. |
work for Framatonme ANP in the U S.

CHAI RVAN POVERS: You got to speak right
into that thing and put your nose right up to it.

MR. MEYER: |'ve got three topics, and
"1l try to keep it brief. | will tell you about the
| ead assenbly design, a little bit about the design
evaluation, and | wll talk about the quality

assurance prograns that we have in place for the | ead
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assenbly fabrication.

CHAl RVAN POVERS: Let ne just interject,

George, that | did become confused over the exact
desi gn between the SER and the recent letter. It left
nme somewhat exactly what these rods will | ook |iKke.

MR. MEYER  Recent letter?

CHAl RVAN POVNERS: The April 16th letter,
| think, last Friday. [1'll have to | ook to see what
t he date is.

MR. NESBIT: That letter would not have
i npacted the design of the MOX fuel assenbly itself.
That letter, | think, if it is the same one, addressed
the issue of the other Wstinghouse I|ead test
assenbl i es.

CHAl RVAN POVERS: | believe it contained
a listing of what the various geonetries of the rods
are.

MR. NESBIT: Right.

CHAI RVAN POVERS: And t hat di d not seemto
square with the description | had in the SER  That
may have been ny poor reading.

MR. NESBIT: It cane from-- The Framatone
assenbly information cane fromthe MOX fuel design
report.

MR. MEYER  Ckay, next slide.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

76
The MOX lead assenbly is a U S. fuel

assenbly design that integrates MOX pellets into the
fuel rods. The assenbly design is the sane design as
t he advanced Mark-BW fuel assenbly.

This design is presented in two topica
reports, the first being one that presents the fuel
assenbly itsel f, the Advanced Mark-BW and t he second
is the MOX fuel design report.

Can you hear all right? Cood.

This design is an evol ution of the Mark-
BW It is a 17 x 17 PWR fuel assenbly which has
oper at ed successfully at McCuire, Catawba, Trojan and
Sequoi a, and as of March 2004 over 2800 Mark-BWf uel
assenbl i es have been suppli ed.

The Advanced Mark-BWis the term nol ogy
for thelatest evolution of that design, incorporating
updat es that have been nade over the years since the
first | ead assenblies of this design were introduced
in 1987.

The Advanced Mark-BWis al so represented
by four | ead test assenblies which operated at North
Anna Unit 1 for three cycles, conpleting radiationin
2002 with a fuel assenbly burnup of about 52 gi gawatt
days per ton urani um and one of those | ead assenblies

then was reinserted for a fourth burn, and it is
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conpleted its irradiation at North Anna Unit 2 now.
It is conpleting its irradiation this nmonth with a
| ead fuel rod burnup of 71.7 gigawatt days per ton
peak rod. Next slide.

The fuel assenbly design -- This is a
picture of the -- or a schematic picture of the | ead
assenbly design, and it is, as the note says,
identical to the Advanced Mark-BW

Design features |isted: Mb structural
t ubi ng; Mb mi xing grids; Mb fuel rod cl addi ng; TRAPPER
bott om nozzle. As | nentioned earlier, all of these
features have beenintegrated intothe design over the
| ast several years.

The t hi ngs that constitute the Advanced BW
and are used in the MOX |ead assenblies include M
m xed-van m xi ng grids and the TRAPPER debris filter
bott om nozzl e.

The only MOX-specific features are, in
fact, the fuel pellets, with a mnor change to the
fuel rods. One point that | want to make here i s that
the design, as | said earlier, is an integration of
exi sting technologies and, therefore, the |ead
assenblies represent a denonstration of that
integration rather than a test of a new design. Next

sl i de.
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DR. KRESS: Before you |l eave, a coupl e of
guesti ons. Has the Advanced Mark-BW -- 1|s that
getting a separate approval fromNRCor is it part of
t he MOX fuel ?

MR. MEYER It has a separate approval.

DR KRESS: It already has?

MR. MEYER Well, it was in parallel with
the -- It has a draft SER, as does the MOX fuel design
report, but it is addressed in a separate report, both
reviewed at the sane tine.

DR. KRESS: Do the m xing vanes and the
m xi ng grids have a significant effect on the LOCA
anal yses?

MR. MEYER They are considered as a part
of the LOCA anal yses.

DR. KRESS: They are considered in there?
And you have a database to back that up, or what its
effect is?

MR. MEYER The mixing grids are the sane
m xi ng grids that have been used in the Mark-BWf uel
assenbly design since 1987.

DR. KRESS: Oh, they are the sane?

MR, MEYER  Yes.

DR. KRESS: Sonehow | thought the --

MR

VEYER: VWhat is added in the new
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generation is the m x-van m xer, and that has the sane
vanes, and it is included and addressed in the LOCA
anal ysi s.

DR TRI AFORCS: Excuse ne. You woul dn't
be di scussing new generation here, is the Advanced
design, and it is the Mark design? Right?

MR MEYER: Wong term nol ogy.

DR, TRI AFOROS: Excuse ne. Yes.

MR. MEYER: This is the Advanced Mar k- BW
Yes.

DR LEITCH | ama little confused about
the length of the fuel rods. The fuel rods are
slightly longer in this design, but are the overall
di mensi ons of the fuel assenbly the same -- the
overal | di nensions?

MR. MEYER D nensions of the fue
assenbly are the sane. The next slide shows the fuel
rod di mensi ons.

This slide shows sone of the key design
paranmeters for the fuel rod, and it conpares the MOX
| ead assenbly fuel rod to the Advanced Mark-BW fue
rod. In fact, that rod on the right is the sane
design that was wused in the North Anna |ead
assenblies. So they are both Mb alloy. It is a .25

inch difference in overall rod | ength.
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They have the same cl addi ng di anet er and
t hi ckness, the sane pellet dianeter, the sane gap
si ze.

DR. LEITCH: The actual fuel is the same?
This .25 inches is just to give you nore gap at the
top?

MR. MEYER .25 is to give you nore
guant um vol une to accomrodat e t he hi gher fission gas
rel ease.

MR NESBIT: It is the sane fuel stack
hei ght as the resident LEU fuel.

MR. MEYER St ack hei ght i s not shown, but
it is the sane for the UQ, and the MOX fuel and for
the co-resident fuel in the Catawba core. It is 144
i nches.

Okay. The design burnup is slightly
different, and for the |lead assenblies we are
intending to take themto slightly under 60, 000 peak
rod burnup in three cycles. That is intended to
support future batch operations to a burnup limt of
about 50, 000 nmegawatt days per ton.

CHAI RVAN POVERS: Here is where it is
unknown, fuel rod length, why | got a little bit
confused here; because in this April 16th letter we

have fuel rod lengths for the RFA and the NGF |isted
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at 152.8, whereas the Mark-BWMOX1 is 152. 4.

Yet the SER says that the MOX is | onger.

MR. MEYER That is conpared to the Mark-
BWand not to the RFA -- Advanced.

CHAI RVAN PONERS: Wl |, all this leads to
confusion on exactly what is in this core.

MR. MEYER: Well, the conparisons nade in
t he fuel design report are made to t he Advanced Mar k-
BW because that is the base design, the base
Framat ome fuel design for the MOX | ead assenblies.

CHAl RVAN PONERS: | see.

MR. NESBI T: The Westi nghouse RFA fuel is
described in sone Duke submittals and also in the
safety anal ysis report.

MR. MEYER | nentioned that the fuel rods
shown on the righthand col um are the sane rods, sane
rod design as inthe North Anna | ead assenbl i es, which
i s being taken out to a burnup of approximtely 71.7
gigawatt days per ton rod burnup in an ongoing
irradiation. Next slide.

| don't planto gointothe details of the
desi gn eval uati on unl ess you have questions about it.
What | want to say is that the design evaluation is
presented in the MOX fuel design report. It addresses

the requirenents of Standard Review Pl an 4. 2.
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For the fuel rod, whichis different than
UG, in the sense that it uses MOX pellets, all of the
eval uati ons use nodels that have been adjusted as
necessary for MOX It uses the COPERNIC fue
performance code which has benchmarked to the MOX
data, and in particular the data that M. Blanpain
showed you, and it uses nodel s that have been shown to
be appropriate for MOX and addresses the criteria, the
same criteria that are addressed for UO, fuel.

Fuel assenbly evaluations are, for the
nost part, not affected by the use of MOX fuel. Were
they are affected -- for exanple, in evaluating the
fuel assenbly lift and hol d-down anal yses where the
spring constants could be affected by the fluence --
that effect is incorporated into those anal yses and
t hose eval uati ons.

Those desi gn eval uati ons are presented in
the MOX fuel design report and, where appropriate,
ref erence back to t he Advanced Mar k- BWdesi gn t opi cal
report. Next slide.

Framatome ANP i s the fuel designer of the
MOX fuel assenblies. The | ead assenblies wll be
fabricated in Europe under the Framatone ANP quality
assurance program That program neets the

requi rements of 10 CFR 50, Appendi x B.
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It is a program that has been gl obally
i npl erented wit hin Franmat one ANP.

CHAI RVAN POVEERS: Is this, in fact, an
| SO9000 - -

MR. MEYER It is, yes.

CHAI RVAN  POVERS: There is enough
equi val ence?

MR MEYER |1 SO9000, NQAl, KTA1401. It
addresses all of the requirenents for the various
regul ators and organi zati ons.

The suppliers -- Each of the suppliers
that will be providing conponents for the | ead
assenblies are or will be qualified by Framatonme under
this QA program That includes Los Al anps Nati onal
Laboratory for the supply of the plutonium oxide
powder. It includes COGEMA Cadarache facility for the
fabrication of the pellets and fuel rods. it includes
COGEMA MELOX facility for the fabrication of the | ead
assenbl i es.

CHAI RVAN POVERS: Whenever one thinks
about plutonium dioxide derived from weapons
components, one i mredi ately punks i n, gee, what is the
gallium contamnation of this. Cont ami nat i ng
plutonium dioxide with gallium of course, is a

difficult chore, since gallium is not favorably
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di sposed to stand the oxide very well. Can you tell
us what your spec is?

MR. MEYER:  The spec is 300 ppb in the
pl ut onium oxi de powder, and that is achieved by
pol i shi ng t he powder by renovi ng t he contam nants, and
that is done at Los Al anos.

The 300 ppb in the powder produces a
conponent or an effect of about 15 ppb in the
resulting pellets. That is consistent with what has
been observed in irradiated UO, fuel pellets.

CHAl RVAN POVERS: Just because of the
yield of gallium in the spectrum in the fission
spect runf

MR. MEYER No, because we have reduced
the galliumto the 300 ppb level. The incom ng feed
materi als have galliumon the order of one percent.

CHAl RVAN PONERS:  Yes.

MR. MEYER. So we are reducing that by
polishing -- by putting it through an i on extraction
chanber, and to renove the contam nants and the
resul ti ng powder, the plutoni umoxi de powder, neets a
spec which has a maximumgalliumlimt of 300 ppb.

MR. NESBI T: Dr. Powers, was your question
about the galliumin urani um oxide fuel or MOX?

MR MEYER Oh, |'msorry.
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CHAl RVAN POAERS: Wl |, he said this is

simlar to what you get in the uraniumdi oxi de fuel,
and | asked if just because of the galliumyield --

MR MEYER: Oh, no, no. This is un-
i rradi ated urani um fuel.

CHAl RVAN PONERS: Just a nornmal feed.

MR. MEYER: | m sunderstood t he questi on.

CHAI RVAN POVERS:  And do you -- This is a
qguestion on which an "I don't know' answer woul d not
be surprising. Do you have any evidence of the
gallium attenpting to segregate itself out as a
di stinct phase?

MR MEYER In the pellets?

CHAl RVAN POAERS: I n the pellets, yes.

MR. MEYER: There is no evidence. There
i s an experinment managed by Cak Ri dge, an irradiation
at the advanced test reactor that has irradi ated MOX
pellets that were fabricated at Los Alanps. | don't
know if you are famliar with that experinent, the
average power test.

Those pellets had galliumlevels on the
order of 1 to 3 ppm That experinent just concl uded
the irradiati on phase, 50,000 negawatt days per ton
burnup. The PIE data is available for 20, 30 and 40

gi gawatt days per ton irradiations. It shows no
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evi dence of separation, shows no evidence of any
detrinmental effects fromthe gallium

CHAl RVAN POAERS:  Thank you.

MR. MEYER: Anot her comment on the quality
assurance: All of the non-fuel conponents, the fuel
assenbly conponents, the cladding, the grids,
etcetera, are supplied by Framat ome ANP, and t hose are
t he same conponents that are supplied routinely for
t he Advanced Mark-BW fuel assenbly design.

So to summari ze, the | ead assenbly is an
i ntegration of European MOX technology into the U S.
fuel assenbly design. It is not a newdesign. It is
an existing design with different pellets.

The design evaluation wuses approved
nmet hods that have been shown to apply to MOX, that
have been submtted to the staff for eval uation, and
approved.

The | ead assenbly activities, including
fabrication, are perforned in accordance with the
Framat ome ANP qual ity managenent system

We consider the lead assenblies are a
denmonstration rather than atest, sincethey represent
the integration of existing technol ogies.

Thank you. That's all | have.

CHAl RVAN POAERS: Any questions of the
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speaker ?

DR. RANSOM Just a clarification on the
notation. You refer to RFA, NG- and then now this
Mar k- BW MOX-1. In your presentation you' ve got the
MOX | ead assenbly and t he Advanced Mark-BW \Wat is
t his Advanced Mar k- BW?

MR. MEYER: The Advanced Mark-BWis the
| atest evolution of the Mark BW and physically it is
-- External to the fuel rod, it is identical to the
Mar k- BW MOX- 1 assenbl y.

The designation of Mark-BWMOX-1 is the
desi gnati on chosen for the MOX fuel design. The
Advanced Mark-BW designation is the equivalent UG
fuel assenbly design.

DR. RANSOM And they are both slightly
different than the NGF?

MR. MEYER The NGF i s a Westi nghouse fuel
design, as is the RFA. Wat | amspeaking to here are
t he Framatone fuel designs.

MR NESBIT: If I can maybe respond as
wel | and answer inaslightly different way t hat m ght
help clarify this.

The Framat ome product, the Advanced Mar k-
BW is their product that they market to custoners

such as North Anna. The Advanced Mark-BWMOX-1 i s the
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nodi fication of that product for our program and that
nodi fication consists of | engthening the fuel rod and
putting MOX pellets in instead of wuranium oxide
pel | ets.

The West i nghouse assenbl i es are,
obviously, a very different design. Well, they are
simlar in that they are 17 x 17 fuel, and they have
sim |l ar pressure drops and things |ike that, but they
are Westinghouse conponents and gri ds.

DR. RANSOM  Well, have these Advanced
Mar k- BW UO, assenblies been used in U. S. reactors?

MR. MEYER Yes. The Advanced Mark-BW as
shown there, has been used as an LTA. The Mark-BW
with some of the features that we call -- that
constitute the Advanced Mark-BW has operated in
vari ous reactors.

As | said earlier, we have delivered over
2800 Mar k- BWfuel assenblies, and those have operat ed
successful ly. The features that constitute the
Advanced Mar k- BWhave been i nt egrat ed over the years.
So the design has evolved, and what we did in the
t opi cal report for the Advanced Mar k- BWwas to put al
of the features that had evol ved over the years into
one place for one licensing submttal that provides a

description of that final -- calledthe final product,
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t he Advanced WMar k- BW

Then that final product with all of those
features together has operated as an LTA at North
Anna, and the first conpl ete batch of the product that
has all of the features descri bed as Advanced Mar k- BW
will be loaded into North Anna in the com ng nonths.

DR. RANSOM Are these Advanced Mark-BW
assenblies made in |ike Richland, Framatonme?

MR. MEYER. They are nade at Franmatone
Lynchbur g.

DR. RANSOM And Richl and al so?

MR MEYER: The pellets are made at
Richland, but the fuel assenblies are nade at
Lynchburg. Framatonme inthe U.S. is making all of its
PWR fuel in Lynchburg in the future and its BWR fuel
in Richland.

DR. RANSOM Thank you.

DR LEITCH Isit premature to tal k about
the post-irradiation test progran? At 60,000 or so
nmegawatt days per ton, | guess we are tal king three
cycles or so before we are to that point.

MR. MEYER | cantalk to that. W plan,
first of all, a poolside PIE, another stroke of PIE
after each cycl e of operation. That woul d include the

typi cal nondestructive evaluations. |t would include
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visual s for overall appearance to assess the need for
addi ti onal work, visuals of both fuel rod and fuel
assenbl y.

It would include neasurenents on fuel
assenbly growh and fuel rod growmh and the gap
closure, and it would include eval uati ons of bow and
di stortion.

After the conpletion of the second cycle
of irradiation, we expect to hold out two or three
assenblies to reinsert one or two for the third burn.
The assenblies that are held out, then we will do what
we cal |l an extended PIE, and t he scope of that depends
to sone extent on what has been |earned from the
vi sual s and t he ot her work. But we woul d expect to do
nmeasurements such as grid width and fuel rod oxide
t hi cknesses and R-68 drag testing and rod to rod
spacing, |TM. profile.

W would also then at the end of the
second cycle of irradiation where we wll have
achi eved t he burnup approachi ng 50, 000 negawatt days
per ton rod peak burnup -- we expect to take rods out
to a hot cell for hot cell examnations. t hose
exam nations would include puncture, rod pressure,
fission gas rel ease, cl addi ng netal | ography, cl addi ng

ductility, fuel pellet analyses, and fuel pellet
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ceranography as well as burnup anal yses.

DR. LElI TCH: VWhile you are doing this
then, if I recall you correctly, then a couple of LTAs
will still be in the core?

MR. MEYER  Yes, for their third burn.

DR. LEI TCH: When t hose cone out, you wi | |
do simlar tests?

MR. MEYER: \Wen those cone out, we have
-- At this point we are considering it to be an option
for additional hot cell work, and the decision to do
that would be dependent on how the program is
proceedi ng and what the experience is.

DR LEITCH  Thanks.

MR. MEYER  You're wel cone.

CHAI RVAN POVERS: Thank you very nuch. W
will nove on to M. Eller.

MR. ELLER M nane is JimEller. | work
for Duke Power Conpany. Qur role in the MOX fuel
project is to provide irradiation services. Because
Duke has been licensed to do their own rel oad design
for many years, irradiation services nmeans nore than
just putting fuel assenbly inthe core and irradiating
it.

Sone of the other services that are

provi ded are t he st andard ki nds of anal yti cal services
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that we performto support LEU cores. One area of
t hose services is nuclear analysis, and that is the
subj ect of ny presentation.

The first slide is a general overview of
the presentation. | have a couple of slides that
descri be the anal ytical nodel s t hat we use i n nucl ear
anal ysi s. | have several slides that describe the
benchmarki ng process that is used to define the
fidelity of the codes, to show their ability to
predict the physical world.

Then at the end of the presentation | have
a couple of slides that give information about the
core design that we have just conpleted that would
i nclude the four MOX LTA.

Duke Power uses conputer nodel s t hat cone
to us fromStudsvi k Scandpower Corporation. The name
of their package of codes is called Core Managenent
System or the CMS package. Studsvik Scandpower --
these codes are used by various organizations in
Europe, North Anerica and Asi a, and we have been usi ng
t hem at Duke Power since the m d-1980s in one formor
the other. O course, the codes have evol ved over the
years.

They are currently used by about 55

organi zations in 11 countries to support reactor core
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desi gn and operati on of many BWRs and many PWRs i n, as
| said, Europe and Asia and North Anerica.

Those core designs perhaps nunber to as
many as 2000 fuel cycles since the 1980s, and some of
t hose fuel cycl es have been fuel cycl es in Europe that
i ncl uded MOX and LEU fuel. Next slide.

| have just a brief bit of information
about each one of the major programs. The first is
CASMO- 4. It is a two-dinensional, multi-group
transport theory nodel. W use it to analyze the
det ai | ed behavi or of each unique fuel lattice in the
core, and fuel lattice does not nmean fuel assenbly.
A single fuel assenbly may have two or three or four
uni que lattices along its axial high.

| f you have a fuel assenbly that has a
bl anket and a BP, there may be regi ons where the BPis
present and regi ons where there's central enrichnent
and no BP. So there are nore than one lattice in each
assenbly, and each one of those unique situations is
nodel ed in two di mensions with CASMO 4.

CASMO-4 is executed for the range of
tenperatures and lattice configurations that would
exist inthereactor or inthelatticeitself, and the
combi nati on of all that, as you can i magi ne, produces

alot of informati on from CASMO, cross-sections and
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di scontinuity factors that are used in the core nodel .

CMS-LINK gathers all that information
toget her and tabulates it in a fashion that the core
nodel can use, and it isinasinglefile nowthat the
core nodel reads.

The core nodel is SI MULATE-3 MOX. It is
a three-di nensi onal , two-energy group di ffusion theory
nodel . It includes enhancenents to nodel cores
contai ning LEU and MOX fuels. W generally run this
nodel -- We can run this nodel in either full or
partial core geonetries, depending on what the
symmetry of the anal ysis requires.

We usual Iy run the nodel with four radi al
nodes per assenbly and 24 axial nodes in the active
fuel colum. So the nodalization of the nodel would
be -- The x-y woul d be hal f of an assenbly pitch, and
the z would be six inches. That is the nornal
nodal i zation of the nodel. We use the sane
nodal i zati on, regardl ess of MOX or LEU in the core.

SI MULATE-3K MOX is an extension of the
SI MULATE code that is used to nodel fast reactor
transients, and in the work that we have done so far
to support the licensing process and t he benchmar ki ng
process, it was used to interpret the signals that we

get when we do dynam c rod worth neasurenents at the
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begi nning of each cycle. Next slide.

| am now noving on into the subject of
benchmarking a little bit. Benchmarking is sinply a
conmpari son of the predictions that cone from the
nodel s t o measurenents t hat we get when we operate the
reactor or measurenents that are nmade in | aboratory
experi ments.

The type of neasurenents that are made
during the operation of the reactor: Sonme of themare
made at t he begi nning of the cycl e during what we cal
zero power physics testing where we measure control
rod worth, tenperature coefficients, and we al so take
some careful boron concentration sanples -- excess
reactivity.

DR. BONACA: | had a question. You said
that SI MULATE, you have four regular nodes per
assenbly. How do you get your pin to average peaks
per assenbly?

MR. ELLER  Say that again, please.

DR. BONACA: You said that the SI MILATE
simul ates four regul ar nodes per assenbly.

MR ELLER Right.

