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P-ROGEEDI-NGS
8:30 a.m

CHAI RMAN KRESS: The neeting wll now
pl ease cone to order. This is a neeting of the ACRS
Subconmi ttee on Future Plant Designs. | am Thonas
Kress, Chairman of the Subconmittee. G her ACRS
menbers in attendance are Mari o Bonaca, Peter Ford,
Graham Leitch, Victor Ransom Stephen Rosen, John
Si eber, and G aham Wl | i s.

For today' s neeting, the Subcomm ttee wil |l
review and discuss with the NRC Staff the draft
Advanced React or Research Plan andits inplications on
the NRC s regul atory framework. The Subcomm ttee wil |l
gat her i nformati on, anal yze rel evant i ssues and facts,
and formnmulate proposed positions and actions, as
appropriate, for deliberation by the full Commttee.
M. Md El-Zeftawy is the cognizant ACRS Staff
Engi neer for this neeting.

The rules for participation in today's
nmeeting have been announced as part of the notice of
this neeting previously published in the Federal
Regi ster on June 20, 2002.

A transcript of this neeting is being
kept, and the transcript will be nade avail abl e as

stated in the Federal Register Notice. It is
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request ed that speakers identify thensel ves and speak
with sufficient clarity and vol une so that they can be
readi |y heard.

That really neans go to a m crophone and
use the m crophone.

W have received no witten conments or
requests for tine to make oral statements fromnenbers
of the public. The only statement | have ahead of
time is that, although we have a full day's neeting,
| don't see howwe can do justice to this substantia
report ina full day, nuch less in the hour and a hal f
t hat we have for the full Cormittee. But we will give
it a go anyway.

Do any of the other nmenbers have any
conmments before we get started? Hearing none, | wll
call upon John Flack to get the neeting started.

MR. FLACK: Good norning. Thank you very
much for giving us this norning on the Advanced
Reactor Research Plan. M nanme is John Flack. | am
t he Branch Chief of the Regulatory Effectiveness and
Human Factors Branch in the Ofice of Research.
Al t hough the titl e does not have Advanced Reactors in
it, my Branch has the Advanced Reactor G oup. Which
has the | ead on the non-Light Water Reactors. \Which

i ncl ude t he Pebbl e Bed and GI- VHR, i nnovati ve desi gns
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such as those.

VWat we plan to present to you this
norning i s nore detail on the plan. W had previously
been before the full Conmittee in April. And we went
t hrough the plan nore at the higher |evel, visionary
| evel you m ght say, presentation that was given at
t hat neeti ng.

And today we would like to get nore into
the detail, the actual key el ements of the plan, the
issues and so on. So what I'll dois | will briefly
go over the purposes of the neeting, our objectives,
hopefully in line with your objectives, and discuss
t he key technical areas, four of themin nore detail.

So |l will turn it over after nmy opening
remarks to Mary Drouin who will do the framework
presentation. Stu Rubin who is part of the Advanced
Reactor G oup will do the Fuels presentation. Joe
Muscara who is our point of contact on Advanced
Reactors for Material Analysis. And then Don Carl son
and Richard Lee will do the Reactor Systens Anal ysis.

| will then cone back and tal k about t hose
ot her technical areas that are included in the plan.
And then we will discuss alittle bit nore about the
future plans and where we are headed.

As | have nentioned, the plan itself
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focuses around key technical areas. And what we'd
like to dois get downto the |l evels of the issues and
areas and contacts where we are obtaining our
i nformati on. W did take quite an aggressive
approach, at |east fromny perspective. Had gone out
and held workshops, neetings wth various stake
hol der s, including the ACRS, have travel ed
internationally to get as nuch i nformati on as we coul d
or at least, if not at that point, identify where we
can get the informtion.

And so, it is arather conprehensive pl an.
We are hoping to get feedback, both at this neeting
for the record on the transcripts, as well as would
support a letter at sonme point and tinme. The earlier
the better, certainly. That would really focus on two
pi eces.

The first piece is the plan itself. How
we went about identifying our needs in the Ofice of
Research or the Regul atory needs with respect to its
infrastructure, expertise, tools, data that woul d be
needed to take on these advanced designs as we see
them So that is really one piece of the nmessage.

The other is to what |evel we need to
continue to pursue and at what [ ength of tinme the need

for these non-Light Water Reactors. W are
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recogni zing that we are in a state of flux in sone
ways. The Pebbl e Bed, as you know, has term nated its
pursuit. And we are in a node where we are just about
phasing that out at this point and time.

But what the plan really says is that
t here are a nunber of needs that we have i n devel opi ng
the infrastructure. W have basically a Light Water
Reactor infrastructure. And it took nmany years to
devel op that infrastructure. And what we see in the
plan and all the different areas is that, it is quite
chal l enging to take on a new desi gn, new Li ght Wter
React or .

And to wait until the last mnute for
sonething |i ke that woul d be catastrophic inthe sense
that the need to get the information in, to make the
regul atory deci sions that would need to be nade in a
realistic way, would certainly be conpromi sed if we
are not ready to do that at sone point and tine.

And so the second piece is a little bit
nore difficult to take on and that is, what is the
vi sion that we see for the future for these non-Light
Water Reactor plans. And when and how to go about
devel oping an infrastructure that we would have in
pl ace when those designs do cone in. So it isreally

t hose two pi eces of the presentation or of the support
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we are seeking and the nessage that we are trying to
get across.

MEMBER ROSEN:  John, why are you stressing
non-Li ght Water Reactor plans. | know there are
Advanced Reactors that are Light Water Reactors, |ike
the integral systems. Aren't there research issues
i nvol ved there?

MR. FLACK: There are, but let nme just go
t hrough the next view graph where it tal ks about the
scope of the plan. Wsat it is, is the scope of the
plan itself focused on four reactor types basically,
at this point and tine. The Pebble Bed, the GT- MHR,
the RIS, and the Westinghouse AP-1000/600.

MEMBER WALLIS: John, sone tine in your
wite up that you sent us, the words "technol ogy
neutral " or something | think appears?

MR FLACK: Yes.

MEMBER WALLI'S:  That woul d seemto cover
anyt hing, not just these. When we |ook at the
specifics, we always seem to be tal king about four
exanpl es.

MR. FLACK: That istrue. Thereisreally
two aspects tothe planitself. Oneis the technol ogy
neutral aspect, which says these are the technical

areas. These are the kinds of questions that we need

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

11

to ask ourselves in each of these areas.

MEMBER WALLI'S: For any reactor.

MR FLACK: For any reactor. This plan
goes further in saying well these are the four
reactors right nowthat we have that will apply that
t hi nki ng down to the next |evel.

So at sone point, the technol ogy neutra
| eads you to sonething nore specific. You can only
take it to a certain extent. The extent that we are
taking it, again, we are asking ourselves three
fundamental questions in putting this together. Wy
we need to do the research? Wat is the research t hat
we need to do? And how do we plan to use the results.

And i n each of the technical areas you can
ask that against any design. In this case, we have
t hese four designs basically onthe table at the tine
that the plan was being devel oped. But to get to
Steve's question, we see the greatest need in our
infrastructure devel opnment in the first two.

And that is why you see a lot of the
di scussion centered around the Hi gh Tenperature Gas
Cool Reactors. It is a newtechnology. The staff is
famliar with the Li ght Water technol ogy. Not to say
that there is not issues in the other two, IRI'S and

Westi nghouse. And they are nentioned in the report,
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in the plan itself.

IRI'S, for exanpl e, fuel s and t he new st eam
generator types. But IRISis very conceptual at this
point intine even. And it is hard to flesh out all
the i ssues that are going to stemfromthat particul ar
design. But we gave it as best a shot as we coul d.

O course, AP-1000is pretty far devel oped
and we have a lot of infrastructure in place already
to deal with Light Water Reactors. There are sone
issues in the AP-1000 that need to be |ooked at a
littlenmorecarefully, likein-vessel retention and so
on. They are called out in the plan.

But again, the plan is to try identify
gaps, you know, the delta. The kind of things that we
are going to need to put in place in order to do, to
support the regul atory process at a later date. That
is why you see when you get down to the technical
level, a lot of the need is in the Gas Cool Reactor
desi gns.

MEMBER FORD: Just to meke sure |
understand. The plan that was issued, the revision
one, in June?

MR FLACK: Yes.

MEMBER FORD: Focuses as you say on the

top four. And you can take out Pebbl e Bed.
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MR FLACK: At this point.

MEMBER FORD: Yes, at this point. It states
that it i s technol ogy neutral and that you are | ooki ng
for biggaps ininformation? For next year's research
wor k, what actually will be done?

MR,  FLACK: Wll, that is part of the
budget process in setting, establishing priorities on
what needs to be done. | nean, a lot of facets go
into that process. That is part of the question that
we are asking ourselves today, given the technol ogy
gaps i n a non-Li ght Water Reactor field and with these
ot her desi gns com ng our way now, which | have |isted
bel ow, and these are the ESBWR, SWR-1000 and the
CANDU.

The question is, is how much, when to
start and to allocate it in sone way based on the
priorities as we see them Part of this neeting today
is totry to find out fromthe Commttee what their
views are in establishing and feeding that in to
setting those priorities.

So, | don't have the explicit answer to
t hat question since it is evolving. But | think at
some | evel, we need to devel op our long termgoals in
a non- Li ght Wat er Reactor field, Gas Cool ed t echnol ogy

at a certain pace. And as these ot her designs cone in

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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and as we see the needs for those designs which we'l|
be expandi ng the pl an scope over the next few nonths
to capture.

How t hose two work out together, we wll
know next year. But at this point in tine, we are
still trying to feel that out, understanding what
needs we have and how nuch resources we have
avai |l abl e.

CHAI RVAN KRESS: When you get ready to do
the PIRTs, would they be individual PIRTs for each
reactor type or would you envision an overall PIRT?

MR FLACK: An unbrella PIRT

CHAI RVAN  KRESS: An unbrella PIRT of
sorts.

MR, FLACK: Well, we are entertaining both
ideas. We have had one PIRT already in the fuels
area, very specific. And we'll have those in those
fields where we see the issues and the need. The
guestion on an overall PIRT where you lay out
everything. | think there is two parts to that.

One i s what you are hearing today, that is
an infrastructure. Being able to ask the right kinds
of questions at sone level. And then there is the
ot her piece of okay, nowthat we know t he spectrum of

i ssues, what is it that are nore inportant than the
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ot hers, and that beconmes the unbrella PIRT

W wer e t hi nki ng about havi ng one unbrel |l a
PIRT. But we haven't deci ded when and what that woul d
include at this point intime. But it is certainly an
idea that's, | think, inportant.

CHAI RVAN KRESS: On t he budget issue, wi ||
t he budget you get drive the kind of research you get
to do or based on the priorities. O wll you sonehow
t ake what you think the needs are and priorities and
devel op a budget fromthat and try to see if you can

get that kind of budget? I'mnot sure which way t hat

goes?

MR FLACK: Well we probably --

CHAI RMAN  KRESS: Probably a little of
bot h.

MR ELTAWLA: This is Farouk Eltaw |l a
from research. I think the budget will drive the

process, there is no doubt about it. Thereis limted
anount of noney. And the indication that we are
getting from the Comm ssion right now that we are
going to pursue some activity in the Gas Reactor as
wel | as Light Water Reactors. So, but there is a
limted budget and the resources will be based on the
devotion of the resource or split in the resources

anong the activity would be based on the seriousness
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of the application.

You know, because since we devel oped t hat
plan as John indicated, we have three additional
vendors indicated that they are interested in pre-
application review of their design. So we will have
t o go t hrough an add/ check process based on t he anpunt
of i nformation presented and t he Comm ssi on support to
address these issues.

| amgoing to add nmy two cents here about
t he i ssue of technol ogy neutral. | think the issue of
technology neutral is related to the regulatory
framewor k. What will be 10 CFR 50, you know, that we
are going to try to develop that as technology
neutral. But when you cone to the specifics, every
design will have its own technical issue and we need
to address these technical issues. So we are not
devel opi ng a technol ogy neutral, for exanple, thernal
hydraulic for all these designs. Each one will have
its own issues and a plan for resolution. But the
technology neutral is related to the regulatory
framewor k which Mary is going to address.

CHAI RMAN KRESS: Thank you, that nakes a
| ot of sense.

MEMBER ROSEN:  Let ne nmake a few conments

about the scope. First off, the RIS concept is just
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one of a famly of integral primry systemreactors
that is likely to cone along. So highlighting it, |
think is inappropriate. It is just the integra
primary systemreactors at this stage, that we should
be | ooki ng at.

Furthernore, vyour list is, | think, a
littleinconplete, despitethe fact that it is already
a daunting |ist. It is a little inconplete in a
nunber of respects. There are a series of very |l arge
pressuri zed wat er reactors bei ng consi dered i n Eur ope,
t he APR-1400. And the APR Plus, whichis a very |l arge
1700 negawatt reactor

Al so the EPR, which has enhanced active
safety systens and extensive severe accident
mtigation features. There is a high conversi on BWVR
Very large, could be as |large as 1700 negawatts, but
it could be smaller in the 300 nmegawatt range. And
also there is a second generation Advanced Boiling
Water Reactor being considered, very large 1700
nmegawatt s.

So there just in the water famly, there
are a nunber of other designs that are going to need
to be considered. Now |l amnot sure that they wl
each bringup different i ssues fromthe research poi nt

of view, but | don't think you have the full list yet
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on just the water side.

Now you do have a note on the bottom on
t he expect ed i ncrease and scope of Generation V. But
| don't think it gives it justice and it needs to be
given justice in this plan. Because of the
extraordinary differences in design that the staff
woul d have to deal with if Generation IV goes ahead as
pl anned.

And let me just tick off for you what is
in Generation IV right now, just so nobody in the
Conmittee is surprised. It |looks |ike Generation IV
reactors, which are down the road a bit, but they
should be in the plan as well. WII be a Gas Cool ed
Fast Reactor, a Mdlten Salt Reactor, the Sodium
Reactors, both oxide and netal fuel, Lead or Lead
Bi smuth Cool ed Cartridge Reactors, a Super Critica
Wat er Cool ed System and a very Hi gh Tenperature Gas
System

So Gener ati on IV, bot h in its
i nternational near term depl oynent phase and in the
| onger term phase has got to put on the table an
extraordi nary range of new designs. And this slide
doesn't do it justice, John.

MR, FLACK: Well, vyes.

CHAI RVAN KRESS: The question | would
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have, | think they are right in their priority being
driven by how serious a particular application is.
And | don't know how serious all these Gen [V's will
be when it conmes up to com ng before NRC and sayi ng we
want to have this thing certified. 1 think they can't
waste the resources on things that just have limted
resources. W have to wait to see how serious the
di fferent concepts are.