DR. BONACA: And the question | had is how
do you derive your pin to average for the assenbly?

MR. ELLER We can request many edits from
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t he codes. When we requested an assenbly that
requires an assenbly average to be perforned, that is
done internal to the code.

DR. BONACA: (kay.

MR. ELLER So if we wanted hot pin to
assenbly average, there is an edit for that, and the
averaging down to a full assenbly and the
normal i zation that is required for all that is taken
care of internal to the code.

DR. BONACA: So you do have a fine nesh
capability?

MR ELLER  Yes.

MR. NESBIT: Well, the SI MULATE perforns
a 10- power reconstruction. It is kind of state of the
practice, | would say, in the industry now, in order
to get the detailed pin information out of a noda
code such as SI MULATE

MR  ELLER The primary solution in
SI MULATE is a nodal solution, the fusion theory.
S| MULATE uses i nformati on that conmes from CASMO about
the pin by pin power distribution and discontinuity
factors at the boundary of the nodes and reconstructs
the pin power distribution that would exist in the
core if it had perfornmed a pin by pin analysis.

DR. BONACA: So you perform conpari sons,
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and you have topical reports. You submt all that?

MR. ELLER Yes, sir. The nodel and that
function and capability has been used at Duke Power
for LEU cores for many years, and it is in various
topical reports, and we have repeated that work for
cores that contain MOX fuel. 1'lIl speak to that a
little nore as | go al ong.

DR. BONACA: (kay.

DR.  RANSOM Wth the nodalization you
t al ked about using for SI MULATE, then does it include
the entire core | oading, assenbly by assenbly?

MR ELLER  Yes, sir.

DR. RANSOM So you have nodalized all
assenbl i es?

MR ELLER  Yes, sir.

DR. RANSOM What, to a quarter of the
core then at a tinme?

MR, ELLER: We canrun it either way. For
anal yses where the core has symmetry about the coreto
core, we only nodel the core to core. But in an
analysis like a rod ejection or a dropped rod where
there is no synmmetry in the core, we run the nodel in
the full core, and when we expand the nodel to ful
core, the nodalization stays the sane.

DR.  RANSOM What do you do for the
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t hermal hydraulics? Are you going to tal k about that
| ater?

MR ELLER: The code does therma
hydraulics in a sinplified fashion. Detail ed channel
t hermal hydraulics are perfornmed by a separate set of
codes and a separate group of people, and the prinmary
code there is VIPER | amnot prepared to speak very
much about that today, but we have ot her people here
t hat can tal k about the detail ed thermal analysis, if
you have questi ons.

DR. RANSOM Vel |, out of this
calculation, do you get the rod tenperature,
especially if you have sone a rod ejection or
anal ysi s?

MR. ELLER: In the SI MULATE nodel itself,
we don't get rod tenperature out of that nodel. The
code calcul ates the sinple rod tenperature so that we
can | ook up the appropriate cross-sections.

When we go to t he SI MULATE- 3K nodel , if we
were to use that code for rapid transients where fue
tenperature is very inportant, there is an explicit
pi n conduction nodel in that code, and it provides
nore detail ed cal cul ati on of the pin fuel tenperature.

MR. NESBIT: As amatter of clarification,

what Jimis talking about is primarily the steady
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state core design calculations that are perforned.
VWhat you are aski ng about are the safety anal ysis type
applications, which are typically done using inputs
derived from the core calculations, but with other
codes.

DR. RANSOM  kay.

MR. ELLER Ckay, back to the benchmarki ng
slide. Mich of the information, as | was saying,
comes from measurenments that are taken during power
reactor operation, and | listed those previously.

Qoviously, we have a lot of historical
data from McCGuire and Catawba, a |ot of historical
nmeasurenents, and we use those and conpare themto
predictions that come fromt hese enhanced nodel s. But
all of those cores contained only LEU fuel, and in
order to nmake a statenment about the fidelity of the
nodel s for cores containing a m xture of MOX and LEU
fuel, we obviously have to go sonmewhere el se and fi nd
neasur e dat a.

So we went to data from the French
reactor. St. Laurent has operated for many cycles
with MOX fuel. It is very simlar to a three |oop
Westi nghouse plant |ike North Anna, for exanple, 17 x
17 fuel, etcetera.

They nake the same types of physics
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nmeasur enents at the begi nning of cycle. They take the
same type of flux maps during the depletion of the
cycle. The in-core detectors are functionally very
simlar.

So we get very equivalent types of
nmeasurenents fromthe St. Laurent reactor that we get
fromour own reactors. The total body of data -- of
neasurenent data that we benchmark against there is
approxi mately six fuel cycles for each reactor,
McGuire, Catawba and St. Laurent, so a total of 18
fuel cycles, as | recall.

The data that comes from power reactor
operations, the measurenments that cone from power
reactor operations is not detailed enough for us to
verify the nodels to the extent that is required to
support rel oad design, and the specific exanple that
| amtal king about is the flux mappi ng and t he power
di stributions that are nmeasured during operations are
assenbly by assenbly power distributions.

Wien we do rel oad design, we have nmany
design criteria that are based on the fuel pin or on
t he channel . So the power reactor data doesn't
provi de enough i nformati on for us to characterize the
fidelity of the codes on a pin by pin basis, as we

have to.
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In order to get at that fidelity inside
the fuel lattice on a pin by pin basis, and in order
to get at how well this pin power reconstruction
process works, we have always had to go to critica
experi ments where the power distributions are nmeasured
on a pin by pin basis.

The experinents that we have used several
times in the past are the B&WLEU experinents. They
contain critical arrays of fuel pins that were LEU
only, but there was sonme gadoliniumin those. W
don't wuse any of the gadolinium pins, but these
experiments are used to qualify the perfornmance of the
code for LEU fuel. W have repeated that work with
t hese codes.

Agai n because there is no MOX in those
experinments, we had to go somewhere else to get
addi tional data. So one place to go to is the SAXTON
experinents which are nulti-regi on LEU MOX experi ments
performed in the Sixties and sponsored by
West i nghouse, | think.

These experinents, while they are very

239 cont ent

ol d, they contai ned pl ut oni umwhi ch had a Pu
of 90 percent, which approaches what is |abeled
weapons grade materi al .

We al so got some addi ti onal neasured data
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from experiments that had been perforned in France.
These EPICURE and ERASME experinents have the
advant age of having a geonmetry in the center of the
experinment that is geonetrically simlar toa 17 x 17
fuel assenbly.

The EPI CURE and ERASME experinments al so
have poi son pins in the arrays that are |li ke the types
of poisons that we use in our PWRs, and this whole
body of experinental data allows us to do fairly
vol um nous analysis of how well this pin power
reconstruction works inside the core sinulator.

So if you |l ook at the benchmark anal ysis
as a whole, we believe that it covers a w de range of
reactor materials and operating conditions |ike you
would find in the operation at MGuire and Catawba.
Any one piece of it may have sone deficiencies, may
not be t he perfect neasurenent to conpare agai nst, but
t he package as a whole, we think, provides a very
robust anal ysi s.

In general, the results from this
benchmarking work show no significant trends or
deficiencies related to MOX fuel. Wen you conpare
the results from St. Laurent to the M@ire and
Cat awba, you don't see any significant differences or

trends there. The same for the experiments, the
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critical experinments that included MOX fuel or
i ncluded only LEU fuel

DR RANSOM By deficiencies here, you
mean different designs. |Is that right?

MR. ELLER. There are no biases that we
see related to MOX. The conparison i s never perfect.
There are always di fferences between prediction and
measur enment .

DR. RANSOMV Well, I'm interested in
whet her there is any significant difference between
what you woul d predict for LEU fuel and the MOX fuel.

MR. ELLER: No. There are differences,
and | can't give the exact numbers in the neeting,
because the French are very protective of their data,
and we nmarked that proprietary in our topical report.

The topical report on all of this
benchmar ki ng process and the statistical treatnent of
the uncertainties and biases are provided in that
report. A summary of that topical report was al so
presented and a paper at an ANS neeting |ast fall.

DR. RANSOM You are referring to the Duke
Power Conpany report?

MR ELLER  Yes, sir.

DR RANSOM  PPC 1057

MR ELLER  Yes, sir.
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MR, NESBI T: | think maybe a pertinent

point that we can make in this nmeeting is that the
results of the -- relative to the MOX fuel and the LEU
fuel were so simlar that we just ended up using the
LEU fuel uncertainties as our overall uncertainties.

DR. RANSOM Is all that in your submttal
or the -- to the NRC?

MR. NESBIT: OQur reference to the topical
report. It's in the topical report.

MR. ELLER: O her questions? Next slide.

Movi ng on the subject of the core design
that would contain the four MOX | ead assenblies, we
have sone additional design criteria that we have
pl aced on oursel ves that are above and beyond t he LEU
fuel. One of themis that no control rods wll be
pl aced i n the MOX fuel assenbly inthe first or second
cycle of irradiation.

That's pretty nmuch a given in the first
cycl e, because it is goingto contain burnabl e poi sons
like all the other feed fuel does.

A second design criteriathat is specific
to MOXis that we made a commi tnent that at | east two
of the MOX fuel assenblies will be placedin|locations
that are instrunmented. That is to say, |ocations that

an in-core detector will pass through when flux maps
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are taken.

We have a strong preference to place al
four of the assenblies in instrunented |ocations.
Then as | will showin a mnute, the current design
puts the assenblies in core locations C-08 and its
symmetrics which are fully instrunented around the
core.

The MOX fuel assenbly power peaking nust
not lead the core during nom nal conpletion, and I
will show a table that shows these power levels in a
coupl e of slides.

The anal ysi s -- The detai |l ed anal yses t hat
t ake pl aces through the sutmmer and into the fall this
year will check the power distributions, both for
nom nal and of f-nom nal operations, that occur inthe
MOX assenbly, and verify that those power
di stri butions have acceptabl e margi ns through all the
MOX specific design limts that are generated by the
nmechani cal analyses and the thermal hydraulic
anal yses.

The point being there is that, as the
design work proceeds, we are doing very specific
anal ysis for the MOX LTA core and the MOX fuel that is
in that core. There aren't any fudge factors being

applied for MOX
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In the next slide, which doesn't show up
very well, | have shown a picture of the bottomri ght
quadrant of the full core. Each cell represents an
assenbly location. The cell in the top left of the
picture which is labeled H8 would be the center
assenbly in the physical core.

The cel |l s which are highlighted in yell ow
are assenbly |l ocations that are feed LEU feel, fresh
feed LEU fuel. The | ocations that are magenta or
dar ker shaded in core |l ocations C-8 and H 13 are the
| ocations of the MOX fuel assenblies. Those are on
the major axis, and that represents a total of four
assenblies in the full core.

DR LEITCH: Say that again, Jim That is
what puzzled ne. It looks like there's eight MOX
assenbl i es.

MR, ELLER: W knew that was going to
happen.

DR. LEITCH, But you are saying that this
is the major --

MR. ELLER: Yes, that is the nmjor axis.

DR. LEITCH: So one of these is reflected
in the other quadrant?

MR. ELLER Yes, sir. This picture shows

two maj or axes, and there are two ot her major axes in
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the core. So there's two other assenblies that are
not represented in this picture. If | had shown the
full core, we would have not been able to see it
ei t her.

DR LEITCH  Ckay, | understand.

MR. ELLER: The information in each cel
indicates the initial enrichment of the LEU fuel or
the initial total plutoniumconcentration in the MOX
fuel |ocations. The second nunber is an LBP
identifier that tells ne how much burnabl e poisonis
inthe assenbly. Cbviously, the burnabl e poi sons are
in the fresh fuel only.

Then there is a batch I D nunber, and the
| ast value in each cell is the hot pin average power
in each fuel assenbly at 4 EFPD nom nal conditions.
So you can look in this picture and see that the MOX
hot pin was 1.37 at this burnup, and the hot pin in
the core is over in location G8, | think, which is
1.434. So that is an indication of howfar behindthe
lead in the core the MOX fuel is running.

The MOX  fuel power , t hough, is
representative of much of the fresh fuel in the core.
So we are not giving it a break either. 1t's just not
the lead in the core.

DR. RANSOM Jim what were the slightly
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shaded assenblies?

MR. ELLER Okay. There are two | ocati ons
in the core that | tried to shade in -- Onh, oh

DR.  RANSOM Not the MOX but the other
ones that are shaded.

MR ELLER  Those are feed LEU

DR RANSOM  Feed?

MR. ELLER: Feed Westinghouse RFA, first
cycle fuel, fresh fuel. The ones that are not shaded
you see are fuel assenblies that are in their second
burn or in their third burn in this cycle.

DR LEITCH  And B-12 and D-10 are the
| ocations for the NG fuel ?

MR. ELLER Yes, sir, that's correct.
Those fuel assenblies are neutronically -- Inthe work
that | do, the nucl ear anal ysis work, those assenblies
are so simlar neutronically to the dom nant
Westi nghouse RFA fuel that we do not nodel them as
uni que assenbli es.

That i s based on anal ysi s that was done at
t he begi nning of cycle 15, the previous cycle, where
it was shown t hat nodeling t he assenbly, very exactly
or not, made no difference in the nuclear analysis
wor K. Next slide, please.

This graphic is an attenpt to represent
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the lattice of the pin by pin lattice inside the MOX
assenbly. | think it has been nentioned a tinme or two
that radially it is zoned radially across the lattice.
That means t hat the pl utoni umconcentrationin eachin
varies as you nove across the assenbly radially.

The dark, solid circles in the corner are
MOX pins that have the |owest concentration of
pl utonium The gray, solid circles around t he face of
the fuel assenbly have an internediate or middle
concentration of plutonium and the open circles in
the center of the assenbly are the highest
concentration of pins in the assenbly.

The assenbly is zoned so that, when you
place it in a core face adjacent to uraniumfuel, you
can maintain a flat power distribution across the
assenbl y.

DR. LEITCH So every rod in the assenbly
is a MXX rod?

MR. ELLER Yes, sir. The next slide is
atable of informati on where | have tried to showsone
of the major core, the key core characteristics as the
cycle is depleted. The units of depletion here are
shown in effective full power days. The anticipated
cycle length is 515 days.

There is a colum that shows the boron
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| et down as the cycl e depl etes and the change i n axi al
of fset as the cycle depletes. Then the fourth, fifth
and si xth col ums gi ve i nformati on about the power --
t he peak power in the core on an assenbly basis. That
woul d be the hottest assenbly power in the core, the
hottest pin power in the core, and Fgq is the hottest
spot on a pin in the core.

The final three columms show that sanme
type of power peaking information for the MOX fuel
assenbly, and you can see throughout the burnup that
the MOX fuel assenbly is held behind the | eading LEU
fuel assenbly.

The last row at the bottom of the table
shows the burnups on an assenbly and pin basis, the
maxi mumin the core and t he maxi rumt hat the MOX woul d
achieve in the first cycle of irradiation.

So in summary, the proposed core design
that would contain the MOX |ead assenblies is
consi stent with our current fuel managenent practices.
It places all four MOX assenblies ininstrunmented core
| ocati ons.

The MOX fuel duty is representative of
feed LEU fuel, but is not |eading the core during
nom nal depl eti on.

Based on prel i m nary anal ysi s t hat we have
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done with this core, we believe that the nornal
operating limts and controls that we place on LEU
cores will provide sufficient marginto all of the MOX
specific design criteria. That is to say that the
normal control rod limtations and the normal power
maneuvering limtations and the normal axial offset
wi ndows that we place on our plants should provide
adequate margin with the MOX fuel in the core. W
don't anticipate having to do anything extra.

There wil |l be alot of additional detail ed
anal ysis that will occur in the sumrer and fall that
will clarify that before we actually |oad the core.

That's all | have.

DR. LEI TCH: Do you anticipate any
addi ti onal operator trainingrequirenments or will this
basically be transparent to the operators?

MR. ELLER: There are additional training
that will go on. The design process at Duke invol ves
pl ant personnel very early in the process. W are
al ready engaged in that.

We are al ready providing datato the pl ant
si mul at or peopl e that train operators, and even t hough
there's only four assenblies in the core, we want to
make sure that those sinmulators will work and, if

there's any i npacts, there are -- the organi zationis
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in place to pass that information along to the pl ant
f ol ks.

DR. LEITCH Do you have a position called
t he reactor engineer?

MR. ELLER Yes, sir. Qur reload design
process has neetings all along the way. W have
al ready had two, and at each neeting nore of the work
has taken place, and the reactor engineer is invited
to all of those. He has been to one of them in
per son. He has been to the other one wth a
conference call.

So t hose peopl e are involved in every step
of the process.

DR. LEITCH Is that an on-shift position
or is it day shift?

MR. ELLER  You are beyond nme now.

MR. NESBIT: It is not a shift position.
It is in the engineering organization, but during
start-up type tinme frame, there is sonebody from --
there's actually a whol e reactor engineering group.
There's sonebody there all the tine from reactor
engi neeri ng.

CHAI RVAN POVERS: Any ot her questions for
t he speaker? Thank you, sir.

Let nme ask you if you can split your
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presentation into two.

MR NESBIT, Yes.

CHAl RVAN POAERS: Wy don't we do that,
because what | fear is that, if we don't break pretty
exactly at one o'clock, this person won't get any
| unch, and he's hungry. So the rest of you, | don't
real ly care about.

MR. NESBI T: What | amgoi ng t o suggest is
| think | can cover everything through LOCA before
l unch, and then we can finish up afterwards.

CHAI RVAN PONERS: Ri ght, and |I' msure LOCA
will -- W want to allow lots of tine for LOCA
di scussion. Co ahead.

MR NESBIT: | am Steve Nesbit, the MOX
fuel project manager for Duke Power, and -- next slide
-- | amnot going to go through all the slides once
agai n, because | think sonme of the issues that aren't
controversial probably don't need to be treated.
take at his word Dr. Powers' statenment that the ACRS
can i ndeed read the slides thensel ves.

|*ve got ny presentation broken into --

CHAl RVAN POVNERS: Well, that may not be
100 percent true. W do have sonmebody fromTennessee.

MR. NESBI T: Maybe it is a 95 percent

|"ve got six different sections. | amgoing to first
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tal k about sone of the | ead assenbly characteristics
t hat i npact the safety and environmental eval uations
t hat we have done, tal k about LOCA, talk about the
non- LOCA safety eval uati ons.

Then | am going to talk about the

radi ol ogi cal consequences or dose cal cul ati ons from

t he design basis accidents. | wll talk about our
environnental evaluation, and then | will sunmari ze.
Next sli de.

The  key MOX  fuel | ead assenbly

characteristics that inmpact our evaluations are: To
begin with, mxed oxide fuel pellets, as has been
noted, are sintered ceram c oxide pellets simlar to
| ow enriched uranium fuel. They contain about five
percent plutonium oxide and the remainder uranium
oxi de. They have sim | ar physical characteristics as
| ow enriched urani um

George Meyer talked about the fuel
assenbly design. | won't into that any further.

One key factor here. The MOX fuel decay
head is |ower than the LEU fuel decay head, if you
conpare a MOX fuel assenbly with the sane burnup to an
LEU fuel assenbly with the sane burnup during the tine
frame of interest for transi ent and acci dent anal yses.

Finally, we have shown that four MOX fuel
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assenblies have very small inmpact on global core
physi cs paraneters, things |i ke noderator tenperature
coefficients, etcetera, that are key factors in
accident analysis, and also on the core-wde
radi onucl i de inventories.

CHAI RVAN POVEERS: That is sonething we
have not explored quantitatively today yet, but it was
brought up earlier today. If we radically alter,
hypot heti cal |l y, t he fission pr oduct rel ease
characteristics of MOXfor these four | ead assenbl i es,
say multiplying them by 10, it really makes no
difference in an accident first term does it?

MR. NESBI T: It doesn't, and we've got
sone work that, | think, denonstrates that.

CHAI RVAN POVNERS: | nean, you are wor ki ng
with four out of roughly 200 assenblies now.

MR. NESBIT: Right.

CHAl RVAN PONERS: The four are | ocated in
regions nore centrally inthe core early. So they are
nore susceptible to danage, that it nay not be --
making a four to 200 ratio is probably not quite
right, but still youcanradically alter the -- Let's
say we used, say, a 1465 source term and nade, say,
100 percent cesium release instead of 30 percent.

[t's still --
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MR. NESBI T: You ar still dom nated by t he

LEU fuel .

CHAI RMAN POVERS: Yes, everything is
dom nated there, and we don't have -- So for the
pur poses of | ead test assenbly, we are probably okay
just using LEU kind of rel ease patterns here.

MR. NESBIT: Yes, but we did, in doing our
dose analyses, mnmke sone adjustnents on the gap
fractions.

CHAl RVAN PONERS: Sure, that's right.

MR. NESBI T: And for the LOCA, the design
basis at Catawba is the TID 14844. So we just use
that. | think that woul d generally be consi dered.

DR. KRESS: | wonder if you can say the
same t hi ng about the non-LOCA desi gn basi s acci dents.

MR. NESBI T: We address those, and we can
say that -- Even if you assune that all of the danaged
assenblies in a non-LOCA event -- that all of the MOX
fuel assenblies are danmaged in a non-LOCA event,
preferentially, which should not be the case since
they are not the | eadi ng assenblies, but even if you
assunme that, the inpact on the overall doses is
negli gi bl e.

DR KRESS: Did you | ook at the potenti al

for reactivity insertionaccidents that mght fail the
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st eam generator tubes?

MR. NESBI T: Vell, we |ooked at the
reactivity insertion accidents specifically, but we
did not -- Say, an RIA that causes a tube failure
woul d be a beyond design basis event that we don't
anal yze.

DR KRESS: Yes, that's right, it would
be. You're right.

MR. NESBIT: Next sli de. Decay heat:
This i s a SCALE cal cul ation, a side by side, apples to
appl es of MOX versus LEU, and it shows the ratio of
MOX to LEU. The key point there is that the crossover
of one at a val ue of one when MOX decay heat becones
greater than LEUi s approxi mately at three days, 70to
80 hours.

So for the tinme frame of interest for
accidents, the MOX decay heat is |ower. W j ust
assuned it was the sanme as the LEU decay heat.

DR KRESS: These are results obtained
from ANS st andar ds?

MR. NESBIT: This is fromSCALE. This is
a SCALE cal cul ati on, ORNL code package.

DR KRESS: ©Oh, SCALE is the nane of the
code?

MR. NESBIT: Right. WlIl, it's the code
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package. Now | think the ANS would give you -- and
actually, I'"mnot sure we have a slide on that, but we
did a sim |l ar evaluation for the ANS standard for the
LOCA cal cul ati on. It showed that the LEU curve
bounded the MOX decay heat curves, and we just used
LEU.

DR. KRESS: You didn't do that for spent
fuel pool cooling?

MR. NESBI T: For spent fuel pool cooling,
t he i nmpact of the MOX is --

DR. KRESS: Wwell, it's Iike two percent.

MR NESBIT;, Yes.

DR KRESS: Hardly can see it.

MR. NESBIT; It is inconceivable that it
could inpact the overall |oad on the spent fuel pool
with 1,000 assenblies or so. Next slide, please.
Thank you.

d obal core physics paraneters: Wen we
subm tted our application, actually well prior to
that, we did a conparison of representative core
containing all LEU fuel, and then we extracted four
LEU assenblies and replaced them with MOX fuel
assenblies to give us an apples to appl es conpari son
of what that does to the physics paraneters.

Now it's not the exact core that we are
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currently planning on |oading the MOX fuel in, but
t hat core design was not available at that tine, and
the results would be simlar.

As you can see, for the key paraneters
that are used of interest in accident anal yses, sone
of which | have listed here, the changes are on the
order of zero to four percent or so. The bottomline
is that these are t he sanme ki nd of changes we see from
cycl e to cycl e anyway, just due to core desi gn change.
Next slide, please.

| didn't cover sone of the other --

DR. BONACA: Just a second. So this, for
exanpl e, says the noderated tenperature coefficient
woul d be slightly nore negative.

MR. NESBIT: That's right. That's right,
whi ch, dependi ng on what scenari o you are | ooki ng at,
is either good or bad. But the bottomline is it
doesn't nove enough to be significant, and typically
we do boundi ng safety anal yses with paraneters that
bound t hese.

I didn't talk about the physical
characteristics |like thermal connectivity, etcetera,
because those were coveredin an earlier presentation.

Next | want to talk about the LOCA

anal yses, and then I want to go to lunch. So let's
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see how quickly we can get through here.

The approach that we used for the | oss of
cool ant accident analyses is that we did explicit
anal yses of the response of the m xed oxide fuel
assenblies to a design basis LOCA. Now in many LTA
progranms, that's not done. It is just -- You just
assune that the resident fuel analysis is bounding,
gi ven the fact that you are not going to operate them
at the limting power. But we went ahead and did an
explicit calculation for the MOX fuel assenblies.

We used t he Franmat one Appendi x K nodel as
licensed, and then nodified as necessary to address
m xed oxi de fuel. That is a RELAP5/ MOD2 based nodel .
W |ooked at the potential MOX fuel effects,
i ncor porated them as appropriate.

Next we di d an appl es to apples MOXto LEU
conparison cal cul ation to see what difference things
made, and then we finally finished up by doing a
series of studies on burnup and axial peaking
| ocation, etcetera, to establish a conprehensive set
of LOCAlimts for the | ead assenblies.

DR. RANSOM That RELAP5/MOD2 -- that is
not S-RELAPS, Framatone' s?

MR. NESBIT: It is the Framatone version

that is -- It's been around a whil e.
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DR. RANSOM It is the standard NRC

RELAP5/ MOD27?

MR. NESBIT; Well, it's got sone B&Wnods
in there for Appendi x K type cal cul ati ons.

DR. RANSOM Has that been approved for
| i censi ng?

MR. NESBIT: It's been approved for al ong
time. The next slide, please.

Here are sone of the potential MOX fue
effects that we | ooked at, and thermal conductivity.
W have tal ked about before. the inpact is small. W
use the MOX speci fic thermal conductivity paraneters,
vol unetric heat capacity at t he pl ut oni um
concentrations we are talking about. Essential ly,
there is not a difference relative to LEU. W used
t he LEU val ues.

Decay heat -- we used the standard decay
heat curve after | ooking at it and verifying that the
val ue woul d be less for MOX

We | ooked at a couple of nuclear rel ated
paraneters, void reactivity and delayed neutron
fraction. In both cases, the inpact of any MOX
different, to the extent there would be one, woul d be
beneficial. More voidreactivity and snall er del ayed

neutron fracti on woul d tend to qui cken t he decrease in
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power followng the initiation of the LOCA and we
just used the LEU values for that as well.

CHAl RVAN PONERS: When you use the term
vol unetric heat capacity, you are speaki ng of the core
as a whol e or what does the termrefer to?

MR NESBIT: | think the termrefers to
t he actual nodel of the fuel pellet, fuel rod itself
in the hot channel. 1Is that --

Just conme over here and sit. | inagine
this won't be the last tine. Just sit over here.

CHAI RVAN POVERS: Wuld you identify
yoursel f al so?

VR, DUNN: ['"'m sorry. My nane is Burt
Dunn. | am an advisory engineer in |ost cool ant
acci dent safety analysis for Framatone, Areva now.

The term that Steve is referring to is
sinmply the density of the material tines the specific
heat .

MR. NESBIT: | should probably clarify at
this time and follow up on sonething that Jim said.
At Duke we do nst of the core rel oad desi gn oursel ves
t hrough met hods that we have |icensed with the NRC
One thing that we don't do is the Appendix K LOCA
anal yses. W rely on our vendor for that.

Inthe case of the MOX fuel, the vendor is
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Framatone. So what | am tal king about is anal yses
that were perforned by Framatone, and Burt is the
know edgeabl e person there about this work.

CHAI RVAN POVERS: You nentioned the
volunmetric heat capacity, and you said essentially
none. Then you used LEU. Wien we go back to the
slide, we see that indeed for the previous
presentation, indeed for the tenperature range we're
tal ki ng about, that the LEU curve does forma | ower
bound on the actual neasurenments for MOX

MR, DUNN: Well, | think Patrick addressed
alittle bit of that, sir, in terns of that curve was
devel oped from 20 percent plutonium whereas the
anal ysis that we are doing here or the fuel that we
are going to load is about 4.5-5 percent.

MR. ELLER It's five percent max.

MR. DUNN: So there is sone difference in
there. The heat capacity itself, if it hel ps any at
all, would not be a strong actor for this reactor in
ternms of |ost coolant accident. The key itemis the
bal ance of the decay heat versus the reflect cooling
nmechani sns that occur.

So a few percent one way or the other
woul d not worry us. The reconmendati on fromFrance is

to use -- There is a small adjustnment for plutonium
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concentration, but it is not very nuch.

MR. NESBIT: The other thing that | wll
mentioninternms of MOX effects, and | left it off the
Vu- graphs i nadvertently, isreally the bigchange t hat
we made -- that Framatone nade to their evaluation
nodel to account for MOXis to use COPERNI C, the fuel
performance code that has recently been approved for
MOX and previously for urani umoxi de, as t he source of
t he fuel tenperature information, as opposed to --
think, the currently |Iicensed Appendi x K net hodol ogy
uses the TACO code, but COPERNIC is the code that has
the MOX nodels in it that have been reviewed and
approved now. So that was really the biggest change
to the evaluation nodel itself. Next slide. Thank
you.

The MOX fuel assenbly radial zoning: As
Jim has just showed in his presentation, there's
actually three different plutoniumconcentrations in
t he MOX fuel assenbly, dependi ng on which pin you are
tal ki ng about .

One of the things that Framatone did is
t hey | ooked at, well, what happens if you specifically
nodel each of the pins of the plutoniumconcentrations
ver sus j ust an average concentrati on? Wat they found

was that there really isn't an inpact as you m ght
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have expected, because it is driven by the power.
There is not an i npact of the plutoniumconcentration
on the peak cl adding tenperature. Next slide.

The next thing we did was what | am goi ng
tocall astylized MOX/ LEU conpari son. W said, okay,
let's take this --

DR. BONACA: Just a second, if | coul d ask
a question. W have a statement on page 9: No
signi ficant i npact of Puconcentration, because as you
said, the dom nant effect is power. So, therefore,
t he peak clad tenperature still is in one of the UG
assenbl i es.

MR.  NESBI T: In the calculation that
Framatome performed for wus, they performed an
explicit cal culation of the MOX fuel assenbly and t he
peak cladding tenperature there. Then they nodel ed
the LEU fuel as the bal ance of the core.

Now what we have done -- and this is kind
of getting ahead, but what we have done at the end of
the day is we have established LOCAlimts that will
ensure that the peak cladding tenperature will be in
the LEU fuel per the LEU fuel analysis, which is the
anal ysi s of record there bei ng Westi nghouse' s SS LOCA
cal cul ati on for that fuel

DR. BONACA: (xay.
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MR. NESBIT: But | think that is going to

cone out a little bit.

DR BONACA: Al right.

MR. NESBIT: Back on slide 10 here, the
stylized MOX/ LEU conpari son: W asked ourselves the
guestion, okay, let's just change one thing in this
nodel that we have now conme up with that can do not
just LEU fuel but LEU fuel or MOX fuel. Let's just
change the fuel pellet characteristics and run a case
with the same conditions and see what difference it
makes.

As you can see, side by side LEU MOX
conpari son conmes out to be within 40 degrees in terns
of peak cladding tenperature. In terms of a LOCA
calculation, this is essentially the sane answer.
Furthernmore, | will add that this does not take credit
for some of the things that you could take credit for
in MOX base, |i ke | ower decay heat, the i ncreased void
reactivity, etcetera. W are just trying to get a
calculation that is conservative and shows that we
meet our limts.

DR. BONACA: Those val ues probably are
reached during the blowdown, the heatup, the decay
heat .

MR. NESBIT; Let's go to the next slide.
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That will showit.

There is the conparison in terms of peak
cl addi ng tenperature. As you can see, the peaks -- |
nean the traces are a virtual overlay, and the peaks
occur between 100 and 150 seconds.

CHAI RVAN PONERS: Thi s tenperature plot is
tracki ng the peak tenperature of fuel rods in the MOX
assenbl y?

MR. NESBI T: Yes, and then running the
same cal cul ati on and changi ng that MOX assenbly only
to make it LEU instead of MOX

CHAl RVAN POVNERS: And i f | | ooked at whi ch
rod was having the peak tenperature in the MOX, does
woul d that change a lot or is it typically one rod
that's running hot?

MR. NESBIT: Well, | guess the question
you are getting to kind of gets to the power profile
across the MOX fuel assenbly. It isfairly flat. The
effect of the radials only is to provide for a
reasonably flat power profile.

CHAI RVAN PONERS: So it m ght change quite
frequently, but it doesn't -- there is not a vast
di fference.

MR. NESBIT;, Yes. It mght hop around

fromrod to rod during the cycle, but it's not a big
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di fference between the rods.

CHAI RVAN PONERS: It's not onerod in the
first 20 seconds and anot her conplete rod during the
next 20 seconds.

MR. NESBIT: Jim do you think that is an
accurate characterization of the power profile?

MR ELLER: W have noved from the
anal yses that determned the peaking limts to LOCA
into the anal ysis that exam ned al |l the possi bl e power
di stributions that could exist inacore and verified
that all of themare |lower than the limts that are
cal cul ated by the LOCA eval uation nodel.

In the first burn in this fuel assenbly,
the pinthat has the smallest marginto the LOCAlimt
is probably going to be either in the first row or
second row of the assenbly throughout the entire
cycl e.

| just summarized in a verbal fashion
t housands of cases that will be exam ned. So | can't
say with absolute certainty that it won't sneak to the
third rowin on the assenbly, but it is not junping
all over the place.

This assenbly will have burnabl e poison
fingers in every guide tube. So to have it junp next

to a guide tube or sonething like that, that's
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probably not going to happen in this cycle.

MR DUNN;, If | mght add, the LOCA nodel
is constructed purposefully to not try and position
the hot pin within the assenbly, because of what you
said about it: Do these pins possibly noving around
here or there, the thousands of cases that Jimhas to
study. The construction of the nmethodol ogy i s so that
we don't have to know where that pin is.

DR. RANSOM That is just a hot rod
cal cul ation that's done.

MR DUNN, It is a hot rod calculation
with a generic sinulation of the assenbly around the
hot rod.

MR.  NESBIT: Once we had satisfied
oursel ves that there weren't any maj or MOX i npacts out
there that would surprise us, we left the little
stylized conparison and went -- Framatome went to a
series of calcul ation that woul d determ ne the act ual
limts for the fuels, and they perfornmed what | am
calling sensitivity studies on things |ike the steam
gener at or desi gn

Catawba 1 and Cat awba 2 have a different
desi gn steamgenerator. So it does have an i npact on
t he acci dent response to see whi ch one i s worse; tine-

in-life; location of axial peak; and al so | ooked at
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t he end- of - cycl e cool ant tenperature reductionthat we
typically go through at our plants in order to squeeze
out as nuch power as we can fromthe core.

The result of all this work was a set of
LOCA limts for the core that is a function of axial
el evation and a function of burnup, and woul d ensure
t hat t he peak cl addi ng t enper at ur es woul d r enai n bel ow
the regulatory criterion of 2200, and al so bel ow t he
resi dent fuel analysis tenperature.

The actual values are providedinaletter
that we submtted to the NRCin response to additiona
information, but | don't go through them here.

Next sli de, O her Criteria and
Eval uations: W | ooked at all the criteria, not just
peak cl addi ng t enper at ur e, maxi mumcl addi ng oxi dati on,
hydrogen generation, coolable geonmetry, |long-term
cool i ng.

Of course, they all net their limts well
within the regulatory limts that are established.
One thing that | will note was the maxi mumfl ow area
reduction due to ballooning was cal cul ated to be 54
percent at the ruptured | ocation, which is well bel ow
90 percent, because that is an issue that has been
raised in conjunction with the accuracy of the LOCA

cal cul ati ons.
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W al so | ooked at the inpact of the MOX

fuel on the co-resident fuel, the analysis of record
for the Westi nghouse fuel. Basically, the anal ysis of
record is still valid for the Westi nghouse fuel, due
in large part to the fact that the overall assenbly
pressure drop is very close between these two fuels.

Next | want to talk about some of the
i ssues that have been raised in conjunction with our
application by intervenors, and we have tal ked about
some al ready.

Fuel relocation during LOCA has been
identified as a Generic Safety Issue for LEUfuel back
in the 1980s, and it was dropped in 1998 by the NRC.
In october of last year IRSN, as you have already
heard, nmade a presentation on the PHEBUS tests that
they want to conduct, and they nade sonme nention of
fuel relocation in connection with |ost coolant
accidents and in connection with m xed oxi de fuel.

One of the things they nentioned was
hi gher MOX power at end-of-cycle, and another thing
they mentioned was the so called filling ratio of a
bal | oon, and asked a question apparently, whether
thereis apotential MOX aggl onerates effect, and t hey
tal ked about the potential for bigger balloons or

bl ockage with nodern alloys -- | put in "like M."
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"' mnot sure they specifically nentioned that, but I
guess ot her alloys would be applicable here as well.

The i ntervenors have asserted that the NRC
should deny our application, because we haven't
adequately addressed these issues. | am going to
address themnow, as we have also in our filings with
t he Board.

MOX fuel rel ocation during LOCA: First of
all, there was confusion about -- in the |IRSN
presentati on about what is a LOCA effect and what is
a severe accident effect.

IRSN did note that there is a fuel
rel ocation at a |l ower tenperature in the VERCORS RT2
test, which was done with m xed oxide fuel, thanin a
sim|ar VERCORS RT1 test that was perforned with LEU
fuel. However, the salient point here is that that
rel ocation occurred at tenperatures that are
consi st ent Wi th severe acci dent s, el evat ed
temperatures on the order of 4000 to 4700 degrees
Fahrenheit, which is much higher than the fuel
tenperatures that are experienced during a design
basi s LOCA.

Second, we tal ked about the -- Jimtal ked
about the MOX fuel | ead assenbly power during the | ead

assenbly operation, his analysis of what the cycleis
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l'i ke.

CHAI RMAN POVERS: Well, let's just be
cl ear. The RT tests are single pellet or snal
nunbers of pellets.

MR. NESBIT: Right.

CHAl RVAN PONERS: They are not talking
about the relocation that you would have in a LOCA.

MR NESBIT: It's adifferent relocation.
It is a severe acci dent phenonenon, as | understand
it, prior to the onset of nelting, and it is
potentially --

CHAl RVAN POAERS: Li quefaction, | think,
is the termthat is used.

MR. NESBI T: But there was a confusion of
t he phenonena that were at play there. There is a
real phenonena associ ated with LOCA cal | ed rel ocati on,
and it is a real phenonenon. W acknow edge that.

MOX fuel |ead assenbly power is going to
be | ower than the co-resident LEU fuel for the whole
cycle than the peak co-resident LEU fuels. So the
statenent that apparently was nade by | RSN may have
been applicable to sone other kind of operation with
MOX fuel, but not to the operations that we are
pl anning for the Catawba cycl es.

There is also sone confusion there,
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because there was no transcri pt nade of that neeting,
and the Vu-graphs have certain information, but only
a certain ampunt of information. So it is difficult
sonetinmes to tell what was being neant by them

There is no quantification made of this
post ul at ed MOX aggl onerate effect or, for that matter,
the LEU RIM effect, on the filling size. There is
really, as far as we have been able to tell, not any
substantial basis for saying that, evenif relocation
is a phenonmenon of concern, that MOX is going to be
significantly different, better or worse, than LEU
fuel.

Finally, I will note that the bl ockage due
t o bal | ooni ng of Mo cl addi ng was eval uated i n our LOCA
nodel, and we evaluated it at the worst case
condi tions, which is un-irradiated.

The assertions that the intervenors appear
to be making i s that, because the Mo properties change
less with irradiation than Zircal oy, that that all of
a sudden is a bad thing and that we should be
penal i zed for that. In fact, that is one of the
attractive things about the M alloy, but we do
evaluate it specifically at the nobst limting
condition, and eval uate the effects of ball ooni ng and

found themto be acceptabl e.
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CHAIl RMVAN POVERS: Can you rem nd me of

what our database is on M ball ooni ng?

MR. NESBIT: | am going to have to ask
Burt to respond to that one.

MR. DUNN: The dat abase for M bal | ooni ng
cones nostly from the EDGAR series of experiments
conducted in France, which are single pin tests,
pressurized, done in a steam at nosphere.

There are a total of -- 1'm going to
guess. It is docunented in -- The database that the
nodel has been constructed on i s docunented in the Mo
topical report. | amgoing to guess that there is on
t he order of about 150 data points included in there.

That facility has also been used to do
other cladding alloys, and so you can construct a
compari son to ot her experinments that have been done on
Zirc-4, for exanple

CHAI RVAN  POVERS: If 1 recall the
argunments that | RSN has made, they show that single
pin tests can either bound t he anount of bal | ooni ng or
underesti mat e t he anount of bal |l ooni ng t hat you woul d
have in an array, depending on the particular
conditions that you have. |Is that correct?

MR. NESBIT: | think that is their basis

for saying they want to | ook at this at Phebus where

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

136

they have nultiple rods and they can assess that
i mpact .

MR. DUNN: They have tal ked about bundl e
effects. | didn't know that they had tal ked about
i ndividual pin strains, but rather maybe bundle
bl ockage effects.

CHAl RMVAN POVERS: You are asking me to
speak from nmenory, and maybe | shouldn't. But ny
recollection is of a slide that says when we conpare
bundl e tests to single pintests, we find that in sone
cases single pin tests wll bound the anount of
bal | ooning. In other cases, they underestimate the
amount of bal | ooni ng.

MR. DUNN: Well, but the amount of strain

isquite -- I'll use the word stochastic in terns of
an individual test. |It's all over the place. So
woul d find that kind of anillegitimte statenent.

will say | wasn't at that nmeeting, and I was invited

and did not attend when sone of that stuff -- In
retrospect, | should have been there.
CHAI RVAN POVERS: | wouldn't trust nmny

menory on the exact statement. M. Lyman would |ike
to have a note.
DR. LYMAN: No, just toclarify. | think

the i ssue was whet her ball ooning occurs at the sane
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hei ght or at different heights in a bundle, and that
woul d | ead to different bl ockage effects. If they all
occur at the same height, then you would have
constraints on ball ooning fromdifferent rods, but if
t hey occur at different heights, then you m ght not
have those constraints.

MR. NESBI T; | think our fundanental
position on the ballooning issue is this. There's a
ot of interesting things you could look at wth
respect to ballooning during a LOCA, and they have
proposed to | ook at sone.

Fundanent al | y, t he bal | ooni ng i ssue per se
is not a MOX issue. It is a LOCA issue. Now the
intervenors have attenpted to tie it to MOX by
hypot hesi zing that there is a different inpact on --
now we are going away from bl ockage; now we are
t al ki ng about fuel relocation, different filling size,
filling ratio, etcetera. It is a pretty tenuous
connection. But fundamentally, our position is that
the Appendix K LOCA analyses that we perform are
conservative, and there's a |ot of reasons why they
are conservati ve.

You can al ways hypot hesi ze t hat you want
to go | ook at sonething el se, but we neet the current

i censi ng basis. W are confident the fuel wll
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per f orm adequat el y, even under the design basis |oss
of cool ant acci dent, and we t hi nk we have denonstr at ed
that with our evaluation nodels.

| guess, philosophically, |I also have a
fundanment al di sagreenent with the intervenors on the
point of their apparent belief that you nust have
perfect certainty before you can execute a | ead test
assenbly program and | nentioned this before. But I
think it is worth repeating.

Such a position woul d basically precl ude
many of the fuel innovations the industry has put
forward over the past few decades.

CHAl RVAN POVERS:  Well, in their defense
| haven't heard them actually say that.

MR. NESBI T: But that is the | ogical
conclusion that you cone to fromthe arguments that
t hey have advanced, in my opinion.

One nore slide on LOCA for now. To
summari ze, we did perform the specific evaluations
with the nodels, as nodified to address MOX fuel.

The analysis results were fundanmentally
simlar to uranium fuel, as shown by the stylized
si de- by-si de conparison. W did sensitivity studies
to bound the range of plant operating conditions and

establish the peaking criteria that MOX fuel remains
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wi thin 10 CFR 50. 46.

Earlier today, you heard Ed Lyman nmenti on
that MOX is inferior to LEU for LOCA. That statenent
is not true. Wat we did, we did a stylized
compari son between MOX and LEU that showed that the
performance was virtually the sane. In that
conmparison, we didn't take credit for MOX benefits.

So there is no way you can draw the
conclusion that MOX is inferior to LEU out of that
compari son.

So that would be, | guess, where | would
propose to stop at this point.