MEMBER ROSEN: O course, | am not
suggesting that you waste your resources. Wat | am
suggesting is that your plan have at least initially
the full scope of things that are considered. And
that it should be in the plan even if Gas Cool ed Fast
Reactor, let's say you just note that it is out there.
You say no resources will be devoted to it at this
time, if it goes forward, we will look at it.

But | think to say that we are going to
| ook at the things we can see the tops of our heads
over the hill in this plan is a mstake. Since we
have the information that there are |ots of other
things potentially com ng. The plan ought to
acknowl edge all of them And say, here are the ones
we are actually going to work on, even though we
understand that there are major efforts both in this

government, the U.S. governnent and in many, nmany
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forei gn governments working col |l aboratively with the
U S. through the Generation |V International Forum

There are many, many other efforts that
are underway. | think a plan would be nyopic and not
as good as it could be. If it didn't take into
account the full range, take into account Tom Kress
comment. Cbviously you are not going to put noney or
resources into all of them But you should at |east
acknowl edge them and say they are out there.

MR FLACK: That is a good coment.

MEMBER BONACA: As a minimum | think for
the framework portion which you want to have
t echnol ogy neutral, you want to nake sure that by the
time you are done, you can accommodate any one of
t hese additi onal designs. And then when it cones down
to the technol ogy specifics, then you can ignore it
because of the consideration right now in the short
termthat they may not be in the short horizon.

But | agree with the perspective that
particularly when it cones down to the franmework, we
want to nmake sure it is technology neutral and
accommodat es anything el se that will cone.

MEMBER FORD: At your presentation tothe
Conmmi ssion a coupl e of nonths ago | think it nust have

been on this subject. The question canme up about the
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chi cken and egg argunent. Wen are the utilities and
the OEMs going to cone forward wth serious
applications for these various types of design.

And that feeds into your priority and
planning to come up with some of the regulatory
aspects. Are there any conversati ons ongoingwith the
OEM s and utilities nore thanjust aletter sayi ng hey
we are coming with a pre-application? |Is there any
idea of their timng or their strength or will to go
forward with this? O are they just putting a case
folder on the mat.

MR FLACK: | don't know if anyone from
NRR is present that wants to comment on that. The
Ofice of Research had a |lead on non-Light Wter
React or . So it is primarily Pebble Bed, to some
extent IRISand a GT-MHR.  So we can real |y only speak
for those.

| know there have been interactions,
there's pre-applicationreviews that are bei ng pl anned
and di scussed. But to what extent those interactions
have been taking place with the specific applicants,
| am not as aware of as sonebody el se m ght be. But
| don't see anybody coming up. So | guess the answer
is no. W are just kind of in a hol ding node, | ooking

at our infrastructure and issues that m ght evol ve
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fromthese different designs.

But | think it is a good point that Steve
made and that is we will put in sort of alist of the
ki nds of reactors that are out there and t he status of
them recognizing that they are there. Whether they
actual Iy get devel oped and the materials and t he fuel s
becone, get to the point where they need to get to
make t he designs | icensable, it may or may not happen.

But at |east we know there are certain
pl ants being considered somewhere in the world and
having a list like that certainly and the status of
that and stayi ng sonewhat engaged in understandi ng
what is going on there is probably an i nportant thing
to do. So, yes, | think we can add a list to the plan
t o accommodat e that.

MEMBER FORD: Tom | know we are spendi ng
a lot of time on this graph, but it is central to
everything we do fromhere onin. |Is there any timng
aspect? | noticed in your plan you say that the
specifics are the responsibility of the |icensee and
the OEM And that you are just going to set the
hi gher | evel requirenents.

And yet you have got a pl an which i s goi ng
on for several years, so does that nean for severa

years the OEM and the licensees will not know what
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t hey have to address in their specific applications.
And that takes time, and therefore it could be 2020
bef ore we even have one of these advanced reactors in
place. 1s that a ridicul ous statenent?

MR. FLACK: Well the planis living. So
it wll accommodate, or attenpt to accommodate
what ever new technol ogies come forward or whatever
plans conme in as far as pre-application. Certainly
when a pre-application review conmes in already, we
will be starting to focus hard on that because we are
expecting sonething close. And that is pretty much
t he purpose of a pre-applicationreviewto be prepared
for the design certificationor whatever it woul d cone
in, in the short term

So that isreally going to drive a |l ot of
it. But it is aliving plan, so if there are needs
and | think that by |licensees and applicants | ooking
at this plan and seeing the different research that we
are focusing on, recogni zing that we are not going to
doit all. W are going to be relying a |lot on them
to do a lot of the work. They wll have an
understandi ng of what it is going to take.

So | think they can get that nessage even
if the plant isn't specifically addressed by t he pl an.

At sone | evel thereis sone generic nature to the plan

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

24

and the kinds of areas and issues and questions that
need to be answered and asked in any case.

CHAI RVAN  KRESS: Yes, let me give ny
opinion. The plan, as it sits has a |lot of generic
nature to it. In the sense that you outline things
i ke the neutronic needs, the thernohydraulic needs,
t he fission product needs, the fuel needs. And you go
right down the line. And then you went specific for
the different reactor types.

But | think no matter what the reactor
type is, those are the generic things you are goingto
|l ook at. And so | think you have a good start even
now, W thout spelling out these particul ar reactors,
or where the research needs are going to lie.

MEMBER WALLIS: Is this a presentation of
the plan or is this a presentation of the research
needs?

CHAI RVAN KRESS: It is not a plan in the
sense that it has schedules and nilestones and
budgets. They didn't intend for it to be that yet, it
is too premature.

MEMBER WALLI S: That is why | have to ask.
| think we are going to hear about needs rather than
a pl an.

CHAI RMAN KRESS: Yes, this is research
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needs | think.

MR. FLACK: It's nore of a process.

MEMBER LEITCH. It seens to nme the plan
di vides very logically depending upon, as you have
al ready i ndi cated, whether we are ever going to build
a Gas reactor. | guess certainly the regul atory
aspects woul d be good to have technol ogy neutral for
t hat eventuality. But as far as the specific research
related to gas reactors, | just have a | ot skepticism
about whether we are really going to build a gas
reactor in this country in the foreseeable future.

You know, three nmonths ago we were all
spun up about the Pebble Bed Reactor. And it | ooked
like it mght actually happen. And now it is
apparently not goi ng to happen, at least inthe United
States. And | don't know what the status of the GI-
MHR really is and how serious that really is.

As far as | know, thereis noutility that
has stepped forward and expressed any interest in
t hat . Yet we had with the Pebble Bed reactor a
utilities that |ooked like they were going to
aggressively go forward. W were all spun up and
spent a quite a bit of effort and nowit is, we're
not, apparently.

MR ELTAWLA: | think this is the issue
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that the whole Conmmi ssion is struggling with right
now. And we are getting you engaged in the struggle
to share the pain. Because it isreally true you know

t hat how much resources you put and how nuch you del ay

t he wor k.

You know, if we delay the work
indefinitely, we wll not be prepared for the
i ndustry. So we try to have an approach to be

addressing the issue, remain engaged and try to do
research. Because even if it is ten, twelve years
fromnow, it isalongtime. It appears to be a |long
time, but it mght be a short time to develop the
detail that you needed.

So we are going to remmin engaged. As
John indicated, there are other issues that we are
better prepared for. For exanple, ESPWR we have the
know edge. W can start the pre-application review
and support the design in this case. ACR- 700,
although it is Light Water-Cool ed Reactor, we still
don't have enough know edge.

So t he Agency i s goi ng t hrough t he process
of trying again to assess the seriousness of the
application. And hownuch resources to put on some of
these activities versus the others. But as Steve

indicated, we are trying to remai n engaged in all of
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these activitiesandwewi |l try to allocate resources
accordi ngly.

MVEMBER BONACA: One question | have |
woul d I'i ke to ask your perspective onthis. It seens
to me there has been the discussion, the presunption
t hat you can have a technol ogy i ndependent franmewor k.
And t hen you can have you know, specific research for
t echnol ogy specific work in fuels and sone of the
mat eri al s.

Is it correct in all cases or is the
framework sonewhat influenced by the particular
t echnol ogy you -- can you nake the separation? | am
trying to struggle with that because, you know, for
exanple for the Pebble Bed, we're seeing sone new
chal | enges that cane, insofar as confinenent versus
containnent, and to what degree those challenges
af fect the framework.

M5.  DROUI N: Wen we get into ny
presentation, that is specifically one question that
we are going to ask oursel ves.

MR. FLACK: Ckay, so we'll be there in a
m nut e.

MEMBER BONACA: I  was nmaking the
presunption in nmy mnd and then | began to question

the fact, you know, whether it was possible --
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M5. DROUIN:. And that is, you will see on

the slide, isit possibleto do that, or to what | evel
do you have to put your --

CHAI RVAN KRESS: Wl |l with respect to the
Gas Cool er concepts, | agree with Ruth, I don't think
t he Pebbl e Bed concept has conpl etel y gone away. Just
because Exelon pulled out. There are still sone
activity, it may not be a Pebble Bed. It may be
anot her prismatic formlike the Gas-Cool ed Ther nal .

So ny viewthat is, and | think there has
been serious thought given to certifying a GI-MHR
So, | don't think you put it aside. | think you have
to have it on your agenda. And ny only feeling was |
woul d focus nore on the GI-MHR than the PBMR ri ght
NOw.

MR. FLACK: Yes, that is a good point. |
nmean internationally, international interest inthis
gas cool ed technol ogy.

CHAI RMAN KRESS: |'s hi gh.

MR, FLACK: And in fact, ny assistant is
now in Russia with GA and others to see what i s going
on over there. So, and a lot will conme out of that.
| think a decision of where it is going to go.

Yes | think that it is inmportant to

continue to consider this as part of the m x of energy
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for the future in the United States.

MEMBER ROSEN: | think the other bigissue
that we may have skirted on, but not addressed, is
what research given that you know the scope. Wat
research shoul d be done by i ndustry and what shoul d be
done by the Agency. And that issue cones down to and
| am stealing some of Tom s thunder here.

The definition as | wunderstand it of
what's a design basis accident. And what is a beyond
design basis accident. Because, design basis
accidents would be researched, | guess, by the
i ndustry and all of the supporting data for the design
basis stuff would be done by the industry.

And whatever the staff felt it needed to
do on beyond design basis would be paid for by the
Agency and the governnent. |s that correct? And if
that is correct, thenisn't it crucial to know where
the line is in ternms of devel oping the plan?

MR,  ELTAW LA: That is a very good
guestion. But again, if you are thinking about the
ol d way of doi ng busi ness, but if you gointothe risk
informed regul ation, there is no distinction between
desi gn basi s envel ope and beyond desi gn basis. So you
have to | ook at the whol e spectrum And with that, it

isthe responsibility of the vendor and t he appli cant
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to denonstrate the safety case of their plans.

So that is the conplete responsibility.
So any cl aiman applicant has, they have to provide
t he data and anal ysis to support that. On occasion,
the staff will try to develop its own independent
capabilities. Not in every area, in some of these
areas, and again try to push the envel ope, you know.
That even though that our requirenent of 10 CFR, for
exanpl e, again, don't quote ne on that in the future.

By let's say -- air ingress in IV gas
cooled reactor is a very low likely event. But we
know that it is very high consequence event. And by
regul ati on, we m ght not require themto do anyt hi ng,
but the NRC mi ght be interested i n pursuing that issue
further to be able to assess the margin and so on. So
these are the areas that the staff will keep pushing
harder to get its own independent capability in.

MEMBER Sl EBER: | think once you get
beyond the framework where you are devel oping the
regul atory concepts, that it would be inportant for
t he agency to know what the vendors are doing. And
t he Agency research shoul d be sort of conplinentary to
what the industry is doing.

And if they aren't doing any research

that means the concept is not ready to be born yet.
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And so | would encourage pretty close | ooks at what
t he various vendors are doing and what is going on
here in the U S. and internationally. Wich I think
i s what you are doing. You may not have the resources
to do a good enough j ob.

MR. FLACK: But that's -- yes, infact the
pre-application reviews are very inportant in that
regards of wunderstanding just exactly where the
applicant is going. And how nmuch nore do we need to
understand as a regul atory agency.

MEMBER SI EBER:  That is right.

MR. FLACK: So conplinents, basically the
work. Doesn't duplicate, but conplinents. And to
sone extent there will always be this confirmtory
piece to it.

CHAl RVAN KRESS: | think we better --

MR. FLACK: No ot her questions?1'Il goto
my next graph which is basically the structure of the
plan. The different technical areas and basically
there is nine key areas that we center on.

The first is the Framework and Mary is
about to present that to you in sone detail. Then
there is the Acci dent Anal ysis which is the PRA, human
factors, instrunentation and control. We kind of

| unped it up under there. We followed t he cornerstone
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approach in the plan. So it canme al ong these vari ous
areas and | will touch upon that later this afternoon
after the presentation on the Reactor Systens
Anal ysi s.

There is also the Fuels which is
important. And you will hear fromStu Rubin on that
following Mary's presentation. The Materials which
covers the high tenperature netals and graphite wl|
follow. And then these others, Structural Analysis,
| will touch upon. And Consequence Analysis | wll
t ouch upon at the conclusion of the presentations.

Ei ght and nine we will not discuss today
at this point. W will be returning to the ACNWto
di scuss eight. And nine, we just are holding off at
the moment. N ne is nore of a place holder for work
t hat we coul d possi bly do to support other activities
t hat are ongoi ng.

So, if thereis nofurther questions, I'l]
turn the rest of the presentation over to Mary Droui n.

CHAIRMAN KRESS: | think that is a very
nice lay out and a good way to present this
information. And this was, where | was saying, the
areas you are dealing with are technol ogy neutral.
Those apply to any reactor type. So it is a good way

to organi ze things.
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MEMBER FORD: This is just to nake sure

that I amnot m ssing something. This is exactly the
sane as the franmework that was issued back in My, |
think it was?

MR. FLACK: Wth respect to the planning?

MEMBER FORD: Yes.

MR FLACK: Yes, that is right.

MEMBER FORD: There is nothing new?

MR, FLACK: No, nothing new.

MEMBER LEI TCH:  John, just before we nove
on, could you give nme an estimate of the |evel of
effort that has been involved in bringing the planto
this stage?

MR, FLACK: That isdifficult to say since
alot of it is nore on the day to day activities of
t he i ndividual staff nmenbers. W have discussed this
with, for exanple, the user offices. There were
wor ki ng groups that were set up to interact, to talk
about the issues. O course, | have put a |lot of ny
time into it over the |ast six nonths.