CHAI RVAN PONERS: Any questions on this?
O herwise, we are going to break for lunch, and we
will cone back and M. Nesbit will be in the barrel
agai n.

MR. NESBIT: But not for |ong.

MR, CARUSO | would like to make one
observation. | would like to ask people to sign in.
We have sign-in sheets that were not available this
norning. They are avail able on the table over here.
I f you are present, please go and sign in. That is
t he normal ACRS practice. | |like to keep track of who
is attending the neetings. Thank you.

Actual ly, it is arequirement, but not all
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Advi sory Conmttee yet. So please sign in.

CHAl RVAN PONERS: Wththat, | will recess
us until 2:15.

(Wher eupon, the foregoing matter went off

the record at 1:15 p.m)
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AFTERNOON SESSI ON

Time: 2:15 p.m

CHAI RVAN POVERS: Let's conme back into
session. | had an announcenent to make, but it wll
have to wait until nore of the nmenbers are here. So
we will continue on with our M. Nesbit.

MR. NESBI T: When we | ast | eft our heroes,
we were tal ki ng about LOCA, and now we are noving to
the outline of the presentation of non-LOCA
eval uations. Next slide, please.

| amgoing to go quickly through these in
the interest of time. This slide tal ks about sone of
the things, characteristics of our MOX fuel program
t hat render it benign with respect to non-LOCA events

General ly, non-LOCA design basis events
are driven by the gl obal core physics paraneters |ike
MIC, etcetera, systemthermal - hydraulic response, the
stored energy in the core, and the decay heat.

As we have noted before, the MOX fuel
i mpact on these paraneters is typical of the kind of
-- four MOX fuel assenblies on these paraneters is
typi cal of the kind of variations we see fromcycle-
to-cycl e. So generally our safety analyses use
boundi ng paraneters that envel ope the inpacts of the

MOX fuel | ead assenblies.
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Systemt hermal - hydraul i cs aren't affected
by m xed oxi de fuel. Four m xed oxi de fuel assenblies
have no appreci abl e i npact on stored energy, and as we
not ed before, the decay heat is lower in the time of
interest. So that is also bounding.

Sone effects, however -- sone events do
have effects that require sone nore specific
eval uation. | amgoing to add anot her thi ng, and t hat
is that Duke, obviously, does the cycle specific
eval uation of each reload to ensure that it is either
within the safety envelope or does reanalyses to
ensure that the safety criteria are net, and we are
very famliar for doing these for mxed core
situations, because we routinely have mxed core
situations at our plant.

We ran Mark-BW fuel from Framatonme for
years and years. We transitioned to Westinghouse RFA,
and we still have a few Mar k- BWassenbl i es -- At | east
we recently had some Mark-BW assenblies in the
McCui re-Catawba plants. |I'mnot sure if we still do
have any at this point or not. So mxed core
anal yses, transition core type things are not newto
us.

CHAI RVAN POVERS: M. Nesbhit, my I

interrupt you to nmake one little announcenment. Qur
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menber from Tennessee asked for a correction. He
indicated it was not the witten word he had troubl es
with. It was that all the Yankees have such thick
accents, it's the spoken word he was havi ng troubles
with.

MR. NESBIT: Well, | endorse Dr. Kress
opi ni on there.

CHAl RVAN PONERS: Excuse me. | just felt
an obligation to make that clarification.

MR. KRESS: [|'mglad you nade that.

MR. NESBI T: Cont r ol rod
m soperation/steam |ine break: The bottomlien here
is that, basically, thelimting assenblies are under
control rods. | am going to again rely on the
conmttee to read these, but by not |oading the MOX
assenbl i es under the control rods, it really precl udes
t hese from being a concern for MOX

Control rod ejectionis the next overhead,
and againthis is made a | ot better by not | oading the
m xed oxi de fuel under control rods. However, there
is, obviously, the potential for a control rod
ejection accident to affect not just the assenbly
under the control rod but other assenblies in the
vicinity; and given the fact that the Cabri tests have

i ndi cated -- have | ooked at MOX fuel and particularly
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Cabri Rep Na-7 tests experience afailure at about 125
cal ories per gram of an unusually energetic nature.

We felt likeit was appropriate to do sone
speci fic anal yses here. Wat we have done i s use the
SI MULATE- 3K MOX code which Jim Eller spoke about
earlier todo athree-di nmensional transient sinulation
of the design basis rod ejection.

VWhat we showed was that, even with very
conservative assunptions for things like rod worth,
etcetera, the maxi numcal orie per gramthat we woul d
see in the MOX assenbly is | ess than 50 cal ori es per
gram and well below any |evel at which you would
expect to see any adverse effects.

CHAl RVAN POAERS: Now as | renenber, when
they |l ook at the Cabri tests for sodi um cool ant and
try to apply themto |ight water reactor situations,
t hey make a correction in the energy at which you get
the fuel dispersal and what not, |ike that.

MR. NESBI T: There was a recent paper that
| read by Ral ph Meyer in NRC Research that | think
tried to do that on kind of a gl obal nature for all of
the rod ejection tests that had been perfornmed, and |
t hi nk the conclusion fromthat paper was a curve of
energy versus oxidation -- yes, oxidation -- that

bel ow whi ch, once you had made all those corrections,
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you coul d be sure that you are okay.

| think the values -- of course, it was a
curve. So there was not one val ue, but | think val ues
were on the order of 60 to 70 cal ori es per gramt here,
if I'"mnot m staken.

CHAI RVAN PONERS:  And that is not such a
huge margi n above your 50 here, is it?

MR. NESBIT: |It's not a huge margin, but
|l will rmake a couple of points there. First of all
| think that I would have to characterize that val ue
that Research recently published as a conservative
eval uation, trying to bound --

CHAl RVAN POVERS: So it is one of those

things that, if the value is 60 and you are 59.9, you

are in good shape. |Is that what you're saying?
MR NESBIT: | guess at this point, not
having studied it in alot of detail, | guess | would

say | tend to agree with that.

CHAI RVAN PONERS: Wel |, maybe we'l | just
chat with Dr. Meyer here and see what he has to say.
Way don't you just conme over here and sit down. W
have a hot seat just for you.

DR. MEYER | am Ral ph Meyer from the
Ofice of Research at NRC

The recent report was a research
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information letter, and the adjustnents we made with
our transient fuel rod code gave us an esti mate of the
bias in the test data due to the atypical test
condi tions.

The nunber that we would apply to the M
cl addi ng, whichis very |l owcorrosion, fromthat study
woul d have been 80 cal ories per gram and this was an
ent hal py change. So you get to add another 16 to 18
calories per gramto bring it back into the ball park
that you are tal ki ng about.

So | think there is a confortable margin
t here.

MR. NESBIT: W proposed an acceptance

criterion provisional for the | ead assenblies of 100

total. So that does seemto be fairly consistent.
The other thing I will nention is that
agai n our evaluation was very conservative. |f you

| ook at realistic rod worths for the M Guire-Catawba
cores as they are configured now, you don't even go
critical with these transients. So you don't really
have a transient.
CHAl RVAN POVERS: Thank you, Dr. Meyer.
MR. NESBI T: Next one, fuel assenbly
m sl oadi ng: The bottom line here is that the

adm ni strative nmeasures that protect against this for
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LEU fuel are equally, if not nore, useful for m xed
oxi de fuel. So there is no special characteristic of
MOX t hat woul d make this any worse.

CHAI RVAN POVERS: I n fact, what you say i s
that a msload is far nore readily detectable in the
case of MOX than it is in the case of LEU?

MR. NESBIT; Yes, for a coupl e of reasons.
One of the reasons we do our startup physics testing
and core flux maps is to detect an instance where we
m ght have m sl oaded the core.

I nthe instance of MOX, the actual thernal
flux inthe | ocation of the fuel assenbly is markedly
| ower than the thermal flux would be if there was an
LEU assenbly there at the same power level. So if
there is a-- If you did switch out a MOX and an LEU
assenbly, it ought to be readily apparent just from
the flux map.

The ot her, of course, is that we are goi ng
to preferentially instrunent the MOX assenblies, as
JimEller nentioned. So that further increases the
probability you could catch it at that point.

I n summary for the non-LOCA acci dents, we
have -- Most of themclearly have no MOX fuel i npact
for MOX fuel | ead assenblies sinply by inspection, and

we eval uat ed t he ones t hat woul d potenti ally have nore
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of a chance of having an i npact and addressed t hemon
an acci dent specific basis.

Furthernore, as a part of the reload
design process we will go | ook at each one of these
accidents for all of the fuel that is proposed to be
in the core, and evaluate it specifically for that
cycl e.

So next it brings nme to radiological
consequences. W have di scussed before that, when you
do radi onucl i de i nventory anal yses, general ly you get
about the fission product inventories between MOX and
LEU fuel, but there are differences, in particular
with respect to -- One of the inportant dose --
i mportant i sotopes for accident cal cul ations i s iodine
131, and in a case where you | ook -- a boundi ng type
case, it would be as nmuch as ni ne percent higher in a
MOX fuel assenmbly. I1t's kind of a function of whet her
you look at it -- what burnup you look at it,
et cetera.

Wth that i nmpact in m nd, we | ooked at the
possi ble effect on thyroid doses and also total
effective dose equival ent.

As we have discussed earlier today,
acci dents involving nunerous fuel assenblies should

see no significant inpact. W | ooked specifically at
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LOCA, which affects 100 percent of the fuel in the

core, rod ejection which affects 50 percent per our
anal ysi s assunptions, |ocked rotor, 11 percent.

What we showed is that, even addressing
just -- assum ng that the MOX assenblies, all of them
are in the failed population, the inpact on the
overall dose that you would see is negligible and
still much less than the acceptance criteria.

| don't present those nunbers here. They
are in the license anendnent request and in the
associ ated RAlI responses.

On the next slide we get to the nore
i nteresting dose anal yses, | guess | woul d say. Those
accidents that involve just one or a few assenblies
will see a bigger inmpact on a -- because the MOX is
either all or nost of the population of failed
assenbl i es.

For our plant there's two accidents of
concern there. A fuel handling acci dent affects one,
and the weir gate drop affects seven fuel assenblies.
So we perforned explicit cal cul ations for these using
t he approved alternate source term methodol ogy for
Catawba and using MOX fuel specific radionuclide
inventories -- | wwuld add, a very bounding

cal cul ati on of those -- and we did a sensitivity study
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on the gap fraction; because one of the key aspects of
this analysis is how much fission gas is in the gap
that is available for release when the cladding is
br eached.

VWhat we did is increase the gap fraction
by 50 percent for the hal ogens and the nobl e gases
over the Reg CGui de 1.183 val ues. As you m ght expect,
when you account for nore iodine to begin with and
i ncrease the gap fraction by 50 percent, you get, lo
and behol d, an increase of about 60 percent for the
cal cul at ed doses, which sounds like a big increase,
but inreality in an absolute sense it is not, and it
is still within the regulatory limts.

The val ues for these | actually do present
on the next overhead.

Let's go to the summary for the
radi ol ogi cal consequences. There is a potential for
dose i npacts even fromjust four | ead assenblies, and
t hat COnes from the radi onucl i de i nventory
differences, the fission gas rel ease.

The greatest inpact is those accidents
that involve just a few assenblies. W did explicit
anal yses of those. W put in place what we think is
a conservative treatnent of the differences, and we

di d i ndeed show hi gher consequences but well wthin
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the limts.

So next we come to the environmental
eval uation, a subset of which is going to be a
di scussi on of severe accidents.

I n nost of the |license amendnent requests
we submt, we don't do an environnental eval uation,
because there is a categorical exclusion. But inthis
one we felt |ike we should, and we did.

W provi ded an assessnent of t he potenti al
i npacts of using four MOX fuel | ead assenblies on the
environnent. We | ooked at normal operations, showed
that there should be no inpact on effluents, just a
very slight inpact on occupational dose. That inpact
woul d derive fromthe fact that the fresh MOX fue
assenblies are slightly hotter than a fresh LEU f uel
assenbl y.

We | ooked at the accident situations,
which are already addressed in the safety analysis
section and in the radiol ogi cal consequences. Next
slide, please.

So that left us with the potential inpact
of beyond desi gn basi s acci dents or severe acci dents,
and we did also address these in the environnental
report.

W based our evaluation on work the
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Departnent of Energy had done for the surplus
pl utonium disposition and environnmental i npact
statement in which they | ooked at the i nmpact of using
a 40 percent MOX core at Mguire and Cat awba.

They |ooked at four different beyond
desi gn basi s event sequences. They used MOX specific
radi onuclide inventories, and what we did is we took
t hose results for 40 percent MOX score and j ust scal ed
it back to a | ead assenbly core based on two percent
of the fuel instead of 40 percent being MOX

There are some assunptions that go into
this calculation. First of all, we've got the MOX
assenbl i es separat ed by 90 degrees inthe core, w dely
di spersed, and we woul d assune t hat t hey woul d have no
i mpact on a progression of a severe accident or a
di fferent progression of a severe accident. The DOE
assuned t he sane rel ease fractions for LEU fuel as for
MOX fuel .

The results after you do the scaling
approaching is that you get a change i n consequences
with four MOX fuel |ead assenblies in a range of
between -0.2 percent and +0.7 percent, depending on
what figure of marriage you are |looking at, early
fatalities, | atent cancers, which scenario, etcetera.

There is another analysis that has been
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done and docunented on this done by Ed Lyman where he
did sonething that is simlar in sone aspects, and t he
results of his evaluations were a change in
consequences once you scaled it from 40 percent MOX
down to four | ead assenblies of upto 1.3 percent nore
consequences, and that is early containnment failure
scenari o.

He al so did a sensitivity study in which
he increased the actinide release fractions, and in
that he got as nmuch as a 1.6 percent change. Next
slide.

CHAI RVAN POVERS: Your essential point
here is that, if you have four LTAs in a core, it
doesn't really matter what they do, inventory al one
dictates that they are not going to nake a very big
i mpact .

MR NESBIT: That is right.

CHAIl RMVAN POVERS: When we think of the
phenonenol ogy itself, the key assunptionis these LEU
rel ease fractions are indicative of MOX release
fractions, and we are getting increasing evidence t hat
that is just not the case. Doesn't inpact your
argunent here, because you don't care -- | mean, you
can take wild, crazy nunmbers here, and you woul d have

t he sane concl usi on roughly. | mean, your argunent is
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a one percent change i s an i ndet ect abl e change because
of the general |evel of uncertainty here.

MR. NESBIT: Right. In the next slide --
Let me go through that real briefly, because | think
| amgoing to address that point alittle bit in the
next coupl e.

So the basis again for us is we are sayi ng
there is not a significant change in core nelt
probability. That isrelatedto failures that are not
functions of the fuel, like equipnent availability,
can you cool the core, have you changed the
fundament al design of the plant, etcetera.

W don't think there is a significant
change in severe accident progression, how the core
nmelts, so to speak, and what happens at that poi nt on.
That is based on the fact that the physica
characteristics are simlar, and the accident
progression, we think, is going to be driven by the
LEU fuel .

The next slide, radi onuclideinventories:
Those are specifically addressed in the DOE and the
Lyman studies. Then that | eaves you with source term
rel ease fractions, and those have been addressed or
| ooked at by an expert panel, of which Dr. Powers and

Dr. Kress were a part, a couple of years ago.
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| am not going to sit here and
characterize to you what you all said, because | think
you all could probably do a better job of it than me.
But there was a notation of potential for differences.
Whet her those differences would wultimately be
significant or not, | don't think the work has been
done to determ ne that.

Generally, of the elicitations that were
performed, | think theresults of theelicitations for
the MOX were simlar to the results of the
elicitations for high burnup LEU fuel. I n ot her
wor ds, there was not hing that was off the world here.

| think another thing that the expert
panel did was they sort of brought to bear nore recent
information in this area that had not -- information
t hat had been devel oped since the NUREG 1465 source
term cane about, in the first place.

| note the VERCORS tests. There hasn't
been a lot of MOX specific tests in the severe
acci dent situation. An exception to that is the
VERCORS tests. It is our understanding there were two
tests performed at VERCORS with m xed oxi de fuel, RT2
in an oxidizing environment and RT7 in a reducing
envi ronnment .

Bot h of them had sonewhat anal ogous LEU
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tests to conpare to, and the information that we were
able to get out of the RSN representatives and from
a | ater paper that was done on the RT2 tests is that
RT2 showed an earlier cesiumrel ease and a | ower fuel
rel ocati on tenperature than the anal ogous LEU fue
tests, and we got indications fromIRSN that RT7 was
not -- didn't show the sane trend and, in fact, RT7
apparently was nore simlar to LEU and may have had,
in fact, a higher fuel relocation tenperature than
LEU.

| under stand that NRC has that i nformation
now. We don't, but in ternms of the |ead assenbly
project | consider it to be interesting but not
necessarily relevant for the reasons that Dr. Powers
nmentioned earlier.

| n summary on severe acci dents, the severe
acci dent behavior is going to be driven by the LEU
fuel, and any inpact fromthe MOX | ead assenblies is
going to be negligible when you conpare this to the
overall uncertainties in |light water reactor severe
acci dent behavi or.

Here | guess | would like to cite sone
exanpl es in regul atory space. NRC aut hori zes uprates
all the tine. Every tine you authorize a power

uprate, you are authorizing a change in severe
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acci dent consequences, just by the nature of what you
are doi ng and the change i n radi onuclide i nventories.

| think that is -- The kind of power
uprates that have been authorized over the | ast years
are nuch greater in terns of potential for inpact --

CHAl RVAN POVNERS: Onh, you are a dirty guy.
You are hitting bel ow the belt here.

MR NESBIT: Sorry.

CHAl RVAN PONERS: Good point. Touche.

MR. NESBI T: Anot her exanple is changes
t hat nost reactors have undergone in the last 10 to 20
years i n which we have i ncreased our cycle Il ength from
annual cycles to 18-nmonth cycles, in sone cases 24-
nmonth cycles. That would have a simlar inpact on
i ncreasi ng radionuclide inventories and, therefore,
affecting severe acci dent consequences. But overall,
| woul d say that's been a very beneficial exercise for
the industry and for the performance of the plants.

| think | have said probably enough on
this subject right now. | guess I'Il -- if there are
anynore questions on the severe accident, we can tal k
about them

CHAI RVAN POVNERS: The only question that
comes pronptly to ny mnd is -- suffers from the

charge of irrel evance. That is, in the course of
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di scussing MOX fuel in that expert panel you
nmenti oned, we becanme acquainted with sone efforts
underway by IRSN to define an equival ent for NUREG
1465 source term | wouldn't say equivalent -- a
simlar source term

They were draw ng heavily on the VERCORS
and its antecedent tests, and they were, of course,
much nore fam liar with those tests than we are. They
were comng up with substantially higher release
fractions of some of the nore refractory radi onucli des
t han we had ever seen anybody coming up with. Quite
frankly, 1 think -- Dr. Kress can correct ne if he
thinks differently -- we were a little bit surprised
at some of the rel ease fractions that they were com ng
up wth.

Though | think againwe runinto this four
LTAs in an ocean of LEU, it doesn't really nmatter what
you take as the fission part of release fraction, it
is an interesting thing.

MR. NESBIT: Right.

DR. KRESS: And it may have inplications
for the 40 percent.

CHAI RVAN PONERS: Wl |, clearly, it does.
Now | think that RES is |ooking at that on its own,

and we wi |l anxiously await what they conme up with on
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that, but that's just aninteresting probably headache
that you have to confront.

MR. NESBI T: Yes, and we see t hat headache
out there. W don't think it is an insolvable
problem |'mvery interested to see what RES cones up
wi th, because they have access to the data, and we
don't. But | want to see what their work has to say
on this.

The other thing, | guess, | would add is
that, if you |look at McCGuire and Catawba as pl ants,
they are very far below the NRC safety goals, and if
you were to change -- Even if you were to change
severe acci dent consequences dramatically as a result
of release fractions for 40 percent MOX core, which |
don't think is where we are going to be at the end of
the day, but if we were to end up there, they would
still be well below the NRC safety goal

CHAl RVAN POWERS: Wl l, sone of us are
willing to challenge you on that, whether they are
bel ow t he safety goal s or not, but that again suffers
fromirrel evance here.

MR, NESBIT: That is all | have to say
about the severe accident issue. Unless anyone el se
has any questions on that one, I'lIl wap up.

CHAI RMAN  POVERS: Charge ahead. Oh,
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G ahant

DR LEI TCH: Not specifically onthat, but
just before you wap up, | was curious. Apparently,
you are not using the new fuel storage vaults in the
MOX fuel .

MR NESBIT: That is correct.

MR. LEI TCH; | guess | was a little
confused why that was t he case, and what is the i npact
of that?

MR. NESBIT: There is no reason why we
can't froma technical perspective. Froma security
perspective, it is our intent, once we receive the
fuel, to put it in the pool underwater as quickly as
possi bl e.

DR. LEI TCH: | guess the basis of ny
guesti on was what about receipt inspection?

MR. NESBIT: W are going to do that. W
won't use the -- but we won't |eave the fuel in the
new fuel storage vaults as a consequence of that
recei pt inspection.

DR. LEITCH So there is no conprom se to
your receipt inspection?

MR. NESBIT: No. W don't see any reason
why there should be. | mean, we could still -- The

new fuel storage vaults are quite capable of handling
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the MOX fuel fromacriticality perspective. W could
still use them to lower the fuel into and then
retrieve themout of for new fuel inspection, if we
chose to do it that way, but we wouldn't unhook it
fromthe crane and |l eave it there.

DR. LEITCH, Ckay, thanks. | understand.

MR. NESBIT: | guess | amready to wap
up. Actually, that was a while ago, but we've got a
slide here that | call "The Big Picture,” and again
this is just to try to bring us back to what this
particular application really is, and | think I'm
telling --

CHAI RVAN PONERS: Before you go into your
first point, I will give you an anecdote. Professor
Apostolakis on this conmttee once suggested to
Shirl ey Jackson your first point, and she beat him
roundly around the head and the ears.

MR NESBIT: She is not here now.

CHAI RVAN POVERS: And she is not here
anynore. As a caution about your first point.

DR. KRESS: Some words |ike "don't hand ne
that old saw. "

CHAI RMVAN POVERS: Now did | help your
presentation?

MR. NESBIT: But | amgoing to make that
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point. Sorry. The fact is there is plutoniumin our
cores. There's plutoniumin all power reactor cores,
and the amount that we are adding with four |ead
assenblies is not an inordinate amount conpared to
what is already there.