It is hardto say exactly, because there's
so much of it, it is not like charged to one nunber
and we can add it all up. But | think what is
i mportant about the plan, that isn't really witten

here, is that it is a communication tool. It has in
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fact opened up channels of comuni cation across the
office as well as with user offices.

The group in ny branchis really the focal
poi nt, but we used the matri x organi zation. W really
| ook to the technical expertise across the office. So
we neet each week to talk about the plan, the
activities going on. People get together and di scuss
this, as well as the user office.

So it is an excellent conmuni cation tool
in just developing the plan and getting people on
board and thinking about the future. \Where are we
going. \What are the issues. What's the vision. And
it does a lot in that regard. It is hard to put a
nunber on all that.

VEMBER LEI TCH: Yes, particularly this
summarizing the research that is going on
internationally, | think is particularly val uable.

MR. FLACK: Yes, another place.

MEMBER LEITCH: It's a good reference
document, if nothing else really in that regard.

MR. FLACK: Good.

MEMBER ROSEN: | think there is another
i mportant thought here that needs to be said. And
that is, really you are doing nore than just tryingto

figure out where all the birds are. And where they
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are flying to and from You are not just pure
observers in this process.

Because by t he deci si ons t he Agency nakes,
it tends to build the future. It is nore than just a
nonitoring role and getting ready for something that
m ght show up. To the extent that you nmake deci si ons
to go ahead and research things, you actually build
the future. You are taking part in making the future.
So t hese deci si ons shoul d be considered in alot nore
active sense than as just trying to catch up.

MR. FLACK: Good point. Okay, if there's
no ot her questions and comments | will turn the rest
of it over to Mary.

M5. DROUN M name is Mary Drouin with
the Ofice of Research. | amhere to try and give a
presentation on where we are in ternms of the
framework. And you saw in the previous slide | had
the word framework in quotes.

This neans we have still not decided if
framework is the appropriate word to be used here.
But, for the sake of discussion, that is the word | am
going to use. And how we plan to develop this for
advanced reactors.

| am going to go a little bit into

background. \What we nean by the structure of this
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framework. What our plan is for developing it, our
approach, some of the i ssues that are associated with
it. And finally what is our status. Were we are and
where we hope to be.

It isinportant togoalittle bit on sone
background here, because we do have a current
regulatory structure or franmework that has been
devel oped over the past 40 years. You know, that deal
with the Light Wter Reactor designs. And t hey
certainly can be used through an exenption addition
process by going through the <current set of
regul ati ons and deci di ng where t hey are appl i cabl e and
where there may be hol es.

My personal feelingis | think that is a
dangerous road to just strictly go down there, because
you have a danger of overl ooki ng sonmething. Because
you are going in w th the m ndset of sonething al ready
on the paper. And when you deal with these new
advanced reactor designs, you do have sone unique
operati onal design issues that need to be consi dered.

So while there againis applicability, it
is there, but it is limted. Furt her, people can
discuss the various levels that certainly risk
i nsi ghts have been brought i nt o our current structure.

But what we want to do here differently is fromthe
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very onset is bring our PRA results and insights and
integrate them at a fundanental |level into our
deci si on- maki ng process.

CHAl RMAN  KRESS: When vyou say PRA
insights, the only insights we have for PRA are for
LWRs. That doesn't tell us very nuch about these
ot her reactor concepts and designs. Do you nean the
i nsights on how useful PRAs are and where they are
useful. Is that the kind of insights you are tal king
about ?

M5. DROUIN: | think it is both. And as
you go through the process, you are going to have to
determ ne what is the scope and | evel of detail that
you want fromthese risk analyses into what kind of
deci si on you are naki ng.

| woul d argue that you coul d do ri ght now,
sonme limted PRA analysis. You certainly don't have
your whol e design, so your scope and your |evel of
detail broadens and goes into nore depth as you get
nore information.

But there are some assunptions you can
make right now and it is iterative.

CHAI RVAN KRESS: Okay | agree with that.
But | also gather from that that the framework is

goi ng to say PBMR concept -- will have a PRA. And it
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will be used in an iterative fashion. Can | assune

that will be part of the framework sonehow?

M5. DROUI N: Yes. | think also those
insights will also feed into the framework itself.
And we'll get into that particularly when we start

tal ki ng about the quantitative aspects.

MEMBER BONACA: Because you're going to
set criteria based on risk?

M5. DROUIN: That is right.

MEMBER BONACA: So we are forcing really,
| mean if you set your criteria based on risk, you are
forcing the use of PRA. You have to, to assess how a
desi gn woul d neet those criteria.

CHAI RVAN KRESS: This is interesting
because this will be the first tinme that PRA actually
seens to have been required by regul ation.

M5. DROUN  Correct. And part of the
pl an, one of the technical areas is devel opnent of the
PRA. And you will see for that aspect there will be
at certain times you are going to have to do research
and that research is going to be dependent. And | am
tal ki ng about PRA.

Your particular, it mght be nmethods, it
m ght be devel opnent of data. And that is going to

depend, to what |evel are you depending on that
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anal ysis to help you in your decision naking.

You're going to hear alittle bit, at the
full commttee, on the risk-informed inplenentation
pl an about coherence, and we have an SRM from the
Conmmi ssion. Now this was for current reactors, you
know t hat says, provide a plan for noving forward with
risk-informed regulation to address regulatory
structure convergence wth our ri sk-informed
processes.

So even though that is for the current
reactors, and you talked a little bit this norning
about technology neutral. If you talk about
technol ogy neutral that would also bring into your
Li ght Water Reactors, our current generation of
plants. And so ultimtely, you know, we would like to
have a single over-arching framework, a regulatory
structure that enconpasses both our current and our
advanced reactor designs.

So at this point, in terns of our
framework, and | want to really enphasize this next
bul | et because this is all the way through, we just
started thinking. W haven't gone very far. Today is
very tinely. Because | certainly welcome, you know
i nput in our plan.

VEMBER BONACA: Just a comment | have.
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You are really comng down to the structure of
approach. Where you are saying criteria are goingto
be risk-informed and then you are tal king about how
you neet them

Are you going to say sonething about
saf ety goal s?

M5. DROUI N  Yes.

MEMBER BONACA: Ckay, soO --

M5. DROUIN: | amgoing to get nore into
that. But | amsaying, our whol e plan here, you know
-- and what | amlooking for is that we are just in
our conceptual stage -- is our plan and approach
reasonable? Are we identifying the key issues?

CHAl RVAN KRESS: W I I we still have design
basis accidents that refine the |icensing basis, you
t hi nk?

M5. DROUIN: Good questi on.

MEMBER ROSEN:  Well | would think from
Farouk's conment the answer is no.

CHAI RMAN KRESS: |'ve been assumi ng the
answer woul d be yes. But the design basis accidents
woul d sonehow recogni ze beyond desi gn basi s.

MR. ELTAWLA: There would be a design
basi s envelope. | think the distinction mght be in

t he specification what the | evel of safety margi n and
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all of the stuff. But for exanple, if you tried to
have a desi gn basi s accident, | nention one issue here
is the source tern? If you try to have a nechanistic
source termyou have to go to beyond design basis to
get that source term There is no source termduring

So that is why | nmean -- so you wll
require an applicant or licensee to do a test to try
to verify what is the source termthat is going to be
used. So you m ght have to run beyond design basis
tests, be required from applicant and licensee in
order to address this issue.

Based on what Exelon presented, it is
called a design basis envelope. It was not a design
basi s accident per se. And also, this is again all
issues that need to be discussed during the next
coupl e of years when Mary devel ops her plan

| just want to nake one point clear at
this time. This franework does not, we don't need to
have that framework to address issues |ike AP-1000,
ESPWR. These are, can be |licensed ri ght nowunder the
exi sting regul ati on without any probl em

CHAI RVAN KRESS: And they probably w il
be.

MR. ELTAWLA: And they will, definitely.
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MEMBER SI EBER: It woul d seemto ne t hough

t he concept of design basis in quality requirenments
came about because in the early days there was not the
comput ati onal PRA that defined what the risks were.
And so this design basis was sort of a substitute for
that. And as we nmove along and progress in the PRA
t echnol ogy, we cone up with the concept of maybe sone
desi gn basis quality requirenents are too nmuch or too
little.

And that is the basis of the South Texas
anmendnent. And it would seemto nme that you ought to
start with a clean piece of paper and deci de whet her
you need the old style design basis, or not, or have
PRA and safety goals define what the quality
requirenents are and what system requirenents are,
whet her you need a contai nment or not and so forth.

And in this franework, that is where you
woul d deci de how you are going to apply that. That
woul d define what the new rules look like, to ne.
That is one way, anyway.

MEMBER ROSEN. | n effect, provide a graded
approach to quality.

MEMBER SI EBER: That's right.

MEMBER ROSEN: Wi ch by the way i s not new.

We never really did it, because we didn't have the
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tools. W had black and white. Qur gradi ng was bl ack

and white, yes or no, on or off. Now we can do nuch
better.

MEMBER BONACA: You still have to design
t he ACCS Systemif you have the water reactor design.
So still you'll have to define what are the criteria
that you have to fulfill with the ACCS System So you
have to come down | think to sone ki nd of design basis

event, whatever.

CHAI RVAN KRESS: | think | agree wth
that. It is a very nice tool for the designer to
design to. It could be risk-infornmed. It is also a

good way to work in your concepts of defense in depth

MEMBER BONACA: Wel |, | think information
shoul d reduce the burden, the unnecessary burden.
That's the whole purpose of that. But in reality,
ultimately the designer has to know how nmuch water
t hey have t o provi de, under what conditi ons and where.

CHAI RVAN KRESS: | think one of the real
chal | enges for getting design basi s acci dents i s going
to be what are your figures of nerit that you have to
neet .

MEMBER SI EBER:  That's right.

CHAI RVAN KRESS: For sone of the concepts,
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you just got to have new figures of nerit. You can't
use the ones you have been using for LWRs.

MEMBER BONACA:  True.

CHAI RMVAN KRESS: | think preserving a
desi gn basis concept is probably worthwhile thinking
about .

M5. DROUI N: When we |ook, forgive ny
typing there at the top. VWhen we |ook at this
structure and this franework, al ot of basic questions
when we just start dealing with it conceptually.
Where you would start putting the words to it.

But, you know, one of the basic questions
that comes up first. Can it be established at vari ous
| evel s? Should it be established at various |evel s?
| nmean beginning at the top, should it be a generic
| evel where it is applicable to all currently
envi sioned designs? O should it be nore design-
speci fic?

And so we have nultiple frameworks, one
appl i cabl e to each desi gn, or sone conbi nati on of the
above. Qur approach right nowis going to start with
the Generic | High Level, or conceptually it shoul d be
t echnol ogy neutral. And then as you go down i n dept h,
but again, is this theright, you know, approach to go

after?
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Al so anot her fundanental question is,
should the framework have both qualitative and
guantitative aspects to it, criteria?

CHAl RVAN KRESS: Well you know how this

committee feels about that. The "n". W want that

n" in there. Quantitative. I think once again, you
are establishing various | evel s dependi ng on whet her
you are trying to preserve sone sort of Appendix A,
general design criteria.

M5. DROUI N:  Yes.

CHAI RVAN KRESS: That is where it is going
to get tricky.

M5. DROUI N: There is going to be
difficulties and issues. Both policy and techni cal
associ ated as we | ook at these and try and nmake sone
deci sions. W kind of junped ahead alittle bit a few
m nut es ago, but maj or point.

We said that the risk insights, our PRAs
are going to be an integral part from the very
begi nni ng, such that as each reactor is |icensed. You
are goingto bring, your risk insights will be used as
appropri ate, you know, at each step of the process in
your deci si on nmaki ng.

And because it is goingto beintegral, we

want the structure, this framework to be ri sk-i nf or ned
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and to be used as a key player and hel p focusing the
regul ati ons and where the high risk areas are. And
because it is also still going to be risk-informed as
with our current, and we are going to maintain the
principles, you know, of defense in depth and safety
mar gi ns.

And all of these have issues that are
going to be associated with them That | will touch
on briefly as we go al ong.

MEMBER WALLIS: | don't know how you do
that? How do you wite these new regul ations for
somet hi ng that doesn't exist yet, based on high risk
areas when you don't have a PRA yet. You don't know
what the high risk areas are?

M5. DROUIN. That is why it is iterative.

MEMBER WALLI S: Well you need a better way
of designing sonething. Then sonmething which is so
dependent on waiting for something el se to happen.

M5. DROUN. | think you have a |ot of
experience. And when you tal k about sonething that is
going to be technol ogy neutral, the issues that you
are tal king about can be at the next |level. And what
| mean by that is one approach is you wite your
regul ations at a high |l evel where they are technol ogy

neutral .
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And then as you conme to the next |evel,
perhaps in your regulatory guide, then you start
dealing with the specific issues on the specific
react or designs.

MEMBER FORD: Maybe it woul d hel p us, Mary
i f you, could just give us an exanple? | ammrroring
Graham s concern, how do you apply such a -- Well
what is the frequency of an event. What is the inpact
going through a PRA analysis which is technol ogy
neutral. Could you give an exanpl e?

MEMBER BONACA:  You coul d use optionthree
as an exanple. Because there you have, for exanple,
defense in depth with prevention and nitigation that
you set with certain criteria. You could tal k about
how do you allowin this franework. Maybe, there's a
portion that could take place in different ways.

M5. DROUN  Well, | think also we are
stepping way ahead than where we are even in our
t hi nki ng process at this point. Wat we aretryingto
do right nowis to outline an approach and a plan for
getting there.

Howit is all goingtofall out, it is too
early to say at this point. | do think that you can
come i n and you have enough know edge at a high | evel

of these reactor designs to build a high level PRA
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that will kind of focus you -- You know, | am not
trying toget tothis valve or this conponent, is what
you have to worry about.

MEMBER FORD:  Ckay.

M5. DROUI N: You're not there at this
point. You are at a nuch higher area, level. Sorry.
And maybe LOCAs, | am just talking about now,
conceptual ly. Mybe LOCAs is where you need to worry
about versus maybe it is nore transient. O maybe it
is some other different reactor type. But | think you
do know enough about the designs to come in to help
you formul ate, for exanple, what your design basis
acci dents shoul d be.

MR. ELTAWLA: | amgoing to go out on a
l[inb for right now and say it is not going to |ook
anything different from what we mght -- it mght
slightly look different fromwhat we have right now.
But instead of having enbedded in the regulation a
pel l et tenperature and correl ati on for naker and j ust
for oxidation nodel. You are going to nmke the
regul ati on neutral.