The ot her point, second sub-bullet down
there which | found kind of interesting when |
actually confirmed it with Jim and his nuclear
anal yses, is that at the end of our cycles, 18-nonth
cycles with increasing burnup on our fuel, we are
getting 50 percent of our core power from plutonium
and on a fuel assenbly basis a |l ot nore fromsonme of
the twice and thrice burned assenblies.

A simlar MOX fuel |ead assenbly program
was executed at G nna in the early 1980s. It is not
the first tinme this has been done here. At G nna,
which is a very small core with 121 assenblies, they
were actually 3.3 percent of the core with their four
MOX fuel assenblies.

The point that M. Bl anpai n nmade earli er,
"Il just reiterate. This has been going on for years
and years in Europe. There's currently nore than 30
reactors in four countries using substantial
quantities of m xed oxide fuel. Wat we are talking

about doing is four assenblies out of 193, about two

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

163

percent .

So it is easy to get caught up in the
i nteresting nuances of differences between MOX and LEU
and what it m ght or m ght not nean, but fundamentally
what we t hi nk we have shown i n our applicationis that
we can use m xed oxi de fuel safely and ensure that the
health and safety of the public is protected.

CHAI RVAN POVERS: Do nenbers have any
guestions? Vic?

DR. RANSOM | was wondering if some of
the intervenor's troubles wwththis are afear that in
time you are going to go to much hi gher | oadings.

MR, NESBI T: H gher than 40 percent or
hi gher than two percent?

DR RANSOM Vell, higher than two
percent. | guess the Europeans have gone to 40
percent. Right?

MR. NESBIT: |'mnot going to speak for
them [|'msure they will speak for thenselves. M
suspicion is that their position is that any percent
is too nmuch

DR. RANSOM \What are the plans in the
US? Is that known?

MR. NESBIT: The plans in the U S. are,

once the mxed oxide fuel fabrication facility is
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constructed and is operating at the Savannah R ver
site, to start |oading m xed oxide fuel at both the
McCui re and Cat awba reactors.

We would gradually build up to, our
current plans are, about 40 percent MOX fuel core
fractions. O course, that is contingent on a
successful |icense anmendnent request for batch use of
m xed oxi de fuel and any conditions or agreenents that
we reach with the NRC concerning core loading limts
t here.

DR. RANSOM Is that level driven by a
desire to burn up the excess plutoniumor --

MR. NESBIT: Yes. It is a conbination of
a desire to do it in an expeditious nmanner and a
desire to keep the plant characteristics reasonably
close to their current characteristics with LEUfuel,
because when you go to those higher core fractions,
the statenents that | nade earlier about negligible
changes to global physics paranmeters don't hold
anynore.

Qur prelimnary | ooks indicate that the
ki nd of changes we are tal ki ng about are still within
our safety envel ope and don't pose a probl em but that
doesn't nmean you can just keep pulling the string

indefinitely.
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CHAI RVAN POWERS: Any other questions?

Wl |, thank you, M. Neshit.

At this point, Bob Martin, | guess you are
back on. There you are. | wll remnd the nmenbers
t hat we do have this subject on the agenda for our May
ACRS neeting, and that we need to think about what
shoul d be presented to the full Committee, what we
hear .

We have heard fromthe applicant, and we
are going to hear nowfromthe staff on this subject,
and it has to be sone m x of that, and the questionis
what mix to have. W have scheduled two hours for
this presentation, or | should say Dr. Bonaca has
graci ously consented to give us a full two hours on
this subject.

Well, Bob, you ve got a powerful team
here. W are ready.

MR MARTIN: | am Bob Martin. | know we
have an agenda i temhere on the revi ewprocess itself.
Wth respect to the safety evaluation, t he
radi ol ogi cal safety evaluation | would note two
aspects about it.

It is a review of the application
i nformation submtted by the licensee for an anendnent

to the operating license. To that extent, the review
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process, the staff's revi ew process, was nuch like it
is for any other |icense anendnment application.

W reviewed the |Ilicensee's proposa
agai nst the requirenments of the regulations for an
operating |icense anendnent. W requested the
| icensee to provide information on, inadditiontothe
original application, a lot of the supplenentary
i nformati on on design basis accidents and transients
and their consequences.

The nature of the MOX review | eads us to
bring staff nenbers to the table today in what | wll
call two functional areas. One is reactor systens
areas, and the other one is radiological dose
consequences areas.

We have Ral ph Meyer who has al r eady spoken
today -- he has been introduced -- Undine Shoop,
React or Systens Branch, M. Ral ph Landry, and t hen for
dose consequences area M. Steve LaVie.

Wth that, | would note adm ni stratively,
we have two slide packages here. Ms. Shoop will
speak first. So that is one package, and then we wi | |
gointo the other presentations, and that oneisin --
M. Landry's and M. LaVie's will be in the second
package.

CHAI RVAN PONERS: My under standing i s you
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are requesting a letter fromthe ACRS on this.

MR. MARTIN, Yes. Yes, | believe that is
t he understanding. And to your earlier point about
what we would do for the full Conmttee, we are, of
course, neeting with the licensee on Friday. W w |
get as nuch information as we can there.

O course, if we can, we will solve the
problemthere. If we can't, we will figure out what
the next stepis. W wll have our eye on how we can
conmuni cate to the Conmittee where we are as soon

after that as we can.

CHAI RVAN POVERS: | think it is stil
worthwhile -- Even if the Friday neeting does not
yield your nobst optimstic outcome, it's still

wort hwhil e to communi cate to the Comrittee just to get
the rest of the Conmttee up to speed on this issue.
Most of the menbers have seen not hing.

| mean, all they have heard are runblings
in the background on this particular issue. A nore
optimstic outconme is that we sinply have to defer a
letter until you give us the -- we resol ve whatever
i ssues exist, that's feasible to do.

MR, MARTIN. Ckay.

CHAI RMAN  POVERS: Because | think 99

percent of what we've discussed here is still
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appl i cabl e in any case.

MR. MARTIN;, | think that is a good pl an.

DR. RANSOM Isthelicensee's application
-- is this for two percent or does it include
increasing in the future to |like 40 percent?

MR, MARTIN. Two percent? | think, with
respect to that, you neant that the lead test
assenblies would constitute two percent of the core,
2.1 percent or thereabouts. This applicationis just
for the | ead test assenblies.

| understand that plans, prospective
pl ans, are for the licensee to submt an application
for batch perhaps sonetine |later in 2005. W have not
seen that yet. That is just oral information of their
possi bl e future plans.

MS. SHOOP: If | could add onto that -- is
this on? There was a request in the MOX fuel design
report put forth by Framatone to have that approved
both for LTAs and for batch [ oading. The staff
reviewed it and approved it for the LTAs, but has
deferred any opinion on batch for a future batch
appl i cati on.

Thank you very nmuch. M nane is Undine
Shoop, and | amhere to |l ead off the reactor systens

review of the LTA application.
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Qur purpose here today is to discuss --
Well, I don't know. | seemto have themout of order,
because actually | was going to say next that we are
goi ng to be goi ng over the thermal nmechani cal design,
t he data col | ection, the nucl ear design, the non-LOCA
transi ents, and t hen Ral ph Landry wi Il be fini shing up
by discussing the LOCA transi ent anal ysis.

Actually, our admnistrative assistant
helped me with this. W knew that that would
chal | enge him

Ckay. | would like to start off by
tal king about the thermal nmechanical design, and |
broke the presentation up this way. That way it is
clear when | am transitioning from one subject to
anot her.

First of all, the |l ead test assenbly: As
with all fuel designs, we are using the I|icensing
framework i n SRP Section 4.2. Even though SRP Secti on
4.2 does not say what type of fuel it is applicable
for, nost of the analysis that is in there is
appl i cabl e, and we woul d want to know the results of
all the analysis that is in the SRP Section 4.2 for
the MOX assenblies, in addition to the wuranium
assenbl i es.

Now this is where it gets a little bit
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tricky. Wher eas, Duke put in the application for
using the LTAs, the actual design of the LTAs was
provi ded by Framatone in Topical Report BAW 10238,
which is the MOX fuel design report. That is where
t he specific thermal nechani cal fuel design analysis
was presented to the staff.

So | guess | amgoing to start off wth,
backing up a little bit, the purpose of an LTA. The
purpose of an LTA is to gather data on fuel
performance. W base it on a production design, in
this case the Advanced Mark-BW and before we put an
LTA into the <core, we nake sure it is pre-
characterized.

CHAI RVAN PONERS: Explain alittle bit to
nme. \Wat do you nean by based on production design?
This particular LTA is being produced in an ad hoc
fashion in France. | nean, this is not a routine
production, day in and day out, going on in France.

M5. SHOOP: Ckay. Wat | nmean by "based
on a production design" is that the fuel design
itself, the nunber of grids it uses, where they are
| ocated, the mxing vanes in the grids, the top
nozzl e, bottom nozzle, all of that is the same as a
production fuel design.

CHAI RVAN PONERS: Oh, okay. So it is the
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m croscopic -- It's not what is inside the fuel rod.
It's what is outside the fuel rod.

M5.  SHOOP: Exactly. So that it wll
perform based on characteristics that we have about
known fuel assenbly design.

When we pre-characterizeit, we examneit
between the irradiation cycles and after it 1is
di scharged. The information that we get fromthe LTA
is the basis for our inproved fuel design and
anal yti cal nodel s.

In this case, you notice that sonetinmes
when we have an LTA, we go beyond what is approved,
especially in the coding area, because we don't
approve a code for a certain burnup until you have
data. How do you get data? You can only get data if
you test, and that is the purpose of the LTA

|  know. | was told not to show that
slide, and | forgot that | hadit in ny slide package.
So | apologize for that, because it is not in the
handout .

CHAI RVAN POVERS: Let nme ask you a
question. |Is there soneplace a list of the data that
you would like to acquire fromthese LTAs?

M5. SHOOP: Absolutely, andthat isinthe

data col l ection portion of this presentation. So if

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

172

you coul d just hold your questions for a nonent, |'1]|
be glad to go over all of that.

CHAl RVAN PONERS: Al right. If you want
to be that way. | am patient.

M5. SHOOP: Can we have the next slide,
pl ease. The objectives of SRP Section 4.2: It
outlines four objectives for fuel criteria.

One i s that the fuel systemis not damaged
as a result of normal operation and anticipated
oper ational occurrences.

Fuel system damage is never so severe as
to prevent control rod insertionwhen it is required.

The nunber of fuel rod failures is not
underestimated for postul ated accidents, and
coolability is always maintained.

| derived those directly fromthe SRP

So that is the basis of anytinme we revi ew
a fuel assenbly thermal nechanical design. Now since
our designis containedinthe MOXfuel design report,
if you go to the next slide, to give you a better
flavor for what the MOX fuel design report included,
it included MOX desi gn consi deration which went over
the MOX fuel characteristics.

I't i ncluded a di scussi on on weapons gr ade

plutonium which is both the isotopics and the
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inmpurities. Then it had the full thermal mechani cal
fuel assenbly anal ysis.

As part of the review of the thernal
nmechani cal part of the proposed topical report, the
staff did go down to Framatone's of fi ces and actually
| ook at the calculations to perform an audit. In
particular -- | knowthat this has been brought up --
there's a couple of places in the original topical
where they only provided data to 50 and not to 60. |
think it happened in about two instances.

So those, in particular, were reviewed,
and they provided -- If you |ook through the RA
responses, they did provide that information as
suppl emental information. So that that is all on the
record of what the fuel behaves out to 60.

They al so provided in this docunent the
experi ence database, which was predomnantly the
Eur opean experience. They al so described their |ead
assenbl y test program what Dr. Powers is alludingto.
That describes all their PIEs.

Now because we say it is based on the
production design, the Advanced Mark-BW there are a
coupl e of changes, though, to accommopdate MOX fuel,
and these are actually all things that -- are just

t hi ngs that you need to do in order to acconmodate t he
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MOX.

One is that they have a | onger fuel rod,
and that is to increase your plenum volune for the
fission gas. They are going to use the European dish
and chanfer design. The reason is because, with this
bei ng built over in Europe, the pellet press machi nes
are set up for those design specifications. That is
not sonething that is going to change t he behavi or of
t he fuel.

CHAI RVAN POVNERS: Can you tell us what the
di fferences are? A European dish is one that you can
only eat with, with a for in the left hand, is it?

M5. SHOOP: Yes. | believethat it is --
and I can be corrected by ny Framat one col | eagues if
thisis wong. But it isinthe depth and the flexing
of the dish aninthe -- what do|l want to call it? --
the angl e of the chanfer.

CHAI RVAN POVERS: Yes. Are they bigger or
smal | er?

M5. SHOOP: Actually, it wouldn't really
change the characteristics.

DR. BONACA: Sonewhere | seemto have read
-- | think in the SER, wherever -- that the European
di sh and chanfer design is capable of preventing the

hourgl ass of the -- of shaping of the pellet.
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M5. SHOOP: Actually, that is the reason

that we have the dish in all of the pellets, both
urani umand MOX, and they will all include a dish. |
t hi nk the difference between the MOX and t he urani um
is because you have different equipnent that is
al ready set up, what ends up happening i s you get that
dish fromthe pellet pressing.

DR. BONACA: That seens to be -- At | east,
| read a claimthat that was a better design for the
pur pose of reduci ng the hourgl ass effect, and maybe |
msread it.

M5. SHOOP: That is actually the case, and
that the dish will help prevent the hourgl ass.

DR. BONACA: (kay.

M5. SHOOP: The ot her change was the 95
percent theoretical density. The Advanced Mark fuel
design is approved for a 96 percent theoretical
density, but the European database on MOX is a 95
percent theoretical density, and in order to be
consi stent with the database, Framatone opted to use
the 95 percent theoretical density for the MOX fuel.

Then the obvious differenceis that it is
going to use m xed oxide for fissile material, because
one of the things to note is, when we approved 10238,

it is approved with the condition that it is only for
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MOX LTAs, and the Advanced Mark-BWwas approved with

a condition that it is only good for uranium oxide
fuel .

DR. KRESS: So you still have a loop to
cl ose then, using the two together?

MS. SHOOP: You woul d never use the two
t oget her. If you used -- In a core assenbly that
cont ai ned bot h t he urani umand t he MOX, you woul d have
t he Advanced Mar k- BWf uel design for the urani umfuel,
and you woul d have the Mark-BW MOX1 assenbly design

for the MOX

DR. KRESS: So you woul d never use the two
t oget her.

M5. SHOOP: You woul d never -- Yes, you
woul d never use t he desi gn of the Mark-BW MOX1 for the
urani um or vice versa.

Okay. M xed oxide fuel: Well, | know we
have already gone over this. So this is kind of a
repeat, but basically the use of the depl eted urani um
matri x with weapons grade pl utonium

The significance of the weapons grade
plutoniumis that you have fewer absorber isotopes,
and you have an increased fissile isotope. That just

changes sone of your characteristics. But overall, it
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al so has -- Because of those two characteristics of
the weapons grade plutonium you have a |ower
enri chnment requirenent to have a conparable
reactivity, because what they are doingw th this fue
design is they are making it reactivity equival ent.
That's what they are equival encing.

CHAI RVAN POVERS: The previous speaker
made a point that all LEU fuel quickly beconmes m xed
oxi de fuel, and what you are saying here is, well,
that is only kind of true, that because of the
i sotopes that this is different. Is that -- Am |
reading this correctly?

M5. SHOOP: That is correct. That has
been the staff's position since the beginning of this
fuel review, that this is a newfuel design, is a new
fuel type, andit is different because of the i sotopic
m Xt ure. Even reactor grade mxed oxide fuel is
reprocessed urani um spent fuel

If you would like to see the reactivity
requirement, in Figure 3.5 of the nox fuel design
report they have a nice little chart that actually
shows that the reactivity of weapons grade i s between
the reactivity of LEU and reactor grade, and that is
how t hey can say that the database is adequate.

Go on to gallium Gl lium one of the
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favorite topics: Wiy is it here? Well, it isusedto
stabilize the plutoniumwhen it is in the state that
you need it for the bonbs. But why is it a problen?
Wll, it has the potential to mgrate to the cl adding
and enbrittle the cladding material.

Because of that, we renove it through
pol i shing, which they have al ready di scussed as bei ng
performed out at Los Alanps to get it down to the
appropriate | evels.

Wiy the staff is okay with the reduced
| evel s: There are sone Oak Ridge tests on gallium
m gration. That test is actually testing two
different fuel conpositions, one of which has been
treated and now has a 1.33 ppmgallium level. The
other one is untreated and has a 2.97 ppm gallium
| evel

They put this material into the cladding,
whi ch actually they used zirc for, because they did
not have access to Mp, and they put it into the
advanced test reactor. They have the reports out to
40 gigawatt days, and so far no mgration of the
gal l'ium has been seen fromthe fuel to the cladding.

The staff will receive the 50 gi gawatt day
report before the LTA gets to 50 gigawatts, and if

there is any mgration that is shown in that report,
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then the staff will reviewthe issue, and it will be
reviewed well in advance of the LTA reaching that
bur nup.

Because of the current results, we are
confident that a 30 ppb limt, which is rmuch | ower
t han what has been tested in those Argonne tests, w ||
be appropriate for the plutoniumfeed material, and it
will be incorporated into the fuel specification

DR. RANSOM \When you refer to polishing,
is that a chem cal process for renoving the galliun®

M5.  SHOOP: They call it an aqueous
pol i shi ng, and because that is considered to be part
of the fabrication, | would have to actually ask ny
col |l eagues from Framatome or from Los Al anpbs, if
anyone is here, to discuss that.

MR. MEYER George Meyer. The material --
it goes through an aqueous polishing process, which
nmeans it i s dissolved and run t hrough an i on exchange
colum, and that renoves the inpurities or reduces
themto a very |ow | evel .

M5. SHOOP: Now !l would like to nove onto
the data collection portion of this presentation.

The purposes of the data collection
programis to be able to get neutronic data through

the startup physics testing and fuel behavior data
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t hrough the post irradiation exans or PIE. Thi s
information is needed to support batch |oading. So
thisisinformation that they will need prior to doing
a batch submttal.

The reason why you need this information
is because it is a code check for the CASMO>
4/ SI MULATE- 3MOX and for the COPERN C codes.

On the neutronic front, Duke has nade a
conmtrment that two of the LTAs will be located in
core locations that are directly nmeasured by noveabl e
in-core detectors for thefirst and second irradiation
cycl es.

That will provide operating data so that
we can actually conpare the actual neasured data to
what CASMO- SI MULATE i s predicting, which will give us
confi dence t hat t he CASMO S| MULATE code i s predicting
t he appropriate information.

CHAI RVAN POVERS: You are tal king about
your confidence. You are going to get some data. You
are going to have a code cal cul ation. There is going
to be sonme discrepancy between the data and t he code
cal cul ati on.

M5. SHOOP: That al ways happens.

CHAI RVAN POVERS: At what poi nt do you say

-- | nmean, how do you decide this code is okay or this

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

181

code is not okay? | nean, how accurate do these data
have to be?

M5. SHOOP: Well, they have already done
some benchmar ki ng agai nst data with the code. So what
| would expect is that the difference between the
neasured and the predicted for the in-reactor should
fall within the range that the St. Laurent benchmark
di d.

CHAl RVAN POVWERS:  You said here is the
di screpancy between t he code and t he data. That neans
the data have to be a certain |evel of precision
preferably accuracy, but I don't think you can pul
that. | mean, what do you doto tell them oh, yeah
this data wll, in fact, give us that required
accuracy? |Is that part of your responsibility or is
that just part of theirs?

M5. SHOOP: Ckay. If |I'manswering what
| think you are asking, and please tell nmeif | amnot
answeri ng exactly what you are asking, they will get
the data, and they will be able to conpare it to the
code predictions.

When they do that, they can | ook at what
the uncertainty is and all the other things that are
in that data. They can then conpare it to what the

code was able to predict for the St. Laurent data, and
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also for the criticals that it was benchmarked
agai nst.

| would expect that it should be -- the
uncertainty should be within the range of that data.
That way, they have a good correl ati on bet ween sayi ng
that the database that they have used to benchmark,
whi ch was reactor grade MOX fuel, is appropriate for
weapons grade MOX fuel.

CHAI RVAN POVEERS: I guess what | am
driving at is suppose they canme in and said we are
going to get this LTAdata, and it is going to have an
uncertainty twice as big as the discrepancy between
t he code cal culation and the St. Laurent data.

Wul d that be a basis for you sayi ng, no,
no, you're not going to put this LTAin this reactor;
it is not worthwhile, because the data is -- If the
uncertainty inthe datais bigger than the di screpancy
you are | ooking for, you are not going to be able to
say anyt hing.

IVB. SHOOP: Absol ut el y. If the
di screpancy was that large, | think the staff would
have to start a dialogue with Duke so that we could
resol ve the issue. Does that answer your question?

DR.  TRI AFORCS: Are you planning on

reducing the -- or defy them and use them for
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refabrication now or in the long run?

M5. SHOOP: For the LTAs, we are not. |If
they come in with a batch application, and that's a
big "if," because we don't have one, so that is
specul ative at this point -- we would then do staff
confirmation studies.

CHAl RVAN PONERS: One of the things that
we noticed, and maybe, Bill, you are the one to bring
this up, is that in nost cases in the SER, especially
inthe neutronics area, you reviewed and di d not seem
to do i ndependent cal cul ati ons of the neutronics. Is
that a fair characterization?

V. SHOOP: That's a fair
characterization. W did a data revi ew of what ot her
peopl e have said, and we used our own engineering
j udgnent to confirmthat we believe that that datais
accurate.

If I could go on to the neutronic: Duke
has conmtted to the NRCto continue using the start-
up physics test plan that they already conmtted to
using previously. If this testing plan is consistent

with the ANS 19.6 standard on PWR start-up physics

testing, what it entails is critical bor on
concentration, isothermal tenperature coefficient,
bank worth nmeasurenments, low power flux nmap,
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intermediate flux nmap, and the high power flux map.

Duke has al so conmtted that, when they
take these measurenents, especially like the
internediate flux map, they wll take it at
approxi mately the same power every single tine. That
way, you can actually correl ate what you get fromone
cycle to the other cycle.

Then t he ot her testing that we have i s our
pool si de post irradi ation exam First, you have the
exam nations that are performed between cycles,
bet ween t he second and t he second, the second and t he
t hird.

You woul d do t he vi sual inspection of both
t he fuel assenbly and fuel rods, fuel assenbly growt h,
fuel rod growth and t he fuel assenbly bow, because you
want to confirmthat all of that is good before you
put it back in the reactor.