For exanpl e say that you shoul d not have
a fuel failure for exanple. And it is alnost witten
exactly like that right now And relegate all the

details about the eval uation npdel. About how to
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denonstrate that for the difference type of reactors
intothe regard. So that, | really, we are naking it
bi gger than what it is. But it is going to |ook --
just to clean up the regulation to nake it | ook at
very high level and the rest of this stuff will be in
a specific other docunent.

CHAI RVAN KRESS: W are not thinking
exclusively of the CDF and LERF.

M5. DROUI N: And you will see that in
anot her slide.

MEMBER WALLIS: | think it would help if
we had a framework for the current regulations. If we
really knew what that was, then we could perhaps
duplicate it.

M5. DROUN And I'mgoing to get into
t hat because our intent is not to re-invent, you know
a lot of good work that has gone in the past. Take
advantage of all the previous work. Such as the
framework that we have devel oped for risk-inform ng
Part 50.

CHAlI RVAN KRESS: Let nme ask you about
that. You know when | think about that franmework, I
picture this table where you have various frequency
events and then you have a CDF and a conditional

contai nnent failure probability for those which are
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acceptabl e | evel s.

That bothers nme, if that is what you nean
as the starting framework.

M5. DROUIN. | amgoing to get into that.

CHAI RVAN KRESS: Ckay, but that bot hers ne
if that is your starting franework. Because those
concepts may or may not be the right ones.

M5. DROUIN:. That is exactly right.

MEMBER BONACA: Al though from the
perspective of the way they structure the table
prevention and mtigation?

CHAl RVAN KRESS: That may even be w ong.

MEMBER BONACA: Yes, but | amsaying that
you coul d introduce flexibility inthat. And howto
achieve that in a way that, and I amnot thinking of
t he Pebbl e Bed. | nmean, where you can be able to
accommopdat e a bal ance as | ong as you can achieve the
ulti mate objective which you are setting. So there
are ways in which you can do flexibility with that.

CHAI RVAN KRESS: That is what |' mworki ng
t owar d.

M5. DROUN: Let ne skip the next slide.
| amgoing to cone back toit. But I think it would
be easier if | go to the next one, slide nine.

Because | wanted to go through our current franmework
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that we're using on Part 50. And this is the start of
t he franmeworKk.

And that it has, our franmework, our
current franmework that we are using on Part 50 has
both qualitative and quantitative aspects. So it is
not just that single figure that you are referring to
t hat has nunbers.

On the qualitative aspect we say thereis
two parts to it. W have one that's a hierarchal
structure that starts with the goal to protect the
public health and safety. That is the over-arching
structure.

CHAI RVAN KRESS: Do you have a definition
of what that neans?

M5. DROUIN:. | amgoing to get to that in
the next slide. It starts with that goal. And then
t he second part of the qualitativeis that it is going
to be constructed in such a manner that it maintains
a defense in depth phil osophy. You will see that
hopefully on the next couple of slides.

And then the second aspect is the
quantitative part of the framework. And that is where
we bring in quantitative guidelines to hel p us define
what i s nmeant by safe enough. And we do that with the

current one by using the safety goals.
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I f you go to the next slide, again deal i ng
with our current. Looking at the qualitative aspects
now what we mean by the hierarchical structure. And
what we are saying is that with the advanced reactors
we are going to follow this sanme concept.

That we are going to start with this goa
of protecting the public health and safety. It is
going to be the top-down approach. And then how we
define what that goal is, or differently, how we are
going to achieve it, is identifying the cornerstones.
And the cornerstones on the current framework were
derived fromthe reactor oversight program

And t here wer e seven cornerstones, but we
focused the cornerstones for Safe Nucl ear Power Pl ant
Operations. And you will see on the next slide that
we had focused in on the reactor safety ones.

And we are going to inplenent those
corner st ones t hrough strat egi es of acci dent prevention
and accident mnmitigation. And then ultimately to
achi eve those strategies, we are going to enpl oy t hese
tactics such as defense in depth, safety margins,
design bases. W are going to use those to help us
formthe regul ati ons and how we do oversi ght.

So that is the hierarchical structure of

the current one and we are going to stay with that
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sane concept. W see no reason to change it right now
for the advanced reactors at that |evel.

On the next slide, and you will see there
over tothe left, the top down goi ng fromyour goal to
your cornerstones to your strategies to your tactics.

| s that on the corner franmework, those are
now defined to the next |level of detail. And so if
you start with your reactor safety, there were four
very specific cornerstones that were identified for
the reactor safety.

Your Initiating events, mtigation
systens, barrier integrity and enmergency preparedness.
Now whether or not these will be the sane. And
whet her we should expand, for exanple, over to
radi ati on safety and security, these are all questions
now t hat we are going to have to deal with and answer
for the advanced reactors.

And the sane thing when we get to the
strat egi es. Here for the current reactors under
accident prevention we said |imt the initiating
events, limt your core damage frequency given you
have the initiating, |imt your radionuclide rel ease
and limt your public health.

Whet her those remain the sanme at that

| evel, the sane strategies, are questions that we are
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going to |l ook at and answer.

CHAI RVAN KRESS: Rem nd ne what you neant
by radi ati on safety, the bullet call ed general public.
Was that intended to apply to smaller releases of
radi oactivity? O control of waste? O what was t hat
bullet for? | forgot.

M5. DROU N. You know, to be honest, |
don't remenber. | would have to go back and | ook at
the definition of that one.

CHAI RVAN KRESS: VWhat | am trying to
deci de i s whet her or not under reactor safety you j ust
focus on things like prong fatalities and |atent
fatalities. And relegate things like frequency of
smal|l releases and things of that nature to the
radi ati on safety.

MEMBER S| EBER: | think there is two
different things there. For exanmple, if you | ook at
t he oversi ght program it tal ks about routine rel eases
ODCM and t hose kinds of things. But if you look at it
froma public safety standpoint, it woul d have nore to
do with the effectiveness of evacuation plans and
war ni ng systens and potassi umiodi de. At |east in ny
way of | ooking at it.

So, it ends up in the global sense as a

conbi nati on of the two. It is either chronic or
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acute. And we need to limt both effects, both the
chronic effect and the acute effect.

MEMBER WALLI S:  Why woul d anyt hi ng change
on a new design fromthis framework?

M5. DROUIN: | think when you tal k about
at this level, the concept, the structure | don't
t hi nk changes.

MEMBER SI EBER:  Ri ght.

M5. DROUI N: | think at the |evel of
protecting the public health, reactor safety,
radi ation safety, security, | don't think that
changes.

Acci dent prevention/mtigation | don't
t hi nk changes. But how you define those cornerstones

and howyou define the strategies, that next | evel nmay

change. | don't necessarily think that your tactics
wi || change. But how you define the tactics may
change.

MEMBER BONACA: Woul dn't t hat be very nuch
PRA-driven. | nean how you apply defense in depth and
safety margin. Although they are, we al ways say t hat
PRA is subsidiary to the defense in depth. Yet you
are using the PRA to nmake deci si ons about how -- the
way you are going to apply it. So that is going to

take you in different directions.
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But insofar as the prevention and
mtigation right now, you are very, in Option Three
you are very prescriptive about howyou go i nsofar as
what, how nmuch you give to prevention, how nuch to
mtigation. Any thoughts about how far you are going
to be in allowing a shift, for exanple, between the
t wo? Sone new designs are challenging in that
particul ar area.

M5. DROUI N: We have not gotten there yet.

MR. FLACK: Yes, | think that is a good
point. | think alot is going to depend on how nuch
we really know about the plant. That is where |
research, | think becones very i nportant. Because the
nore confidence and the nore data and the nore
information you have about a plan, the better
deci si ons coul d be made.

Because the lapse in that is going to
result in the need for nore defense in depth and so
on. So | think that is going to play out in kind of
a --

MEMBER BONACA: The reason why | asked
that question is it seems to me that in the Pebble
Bed, | nean there was the challenging i ssue that how
far are you going to allowto prevention i nsofar as --

and then, |ess, okay.
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So that is really what you are going to do
with those issues at that strategy |evel.

MEMBER SI EBER: | guess anot her factor in
new advanced designs is that there is going to be nore
uncertainty than you would have with a fleet of 25
year old PWRs.

MR FLACK: That's right.

MEMBER S| EBER: Because of that, you are
going to end up initially with nore defense in depth
and you may ul timately accept that as bei ng adequat e.

MEMBER BONACA: That is a very good poi nt
t hat Jack i s raising. Because so nmuch of what we cal
regul atory burden today, wasn't driven by purely,
sinmply we just slap on a requirenent. It was driven
by uncertainty that was i nherent in the technol ogy 30
to 40 years ago.

So the risk is that, although we want to
have all the necessary and sufficient criteria here,
we are going to have burden.

MR. FLACK: | don't know how we deal with
that. Initially we'll have to.

M5. DROUI N. AS you can see, our approach
is to go through each |evel here. And you know,
evaluateits applicability andits appropriateness for

advanced reactors. So each one is that safety goal
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t he appropriate one. You know the current framework
uses the QHCs. Are those the right ones to be used
here? In defining how you are going to protect the
public health and safety. Are the cornerstones
appropriate? Do you need to expand it? Same thing
with the strategies, both from a qualitative
perspective and froma quantitative perspective.

And again, have we identified the
appropriate tactics? The | evel of detail that we are
going to go into, is that appropriate? 1'mgoing to
di scuss these a little bit nore on the next coupl e of
slides where |I have given some exanples. It is hard
sonmetimes to separate out policy versus technical
because sonetinmes they feed into each other in trying
to answer the policy. You mght have to have nore
t echni cal under st andi ng.

And | haven't tried to list everything
here, just sone of the prelimnary ones that we have
identified and thought about. Again, | have saidthis
one several times, should additional cornerstones,
just at the high level, should we go beyond the
react or safety? Should we include radiation safety,
security and saf eguards? And then within the reactor
safety are the four that are identified there, the

appropriate ones. Should we start |ooking into | and
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cont am nation, for exanple?

CHAl RVAN KRESS: You know, | don't even
t hi nk you shoul d have even asked the question. To nme
it was obvious, yes you should be thinking about it.
It is part of your regulatory objectives to have an
acceptable level of insult. And that is an insult
t hat you have to think about. You know, we woul d say
sure.

M5. DROUI N  Ckay.

MEMBER SI EBER:  Yes, but it is not in the
policy now.

MR. ELTAWLA: It is a policy issue.

CHAI RVAN KRESS: There are things -- but
it is dealt with in the regulations to sone extent.

MEMBER ROSEN:  You are not inplying that
all of these are new questions. | think, should the
| evel of safety be raised for new plants, your next
bul I et . | thought the comm ssion has already
expressed its expectation on that subject.

CHAl RVAN KRESS: Well that was sort of
anbi guous st at enment .

M5. DROUI N  Yes.

MEMBER S| EBER: That's right and it needs
to develop into some kind of policy.

M5. DROUIN: And what it is neant by that.
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MEMBER SI EBER: R ght.

MEMBER ROSEN: It's not going to be | ess
safe than the current generation.

M5. DROUN It will not --

CHAl RVAN KRESS: It certainly says that.

MEMBER FORD: Mary, where does early site
permts cone into this whole argunent?

M5. DROUN:. ['msorry?

MEMBER FORD: Where does early site
permts cone into this whole argunent? | keep
t hi nki ng about tim ng. W have got three applications
for early site permts on the desk right now. And as
| understand it fromwhat | have seen, it may require
a fair amount of additional work.

| don't know if there is any research
noney being allocated toit. Were does it conme in on
this policy issue? Is there any policy issues
associatedwthearly site permts for unspecified new
reactors at those three sites?

M5. DROUN | don't have an answer to
t hat .

MR. FLACK: Yes, | amnot aware of any at
the nonent. We are actually testing the process as we
go. As you know, this has not been exercised before.

And a lot of the interest is in seeing howthis wl|l
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go.

But at the noment, there wasn't anything
within the context of the plan itself that research
needs in that area at the nmoment. \hether or not
sonmething else cones up related to the franework.
Actually that may cone out of this process as it is
bei ng exerci sed.

MEMBER FORD: So, for any one of these
three sites that are being proposed, if soneone cane
in and said we want to put in an MHR, a GI-VHR, the
exi sting regul ati ons would just be sufficient?

MR, FLACK: Well it would be appli ed.

M5. DROU N Yes, you wouldn't say that
t he exi sting regul ati ons woul d be sufficient, but you
woul d use the existing regulations to make your
deci sion. And you would go through themto decide
whi ch ones were appropriate and whi ch ones woul d not
be appropriate. And where you nmay need to nmake sone

changes to the current ones to neet that reactor

desi gn.

MEMBER FORD: Ckay.

M5. DROUN. And then we get to --

CHAI RMAN KRESS: Your regul ati ons ought to
be site-rel ated. Tal king about the various site

permts. \When you are tal ki ng about a LERF, that is
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a site characteristic. That is not a plant
characteristic.

M5. DROUIN: That's site.

CHAI RVAN KRESS: The LERF is a plant
characteristic, the acceptabl e value of LERFis asite
characteristic. Wen you are dealingwthregul ations
you are talking about acceptable values. So,
implicitly, you have to have a site in mnd. And that
ought to be part of the thinking when you deal with
early site permts.

You have to ask how many plants are
already on there? \What is their collective LERF
value? And aml| going to put a new one on there? How
much | amgoing to add to that LERF? That's the sort
of thing you have to think about.

MEMBER FORD: | am really show ng ny
i gnorance here at this point. As soon as the
di fferent radionuclide release, which give rise to
different punp fatality statistics. Wuld that not
i mpact on ESP?

CHAI RVAN KRESS: Absolutely it would. |If
you got a different m x of isotopes for exanple, and
different quantity of i sotopes, thenthe definitionwe
now have for LERF, acceptable value of LERF in terns

of what it neans in ternms of a surrogate for prong

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

63

fatality safety though, just conpletely w ong.

MEMBER FORD: So, that is dependent on
t hat --

CHAI RVAN KRESS: Absolutely. On the type
and the site.

M5. DROUIN: One of the reasons that when
you look at the hierarchical structure of the
framework and if you stay at the highest |evel where
you are conmng down you have your goal, your
cornerstone, your strategies and tactics. And while
conceptual Iy, you know, | do firmy believe that that
is applicable to all technol ogi es.

The details of it that are currently there
for Part 50 are there because of how you are using
that framework. And that framework was being used to
hel p | ook at the current set of regul ations and see if
they need to be revised, deleted, enhanced or
what ever .

So nowwe are going to stay with that sane
concept, but howthis framework is going to be used,
is acritical decision in this whole process. Wen
and how it is to be used, wll be fundanental in
hel pi ng you deci de i n det erm ni ng whet her at each part
whet her your goal s, cornerstones, etc. are applicable

and appropriate.
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So, one of the very fundanental questions
that has to be asked is how do you plan to use this?
When are you going to use it? And how are you going
to use it?

CHAI RMAN KRESS: | think you are going to
have to back up on this LERF concept. Because it is
going to be site-specific. It is going to depend on
t he desi gn of your reactor. What type of reactor you
have. | think you are going to have to back up to the
next | evel again and say ny goal s are sonet hi ng el se.
They're prong fatalities. They're land contam nati on,
whatever. They're frequency of release of fission
products.

| think you are going to have to define
the high level acceptance criteria in that. And
whet her you can back down to a LERF, is in ny mnd
guestionable at this tine.

M5. DROUN: | didn't put it onthe slide,
but it is in ny notes here. | nean | still haven't
gi ven you your quantitative health objections. Are
t hose even the appropriate ones?

CHAI RVAN KRESS: That i s questionabl e too
in nmy mnd, yes.

M5. DROUIN: You have to start there.

CHAI RMAN KRESS: That is a good place to
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start.

M5. DROUN. That is where you have to
start. Wsat should be that safety goal ?

CHAl RVAN KRESS:  Yes.

M5. DROUN: And the safety goal that we
are using right nowin the current structure are the
QHGs.

CHAI RVAN KRESS: Well, | think that is a
good start.

M5. DROU N:  You know, should we start
there and then given that, what are the appropriate
surrogates? Ri ght nowwe are usi ng CDF and LERF. Are
t hose the appropriate ones? And then given, once you
determi ne what are your appropriate surrogates,
whet her they are CDF or LERF, then what are the
appropriate quantitative guidelines associated with
t henf

CHAlI RVAN KRESS: LERF may be appropri at e,
but the one that's in regulatory guide 1.174, | don't
think is appropriate. 1 time seven minus five per
year, | think you should throw that one out of your
m nd and start fromthere.

MR. CARLSON: Could I make a conment on
t hat ?

M5. DROUN. | think you have to | ook at
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both what it should be just qualitative, what should
the surrogate be. And then what should be its
guantitative val ue.

MEMBER SIEBER: | think that problemis
pretty conplicated because the source term changes
wi th burn up, nunber one.

CHAl RVAN KRESS: That's right. That 1.1
times 10, to the mnus 5 depends on it.

MEMBER S| EBER: That's right. And so
real | y what you are | ooking at i s how nuch uncertainty
is there in defining what LERF nmeans in ternms of QHGCs.
And then you have to make another decision beyond
that, which is how conservative do you want to be.

You may end up with LERF ti nes sone fact or
t hat you agree on envel opes t he uncertainty. You know
that is oneway todoit. Oherw se, a conputation of
that gets very conplicated. As you and | know.

CHAI RVAN KRESS: Yes. W have hashed t hat
one out, haven't we.

MEMBER SI EBER:  Took a long tine.

M5, DROUI N: | also think another very
tough one is going to be you know, the |evel of
def ense i n depth and what we nean by that. Ri ght now,
under the current framework, let nme say it alittle

differently.
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| think your thought process is different
when you are | ooking at a current set of regulations
and you are risk informng them and you want to
mai ntain the defense in depth that is built into them
versus starting fresh. VWhere you want to build
defense in depth, but you don't want to go to the
extent where you are now creating undue burden from
t he very begi nni ng.

So how you define defense in depth from
t hat perspective, and safety margins so you don't go
too far. | think brings different questions that need
to be asked further than what we were doing on the
current Part 50.

CHAI RVAN  KRESS: Yes, we'll be very
interested in how you conme down on that eventually.
M5. DROUIN. | wll be too.

MEMBER WALLI'S: Wel |l | suspect you'll find
what Jack Sieber was saying. That if you go to
somet hi ng which you don't know nuch about, you are
goi ng to have to have nore defense in depth to account
for your uncertainty about what is going to happen.
So it is not going to be a question of reducing
bur den.

You' re going to reduce burden maybe after

you have had some experience with these.
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M5. DROU N. That m ght have to be t he way

it gets. Going back to the previous slide.

MEMBER SI EBER: That's not progress.

M5. DROU N: Yes, we want to create -- and
| apologize the slide did not get changed. It is
supposed to read outline a path for generating a
framewor k. Decision-making criteria was supposed to
be framework there.

You know, how do we intend to create this
framewor k. You know, recognizing that you know, we
want a framework that is going to ensure that the
design and operating requirenents for advanced
reactors are developing in a consistent, systematic
and structured manner.

| think that is very inportant. W want
to make sure that the advanced reactor regulations,
you know, are going to be directly tied to these high
| evel safety goals and principles that we end up
def i ni ng. W want to be able to show that these
safety goals, however we define them are net.
Per haps even exceeded. And that is another issue we
are going to have to deal with. And ensure that the
regul ati ons, where appropriate, are perfornmance based.

MEMBER WALLI S: So this is, again, a

statenent of objectives?
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MS. DRCOUI N: Yes.

MEMBER WALLI S: There isn't nmuch of a
pl an?

M5. DROUIN: We don't have a plan yet.

MEMBER WALLI S: You call it a plan,
t hough.

M5. DROUN:. Well this is what we want our
pl an to do.

MEMBER WALLI S: Right, so while | am
sitting here assessing the likelihood that you wl|
ever succeed. And all you keep doing is asking

guesti ons and havi ng obj ectives, and | don't know how

to assess the probability that you will ever get
t here.

M5. DROUIN. Well | think we are going to
have to cone back. Because again, | wanted to put

right up front here, we just started on this.

MEMBER WALLI S: You have talked to us
before, so can't have just started.

MS. DROUI N: This is nmy first tinme up
her e.

MR. ELTAW LA: | cane here, Grahamyou are
correct, and tal ked about it. But again, we go
t hrough a budget process and we will try to allocate

resources and all this stuff. So it is just part of
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the --

MEMBER WALLIS: That's the inpression I
get. |Is that when you get the noney then you wll
figure out what to do.

MR. ELTAW LA: That is not fair, but at --

MEMBER WALLIS: No it's realistic.

MR. ELTAW LA: | suggest you don't give
credit to the staff at all --

MEMBER FORD: Jack, at the very begi nni ng
in your opening statements, you correctly said that
this plan is identifying all of the issues that have
to be addressed, froma framework regul atory position
and the technical position. You then said the next
stage would be, with our help, to come up with sone
sort of PERT. To prioritize all of those questions
and then go and do sonething. Wien will the PERT be
done?

MR FLACK: Vell, we tal ked about the
unbrel la PERT. PERTs are goi ng on as we speak within
t he technical areas thenselves. Wat are the issues
and ranking those within, just for exanple, fuels.

Across the board again, it gets back to
this question of what is it that is causing us to
react now, versus what do we need to put in place for

the long term and maintain that for the future
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sonmeday at a gas cool ed design comng in. | mean
there's two pieces to that.

The first pieceis that we arereactingto
pre-applications. Designcertificationsthat are very
cl ose on the horizon that we'll need to prepare for.
What are the issues? Since these are |ight water
i ssues, we are nore prepared to deal with those ki nds
of issues.

The question on how nuch to put into the
| onger termgoal s of establishing an infrastructure,
a regulatory infrastructure that can process an
advanced gas cool ed design. | think that is the
guestion. And howthis trades off. Wether or not a
gl obal PERT will come to an answer on that question,
| don't think so.

| think that is nore of a PERT t hat needs
the commission itself to decide where we go and set
that vision. And fromthere and al | ocati ng what needs
t o be done, how nmuch resources are to be spent in each
part of this. WelIl then we have a plan next to say,
wel |l these are the things that are coming out to be
the nost inportant things. They are going to need a
long termeffort that we need to start nowif we want
to be prepared when the design cones in.

A lot of this plan focuses on that.
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Getting the tough i ssues on the table. Saying are we
really prepared to deal with these. And if not, when
would we be needed to deal with these and try to
establish some tinme frame and resource level to
accomodate that. There is no sinple process that can
get us an answer. | mean everybody has their own
views on this.

A lot of it wll be driven by the
Conmission's desire to establish certain things and
goal s for thensel ves that will then be i npl emented by
the staff. So I don't think that kind of PERT.

The PERT that we nentioned earlier,
unbrella PERT. Wuld be okay, now, for a non-light
wat er reactor gas cool ed designs, what are the key
i ssues. And we see that even com ng as we speak from
the plan itself. That is why we are going to be
focusing on three of them Basically the materials,
the fuels, and the reactor system anal ysis.

MEMBER FORD: For gas cool reactors?

MR FLACK: For gas cool ed reactors. |
nean these are the nobst conplex issues that we are
dealing with. There is a lot to them There is a
need to have people famliar with those areas that, in
gaps we see nore. And so, | think it is com ng out at

that |level fromlaying everything out on the table,
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what is it that needs to be addressed in the | ong term
t hat we need to start doing now. And a lot of that is
from our interactions wth stakeholders and the
Conmi ssi on.

MEMBER FORD: Are there sufficient plans,
i.e., actions ongoing to address evolutionary Light
Wat er Reactors? The ones that you, some of themt hat
you have nentioned, which are probably much nore
likely to be built than a gas cool ed reactor?

MR. FLACK: Well we are expanding that as
we speak actually.

MR. ELTAWLA: Can | add sonet hi ng t o what
John i s saying here. So G ahamdoes not think that we
are not worki ng on any of these i ssues. Just for your
information, for a year right now we have been
nodi fyi ng our thernohydraul i c and severe acci dent core
to deal with gas cooled reactor. We have been
negotiating with DOE about cooperative agreenent on
performance testing.

But to answer Peter's question directly
for advanced revol utionary | i ght water reactor, we are
right nowin the process for that. That is part of
t he conplication of the issue.

The nmoney that was going to be spent on

testing of Pebble Bed fuel, right nowis going to be
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reprogranmmed to address ESBWR i ssue. So we are goi ng
t o del ay deci si on about testing on gas cool ed reactor.
For ot her reason, you knowthat DCE is not ready. W
don't have the Pebble yet. And we have the noney, so
we nmove the noney to address ESBWR

So the priority inny opinionis goingto
be AP-1000 which we are definitely are on top of
everything. And | don't think we have any problem
with the ESBWR and the ACR-700, that is the Canadi an
CANDU r eact or .

But we wi Il continue to work on gas cool ed
reactor and when we see opportunity to enter into
cooperative agreenent that is going to be cost
effective for the governnent, and w thin our budget,
we will enter into this agreenment to get information
from over seas.

So, the plan is being inplenented in
certain areas. |In case of Mary, the Conmm ssion told
us not to work on the framework in "02. So that was
t he Conm ssi on deci sion, so we cannot go agai nst the
Conmmi ssi on directions.

MEMBER FORD: You said the framework --

MEMBER SI EBER:  Just once --

MEMBER FORD: You don't need to change --

MR. ELTAW LA: W don't need to change t he
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framework for |ight water reactor, they are certified

under --

MEMBER BONACA: | have a question that. |
received in the mail, and haven't been able to review
it all, but the document fromNElI. | believe NEI 02-
02.

M5. DROUI N Right.

MEMBER BONACA: Where they are proposing
you know, using cornerstone so that the framework.
And there is a full approach that's being descri bed
there fromthe reactors. You are conmunicating with
each ot her?

M5. DROUN: Yes, we've had a neeting on
that and we' re going to conti nue to have neetings with
them And that is going to be one of the inputs here
that we are going to take into account.

MEMBER BONACA: Ckay.

MS5. DROU N. Absolutely. W have al ready
started | ooking at it.

MEMBER BONACA: |s that the final docunent
fromNEl or is it a proposed docunent for comment or?
M5. DROUN. No it is just --

MR ELTAWLA: It's send as aninformation
paper for NRC. They are not asking a formal reply

fromNRC. And the staff is going to take that into
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account in developing the franmework and in the
coherent.

MEMBER BONACA: Ckay, soreally the staff
in this communication with stakehol ders.

MR ELTAWLA: That is correct.

MEMBER FORD: Can | ask a question of Tom
and yoursel f. There is another plan? On action pl an,
ongoi ng for evolutionary |ight water reactor.

MR ELTAWLA: in the ESWBR, yes.

MEMBER FORD: Those are ongoi ng pl ans. |
amt hi nki ng nore sel fishly the research report aspect.
Wuld it be useful that you were briefed on those
pl ans, the evolutionary |ight water reactor?

CHAI RVAN KRESS: | certainly think so.

MEMBER FORD: Because the way | amseei ng
it is that the plans that you are tal king about for
gas cool reactors. By the tinme we are ready wite a
research report, are not going to be - W could say
yes you hit all the right questions, but the result of
t hose questions is not going to be identified.

M5. DROUI N. When | tal k about plan here,
| amtal ki ng about ny piece which is the frameworKk.

MEMBER FORD: Yes, | understand that.

MEMBER SI EBER: |t woul d seemt o ne t hough

when you consider just the elenents that you are
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dealing with so far. You have on the one hand
phenonena | ogi cal research. Wich is howthe systens
wor k. How the fuel responds. And even going so far
as to try and figure out what the source termis for
difference between a fast reactor and a thernal
reactor and fuel matrix.

Then you have on the other hand, this
framewor k. And think the framework has to come first.
| believe that there are sonme flaws in the current
framework to be corrected. For exanple, the concept
of LERF being a site issue. The fact that |and
contam nation isn't in there.

And LERF may not be the right surrogate.
So | think that you have to do that first before you
have an idea as to how you want to structure
regul ations to license and advanced plans. Then on
t he ot her hand you need to know about the phenonenon,
t he responsive materials and the behavi or systens in
order to actually be able to put your arns around the
specific reactor types.

Sol seeit as two different things. And
| see the framework as probably having a greater
conceptual priority than all the other stuff.

CHAI RVAN KRESS: Yeah, | guess | would

disagree a little with that. | think parts of the
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research plan that deal wth the things |Ilike
neutroni cs and fission product rel ease and materi al s.
| think no, you are going to need those.

M5. DROUIN:  Yes.

CHAI RVAN  KRESS: Regardl ess of what
regul atory structure you don't have. So | think they
are i ndependent. There are sone things in the plan |
think that will depend on what kind of framework you
could have. And that has to do wi th what kind of PRA
research you will need to do. And sone things having
todowth that sort of thing. To nme in my mnd, they
are al nost independent.

MR FLACK: Yes.

MEMBER SI EBER:  That's ny point.

M5. DROUN:. | think there is sonme that
are independent, but | would also say that there is
some cases where you are going to need sonme research
to answer some questions to resolve sonme franmework.