Then after you discharge the assenbly,
whi ch woul d be after the second cycle and after the
third cycle, you would have -- you would test your
grid wi dth, your fuel rod oxide thickness, grid oxide
t hi ckness, RCCA drag force, guide thinble plug gauge,
and the water channels, which is a test for the fue
rod bow ng.

CHAI RVAN POVEERS: Wul d you define the
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acronym-- the initials RCCA?

M5. SHOOP: Rod control cluster assenbly.
It is basically maki ng sure that your rods can get in,
in the time that they are supposed to get in.

Then after the fuel has cooled in the
spent fuel pool and it is at alevel that you can send
it off to a hot cell, hot cell wll be perforned.

To correct the record, in our discussions
previously with Framatone and Duke and in the R A
| etter of March 1st on t he BAW 10238, we had di scussed
that we agreed that if the third cycle was actually --
if the LTAs were used for a third cycle, they would
conplete the hot cell PIE for that fuel assenbly, so
that it woul d be done.

VWhat they will be testing in the hot cel
is the rod puncture which is for the fission gas
rel easi ng composi tion, the netall ography and
cer anogr aphy, whi ch t hey woul d use ei ght cl ad sanpl es
and ei ght fuel sanples to | ook at the oxidationinthe
hydrides, and the structure of the plutonium
aggl omer at es.

They wi Il al so do t he cl addi ng mechani cal
tests, which is |ooking for ductility. They would do
burnup analysis which is to confirm core power

density, and they will use gamm scanning to do that.
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They will also | ook at the burnup distribution, and
they will use two transverse fuel sections to conpare
that to the prediction

CHAI RVAN PONERS: The netal | ography and
the ceranography, wll they -- what kind of
magni fi cations will they go to?

M5.  SHOOP: That was not provided. I
believe that they will use what Cak Ri dge is capable
of doi ng.

CHAI RVAN PONERS: (Qak Ri dge i s capabl e of
a lot of things. In fact, it is one of the nore
magni fi cent | aboratories in the United States, is ny
under st andi ng wi t hout personal experience.

No, nmy question really is whether we get
i nformation on intragranul ar fission bubbles or not.

M5. SHOOP: Since what they are | ooking
for isthe structure of the plutoniumaggl onmerates, in
order to be able to see the structure you have to get
down to a level that you would al so see the bubbl es.

CHAI RVAN POVERS:  You woul d go down to t he
| evel that you would see intergranul ar bubbl es, but
woul d you really go down to the i ntragranul ar bubbl e?

M5. SHOOP: Probably not.

CHAI RVAN PONERS: It woul d surprise nme a

little bit if you went that deep. Too bad. That's
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where all the fun is.

M5. SHOOP: We will suggest it to them

DR LEITCH Can we consider this -- the
conmpletion of this post irradiation exam nation a
prerequisite for batch | oading or haven't we crossed
t hat bridge yet?

M5. SHOOP: We woul d consider that they
need this data in order to be able to support a batch
application, and we have that in our SE

Now | would like to continue and go on to
t he nucl ear design properties. As we have stated a
lot of tinmes, for the four LTAs with 189 other
assenblies it is goingto have an insignificant inpact
on your core-w de neutronic behavior.

CHAl RVAN PONERS: |s that true, even with
t hese other LTAs in there?

M5.  SHOOP: | would like to make the
di scl ai ner that what we revi ewed was the application
that was provided, and the application that was
provi ded said it would be four MOX LTAs i n a RFA core.
No nention of the other LTAs was made. Therefore,
what we are providing you today is the staff's
eval uati on of what we had.

MR. MARTIN. Orally, that is what Duke has

told us. That would be one of the agenda itens,
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obvi ously, we will get into on Friday.

CHAl RVAN POAERS: | nean, this is -- It
says -- | mean, it is a pretty bold statenent. So
wondered i f we generalize here. She is not being | ed
down any prinrose path here, try as | mght.

M5. SHOOP: GCkay. Nowto gointo the core
design. Duke is using a checkerboard pattern, which
means that your once burned is next year's new fuel.
So you don't have new fuel base adjacent to new fuel.

What they have promi sed is that the LTAs
will be in symetric core |ocations, and that during
the first cycle the LTAs wll not be in rodded
| ocations. Therefore, they are not taking away from
the rod worth.

The LTAs will also not be limting, but
they will be in prototypical |ocations, because the
| ast thing we would want to do is to have the LTAs be
in a place where they don't see a lot of flux, and
then find out that there's problens |ater. That's why
we encourage prototypical |ocations.

CHAI RVAN POVNERS:  You are not Iimtingthe
fact that you could have problens | ater, because you
are not putting themin rodded | ocations, and you are
not putting themin lead locations. Yet in a ful

| oad, they could be in | ead | ocations.
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M5. SHOOP: The purpose of the LTAis to

be able to conpare it to be able to determ ne whet her
or not the European experience database i s applicable
t o weapons grade. Were they are going to be | ocated
right noww ||l give us that, and it woul d gi ve us that
confi dence, and the European dat abase does have MOX
fuel in rodded | ocations.

Duke as part of their application
performed sone core sensitivity studies. They
performed studies in an all-LEU core and then they
performed a study that had all LEU with four MOX
assenbl i es.

They used the CASMM/ SI MULATE3/ MOX code
suite in order to be able to performthese, and they
investigated the inportant core paraneters. In
particular, you can see the key core-w de physics
paraneters which are the critical boron concentration,
t he control rod worths, the noderator effect, and the
fuel tenperature coefficient.

They actually told ne to use slides, and
it woul d have been better if they had told nme just to
use, you know, the PowerPoint presentation, but they
didn't et me knowthat in advance. So you are going
to have to kind of spread out your handout, because

charts, slides 6, 7 and 8 are actually the results of
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t hese sensitivity studies.

VWhat you notice in each case on these
handouts is that they have the Delta. If you actually
| ook at the Delta for all of these i nportant core-w de
paraneters, they are not changi ng very much, because
you are not going to see a significant effect from
four LTAs in a core this large on a core-w de basi s,
and that's what those studies show.

Now if we could go to Slide 9, which
actually you al so need your tables for, you can see
t he assenbly physics paraneters. The inportant ones
are the reduced del ayed neutrons which is on slide 8.
However, the LTAw Il not be rodded. So it will not
significantly reduce the rod worth of any rods in the
core.

It al so has an increased void reactivity
ef fect, as the Duke peopl e had al ready di scussed. It
provi des al arger negativereactivity insertionduring
the LOCA event. So that is actually a positive.

The pronpt neutron lifetinme is also
slightly decreased, and that is on Slide 8, there
again not significantly.

So that's why | cane up with my concl usi on
that adding four LTAs to a core this large will have

an insignificant inpact on the core paraneters.
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So now | would like to go to non-LOCA
transients. | would like to start off by saying that
this was a determnisticlicensing application. Soit
only addresses Chapter 15 transients. We did not
address any severe accidents beyond design basis.
They are all out of the realm of this Iicensing
appl i cati on.

To performthe LOCA transi ents, Duke used
t heir normal rel oad process. Part of that process is
to design the core and then test it for all the
Chapter 15 accidents, and they confirnmed that all the
physics paranmeters fall within the reference val ues
previously cal cul at ed.

| f you | ook at Tabl e 30-1 of the Novenber
3rd RI A response from Duke, what you will see is in
that table they actually put for all their Chapter 15
anal ysis, what they actually use, because this is
determ ni sti c. So they actually have the bounding
wor st case paraneters in there when they cal cul ate it
even for LEU fuel.

So what t hey did was t hey | ooked, and t hey
said, okay, well, this is what we al ready use, is our
wor st case; where does MOX fall? And they found that
actually MOX fell always within the envel ope of what

t hey were already cal cul ati ng. They did, however, do

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

192

look alittle bit nore at the transients that are nost
af fected by the physics.

M. Nesbit has al ready gone over these,
but it is control rod ejection, rod cluster control
assenbly m soperation, the steam system piping
failure, and the fuel assenbly m sl oadi ng.

| alsocaneupwithlittle sheets on every
one of these. The core loading pattern for their
control rod ejectionw |l preclude significant inpact
of RIA It is because the LTAs are in unrodded
| ocations, and the LTAs are also not close to fuel
assenblies having significant ejected control rod
wor t h.

Wien they actually did the core-wde
basi s, they found t he peak LEU ent hal py of 54 cal ori es
per gram  They found the peak MOX enthal py of 30
calories per gram The maxi num broad worth was 412
pcm

As you can tell, the MOX is well below
anyt hi ng t hat any test has shown as bei ng probl emati c.

CHAI RVAN POVWERS: Are these particular
results -- you just reviewed these. You did not use
your own codes to go cal cul ate these ent hal py i nputs?

M5. SHOOP: That is correct.

CHAl RVAN POVERS: There has been
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controversy within the research program about the
calculation of these enthalpy inputs with various
codes.

M5. SHOOP:  Yes.

CHAI RVAN PONERS: Wul d Research come up
wi th the sane nunmbers or roughly the sanme nunbers, if
they did these cal cul ati ons?

M5. SHOOP: Actual ly, Research doesn't
have the capability, which is why we weren't able to
perform an audit of this calculation. The wor st
control rod ejection, the worst LEU enthalpy is
actually found at end of cycle, and the NRC does not
have a depl etion capability right now Wrkingonit.

DR MEYER Could | comment on that?

CHAl RVAN PONERS: Pl ease.

DR. MEYER: WE actually are using the
PARKS code coupled with RELAP to anal yze typical rod
ej ection accidents. So we haven't analyzed the
Cat awba, but we have done a rat her substanti al generic
study and | ooked at a -- |ooked at the relation
between the worth of the ejected control rod and the
peak fuel enthal py change that you could cause by
t hat .

For -- | hope | can renenber these

nunbers. For control rod worth, it is around $1.50.
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You get peak enthal py changes on the order of 40
calories per gram Let nme |look at Harold and see if
that's the right nunber. So they nodded yes.

So this is wrk we have done at
Brookhaven. It is summarized in the recent Research
Information Letter, and that is very consistent with
t hese nunbers.

CHAl RVAN POVNERS: | guess, should | send
a note off to our Research Review Conmittee that says
Research needs sonme enhanced capabilities here?

M5. SHOOP: Actually, the Ofice of NRR
has sent over a user need letter, and the Ofice of
Research is working on getting that capability.

CHAI RVAN PONERS: Woul d you be ki nd enough
to send us a copy of that user need letter?

M5. SHOOP:  Sure.

CHAI RVAN POVERS: | mean, it is not a
criticism It's just, if we don't have sone
capabilities that we need, we ought to set about
getting them

M5. SHOOP: Yes. That is a paper that we
wote back in, | believe, the "99 tine frane, and we
identified all the needs that -- all the information
that we woul d need in order to be able to effectively

review a MOX batch application.
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CHAlI RVAN POVERS: Yes. | nmean, that's

when we are going to need it.

DR MEYER; W are -- In the research
program we are in fact working on that right now, and
we wi Il be in the next year participating in a couple
of international MOX benchmark cal cul ati ons.

CHAl RVAN PONERS: Very good. Very good.

M5. SHOOP: If we can go on to the rod
cluster control assenbly msoperation accident:
Because the MOX LTAs are i n unrodded | ocati ons during
the first cycle and in non-limting |ocations, they
will not significantly inpact this accident.

The reactivity of the MOX LTAs and the
control rod worth for any rodded LTA during t he second
and third cycles will also be below the limting
val ues. That is because the reactivity of the MOX w ||
decrease to such a level that it will not Iimt the
acci dent .

For the steam systempiping failure, the
accident is performed with the nost reactive rod stuck
out. The LTAs are unrodded. So they are not going to
i npact the nost reactive rods' worth. Duke has a
criteria that for this accident they incur no | oss of
DNB nar gi n. So there will be no fuel failure,

including in the MOX fuel assenbli es.
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CHAI RVAN PONERS: So their DNB margin is

al ways at least as great as it is in the LEU?

M5. SHOOP:  Yes.

CHAl RVAN POAERS: And thereis no-- it is
al ways at |east that big?

M5.  SHOOP: Their criteria for this
accident is that you have no | oss of DNB margin.

CHAl RVAN PONERS:  Tough people. Tough
guys.

M5. SHOOP: And ny last slide is a fuel
assenbly m sl oadi ng accident. The adm nistrative
neasures that Duke already has in place are equally
effective for MOX as what they are for uraniumfuel.
In addition to that, the core distribution
neasurenments -- Wien you | ook at the MOX fuel and you
| ook at the LEU, when you actually run the in-cores,
you are actually going to be able to detect if a MOX
i s m sl oaded, because the reactivity is -- or not the
reactivity, but the paranmeters are different enough
that you would be able to readily detect it.

CHAl RVAN PONERS: That is the clai mthat
i s made.

M5. SHOOP:  Yes.

CHAI RVAN  POVERS: And pretty good

argunments were made in that. Did you | ook at that in
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any detail? You said, okay, here's the data | am
going to have, here is the uncertainty I amgoing to
have in that data, here is the noise | amgoing to
have. Could I, Undine, |ooking at this come to that
concl usi on?

M5. SHOOP: W did not actually | ook at
t hat data, because that data has not been generated.

CHAl RVAN POVNERS: No, no. But | nean the
hypot heti cal dat a.

M5. SHOOP: | believe that, based on the
paraneters that they will be able to get out fromthe
in-cores that, yes, if we went down and did an audit
after they | oaded the core and ran the in-cores, that
we woul d be able to detect that as well.

CHAI RVAN POAERS:  And you are goi ng t o ask
themto msload a core so that you can do that?

MS. SHOOP: Sorry, I'mnot all owed to nmake
t hat request.

Now I'd like to turn it over to Ralph
Landry to go over the LOCA transient.

MR MARTIN. W would go to the second
package of slides and just flip past the first two,
and you will begin with M. Landry's presentation.

MR. LANDRY: I|I'mwaiting for Vic to get

confortabl e.
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CHAl RVAN POVERS: No, don't wait for him

to get confortable. W don't let our nenbers get
confortable. They are supposed to be on the edge of
their seats, anxious to pounce at the slightest
m sst at enent .

MR. LANDRY: M nane i s Ral ph Landry -- |
hope that is not a msstatement -- from Reactor
Systens Branch in NRR.  Today | would like to talk
about the reviewthat we perforned of the Catawba MOX
LTA LOCA.

To agai n gi ve standard di scl ai mer nunber
one, this review is based on the understandi ng that
the core is going to be Westinghouse RFA fuel wth
four MOX LTAs inserted in the core. That was the
anal ysi s whi ch we revi ewed for the LOCA determ nati on.

The di scussion that | amgoi ng to present
covers a couple of areas withregard to LOCA. W have
to |l ook at the anal ysis of record, the LOCA pertaining
particularly to Catawba, the effect that the resident
fuel has and the effect that the MOX LTAw || have on
t hat anal ysis of record.

When we | ook at the MOX LTA, we al so want
to look at LOCA effects specific to those bundl es.
You have heard sone information already today, both

fromEd Lyman and from Steve Nesbhit, regardi ng LOCA
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cal cul ati ons whi ch have been perforned, and | would
like to go over what we reviewed on the staff and how
we arrived at our concl usions.

The analysis of record for Catawba is a
West i nghouse WCOBRA/ TRAC/ REALI STI CLOCA anal ysis. The
resident fuel assunmed in that analysis was al
West i nghouse robust fuel assenblies.

There are going to be | oaded i nto the core
four MOX LTAs which are Framatome ANP -- or | guess we
call it AREVA now -- Mark-BW MOX1 or, as you heard
t hi s norni ng, hydraulicallyidentical Advanced MARK- BW
assenbly design

The anal ysi s of record covers -- was done
to cover the RFA fuel and the Mark-BWfuel which was
resident inthe core at thetine that atransition was
being perforned from the Framatonme Mark-BW fuel to
West i nghouse RFA fuel. Wen Westinghouse perfornmed
t heir anal ysi s of record, they perforned a sensitivity
study, one of which used a surrogate or a proxy
assenbly design with a pressure drop that was
representative of the Mark-BW pressure drop.

That provided a sensitivity for the
anal ysi s of record, thelicensing anal ysis, which said
it would indeed cover the resident fuel, the Mark-BW

fuel and the RFA fuel.
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The Mar k- BW MOX1 assenbl y, or t he Advanced

Mar k- BW assenbl y, has a pressure drop that is nuch
closer to the Westinghouse RFA assenbly's pressure
drop than it is to the Mrk-BW fuel assenbly's
pressure drop.

CHAI RVAN POVEERS: |'m going to have to
work on this one.

DR KRESS: You are going to have to
explain to me how you use anal ysis surrogate to give
you t he sane pressure drop. Do you put a fake orifice
on the end or do you distribute it all along by
changing the FI/D, the hot rod dianeter, or what?

MR LANDRY: The fuel vendors are very
sensitive to the exact nature of the m xing vanes,
etcetera, in their fuel assenblies, and they are
| oathe to share with one another a great deal of
detail .

DR. KRESS: And | could envision a |oss
coefficient for each one of them

MR. LANDRY: Right. Nowwhat |I'mgetting
tois when a core has only one fuel assenbly init, it
is very easy to do a LOCA anal ysis, because you know
t he pressure drop, you knowthe fl owcharacteristics,
the hydraulic characteristics of every assenbly in

that core.
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When a core contains fuel all from one
vendor, you can performa LOCA anal ysis, because you
know t he hydraulic characteristics of every assenbly
in that core very precisely. Wen a core does not
contain fuel from only one vendor and the other
vendors don't care to share details with one anot her,
you have to find a way to represent the other person's
fuel .

The way in which that is done is to do
your hot rod cal cul ati on before the rest of the core,
determ ne what i s an average pressure drop, an aver age
flowcondition for the rest of the fuel where you have
taken the other vendor's fuel, assuned a hydraulic
condi tion, then inposed that on your own fuel so that
you end up with an aggregate hydraulic condition for
t he remai nder of the core.

This is the only way you can really do a
cal cul ati on when you don't have the exact data on the
ot her vendor's fuel.

What was done with the resident fuel by
West i nghouse when they did the |icensing cal cul ation
was to do a calculation for all of the RFA fuel, and
t hen make assunpti ons about the pressure drop for the
transitional fuel that was still in the core. That

i nposed an average pressure drop on the remai nder of
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the core.

Now what Duke is coming in and saying is
that the Advanced Mark-BW fuel characteristics lie
bet ween the characteristics of the RFA fuel and the
Mar k- BW fuel which was wused in that ||icensing
cal cul ati on of record.

So the calculation of record now is
enconpassi ng the effect of having an RFA core and now
havi ng four MOX assenblies in the core. Now that's
the first piece of the puzzle.

DR. RANSOM Are these mnulti-di nensional
calculations like with COBRA/TRAC, so you have
mul ti pl e passages through the core or are you tal ki ng
about --

VMR, LANDRY: Well, | am speaking in
general terns of howwith a 1-D code -- well, with a
3-Dcode you coul d t ake i nt o account t hree-di nensi onal
flow characteristics, but that information would
definitely not be shared from vendor to vendor.

DR. RANSOM So the cal cul ati ons you are
t al ki ng about are all 1-Drepresentati ons of the core,
possi bly parallel channels of the hot rod?

MR. LANDRY: Yes, sir.

DR TRI AFORCS: So, Ral ph, at sone point

intinme you anticipated that Catawba woul d be using - -
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or the study anticipated they woul d be usi ng Mark-BW

fuel assenblies for the whole core? I'mtrying to
find the rationale of having, if | wunderstood it
correctly, a study, a base study that has all, if |

understood it correctly, Mark-BWfuel. Wat is the
rational e, because we know that the fuel probably is
not all WMark-BW?

MR. LANDRY: The understanding that we
have -- and Duke may want to correct this, if | state
this incorrectly. When the current LOCA anal ysis of
record was performed, Duke was transitioning Catawba
bet ween Framat one fuel and all Westinghouse RFA fuel .

So there was at that point some RFA fuel
in the core. That is why the analysis of record was
performed for Westinghouse RFA fuel, to which Cat awba
was transitioning, but with a sensitivity study for
the effect of the Mark-BW fuel which was already
present in the core. |Is that clear?

They are going from Mark-BWto RFA, but
now t hey are going fromRFA to i ncl ude Advanced Mar k-
BW So the study which was performed inreality going
from Mark-BWto RFA enconpasses the effect of going
from RFA to RFA plus Advanced Mark-BW

There was atine inthe old days, the good

ol d days, when cores were honbgeneous in nature or
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manuf acture, and we didn't have these issues to deal
with. Now that we have heterogeneous designs in the
core, we have to deal with how do you --

CHAI RVAN POAERS: It's a little bit |ike
your tel ephone bill.

MR. LANDRY: How do you have an anal ysis
t hat enconpasses all the different types of fuel that
you have in your core?

DR. RANSOM  Ral ph, your second bullet,
the Mark-BW MOX1 -- that's a different geonetry of the
Mar k- BW f uel ?

MR. LANDRY: Yes. That is the fuel that
was di scussed t hi s norni ng by Framat one, which is al so
called the Advanced Mark-BW assenbly design.
Framat ome expl ained this norning that what they are
doing is taking the Advanced Mark-BW assenbly and
putting the MOX pellets into that assenbly. It is
hydraulically identical to the Advanced WMNark-BW
assenbly, but we are calling it Mark-BWMOX1 to not
confuse that issue any further.

The issue is perfectly clear right now

DR. TRI AFOROS: Now you said, correctly
so, that a new fuel vendor doesn't know what the
pressure drop to the previous assenbly's is, but you

do, however, because you have access to that
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informati on. So have you done verification that all
this squares away ultimtely, all these assunptions,
and is it a proper approach?

MR LANDRY: Yes. This has been done
repeatedly for a nunber of plants, and we accept this
appr oach.

DR TRIAFOROS: In the SER there is the
statement. There are four differences between the
Advanced Mar k- BWand Mar k- BW MOX1 f uel designs, and it
enunerates what they are. |'mnot quite sure if |
under st ood you correctly. 1 understood that the Mark-
BWand Mark-BWand MOX1 -- they are identical, which
is not the case based on what we are readi ng here.

MR.  LANDRY: Vell, | am basing ny
stat enent on what Framatone has said, what they said
this norning. | did not review that part of this
submttal.

MR. NESBIT: Can | offer aclarification?

CHAl RVAN PONERS: Pl ease.