CHAI RMVAN KRESS: Yeah, | think going in
that direction is definitely a positive truth.

MEMBER S| EBER:. That's what ought to be
identified right up front.

M5. DROUI N: And those are all the
thinking things that we are going to try. In

Septenber we aren't going to have answers. But
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hopefully we will have identify and how t he approach
we are going to use.

MEMBER BONACA: So this is prelimnary
plan or prelimnary framework? Wat is goingto bein
Sept enber .

MS. DROUIN: No, what you are going to see
in Septenber is the prelimnary plan.

MEMBER ROSEN: That is our next mneeting.

MEMBER FORD: The item zation of things
t hat have to be done, will not be done | understand
for Fiscal Year 2003. Sonetine or other beyond 2003
to attack those actions that you are going to identify
i n Septenber.

MR. ELTAW LA: Mary, can | say qui ck words
from your nouth?

MS. DROUIN: Pl ease.

MR, ELTAW LA: The plan that you are
tal king about here, so we won't start from a clean
sheet of paper to develop this regulation. Wichis
going to build on the existing framework of 10 CFR
that we are using right nowto change the i nformation
10 CFR 5046 to 4044. And you are going to | ook at
that franmework to see how it can be expanded to
i ncl ude advanced |ight water reactor in a technol ogy

neutral fashion.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

80

If | say it correctly so we really have a
start where not really starting from scratch.

V5. DROUI N: Yes. And when | say we
aren't going to have answers, what | nean by that is
that as we expand. And | have gone through all and
showed you all the places where we are going to be
| ooking at. Is identify what we think the i ssues are
and how we intend to go about resol ving those i ssues.

MEMBER WALLI S: But you're going in to
build the franework. Your objective is to build the
f ranmewor k. And there is someone |like a bridge
desi gner com ng here saying | have a pl an for building

this bridge. And | don't really see you building the

bri dge yet. Because you are so far back in your
devel opnent in the plan. That is what | have been
sayi ng.

And | am not talking about the whole

program | think you have parts of the programthat
is needed to be done which are inportant. | amj ust
suggesting this framework. | sort of suspect that

Jack is right. The franework is the key. To get the
framework right, then that gui des everything el se you
do. Sol really would |ike to see a great franmework.

The only reason | am asking these

guestions is | think you are a |long way from saying
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here is our plan. W can see the framework com ng.
| don't see the framework com ng yet. And | am
reassured by Farouk saying it is a perturbation of
what we have already. But that is not what sone of
your slides seemto say.

M5. DROUIN: | thought they were cl ear all
t he way through.

MEMBER WALLI S: They seemto suggest you
are going to look right back at the beginning of
regul ations. Rewrite everything fromthe begi nning.
But maybe --

M5. DROUI N: But all the slides are
showi ng we are starting with, all those pictures that
you see are concerning franmework.

MEMBER WALLI S:  Sonetinmes they said that.
But sonetinmes you were reexam ning the goals and the
cornerstones and the strategi es and everything el se.

M5. DROUN. We will have cornerstones.
W will have strategies. | nean that concept, that
structure --

MEMBER WALLIS: | think you m ght make a
deci sion today that the existing goals, cornerstones
and strategies are a good basis for developing a
framewor k. And then nove on.

V5. DROUI N: But we have nmade that
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deci si on.

MEMBER WALLI'S: Well that is good to know.
Then we don't need to keep hearing about it then
Make that decision and nove on to the next stage.

MEMBER FORD: But Mary, | can understand
what you have said. You said you take the existing
one down to a certain level, the tactics level. And
then take it as a given, there may be sone questions
about LERF and things of this nature.

But you are dotting the I's and crossing
the T'"s on that statenment is what is going to be done
in 2002. The actual reduction to practice, checking

on the PRA associated with those things, etc. That

will not be done, as | understand it in 2003. The
Conmi ssioner said you will not do work on this in
20037

MR. ELTAWLA: In the budget --

MEMBER FORD: (Okay, so there could be a
fourth bullet in that saying no work in 2003 on this
particul ar issue?

M5. DROUI N  Yes.

MEMBER FORD: Ckay.

MEMBER LEI TCH: Have we nuddi ed t he i ssue?
Let's take the case of a utility who, you know,

project yourself a year or two out into the future, |
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mean relatively short term As a early site permt
approved. It comes in and says | want to put a AP-
1000 on that site.

One of the inportant factors in a
utilities mnd in comng to that point is
predictability of the regulatory process. Have we
made the process |ess predictable. Wul d that be
different if they canme in 2003 versus 2005? Wththis
new framewor k?

M5. DROUN:. | amnot sure | understand
t he questi on.

MEMBER LEI TCH: Have we introduced some
confusionintothe regul atory process that i s what the
utilities expectation of the regul atory process m ght
be.

M5. DROUN. | don't think so.

MR. ELTAW LA: No, because again, as |
indicated earlier for advanced | i ght water reactor of
any kind, we can go and apply for certification based
on the existing regulation. W don't have to wait for
it. | think that will be benefit you need a different
concept |ike gas core reactor and things |ike that.
W11l benefit nore out of that framework than the |ight
wat er reactor.

MEMBER LEI TCH: So once again, the prine
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driver for this is gas cool ed reactors?

MR. ELTAWLA: Gas cooled or the other
type of reactor that | mentioned earlier today.

MEMBER LEI TCH: And if we are just dealing
with light water reactors this change in the framework
then, would likely not be done?

MR ELTAW LA: | think it can be done
either, it is being done under the coherence program
We are |l ooking at the existing regulations to nake
t hensel ves consi stent and coherent in terns of their
val ue and preparedness for risk.

So we are doing it, but again, as |
nmentioned to enlarge the playing field and include
non-1ight water reactor and that is that what is the
Delta we are tal king about here.

MEMBER SI EBER: fromt he standpoi nt of the
| icensee, saying to nyself. Do | understand what the
basis for the licensing of an advanced reactor i s, one
t hi ng t hat di sappears for advance reactors out of Part
50 is all of the determnistic stuff. Since this
framework really is a risk based system | woul d
t hi nk that once a | icensee understood that, then that
woul d be just as predictable as the old determ nistic
system

VMEMBER BONACA: The trouble is that this
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framework is just a plan. | understand that it is not
going to be worked on right now.

MEMBER SI EBER:  No noney.

VEMBER BONACA: | understand that. | t
troubles me because it neans that you already saw
Exelon comng in with a plan. At least they were
proposing a framework of some nature and we had
questi ons about that. There were a | ot of good things
about it.

And now we are going to wait for another
person to conme in with another proposal and another
attenpt to framework and everybody there probably
wants to proposal design is going to struggle trying
to think about where are we going to go with the
regul ation.

And | think it would be very helpful. In
fact, my thought was that | was hoping that it woul d
be a framework at |east that |icensees or potentia
I'i censees woul d | ook at and see different franes of it
and then apply it withintheir proposal s whenever t hey
want to conme into the concept.

MR,  FLACK: Vell, we're not really
waiting. | guess a nonth or so ago we tal ked about
the policy i ssues that were com ng out of the designs

t hat we have | ooked at to date. W are going up on a
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separate track on that one. And in the fall, there
will be a follow up SECY

That will talk about these policy issues
and the resolution of those issues, pathways to
resol utions and options and so on. It woul d probably
be best in that context to think about what it would
mean with the sense of a new revised framework, |
would think. So it is not that we are waiting, we do
have these other activities going on. W'Il|l see how
t hey devel op and cone forth in the fall

CHAI RMAN KRESS: Where is the early site
permtting being dealt with. That is not being done
in research?

MR FLACK: No.

CHAI RMAN KRESS: | think we need to get
i nvol ved in that. W haven't been involved in that
at all.

MEMBER S| EBER: So we understand the
concept .

CHAI RVAN KRESS: So we understand the
concept, what the criteria are for giving -- and how

they are basing it. Anyway, | think this would be a
good tinme to have a break
MR FLACK: Are you ready to wap up?

V5. DROUI N: | ' m done.
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CHAI RVAN KRESS: You' re through. So |

wi Il declare a 15 m nute break. Please be back at
10: 30.

M5. DROUIN: Thank you.

(Wher eupon, the foregoing matter went off

the record at 10: 15 a. m and went back on

the record at 10:31 a.m)

CHAI RVAN KRESS: Let's get started again.

MR.  FLACK: Okay, our next speaker is
Stuart Rubin who is part of the Advanced Reactor G oup
in the Ofice of Research. And his area is Fuels
Analysis. So you will hear everything you want to
know about TRI SOfuel particl es and associ at ed i ssues.

MR RUBIN. Yes, I'ma very tiny part of
t he advanced reactor research plan. And | ampassing
around a little of what those particles are. I
haven't brought ny pebbles because the plan was
intended to be neutral with regard to specific HTGR
fuel design. \Wether it be pebble or prismatic.

And so, | shoul d nention that although the
presentation is focused on HIGR fields, advanced
reactor research plan does have a piece on IRIS. And
| can tal k about that at the end if tine and interest
al | ow.

This first slide provides an outline of
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what | wll be talking about this morning. | wll
begin by reviewi ng the safety perfornmance objective
for the fuel. Its paranount role in ensuring fission
product containment within the reactor system

Next | wll discuss the key issues,
t echni cal and research i ssues that were identified by
the staff as well as by experts around the world in
wor kshops and ot her forumthat rai sed questions on the
ability of TRISOP particle fuels to actually neet that
per f ormance objecti ves.

| will summarize t he purpose and focus for
the identified research needs. And then | wll
di scuss the specific scope and content of our plan
research activities.

In general, the research activities
involve a radiation testing as well as accident
simul ation testing. Devel oping analytical codes and
nmet hods. And al so devel oping staff expertise and
know edge in the are of fuel fabrication and how t hat
relates to the fuel perfornmance.

And then I wll finally nmention a few
research projects and outcones that we think will stem
fromthis work.

As far as the safety objective, and this

is not sonething that is witten down, it's sonething
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| put together nyself. To begin with the, it is
probably wel | known here, that the safety features and
design characteristics of nodern nodular HTGRs are
quite different from current generation LWRs. And
first and forenost, anong those di fferences is the al
ceramc fuel element containing those tiny coated
particles of fuel that are being passed around.

And by way of a concept, each TRI SOP
particle is in of itself a principle safety barrier.
And the primary containnent function for protecting
against a release of fission products to the
environnment from all conditions of operations is
desi gn- basi s accidents and acci dents beyond that.

And so the fuel performance objective is
to retain and contain those vision products at the
site where they are generated within the fuel. And
each withing those billions of particles that conprise
a reactor core, a GI-MHR, PBMR cor.

And so because of the statement and
position of reactor designers of HIGR s, that
contai nnent is essentially served by the fuel itself.
There is a proposal or submttal of that the
requi rements for the reactor contai nment itself can be
rel axed in ternms of need to retain pressure and bei ng

| eak tight.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90
MEMBER WALLIS: It seens to ne, what you

have just said fits right intothe framework that Mary
was tal king about. There is no need to devel op a new
vocabul ary or anything to deal with this new concept.
Just to make a link to what we heard before.

CHAl RVAN KRESS: Well the franmework had
words |ike prevention and mtigation.

MEMBER WALLI S: Wi ch we have here. | am
just looking at it. It says barrier integrity and
limt --

CHAI RVAN KRESS: The framework viewed
t hose as separate things, prevention and mtigation.
Here we have prevention and mitigation as one thing.

MEMBER WALLI S: That i s okay, just as | ong
as you conbi ne features. You can conbi ne the function
and desi gn.

CHAI RMAN KRESS: When you have --

MEMBER WALLIS: | felt that the framework

was i nportant. I couldn't wunderstand why the
Conmmi ssion didn't spend the noney on it. |'m just
trying to put all these things into conceptual
f ramewor k.

CHAI RVAN  KRESS: | agree. I was

fl abbergasted that the Comm ssion didn't want themto

wor k on that.
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MR. ELTAWLA: Again, it is budget. I

tried to allocate the budget, so it was deferred for
until " 03.

MR. RUBIN: This next slide is intended to
by way of background, provide sonme of the nore
i mportant issues that were identified in these
wor kshops and di scussionwithinthe staff and ext ernal
st akehol ders on what are the issues related to the
qguesti on of whether or not TRI SOP particle fuels can
in fact retain fission products within the particles
itself.

Sone of theissues relatedtothe adequacy
of the historical irradiation test that were
performed and perhaps not covering the nore
chal | engi ng operati ng condi ti ons t hat we can expect in
a nodul ar HTGR Such as in higher core operating
tenperatures, and al so the fact that these historical
tests may not have explored fully the safety margins
duri ng normal operation.

Simlarly, there are concerns about the
accident sinulation testing. Whet her they were
sufficient to fully explore the safety margins. And
for conditions such as even core heat-up, reactivity
events, and chem cal attack events, |ike air ingress.

Ther e wer e al so concerns and i ssues rai sed
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regarding the differences in fuel fabrication between
the fuel that was made historically in Germany and
performed very well. And the fuel that is yet to be
made and know edge that even subtle changes in a
process for fabrication can cause significant changes
inthe fuel particle characteristics. Wich play out
as significant performance differences in an actual
reactor environnent.

And so there is work bei ng done today to
try to understand those |inks and how they connect.
Al so, questions involved the conservatism of the
traditional testing nethods that we used to qualify
this fuel. Accelerated burn-up testingis typical of
this fuel testing and other to get answers nore
qui ckly. But questions could conme up whet her or not
that is conservative for chemcal reaction failure
nmechani sns that may require nore time to actually be
seen.

Also the accident simulation test
typically are a constant tenperature type test, as
opposed to actually tracking the time versus
tenperature. History that one woul d see in an actua
event.

MEMBER WALLIS: You are tal king about a

irradiation testing. \Where does burn-up cone up in
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t hi s?

MR. RUBIN:. Irradiation burn-up would be
associated withtheirradiationtesting. | amdraw ng
di stinction between the behavior of the fuel and an
oper ating environnent, fast fluence, burn-up operating
t emper at ur e.

MEMBER WALLI'S: M radiation that it has
actual ly undergone a | ot of nuclear reaction?

MR RUBIN:  Yes.

CHAI RVAN KRESS: Normal |y, all you haveto
do is stick themin a research reactor.

MR RUBIN. A test reactor.

MEMBER WALLI S: But just irradiating
doesn't sinul ate burn-up.

CHAl RVAN KRESS: No, they actually stick
themin a neutron for a long tine.

MR. RUBIN:. Right. Burn-upis inplied by
the radiation testing. Oher concerns relate to the
ability to add anal ytical codes to actually predict
fuel performance during normal operation and the
ability toactually cal cul ate tenperaturesinthe core
during normal operation and accidents.