MR. NESBIT: First of all, | apol ogi ze for
the confusion engendered by these various fuel
assenbly nanes. But let ne reviewthree that we are
tal ki ng about .

Mark-BW is the fuel that Duke began

loading in its reactors in the late 1980s. We

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

206

transitioned from Westinghouse fuel to the Mark-BW
fuel assenmbly design. W still have a few Mark-BW
assenblies around, a lot of themin the spent fuel
pool .

The difference between that design and
what we refer to as the Advanced Mar k- BWdesi gn, whi ch
is what the North Anna LTAs are and the batches that's
going into North Anna, is primarily the material of
the cladding and the presence of internediate flow
m xi ng grids. There's other differences, because fuel
assenbl y designs evolve, but that is the big -- what
"1l say the big deal for the purpose of what we are
t al ki ng about now.

The MOX1 assenbly design, the Advanced
Mar k- BW MOX1 that we are tal king about using for the
MOX fuel, is structurally the sane as the Advanced
Mark-Bw that's going in at North Anna, with the
exception of the fuel rod I ength.

The pellet mat eri al is different.
Qoviously, it is MX But that is the evolution
there, if you wll.

DR. BONACA: Also if | renenber, the
springs are different, aren't they?

MR NESBIT: The springs are different?

DR. TRI AFORCS: Springs. | thought that
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t he assenbly shown here has |ip springs on the nozzle.

MR.  NESBI T: As far as the current
Framat one products, the Advanced Mar k- BWand t he Mar k-
BWMOX1 that will be the MOX | ead assenblies, the
spring designis the sane, | believe. |'mlooking at
Framat one, but they are behind the pillar here.

DR. BONACA: Sane as the old -- the
original? GCkay. OCkay.

MR. NESBIT: And just to either further
clarify or make it worse, |I'mgoing to say sonething
el se. | probably should sit down.

The Westi nghouse RFA design, which is the
co-resident fuel, is very simlar internms of overall
pressure drop to the MOX | ead assenbly design. W
stated in our application it is within four percent.

The ol der Framatone design, the Mark-BW
plain old Mark-BW is different, because it doesn't
have the internediate flow m xing grids.

M5.  SHOOP: Actually, if 1 could
speci fically address your corment, | see i n here where
you are tal king about the four differences on page 4
of the SER Those four differences are the four
differences that | had on ny slide 6 from the
presentation.

Wat Ralph is saying is that thernal
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hydraul i cally t he Advanced Mar k- BWf uel desi gn and t he

Mar k- BW MOX1 f uel design are the sane, because nost of
these differences were just slight differences, and
nost of these are actually to the pellet.

DR. TRIAFORCS: It talks also about the
difference in the dish and chanfer design.

M5. SHOOP: And those are both pellet
par anet ers. That wll not change the thernal
hydraul i cs.

DR. TRI AFORCS: Yes, you are absolutely
right. Thank you.

MR. LANDRY: That deals with the anal ysis
of record, the licensing basis anal ysis.

Now you heard thi s norning fromFranmat one
and from Duke a discussion of a LOCA anal ysis which
was performed by Framatonme, or AREVA, for the MOX LTA
That anal ysi s used t he Framat ome ANP Appendi x K code,
RELAP5/ MOD2- B&W which is an approved Appendix K
nodel .

|'ve got to keep this straight. W are
now tal king about a REALISTIC LOCA which is the
anal ysis of record, and we are now tal ki ng about an
Appendi x K cal cul ation which is the cal culation for
t he LTAs.

That approved nodeling al so i ncludes the
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Mb cl addi ng properti es.

CHAI RMAN POVERS: And can you give us a
t hunbnai | sketch of the cladding properties that are
approved that are used for this cal cul ation?

MR. LANDRY: No. Al | deal with is the
property tabl es.

CHAI RVAN PONERS: So we need t o go | ook at
the Mb SER

MR LANDRY: Right.

CHAl RVAN PONERS: Thanks, Ral ph.

MR.  LANDRY: Well, you need to have
sonething to do tonight, Dana.

CHAI RVAN PONERS: That's right.
O herwi se, | would be wandering the streets. Right?

MR. LANDRY: You would get in trouble.
|*"mdoing this for your own good.

One of the things that we questioned,
because they were going to MOX, they were using
pl utonium startup i nstead of LEU, was the decay heat
nodel itself.

You heard sonme discussion this norning
about the decay heat nodel. The nodel that has been
used by Framatone for this calculation is the
Framat ome decay heat curve, whichis approxi mately 1.2

ti mes the 1994 ANS curve, whi ch produces a ngjority of
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its energy fromthe fission of plutoniumfor highly
bur ned fuel .

Now this curve also just happens to
enconpass 1.2 tines the 1971 decay heat curve. |If |
can have the next figure -- | don't know if you are
going to be able to see that.

CHAl RVAN POVNERS: We got it here. W can
see it.

MR, LANDRY: The wupper curve is the
Framat ome decay heat curve. The |lowest curve is the
1994 curve, and you see one in between that
transitions back and forth between the two. That is
the 1971 decay heat curve tinmes 1.2.

So we | ooked at this and said, okay, for

the LTA calculation -- this is an Appendix K
cal culation anyway -- that Framatome curve is
definitely conservative. |1t bounds the '94 curve by
1.2. It bounds 1.2 tines the '71 curve, and we agree

that for this purpose it should bound any decay heat
effects we see froma | oading of plutonium

I n maki ng t hat deci sion, | spent sone tine
one day with Virgil Schrock and talked with Norm
Lauben, our decay heat experts, and was assured t hat,
for the purpose of the | arge break LOCA, that curveis

adequat e. It is going to bound the effect of
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pl ut oni um

The ANS Subconmmittee i s | ooking at, and
believe nmet this past January and discussed, the
ef fect of plutonium decay heat curve. So at this
point intime, this curveis areasonably conservative
curve to use. It neets the requirenents of Appendi x
K. It is going to bound the effect of plutonium

So we agree that, yes, indeed, they have
done acceptabl e analysis. Let ne have the next one.

Now this norning you heard conparison
i nformati on bei ng gi ven of the MOX LTA predi cted peak
clad tenperature bei ng 2018 degrees and the LEU peak
clad tenperature being predicted at 1981 degrees.

As was stated, that is acal cul ati on based
on using the Framat one Appendi x K nodel to cal cul ate
the LTA and then to substitute the properties of UG
in place of the plutoniumto cal cul ate an LEU nunber

The | i censing cal cul ati on of record states
that thelimting case PCT is 2056 degrees Fahrenheit,
meani ng t hat the PCT now for the MOX usi ng an Appendi x
K calculation is 38 degrees |ower.

Sonetimes when we |ook at Appendix K
versus realistic, we say there should be a such and
such a difference between the two. Well, we have to

remenber that we are looking at an Appendix K
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calculation for an assenbly in a non-limting
| ocation. W are now conparing that with a PCT for
t he PCT of the highest value for the 95th percentile
realistic cal culation.

Now t he maxi mum LOCA oxi dati on predicted
for the MOX LTA is 4.5 percent versus 10 percent for
the resident fuel fromthe limting case. As | said,
the MOX LTA placenent is in anon-limting | ocation.
The next one, please.

The conclusion of the staff is that the
MOX LTAs will conply with the requirenents of 10 CFR
50.46 when inserted into a core of Westinghouse RFA
LEU fuel .

CHAl RVAN PONERS: Any questions on this
anal ysis? You're going to get away Scott-free?

DR KRESS: Well, I'll ask hi ma questi on.

CHAl RVAN PONERS: Al l right.

MR. LANDRY: Tom has never let nme nove
away fromthe table -- never.

DR. KRESS: It is ny job. | was | ust
mul I'i ng over how do you nake a correction of peak cl ad
tenperature, which is a transient that involves heat
transfer coefficients and specific heats and thernal
conductivities and stored energies? Wat is it that

goes into maki ng a correctionto an LEUcal culationto
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get this difference in 38 degrees? Just exactly how
did they arrive at that? | don't understand what
corrections.

MR. LANDRY: | am not talking about
corrections with this. Wat | was sinply conparing
was t he predicted PCT for the MOX LTA when cal cul at ed
by an Appendix K nodel in a non-limting |ocation
versus a PCT predicted for the RFA assenbly by its
i censi ng basis cal cul ation.

DR. KRESS: Oh.

MR. LANDRY: | was sinply -- This norning,
Tom you were hearing the LEU versus LTA in the same
| ocation by Appendix K, and | am |ooking at the
licensing limt at this point for Catawba Unit 1 is
2056 degrees Fahrenheit.

DR. KRESS: Thank you.

DR. RANSOM You di dn't do any i ndependent
cal cul ations, | guess, for a LOCA transient?

MR. LANDRY: No, we did not. W do have
t he RELAP5/ MOD2 B&Wi nput nodel for Catawba. That has
been supplied to us, but we have not attenpted to run
it. That is with the B&W nodified version of
RELAP5/ MOD2 whi ch neets full Appendi x Krequirenents.

We have not attenpted to convert that deck

into a RELAP5/MOD3 form and try to run it yet. W
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DR. RANSOM Do you have plans to do t hat?

MR, LANDRY: W may when we start
di scussi ng batch | oadi ng at some point inthe future.
But, of course, we would have to determ ne what
changes we were going to nake to the decay heat nodel
and so on to performthe cal cul ati on. But we have the
deck --

DR. RANSOM You pl an on maki ng Real istic
cal cul ations, | guess, right now?

MR. LANDRY: Right. But we have the deck,
and we can run it, but we have to do sone significant
conversions from the B&W version of RELAP5 to the
version that we have.

CHAI RVAN POWERS: Any other questions?
Then | amgoing to recess us until 20 after the hour.

(Wher eupon, the foregoing matter went off
the record at 3:59 p.m and went back on the record at
4:19 p.m)

CHAI RVAN  POVEERS: Ral ph, you left wus
feeling i nadequate. W hadn't interrogated you cl ose
enough. So during the recess we got together and
decided a few other questions, so that you felt
fulfilled for the day.

MR. LANDRY: Well, I'mglad to hear that,
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Dana, because | gave the answers then, too. | was at
t he other end of the hall.

CHAI RVAN POVERS: Unfortunately, they
didn't quite nake the record. So we are goi ng to have
to have you repeat them

The question cane up. W have di scussed
t hroughout the day alittle bit about this rel ocation
during the LOCA. You didn't discuss that issue at
all. 1 guess two questions cane to m nd.

One is that, gee, this used to be a GSI
How conme it is not anynore, and if you knew why the
deci si on had been dropped.

The second is: Do you find anyt hi ng about
the MOX fuel that would | ead you think that any fue

rel ocation during a LOCA woul d be different than for

LEU?

MR. LANDRY: First, | amnot an expert on
the fuel. Ralph Meyer is. | don't know why it was
dropped. | defer those questions to him But | would

say at this point that relocationis not consideredin
Appendi x K.

So this was an Appendix K calcul ation
whi ch was performed for the MOX LTAs, and since it is
not required and not a part of Appendix K, one would

not expect to see it there.
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CHAI RMAN POWNERS: I think we understand

that. We just asked if you had given it any thought.

MR. LANDRY: Not at this stage, because of
the nature of these calculations. It is a part of
sone vendors' nodels for Realistic LOCA, not all,
t hough. So if this was a conplete core Realistic
nodel, then we would have to see how it was being
accounted for. | would refer the rest of the comments
over to Ral ph Meyer

DR. MEYER: | think that is essentially
the right answer, since --

CHAI RVAN POAERS: His is a | egal answer.
The questi on we were asking that would goto youis a
phenonenol ogi cal question. Do we see anyt hi ng about
the fracturing during the operation of MOX fuel that
woul d suggest to us that it is different than the
fracturing of LEU fuel ?

DR. MEYER. | can't answer the question,
because | don't think that we have seen any MOX fuel s
bei ng exposed to those conditions.

CHAI RVAN POVERS: These woul d be just
nor mal operational conditi ons.

DR. MEYER Yes. | don't -- | really
don't think that is going to do it. | nean, we can

| ook at cross-secti ons of the m crostructures of stuff
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t hat's been t hrough normal operation, but it seens to
come ungl ued when you ball oon the rod.

The thing that -- | would |ike to go back
to Ral ph's answer, though, because it is not a bad
answer. Since Appendix Kwas fornmulated in 1973, we
have recogni zed sone real | y conservati ve features and
sone non-conservative features.

This is one of the non-conservative
features that has been recognized and, in fact, one
that has been nentioned many tines and forns the
basis, in fact, for resisting any changes to Appendi x
K, because you don't want to just cherrypick and take
out the decay heat or t he Baker-Just correl ations t hat
are giving you the known conservative margi ns, which
are rather substanti al

So | think that you have an offsetting
situation whereit isn't well quantified. It is under
study, and that is probably the best we can do right
now. You can nmake estinmates using packing fractions
fromrod studi es and things |i ke that, which have been
done, and they are in the order of nmgnitude of the
overconservati sns i n sone of these other features |ike
Baker - Just which gives you big tenperature
di fferences.

CHAI RMVAN POVERS: You say it is under
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study. In what context is it under study?

DR. MEYER: Well, we have two experi nent al
progranms which have fuel relocation as mgjor
obj ectives. One of themis in the Hal den reactor, and
one is in our programup at Argonne.

So at Argonne we are testing rods under
out of pile conditions with electrical furnace. It is
a radi ant heating furnace. The heat conditions aren't
exactly right. So that gives you an incentive to go
in-reactor and do sone checki ng.

So these have been closely coordinated
with four tests that are planned in the Halden
reactor. | think they are call ed EFA-650. These wil|
be about as close as we can ever cone to a situation
where you have bal | ooned and rupture and heat up and
| ook for the relocation.

The i nterestingthing about thosetestsis
the rel ocation has to cone at a very specific tine or
it just doesn't matter. It has to cone before quench.
So that is not a very big window, and all of the
rattling that goes on during quench, which nm ght be
t he cause of sone observations that have been seen, or
t he handling that takes place afterwards before you
get it to a hot zone, mght be responsible for the

rel ocati on.
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| am not suggesting that this is a non-
effect, but what | amsuggestingis that it is tricky.
At Hal den, for exanple, we have two opportunities to
observe this. One is that they are installing sone
fast respondi ng neutron detectors through four axial
| ocations inthe region where the balloonis expected,
to see if you can detect any change in the neutron
flux right after the rupture occurs.

The other thing is that we will | ook very
carefully at the balloon section to see if it is
oxi di zed nore than you woul d expect it to be, based on
an anal ysis that did not assume relocation

You know, if you can't detect that, then
it probably doesn't matter. So | would say that we
are on the verge of, first of all, trying to find out
if this effect isreal, if it has an inpact, and now
what you are tal king about, would it be any different
for UQ, and MOX?

That is just alittle hard to i magi ne. |
nmean, perhaps the packing fractions coul d be different
if there is a different distribution of particle
sizes, but this has got to be a second order effect,
| woul d think.

CHAl RVAN PONERS:  Thank you.

DR. BONACA; There was anot her question
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t hat was raised this norning regardi ng the effect of
surface treatnment on enbrittlenment of Zircal oy,
ni obi um al | oy.

DR. MEYER: This is a conpletely separate
guestion. This has to dowith enbrittlenent, and the
enbrittl ement phenomena don't -- | don't think they
have any connection to what is inside the fuel. It
could be MOX. It could be UQ,. It could be anyt hing.

The enbrittling stuff cones fromsteamon
t he outside. You oxidize. You absorb hydrogen, and
you go through a phase change. You have sone
di mensi onal changes. You have oxygen di ffusion. You
have hydr ogen absor pti on, hydrogen precipitationinto
hydri des, and t hen you cool down, which gives this al
a chance to settle in an enbrittled fashion

The polishing of the surface is just one
of three or four variables that affect this. It is a
very fascinating and sonewhat conplicated situation,
but the niobiumalloy is different thanthe tin all oy.

So there was the question of why did this
Russi an all oy behave so differently fromthe French
al | oy. You know, we have uncovered, | think, the
i mportant reasons without putting too fine a point on
it, and there is no -- Knowi ng what we do now after

rather intensive study in the |l ast 18 nonths on this,
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| don't think there is any reason to suspect a probl em
with the Mb cl addi ng.

CHAI RVAN PONERS: At that point, | think
we can turn to Steve. You're on.

MR LaVIE: Well, thank you. M/ nane is
Stephen LaVie. | amwth the Probabilistic Safety
Assessnent Branch. As | was waiting to get started
here, | was reflecting on whether it was an advant age
to be | ast on the schedul e, and concl uded t hat nost of
t he peopl e have al ready said al ot of my presentati on.
So that is an advantage -- or a di sadvant age per haps.
Then perhaps you guys are all kind of tired out and
have had all your questions already answered.

CHAI RVAN PONERS: No, we get even cranki er
as the day goes on. And you are not even near |ast on
this schedule. This sucker goes on until m dnight, |
t hi nk.

MR LaVIE: GCkay. | amgoing to discuss
t he review of the design basis accident radiol ogi cal
consequences eval uati on.

Normal |y, the staff does not assess the
i mpact of LTAs on prior analyzed doses. This is
generally because the pellets are not different
i sotopically.

There i s no reason to assune there wi ||l be

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

222

an inmpact on the dose concentrations. But there are
i ndi cations onthis reviewthat MOX coul d i ncrease t he
radi ol ogi cal consequences and, in fact, the |icensee
specified that inits submttal. So this forces the
NRC s review.

Areviewfocused on the i npact of the four
MOX LTAs on the previously analyzed radiological
consequences of desi gn basis accidents. My reviewdid
not | ook at severe accidents.

The Cat awba units currently are
transitioning fromthe traditional TID 1484 source
term and the alternative source term Presently,
Catawba' s |icensing basis source termis TID 14844,
with the exception of the two fuel handling accidents
whi ch are based on the alternative source term

As aresult, the acceptance criteria then
was 10 CFR Part 100 for the off-site doses of
everyt hi ng except the fuel handling acci dents, GDC- 19
for the control room doses, and then 50.67 for the
fuel handling accident in the first fuel drop.

We had several RElIs. The reviewdid focus
onthe licensee's submttal. Qur approval is based on
the licensee's submttal. However, the staff
per formed i ndependent cal cul ati ons of the |icensee's

wor K.
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Qur staff's confirmng calculations
i ncluded inputs from Sandi a Lab, Pacific Northwest
Labs, and source term and gap fractions. The
conclusion of our review was that we agreed with
reasonabl e assurance that the |icensee's concl usion
that the four MOX LTAs woul d have m ni mal inpact on
the prior analysis results was correct. All doses
continue to nmeet the acceptance criteria.

| don't have to say too much about this,
because Steve nentioned nost of this. There were two
groups of accidents anal yzed, those which were | arge
fraction and a small fraction. The small fraction we
didn't spend an awful | ot of tine on, because as Dana
very el oquently pointed out, it really doesn't nake a
whol e I ot of difference.

W did check the nmath and the scaling
calculation, and we did detect an error that the
| icensee corrected. But the first group is nore of
interest to us, because we are dealing with a fuel
handl i ng accident design basis. It would be
conservative to assune t hat t he dropped assenbly woul d
be the one that was an LTA

The other formthat fallsinthis category
is the weir gate being dropped i nthe spent fuel pool,

which is postul ated to damage seven assenblies. W
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assuned in this case that -- and the | icensee assuned
-- that four of those assenblies would be the LTAs.
Qovi ously, you recogni ze the probability of this is
probably pretty | ow

Now for this particular category, the
| icensee recal cul ated the dose consequences of the
acci dent wusing updated spent fuel inventory and an
assuned 50 percent increase in the gap fractions.

Part of the second group i nvol ved t he ones
where the MOX LTAs were a snall fraction. One of the
points | would Iike to nake regardi ng the LOCAis that
t here have been some conmments nmade here and in other
proceedings that | need to clarify, because | think
they were msunderstood a lot, that in the design
basi s acci dent space t he radi ol ogi cal anal ysi s assunes
there is core nelt.

As a defense in depth neasure, ny
col | eagues in Reactor Systens go to great lengths to
show that the fuel performance and ECCS performance
wi || prevent that fromhappening. So the design basis
acci dent space, we got to recogni ze, i s the di sconnect
bet ween t he t her mal hydraul i c anal ysi s whi ch proved no
fuel damage and the radiol ogi cal anal ysis that start
of f assum ng there was.

Si nce our assunption there was is rather
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arbitrary, the inmpact of MOX on that arbitrary
decisionis not all that strong. Add that to the fact
that it is only tw percent of the assenblies
af f ect ed.

In addition -- It hasn't been nentioned
earlier, but inadditiontothe accidents they al ready
had in their licensing basis, the |icensee perfornmed

an anal ysi s of the consequences of a fresh fuel drop.

| point out, none of these -- These accidents are
typically not performed. | can't think of any other
licensee that has this analysis in their |icense
basi s.

This is typically because the uranium
assenbl i es have very |l ow specific activity. For the
| ow specific activity, they are not a big dose
contributor. However, as the |licensee pointed out and
as we concur, is that the specific activity of the
pl ut oni umi sotopes i s significantly higher, andit was
warranted to have a | ook at what t he dose consequences
woul d be of a dropped assenbly.

Now t he |icensee's anal ysi s net hods were
| argely based on net hods used by Sandi a Labs for the
Yucca Mountain calculations, and also those are
nmet hods used by the O fice of Nuclear Materials and

Saf eguards for | ooking at fuel fabricationfacilities.
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Okay. When staff didits review, we were
focused on three maj or aspects of what we bel i eved was
the MOX fuel use. First was the change in the fission
product inventories. Second was the change in the gap
fractions. The third one, which only applies to the
fuel handling accident, was the change in the fuel rod
pressurization.

The fuel rod pressurization is an inpact
t hat acci dent, because our assunptions regarding the
decontam nation of the iodine as it bubbles through
t he pool ed water is dependent on the rod pressure.

For the fission product inventory, the
licensee had used the scale suite from Cak Ri dge
particul arly the SAS2H ORI GEN- S code, to generate the
fuel inventory. The |icensee determ ned the MOX LTA
inventory to burnup at about 17 gigawatt days per
metric ton urani um

The reason it was done at this point is
that the |li censee had done a sensitivity anal ysis and
found out that the iodine peaks at that point. So
doing the calculation at this point maximzed the
amount of i odi ne.

The SAS2 -- | should say this slowy so
you can catch it. The SAS2H code is particularly well

suited for this application, since it calculates the
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cross-sectional libraries that are used by ORI GEN on
a case by case basi s and, as such, coul d be structured
to address the MOX LTA fuel i sotopics and
configuration directly. W weren't using a generic
of f-the-shelf library.

| n addi ti on, the staff obtained sone data
files generated by Sandia Labs using ORIGEN-2.2 for
pur poses of conparison. In order to confirmthat the
licensee's basing its irradiation on the peak iodine
i nventory woul d not overl ook a significant increasein
another radionuclide, the staff evaluated the
inventory at the end of the first, second and third
cycl es.

The staff used the SAS2H code for this
pur pose and took the maxi numinventory of the three
cycles, nuclide by nuclide, for its confirmnng

cal cul ati ons.

The observed increase in the iodine 131
inventory in the MOX LTA as conpared to an LEU
assenbl y was about ni ne percent, the val ue used by the
licensee in its scaling calcul ations.

Now the |icensee used iodine 131 in the
t hyroi d dose for the purposes of scaling, concluding

that this would be the nost [imtingisotope, the nost
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[imting dose limt.

I norder to confirmthat, the staff | ooked
at the inpact of the increased noble gases. Sone of
the noble gases will increase over the cycles. W
confirmed that the |icensee's reliance on iodine 131
in the thyroid dose was bounding in the design basis
space.

Anot her issue was the gap fractions. For
assessing the gap fractions, the NRR staff requested
t he assistance of the research folks to perform a
fission gas release analysis for the MOX LTAs.
Research utilized the staff at Pacific Northwest
Laboratories to perform this assessment with the
FRAPCON- 3. 2 code.

Now the FRAPCON version 3.2 had been
nodi fied for use with MOX fuel as associated with its
use in the review of the COPERNI C topical report.
Changes to this <code included adding therma
conductivity nodel for MOX fuel.

Adj ust nent was made to the fission gas
rel ease nodel diffusion constants to reflect the
di fferences noted between predicted versus neasured
fission gas in MOX fuel assenblies. MOX fuel
pl ut oni um i sotopi cs were addressed, and they made a

change to the xenon-krypton ratio that used in the
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code.

Now t he primary nodel in the FRAPCON code
is a Massi h nodel which can only provide predictions
of the stabl e nobl e gas nuclides. W, of course, need
to know t he radiol ogi cal ones.

To obt ai n t he yi el ds for t he
radi onucl i des, PNNL used the ANS-5.4 nodel, which is
part of FRAPCON, but adjusted the inputs to obtainthe
same stabl e noble gas output fromthe ANS-5.4 node
that they had obtained fromthe Ma-s-s-i-h nodel.

Thi s i s because t he ANS-5. 4 nodel i s known
to overpredict fission product rel ease fractions. So
in essence, they normalized the Ma-s-s-i-h nodel
Wth that change done, the ANS-5. 4 nodel predicts the
radi onucl i des.

The FRAPCON runs al so showed t hat t he end-
of-life rod pressurization was |ess than 1200 psi a.
As such, the Safety Guide 25 assunptions regarding
the spent fuel pool decontam nation credit remain
val i d.

This table here -- next slide, please.
Thi s tabl e here shows the gap fracti ons breakdown. |
need to point out very carefully here that we are
tal ki ng about non-LOCA gap fractions.

The nunbers in Regulatory Cuide 1.183
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whi ch address LEU are shown in the first colum. The
| icensee assuned a 50 percent increase, and those
nunbers are shown in the second colum. The staff's
eval uati on, based on the work done by PNNL, are shown
in the third col um.

You can notice that the numbers in the
third colum are bounded by the licensee's
assunptions. There's a coupl e of ones that need to be
addressed -- a couple of itens that | didn't talk
about here.

The reason there is a range in the staff
ones is that PNNL had di scovered a difference between
t he power hi story subm tted by Duke i n terns of burnup
versus tine and the F delta H values in the same
table. So PNNL had done it using both sets of data.
PNNL al so tacked on a five percent margin to address
uncertainties inthe power history. Sothat's why you
see a range for the staff's eval uation.

Wth regard to the alkali netals, the
licensee is marked here as not applicable. The LTA
gap fractions were used by the licensee only in the
fuel handling accident.

The design basis fuel handling accident
assunptions provide that particulate material will be

retai ned by the pool. Hence, cesi umwas not an i ssue.
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Maybe it will be anissueinthe futureif they pursue
wi th the batch.

The reason it isn't addressed as a LOCA
the locked rotor accident or the rod ejection
accident, is cesiumis not part of the TID 1484 source
term which is the licensing basis for Catawba
primarily.

The staff, of course, expects to get sone
i nput out of the post irradiation exam nations as to
find out where their nunbers fall w th measured dat a.

That is nmy comments.

CHAI RVAN POVNERS: Any questions to poseto
St eve? Thank you.

St eve, your post irradiation exam nations
of the gap inventories -- how accurate do you need
t hose nunbers?

MR. LaVIE: For the LTAs not very accurate
at all, as we pointed out, with only two percent of
t he assenbli es.

| do want to make a point about why that
issignificant. In doingthe analysis, when they the
scaling analysis for the LOCA, Duke applied the 50
percent increase to all the release fractions. O
course, this is based on TID 1484. There's only one

rel ease space.
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The iodine assunption in the TID is 50
percent. So in reality, they did the calculation
assum ng that 75 percent of the iodine in those four
LTAs was rel eased. The dose went form89.3 remto 91
rem Even if they had released 100 percent of the
iodine in the LTAs, they still would have been well
wi t hi n acceptance criteria.

So how accurate we need those nunbers is
going to depend on -- For the it doesn't depend at
all. In the future it may becone inportant if they
pursue a batch anendnent.

They had plenty of margin in the fuel
handl i ng accident as well. The dose cited was down
like at 1.2 renms or sonething like this nature. It
was out of an allowabl e 25.

CHAl RVAN PONERS: Any ot her questions?

DR. TRl AFOROCS: Yes, | have another
guesti on. This is on issues that we discussed, a
little area, and it has to do with the fact that the
subj ects that are addressed in the safety eval uati ons
are -- The evaluation is good up to a burnup of 60
gi gawatt days per netric ton of heavy netal

Now t he saf ety eval uati on -- the subjects
are addressed in the safety evaluations. They refer

to their COPERN C code whi ch, based on our revi ew of
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the safety evaluation of the COPERNIC code, it is
approved to 50 gigawatt days per netric ton heavy
netal, and it is an apparent inconsistency there. |
woul d appreciate if you can el aborate.

M5. SHOOP: Certainly. that is an issue
that the intervenors have al so raised. Basi cal |y,
goi ng back to what | started out with originally, the
pur pose of an LTA is to gather data.

Now how do you gat her data? You can only
gat her data by burning it. How do you approve a code?
Well, you can only approve a code if you have dat a.
So you' ve got the chicken and the egg conundrum |
nmean, you need data to support a code approval, but
how do you get data if the code i s not approved there?

So what we have done with LTAs and what
has been reactor systens' comoDn practice is we
under st and t hat the purpose of LTAs is to coll ect data
and, therefore, we will extend the use of a code to an
area where we believe that it is still good.

Framatome actually did provide sone
i nformati on or data between the 50 to the 64 gi gawatt
day range. However, that data was not statistically
significant, and that is why we did not approve it up
to 60.

CHAI RVAN POVNERS: Any ot her questions to
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pose? Well, good. What | wanted to do is just take a
fewm nutes here to di scuss presentations in front of
the full Committee. I"m going to handle this one
ri ght noww th Bob, and then we will go on to the rest
of our agenda.

Bob, we have schedul ed a t wo- hour bl ock of
time at the May neeting to discuss this, and the
guestion before us is twofold.

One, do we need to have the applicant
appear and redo his -- any portion of  his
presentation? Second, what fraction of the afternoon
t hat you have presented here do we want to present in
front of the full Commttee?

| would invite the nmenbers to voice their
opi ni ons on that particul ar subject, those questions.

DR. KRESS: Well, I thinkif it is not too
much of an inposition, we would like to have the
appl i cant cone back, partly because the Comrittee gets
an inpression from hearing the applicant.

My guess on t hat woul d be I thought the --
Wll, in the first place, the extra data from
Framat ome was good, but | don't think -- | think we
can just present that to themin slides or something.

| felt Nesbit's safety and environnenta

eval uati on would be inportant to get in.
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CHAI RVAN POVERS: My suggestion was that

if M. Nesbit could factor into his presentation somne
of the slides on the fuel properties and
m crostructures --

DR KRESS: That m ght be the way.

CHAI RVAN PONERS: Just to augnent sone of
the points that he ordinarily nmakes, that that m ght
be a particularly succinct way to make his points in
front of the full Conmttee.

DR KRESS: | also thought that -- You
know, the Conmittee is going to be interested in the
nucl ear stuff, nuclear analysis. So if we get some
abbreviated part of that -- | don't think the ful
t hi ng.

CHAI RVAN PONERS: Maybe agai n j ust augnent
t he poi nts nade.

DR. KRESS: Yes. And personally, | also
think it was very useful to hear BREDL'sS concerns.

CHAI RMVAN POVNERS: Ch, vyes.

DR. KRESS: And so if we can inpose on
themto nore or |ess repeat those.

CHAI RVAN POVERS: Ckay. "1l ask M.
Lyman if he can bring those forward to us as well. |
don't know. | haven't spoken to hi mabout that, but

we will. Mari 0?
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DR. BONACA: Well, | agree with what Tom

is suggesting. One thing that it is inportant. It
woul d be val uabl e to have just a brief description on
t he slide of the isotopic conposition of this MOX fuel
versus the one that we saw in Europe, because
otherwi se there is an inplicit assunption that they
are simlar, period.

Well, they are not that simlar. The
reason why it is inportant is that -- For four |ead
test assenblies | don't think it is inportant, but
really when you talk about the future, it is
inmportant, and so | think it is beneficial to present
it that way.

The other thing which is interesting is
that, in licensing four | ead test assenblies, you do
have a fundanentally different philosophy in the
justification that you will have for the full court,
because what you are doing is strategically
positioning your LTAs in certain |ocations, and for
nost advanced generalizing that is the way you say,
wel |, you know, it's not -- the | eading assenblies is
not limting.

It would be different when you go in and
you insert 40 percent of assenblies or whatever you

are going to insert. So even that would be an
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i mportant point to make, | think. Since we have such
littletinme there, these areinportant i ssues that you
want to communi cate.

| thought, wthin that context, the
presentation we had on the French experience was very
val uabl e, because it clearly tells ne there is a |ot
of information out there that, taken in proper
consi derati on of what differences it may be, saysthis
is not a new venture. | mean, this is really
sonmet hing for which there is a solid basis.

So | also thought the radiologica
anal ysis was inportant, because it conveys sone of
t hose nmessages there.

CHAI RVAN PONERS: Prof essor Ransom any
conment s?

DR. RANSOM | think the sane thing. |
woul d like to see the French experience enphasi zed.
| think that adds a lot of credibility to what is
bei ng done, or certainly mnimzes the risk of the LTA
guestion itself.

As far as | amconcerned, it seens |like
very convincing argunment, and | would guess you
probably want to sumarize what --

CHAI RMAN POVERS: W are not going to

allow sufficient time for the full presentation, but
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i f sone of the salient points can be brought forward,
it would be useful. G ahan?

DR LEITCH. | have nothing to add. Mario
made the comment that | was going to nmake.

CHAl RVAN POWERS: Okay. What | woul d
propose then is that we will kind of divide the tine
up equally between the staff and the applicant, and
t hen ask M. Lyman what tinme he thi nks he woul d need,
if he can in fact be there, and do that.

So that brings us to the question of how
to -- what to do with your tine. Let me say at the
begi nning, | thought the staff's presentations were
uniformy excellent.

MR. MARTIN.  Thank you.

CHAl RVAN POVERS: And so it is very
difficult for me to cone in here and tell you what
part to cut out. So | may just say figure out howto
present all that material, but doit in alot shorter
time. This is not an unusual conmand fromthe ACRS,
but yes, | think you are going to struggle on doing
t hat, because | thought the presentations across the
board were just excellent.

MR. MARTIN:. Thank you, and | appreciate
being able to go ahead with the May neeting. There

are sone consi derabl e schedul er concerns related to
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hearing activities for any June tine frane whi ch make
being able to go ahead with the May neeting very
val uabl e.

CHAI RVAN POVERS: | think, regardl ess of
t he outconme of your neeting with the applicant that
sinply getting the rest of the ACRS on board and up to
speed will just make it nore efficient if we have to

cone back for some reason, and nmake it alittle nore

efficient.

MR. MARTIN Right.

CHAI RVAN POVERS: W t hout having the
outcome fromyour neeting, | can't say for sure, but

anything that is not heroic would not nove ne to have
anot her subcommittee neeting.

MR MARTIN  Ckay.

CHAI RMAN POVNERS: Let ne turn -- | see Dr.
Lyman is in the audience. You have a comand
performance here, sir. Wuld you be able to hel p us?

DR LYMAN: Yes, indeed.

CHAl RVAN PONERS: Now you' ve got nmne.

MR. CARUSO So the first week in May, the
Thursday and Friday, the 6th and 7th.

DR LYMAN: Sixth and seventh?

CHAI RMVAN POVEERS: Well, you guys wll

interact. | think sensibly, we are asking for your --
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rehash -- not rehash but a repetition of your
presentation in front of the full Commttee.

DR. BONACA: And it would be interesting
to know, again on the point | was nmaking before of
four | ead assenblies versus 40 percent of the core --
It would be interesting if some of the issues that
wer e rai sed and you addressed, you know, woul d be of
nore significance in consideration in the future,
because you are doi ng sonethi ng about that.

For exanple, location, you are telling ne
that you are still -- It would be interesting for the
menbers to understand that in context. Again, it may
not be an issue at all with four |ead assenblies.

CHAI RVAN POVERS: | don't knowt hat we can
ask themto do everything. You are going to have to
be nore |iberal with your agenda.

Ckay, | think we've got a start on that.
M. Caruso is here to help and facilitate these
presentations, to the extent that they can be done.

At this point on the agenda, | have the
item for additional public coment. Do we have any
addi tional public coments based on what has been
heard or otherwi se? Be our guest.

Thank you all very nuch. | really did

t hi nk your presentations were excellent. Wew Il turn
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to Dr. Lyman here.

DR LYMAN: | would defer to the staff if
t hey have anyt hi ng.

| appreciate the opportunity to clarify.
During t he day' s di scussi on t here was sone questi on of
what the intervenors are really seeking in this case.
So | just wanted to clarify that BREDL i sn't seeking
absolute certainty. That is not the goal, and we
understand that i s unrealistic, and we al so don't want
to curtail scientific investigation by making
conditions inpossible to do any research on
i rradiation of LTAs.

In this case, we aren't tal king about an
incremental change in the type of fuel, but we are
t al ki ng about a significantly newtype of fuel in the
U S. experience, and to that extent, | think there
have to be greater denmands and revi ews of the MOX LTA
application than on the typical LTAs situations.

Now to some extent, that's occurred, but
gi ven the | arge body of data accunul at ed over decades
wi th conventional LEUfuels, including under acci dent
conditions, and conparingthat totherelative paucity
of data for MOX fuel under simlar accident conditions
and the fact that the few data points that have

accumul ated fromMOX seemt o suggest that there may be
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some issues that need greater observation, then we
would say that would indicate a nore thorough
i censing basis before experinmenting with these LTAs
in US. reactors.

So that is the context, not that we demand
absol ute certainty, but just agreater -- There should
be greater curiosity, | think, on the part of the
NRC s staff reviewthan there is, investigating sone
of these issues that have energed.

In Iight of Dr. Bonaca's observation, to
the extent that this application is approved | argely
on the basis of the relatively small nunber of
assenblies that are affected and not on an
under standi ng of the underlying physics and other
properties of these assenblies, they will only come
back to haunt everyone when the batch application
cones in.

So it probably woul d nake sense to start
trying tonail themdown at this point to avoi d del ays
| at er.

The next point regarding source termns, |
would just like to point out that, obviously, the
determnistic -- theolddetermnistic TIDsourceterm
doesn't include consi deration of rel ease of any of the

refractory radionuclides, and considering that the
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| argest inventory differences when you are talking
about MOX fuel lie in plutonium and the higher
actinides, not considering that is an oversi ght which
| think at | east needs to be addressed even though it
is only going to affect a small nunber of fuel
assenblies inthis case, especially givenif there are
any i ndi cations fromVERCORS tests that the potenti al
rel ease fractions of low volatiles are higher than
what have been anti ci pat ed.

So none of that was considered in the
appl i cation under review Whol e body doses were
| argely not considered, even though, as | nentioned
before, two isotopes which the staff didn't mention
whi ch have hi gher -- substantially higher inventories
in MOX fuel, including the rutheniumisotopes which
are well over 50 percent greater in MOX, and the
tellurium isotopes which would contribute to whole
body doses were not considered, and |ooking only at

the i odi ne source term and doses.

Fi nal ly, ny |ast remark on  post
irradi ati on exam nation: If the staff is indeed
requiring -- and I"'mnot sure this is a conmmtnent,

because | haven't double checked, but if they are
requiring that the hot cell PIE be concluded before

t he bat ch application can be approved, | woul d suggest
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looking at that in the context of the current
schedul e, which doesn't seemto allow nmuch tine for
t hat anal ysis to be conpl et ed bef ore an approval woul d
be required, since the fuel wouldn't be discharged
after two cycles until spring 2008, and the current
schedule is still that batch |oading would start
sonetime in 2099. So factoring in the time for
cooling, transport and analysis, it seenms likethat is
cutting it awfully cl ose.

That's all | have to say. Thank you.

CHAl RVAN POVWERS:  Thank you. Does the
staff have any coments they would care to nmake?

M5. SHOOP: Thank you, Dana. Actually, |
heard Dr. Bonaca, and | believe that G aham al so
bel i eves the sane, that for the full Comm ttee neeting
they would Iike us to discuss the difference between
LTA and bat ch.

Batch application at this point 1is
conpl etely speculative. There is no application in
front of wus for batch |oading of MOX fuel and,
therefore, and because it is not part of this
application, | think that that would be the wong
thing to put our tinme toward.

We have a very limted anount of time and,

t heref ore, we shoul d address what this applicationis,
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and this application is not for batch | oading.

DR BONACA: No, | want to nake sure, |
didn't say you have to address batch. | sinply point
out that the licensing of batchw Il be different, and
t herefore, you woul d be | ooking at different things.
|"m just putting in context the fact that the LTA
doesn't resolve all the issues to do wth the
differences. That would cone |ater

It will be a different kind of chall enge,
however, than purely for four LTAs.

M5.  SHOOP: Ckay. Thank you for
clarifying that.

CHAl RMVAN PONERS: | agree with you. W
sinmply don't have tine to delve into any kind of
detail on this, but a cautionary note on that never
hurts, and M. Nesbit, you, too, mght want to
i ntroduce a cautionary note that the batch application
clearly involves sonething different.

DR. KRESS: | woul dn't specul ate on any of
t he out cones.

CHAI RVAN POVEERS: Dr. Meyer, you would
like -- you have a word that you would |i ke to pass
on?

DR. MEYER Yes. There is one thing that

was said earlier in the nmeeting that has been on ny
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mnd, and | would like to cone back to it.

It was sonething that M. Nesbit said
about the reactivity accidents, the rod ejection
acci dent sonehow bei ng worse for m xed oxi de fuel than
for UQ fuel

What | wanted to point out about all of
thisis that, if you look at what is significant from
arisk point of view, really, the only two events that
you have tal ked about here that m ght cone on the
radar screen are the | oss of cool ant acci dent and t he
rod ejection accident.

The | oss of cool ant accident, the effect
of MOX -- Well, first off, let me say that there
clearly are neutron physics effects of MOX, and t hese
can be and are bei ng handl ed. But when you tal k about
the fuel part of that, for the |oss of coolant
acci dent any connection, any difference between MOX
and LEU at this tine is purely speculative, and |
don't think there is any evidence that there is a
di fference, although we are, of course, interested in
| ooki ng.

For the rod ejection accident, we know
about these pl utoni umaggl onerates, and t hey can have
an effect on the fuel behavior during an accident.

But as far as we can tell fromquite a nunber of tests
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on MOX as well as on UQ, fuel in pulse reactors, this
effect is going to show up in the dispersa
characteristics of the fuel rod after you have
breached the cladding and you now have these little
i sl ands that are able to kind of pop open fuel rather
than just a remof extrenely high burnup materi al

So this wll be different. But the
criterion that is being used, both by the applicant in
this case and by Research in its recent study, is a
cladding failure threshold criterion.

We are using -- The nunbers that we tal ked
about today are nunbers that are so |l owthat you can't
even crack the cladding open, and you can't get
di sper sal

In our analysis of this Rep NA-7 test,
which was the MOX test at Cabri which had a rather
energetic di spersal of fuel material, when we anal yzed
that test interns of its cladding failure threshold,
it is no different than any of the LEU tests.

Soif for this accident you are using the
nore conservative |imt of the cladding failure
t hreshol d as your absolute limt, then| would say the
evidence is that there is no difference in the fue
behavi or in that case.

So just in summary, for these two risk
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significant events at this point | think the effects
of MOX fuel -- you can al ready see that they are going
to be margi nal at best.

CHAl RVAN POVNERS: | have to admt that the
conclusion | walked away from M. Nesbit's
presentation was identical to this.

DR. MEYER  Ckay.

CHAI RVAN POVERS: | mean, he can speak for
hi nsel f here, but nmy conclusion was that that's what
you said, is that the clad failure was about the sane
and that dispersal characteristics were different.

DR MEYER | nust have m ssed that. |
was having a hard tinme hearing.

CHAl RVAN POAERS: It could be, but there
does seemto be consensus on that point.

Do nenbers have any other comrents they
woul d care to nake? | think we have a plan of attack
on this. I will be chatting with you about draft
sunmaries on sone of the concepts that were put
forward at this neeting and get your concurrence on
that, but we will goto the full Comrittee neeting as
pl anned.

| thank all the speakers. | conplinented
the staff on their presentations. M. Nesbit, | want

to al so congratul ate you and your fol ks for excell ent
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presentations to us as well. | appreciated M.
Bl anpai n' s presentation especially. W always liketo
see m crostructures on fuels and properties and dat a.
It al ways nmakes us feel like we really are scientists.
Wth that, | think I wll adjourn the
subconmi ttee neeti ng.
(Wher eupon, the foregoing matter went off

the record at 5:09 p.m)
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