And al so, what were the quality controls
that were used in those previous tests and how they

conmpare with what we woul d expect today. And so with
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t hat background, this next slide provides the overal
pur pose of the HTGR fuel s research.

First our focus is to nore fully explore
the limts for TRISO particle integrity and fission
product retention capability. Bot h during nornal
operation/irradiation and burn up. As well as for the
ability of the particle to stay intact in accidents
t hat go beyond the |icensing basis. And so as to nore
fully understand the safety margins in both arenas.

MEMBER LEI TCH: Stuart could you help ne
with a question about my knowl edge on this topic? 1Is
TRI SO a process or a manufacturers nane. O what?

MR. RUBIN: Ckay, | brought a fewpictures
to actually explainthis. On the right side, the one
you are |looking at there is a --

MEMBER ROSEN: Coul d you nove to t he si de.

MR RUBIN:. On the right side, is a huge
magni fi cati on of those particles that woul d be passed
ar ound.

MEMBER LEI TCH:  Ckay.

MR. RUBIN:. And then the TRISOrefers to
threelayers principality that retainfission product.
Going from the outward in, you have the outer
Pyrolytic Carbon layer. And then you have the nost

i nportant | ayer the silicon carbinelayer, nunber two.
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And an inport of that is an inner Pyrolytic Carbon
| ayer. Each has a fission product retention
capability.

There is a fourth layer that is not part
of the TRISO term nology and this a buffer |layer to
absorb fission gases to accommobdat e pressure build up
inthe fuel. And each of those layersis isotropicin
terms of their properties. You get the TRI SO for
short. Trisotropic |ayers.

MEMBER ROSEN:  Then in the center, you
took us all the way through the buffer then there is
this big hole, what is in the m ddl e?

MR. RUBIN. Ckay, that is way the way pay
the bills. That is where the fuel is |ocated. That
is the fuel kernel, as it is called. Were you have
either UQ, in the case of a PBMR or UCO fuel in the
case of GI-MHR  And so that is where the burn up is
t aki ng place, fission gases are being --

MEMBER WALLI'S: This is just conceptual.

MR. RUBI N: No, this is an actual cut
away, but it has been col orized at the urani umdi oxi de
fuel kernel. There is the buffer layer. Thereis the
i nner Pyrolytic carbon |ayer.

MEMBER WALLI'S: What | neant is it isn't

a cartoon. It doesn't show di mensi on. It doesn't
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shoe tol erances on di nmensi ons.

( MORE THAN ONE VO CE) .

MEMBER WALLI S: But these again, these are
all spherical.

MEMBER ROSEN: WAit a minute. You are not
getting bogged down, this is the heart of it.

MR. RUBIN. Well sure, let's get going
t hen.

VEMBER ROSEN: | wanted to know in the
ot her picture. WII| you go back to the other picture
when you get a chance there. You can answer G ahani s
question and go back.

MR. RUBIN. The reason why | put that up
is that shows sone --

MEMBER ROSEN:  That | ooks |i ke to be kind
of squashed. Do they all come out |ike that?

MEMBER WALLIS: M real question was are
t hey spherical ? There nust be variations of
manuf act urers.

MEMBER ROSEN: Is that areal particle cut

in hal f?
MR RUBIN. | do believe that is.
MEMBER ROSEN: O is that broad case?
That is a real particle. 1t is a mcroscopic cross

secti on. So we can see is that there is a |ot of
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variability. It is not circular.

MR. RUBIN: That woul d come up in the part
of fuel fabrication. Over the years it has been
understood that it is inportant that the inner kernel
is fuel maintain a sphericity power. |In other words,
the | argest dianmeter, that is controlled in the fue
fabrication process.

And then they in turn you have coatings
that are appliedinachenm cal vapor deposition burnup
environnent, and that deposition process is not
uniform It will be variations of thickness of it.
It may be thicker over here than it is over there.

And agai n there are tol erances on what are
the permitted variances between the max and the mn.

MEMBER ROSEN: At 90 degrees there, it is
very thin. At 270, it is quite a bit all the way up
to 290 to 300 is quite a bit thicker

MR. RUBIN: That is right, the particles
are not perfect in their sphericity, the thicknesses
are not perfectly uniform around the particle, but
t hrough radiation testing and pure anal ysis, design
anal ysi s, there have been tol erances that have been
devel oped that provide for what is an acceptable
variation from perfection in the thickness of the

sphericity.
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But the extent of that kernel is not
perfectly, a perfect sphere when the coatings take
pl ace, that will drive larger variations inthe coding
thickness. Sothat isreally a base starting point it
is very inmportant to get that kernel just as right as
you can get it. If you don't you will see worse case
out er thickness or thickness variation particles that
mss. Gkay, and thereis alimt and | think on this
next slide, thereis sone indication of what the -- no
this doesn't actually showthe tower. This only shows
t he neans of those thicknesses. But there are towers
t hat are according tothe manufacturers specification.
And there are tests, exam nations that you coul d do on
a sampling basis fromeach batch of particles to see
if you are in those tol erances.

If you are not in those tol erances, you
basically recycle those particles and start all over
agai n.

MEMBER BONACA: | had a question on this
t hi ng. In your objectives you stated that the
objective is to contain and retain the radiologically
i mportant fission products. |s there any gases which
are being rel eased t hrough a normal operation of this?

MR. RUBIN. Yes. | say that because there

i s trapped urani umout si de of the fuel particles. And
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there is also sonme uraniumthat finds itself in the
outer layer due to manufacturer. And that uranium
when it fissions, will give fission gas rel ease and
the only thing that is presenting that fromescapi ng
out of the boundary of the fuel elenent is the matrix
mat eri al . And it is rather pernmeable to gases,
fission product transport.

Now for gases that are generated inside
the kernel, the concept is that those inner/outer
Pyrol ytic carbi de |l ayer and silicon-carbidelayer will
in fact retain those gases.

MEMBER BONACA:  All right, | understand.
Thank you.

MEMBER LEI TCH:  For sone reason, we know
enough that the research woul d be done on this TRI SO
fuel is going to be applicable. In other words, do we
know that this is the concept that would be used in
any gas reactor that would cone forward. | nean are
we sure enough of that that we can focus our research
efforts on this now O is that still a subsequent
deci si on?

MR. RUBIN: That's a good question. The
i nformati on we got fromPBMR or Exel on during the pre-
application reviewis their plan for fuel design and

manuf acturer is to duplicate essentially the German
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particle design and pebble elenent design. And
manuf acture process as well. So, the particle for
PBVMR woul d be what | am show ng here.

In fact, the dinmensions | show on the
other slide. And just in the side, the dinmensions of
those particles thicknesses are identical to the
German reference fuel design that was made toward t he
end of their devel opnment process. For which thereis
a lot of experinental data.

Now as far as the GI-MHR i s concerned, the
pl an, we have heard fromGA, is to use TRISO particle
fuel design. The thicknesses of the various |ayers
will differ somewhat because of the kernel size. And
al so the application. However, they have said that
they plan to followthe Gernman manufacturing process
as well for the fabrication of their fuel.

The biggest difference between the two
concepts is the fuel matrix itself. As | said again,
PBMR will be utilizing UQ, fuel and GI-MAR wi |l be
utilizing UCOfuel. Uraniumoxycarbide fuel. But the
particle coatings will be essentially the sane for
both applications. Environments will be different
t hat needs to be expl ored.

MEMBER FORD: Wasn't there a problemw th

carbon dust?
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MR RUBIN. The issue of carbon dust is

not focused on the fuel research plan itself. The
dust issuerelates to fissionproduct transport within
the reactor system And then exiting the reactor
system as dust carrying off fission products in the
case of alarge break. And so thereis a concern for,
as a source termfor whether or not that dust could
be, shoul d be i ncluded in the source termcal cul ati on.

MEMBER FORD: The reason why | asked j ust
relates to Gaham s point, I'd have thought that any
OEM woul d want to reduce that. And therefore change
the design of this coated fuel pallet.

MR RUBIN:  No.

MEMBER FORD: Just to give you a higher
wear resistance. However it is going to do it.

MR. RUBIN. Again, just let nme go back to
this slide. The focus of this presentationis on what
m ght be vi ewed as generic to both designs. Wichis
the particleitself. | think youarereferringtothe
fuel sphere, which is the size of a tennis ball, 1'd
say. And due to notion through the reactor before
creation of dust particles to the grinding action on
t he pebbles. And then fission product transport.

So that research plan is not focused on

dust generati on. However, | think as part of the
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reactor anal ysis part of this presentation, that would
come into play there. In terns of how do we account
for the dust in the source term reactor systens
anal ysi s.

Well let nejust try to keep novi ng here.

MEMBER LEI TCH: | guess, Stuart, ny
guestion is basically, we know enough now to proceed
wi th nmeani ngful research or nust we wait until the
further resolution of the design?

MR RUBIN: Yes, | thinkit is worthwhile
to proceed if we research even now. Because again
al t hough we have yet to have in hand fuel that is nade
from a production for use in a GI-VHR PBMR The
reference fuel is in hand. And again, the particle
design and the particle manufacturer of what we have
in hand is to be followed by the vendors for those
fuel to reactor types.

So we have a way to essentially
benchmarking, if you will, what would be the safety
margins for this kind of fuel with the fuel we have in
hand. There are nore simlarities than differences
and we can provide a benchmark in ternms of particle
integrity at high tenperatures, high burn up, high
fluence and al so accident conditions.

And it woul d be useful then when t he f uel
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for the actual reactors is available to prepare that
benchmar k agai nst what how that fuel would perform

MEMBER S| EBER: Wbul d t he agency actual |y
be conducting basic research or would you be
eval uati ng vendor research?

For exanple, all of the stuff has been
tested in the past to determne its basic
r adi ol ogi cal / physi cal characteristics of the ideais
to look at the test, | would imagine. To determ ne
that the tests were valid, were conducted properly.
And gave sufficient quality and quantity of data to
t hese statistics.

MEMBER ROSEN: | amnot sure your prenise
is right.

MEMBER S| EBER Wl | that's the question.
s ny premse right?

MEMBER ROSEN. Because you have naned two
different kinds of fuel. You said that there was a
Urani um oxi de fuel and an urani um oxycarbi de fuel.
Those are two different kinds of fuel. They would
have two different kinds of interactions with the
buffer and the rest of the TRISOparticle layers. |Is
there a solid research and basis for both of those
ki nds of fuel? Both of those particles?

MR. RUBIN: Well, again, the research pl an
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isreally a plan that plays out over nany years. And
it starts with testing a fuel that is currently
avail able which we think is inportant to do the
testing on. The fuel which is currently avail able
which is UQ, fuel, TRI SO particle fuel.

But then it noves over tine, presumably
when fuel for those specific plant designs are
avail able to do a conplinentary testing on that fuel.
kay, so this fuel is not the be all, end all test
program It is the beginning of the test program

In other words, if you | ook at the plan,
you wi Il see test matrices for the fuel that is German
archived fuel. You seetest matrix for the production
fuel for PBMR if and when that is available. And
then you see test matrix for fuel for the other
desi gn.

So you rarely over the course of the
research plan will be |ooking at all of --

MEMBER ROSEN:  Try to answer ny questi on.
My question is, based on ny understanding that there
is alot of data available for TRI SO coated particle
fuel performances for uranium oxide particles. And
that in that sense, the staff, for that fuel, the
staff would be |ooking the data. Now change the

subject, is there a simlar database for uranium
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oxycarbide fuel? O is that totally new?

MR. RUBIN. No, it is not new There were
relatively few irradiation tests and accident
simul ati on tests done on oxycarbide fuel in Gernmany.
The dat abase for UQ, TRI SO particle fuel is nuch
much | arger than UCO fuel. That is a point of fact.

MEMBER SI EBER: Now, this testinginvolves
the particle, but not the fuel elenents thenselves,
tennis balls or whatever they turn out to be. And
that testing, to nme, would be inportant for the
t hermal hydraulic standpoint in predicting what the
ultimate tenperatures would be during accident
conditions or loss of coolant accidents. That
actuallyisrelated directly tothe reactor concept as
opposed to the individual conponents of the fuel.
VWhich are releasing tiny particles. |s that correct?

MR, RUBI N: Let ne say that the fuel
testing in all cases, will be carried out, not as
| oose particles, but as particles within there
specific fuel elements. Ckay, sotheinitial testing
that is envisioned for the German archive fuel will be
done on TRI SO particles in a pebble bed format, you
m ght say, a fuel elenent.

But the primary interest is on the

behavior of the particles within that fuel matrix.
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So, we do in away get the performance characteristics
of the fuel by testing it that way. And we woul d be
nmeasuring fission product release. O we need to
nmeasur e fission product rel ease com ng of f of the fuel
elenment itself. Wichis an integration of rel eases
fromparticles in tact and broken as well as fromthe
matri x.

But the plan would be to focus in on the
performance limtations or integrity limts of the
particl es thensel ves wi thin, whether it be a spheri cal
el enent, a pebble or a prismatic el enment, a conpact.

CHAI RMVAN KRESS: Wen you have a actual
rule that says that this reactor will not rel ease so
many fi ssion products because of the site |l ocation and
stuff. The rule will be backed down to certain
qualities of fuel. In terms of how many of these
particles not befailedinthe first place. Track how
much uraniumis in there. And how nmuch particle my
be defective and actually release nore than the
standard particle.

There is so many particles in | oadingthe
fuel, that there is no way you can know ahead of tine
ot her than by | ooking at the process in which it was
made. And | ooking at the batch thing to see if the

tolerance is there on the di nensions. But thereis no
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way you can really know for a batch of fuel that is
comng inthat neets these quality specifications. It
has to nmeet the regul atory requi renents on the rel ease
rate.

My question is, is there anything in the
pl an that says, okay, when we load this fuel, | am
going to start | ooking at the build up of activity of
t he cool ant systemto see what it isinterns of rates
and what the isotopic mxture is and stuff. And | am
going to confer fromthat, whether or not | amneeting
my fuel quality standards during the initial
oper ati on.

Is that in the plan anywhere or, because
that is basically what we do with the fuel now. And
| amwondering if we have any research plan a way to
| ook at that as a concept to as we say, yes you have
nmet the fuel quality that we expected you to neet?

MR.  RUBI N: The research plan is not
focused in on the integrated fission product rel ease
guestion that m ght be neasured by a cool ant activity
nmonitoring system But, what we are interested is in
t he understanding whether or not such a cool ant
activity nonitoring system is really capable of
detecting what you mght call incipient or |atent

failures of a fuel. A weakening of the fuel.
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So, certainly if one can show that the
nonitoring systemis capable of detecting failures
t hat actually occur in the radiation, we woul d want to
under st and howt he nmeasurenents are actual |y taken can
be back tracked into the actual fuel performance
det er m nati on

But this research plan is not focused on
that kind of integrated issue. It is really focused
in on can that nonitoring system detect failures
before they m ght announce thenselves in an actua
accident situation. That is a question.

MR. FLACK: Yeah, | think the question on
the correlation between you know, vision product
rel ease for a normal operationis an indication on how
the fuel perforned during an accident is a good
guestion. And we have tal ked about this many tines.
But whether there is in fact, a correlation, and how
we are going to go about determning it. And it is
not in the plan to say well we plan to | ook at nornma
operation and vi si on product behavi or during that. |
think that will come as part of the operation.

The question cones down to can it be
predi ctabl e fromt he nodel that can be gener at ed about
the fuel fabrication. And then fromthat, understand

how t he fuel should performduring normal operation.
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And then, wunderstand whether or not from fission
product release into the coolant, predict what the
performance woul d be during an accident.

It is a very good question and it is
somet hi ng we have been discussing about. W don't
know how far these nodels will ultinmately take us.
Bur as far as trying to understand the fuel, and
what's inportant for fabrication, |I think the best we
coul d do nowis | ook at what these nodels will tell us
and predict.

CHAI RMAN  KRESS: But it is in your
t hi nki ng?

MR,  FLACK: It is in our thinking. I
constantly tal k about it quite often, so.

MR RUBIN. Ckay, let nme -- | don't know
where we ended up, let ne go back tothis slide first.
The obj ective for the -- |l et me back up one nore tine.
The pur pose.

Agai n, the purpose is to understand what
the safety nmargins are within the fuel. Again, the
testing that was done i n Germany and around t he worl d
for that matter was really focused in on show ng
performance being acceptable within the licensing
basis. That is predom nately the phil osophy of fuel

testing that we have seen
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VWat we are interested in is testing

outside the licensing basis to find out what the

failure point of the fuel margins are. The f uel
qualification testing that an applicant will submt
will again focus in on fuel performance within the

licensing basis and nmaybe a little bit beyond that.

But they are not interested in show ng
failure points. That is where we conme in. That is
where our focus is in understanding where those
failure points are. And so that is one of the key
aspects of the plan.

W also think that the research is by
actually doing this, will enable our staff to better
assess the validity of the applicants clains of fuel
performance in terns of failure and fission product
rel ease. W think they will also strengthen our
know edge and i nformati on about how you actually do a
radi ati on testing.

And l et me just junp down. And finally we
t hi nk t he research plan includes activities that will
provide the staff wth, | think an essential
under st andi ng of the rel ati onshi p between howfuel is
made. How that process turns into actual fuel
characteristics or properties that then play out in

terns of actual fuel perfornmance.
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VEMBER ROSEN: Stu, hold on a mnute

There seens to be a little confusion here. At |east
in nmy mnd. Mybe you and Farouk can help ne.

Earlier we tal ked about |icensing basis
and beyond licensing basis. Here, and | think Farouk
may a very inmportant point that in the risk informed
license world, we will have a snmpot her conti nuum W
won't have this cut of f point between |icensing basis
and what is beyond |icensing basis.

Yet in this discussion, you seemto inply
that thereis this firmcut off date. That we want to
know what is going on within the |icensing basis and
beyond. And so what woul d hel p me under st and why one
part of the di scussion we hear that no bl ack and white
situation, we have a conti nuum And another part we
hear there is. | don't get it.

MR RUBIN. Well, fromwhat we have seen
interns of the proposals fromExel on and we have been
told by GAthat they are going to plan on follow ng in
Exelon's footsteps, is that you essentially have a
freqguency versus the kind of consequences type
mappi ng.

And from that mapping there are bands
whi ch have been identified for what the frequency

bet ween, |l et's say once per year, to so many ti nes per
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year is defined to the nornal operation. Is the
frequency band and they just label it as such. And
t here are consequences that are associated with that.

Then there is another band of |ess
frequent events that pick up where the normnal
operations frequency ends. And drops it down to a
| ower bound of frequency if you will, that defines
what they would call the design basis events. And
t hen bel owthat band is events that are consi dered for
energency pl anni ng basis beyond the design.

So I think the two ki nd of work together.
It is just a way of |abeling those bands and that is
how | l|abeled, that is the framework that | am
t al ki ng about. It is a continuum but | am just
maki ng reference to t he normal operation beinginthat
frequency range. Design basis events being in the
| ower frequency range. And then the events beyond
desi gn basis, for exanple, air ingress events may be
vi ewed as beyond a design basis for sone plants.

But we are interested in other standards,
fuel performance anyway. So we understand what
mar gi ns they exist. Should that type of event occur.

MR. FLACK: Fromour perspective, we | ook
at the fuel as saying, well if the tenperature is

bel ow 1600 degrees, let's say. On the average, for
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nost of the challenging events that Stu has just
described. They will go as far as, and here is where
the difference of phil osophy cones between where the
regul atory perspective cones in and an applicants
per spective cones in.

The applicant will say, well we have
margi n even beyond 1600 degrees and go on about to
denonstrate their margin up to a certain point. For
us to fully understand how the fuel is going to
behave, we woul d take the fuel to failure for exanple.

We woul dn't necessarily stop at 1800 we
woul d continue to test up until the fission products
cane off at a certain rate. At what rate and what
tenmperature. Andin that way, understand howt he fuel
really will behave under maybe nore severe conditions
t han we can ever imagine.

One of them may have been an air ingress
event which |icensee woul d consider a self [ owand the
frequency that we no |onger consider that to be a

credi ble event. And therefore we won't | ook at that.

We'l'l only | ook at these events of higher
frequency, which are still pretty low. And they may
very well be. The question is, do you want an

infrastructure in the regulatory comm ssion that

understands how this fuel ©perforns under all
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conditions and is confortable with that fuel and the
point at which it will really get to unravel. \What
tenperature, over what periods of time and so on.

So that is nore of the perspective for us
to take things all the way to their limts. Not to be
satisfied at one particular margin limt which an
appl i cant m ght denonstrate with data. O course, we
are certainly interested in that.

But there are other conditions, just from
t he sake of regul atory perspective, to cover our own
know edge and understandi ng of the fuel. And so that
we are not left with, well what happens if the fuel
goes higher intenperature. Wat is theramfication?

| a nean, | think we do need to | ook
there. And fromthere, | think you start to see the
di fference in philosophy between a regulator in an
appl i cant.

MR. ELTAWLA: There is no difference. |
t hi nk John said nost of the stuff that | would have
sai d. However, it is not a philosophy difference
bet ween happily content NRC. That issue we raised it
to the policy |evel issue. W are asking the
conm ssion should the NRC require a licensee to
adm ni strate fewer performance under all the spectrum

of accident, including severe accident.
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I nthe past, we did this work oursel ves as
John indicated. But for inthe future, we are rai sing
t hat question to the comm ssion to get sone gui dance.
You know, because if the comm ssion says yes that
woul d be a requirenment, then the applicant and the
licensee would be required to test that fuel to
failure.

MEMBER BONACA: It seens to ne al so that
it could be the critical elenment in support of the
confi nenent versus contai nment. Wat | nean, is that
i f you could denpbnstrate not only the applicant says
he can't get beyond 1800 degrees Centigrade for
exanpl e, and under certain conditions, it excludes
certain events that is possible.

And you can prove that you can go 3000
degrees to nake a nunber. And you cannot get there in
anyway, it seenms to me that would be a fundanenta
deci sion point that says you have confinenent. And
confinenent is totally adequate. So | think in this
case, it seens to ne like it is an issue that goes
beyond just the fuel performance per se as we have
seen it in the light water reactors.

It goes into the role of confinenent that
or containment. Really we attributing to the matri x,

the fuel matri x.
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MR FLACK: That is a good point.

MEMBER BONACA: It seens to ne that woul d
fall under physical challenges that are out there was
t hat .

MR. RUBIN. Just let ne say that the way
plan is put together and the way | hope to tal k about
it, isinternms of needs. Whether or not ultimately
t he conm ssion policy will be that those needs need to
be met by the applicant. They need to do this
research whether or not we are not going to require
t hat .

And we woul d do t he research t hat questi on
is part of the policy issue. But the need to explore
the failure points is valid. That has not has been
expl ored and argued sufficiently.

And so just to tal k about the scope of the
research, it really involves these five areas, the
radi ati on testing, accent condition testing,
devel opnent of analytical mles and nethods for
predicting fuel performance and fission product
rel ease. Devel opi ng knowl edge of a fuel fabrication
process and how they relate to particle
characteristics and performance. And then generally
to devel op our |evel of know edge across all these

ar eas.
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MEMBER FORD: Stuart, you said earlier on

that this work could go on for quite a few years?

MR RUBIN  Yes.

MR,  ELTAW LA: The first two bullets,
especially. They are going to be time consumng in
reactor work. Is that work, is it going to be done by
the NRC with contractors?

MR RUBIN. Well | was going to get to
that. The strategy for howwe woul d do this testing.
That comes up under the discussions of how we woul d
actually inplement the irradiation testing. My
response to your question will just conme out in the
wash in the presentation.

The answer is we are goingtotry to enter
into cooperative research and coordi nated research

MEMBER FORD: Does that nean before,
several years before you come up with the criteria
t hat the applicant has to nmeet. There is going to be
several years before he can even start to obtain the
data to resolve, to neet those criteria.

MR. RUBIN. The focus this researchis not
necessarily to devel op the performance criteria. W
expect that the applicant will propose what are the
operating and safety limts of the fuel. And thento

go about doing analysis and qualification testing to
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show that the fuel wll performin terns of very
[imted fuel particle failures up to those limts.

And then in turn, you take those results
from the testing plan and you put it into your
anal ysi s of consequences. Andultimately thecriteria
i s the radi ol ogi cal consequence | evel s that we have.
So there is no need for an applicant to wait for our
testing to be conpl et ed.

MEMBER FORD: This is where General
At om cs have been doi ng resear ch, whi ch obvi ously you
nmust have been. And they are comng up with defining
acertainperformancecriteriafor their fuel pellets.
VWhat happens in two years tinme because the regul ar
framewor k aspects and then later you come up wth
conpletely different criteria. In order to neet the
ri sk i nforned aspects of this design. That nmeans you
are going to start again.

MR. FLACK: Well | don't think you woul d
have to start again. | think alot of it goes back to
t he question that was raised earlier, a corment nmade
by Jack.

And that has to do wth regulatory
deci si ons and how confident you are in making those
deci si ons and how nuch def ense-in-depth you will need

to inplenment into the plan.
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And the nore we know about the fuel
behavi or, the nore we know about the plan, the better
informed the regulator wll be in making those
decisions. If we say, well wouldn't carry on a test
programnow, we will wait until the design comes in.
And then when the design cones in, now it is like,
well now t hese questions need to be answered.

How are we goi ng to nake deci si ons? Now
we are left with how many years in the future are we
goi ng to have the answers to these. And then what we
are going to have make decisions now based on the
regul ations in place and here is how we are going to
do that.

| think the whole thing is in preparing
oursel ves now for those decisions in the future. And
where we are. | nmean we wi |l always nmake a deci si on.
The question i s how good of a decision can we nmake at
that tine.

MEMBER FORD: The sooner the start, the
better you are going to be.

MR. FLACK: Right.

MEMBER RANSOM The question | had is does
DCE have any role in the research in general. You
know t hey have the NERI prograns?

MR. RUBIN. Again, that is comngupina
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slide just to mention it now. DOE has a HTGR fuels
devel opnent and qualification test programthat they
have funding for.

And the el enments of that programi ncl ude
devel oping fuel fabrication technology for the
manuf acturer of TRI SO particle fuels and conmpacts or
pebble format. Al so for devel opment for anal ytica
codes for predicting particle failure and fission
product rel ease.

The | ast najor arearelatestoirradiation
testing and acci dent sinulation testing of fuel. And
it is that activity that the NRCis |ooking to enter
into a cooperative irradiation testing agreenent with
DOEto test fuel. So, we think thereis an ability to
| everage our resources.

MEMBER RANSOM  So you're conplimenting
what they do or it is integrated, | guess?

MR. RUBIN:. Well we have established our
test objectives in ternms of where we want to explore
mar gi ns. And they have established our test
obj ectives and we see where they m ght be overl apped.
And we can take advantage of what they have pl anned,
but we anticipate there is going to be stuff that we
want to do that they have no interest in things that

they want to do and that we are not interested in.
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Because it maybe wi thin the design basis environment.

And so, the idea would be to enter into an
agreement with some cost sharing to equitably pay for
the entire integrated tests together. And share all
t he dat a.

MEMBER WALLI'S:  How do you know what this
design basis is until you have sonme regul ation?

MR RUBIN. Well, the -- we have in terns
of PBMR, through the pre-application review, sone
information as to the fuel design basis. Si xt een
hundr ed degrees, we have been told is anticipated to
be the accident limt.

The burn up level for the fuel is |
believe i s 80,000 negawatt days per ton. W have somne
i nformati on on what the fast fluence is for our fuel
as adesignlimt. The one variable that we have, we
are not sure of is the maxinmum fuel operating
tenperature in the core.

And t hat was ki nd of increasing as we went
through the pre-application review as they were
sharpening their pencils. And taking account of
i ssues that were identified. But now all that maybe
have to be thrown out because the |latest information
is that they maybe going to a solid core, rather than

a graphite pebble core.
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What that does is it will serve to | ower
t he operating tenperatures of the hottest fuel in the
core. And so, we don't know exactly where they may be
on fuel operating tenperature. But we will have to
pin that down before we start testing.

But | will say this, that our range of
testing for operating tenperature in ny mnd should
significantly exceed what they are going to cone up
with. W are | ooking at 1400 degrees C as a maxi mum
operating tenperature for irradiation. And they are
likely to be bel ow 1250. So we wi Il have 150 perhaps
nore margin testing on tenperature.

MEMBER S| EBER  Actual |y the fuel el enent
tenperature, average fuel el enent tenperature peak is
one factor, but you also have to consider the
tenperature of the vessel that holds all this stuff.
And if you had an accident tenperature that was up
like 2 or 3 thousand degrees C, then one wonders how
long it would take for the reactor vessel to fall
apart and everything go to the floor and from the
floor to wherever it goes. Wiich is the other half.

MR. FLACK: That's right, you will hear
about the materials presentation shortly on sone of
t hem

VEMBER S| EBER: To nme that would be an
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i nportant factor. Because this fuel is pretty robust
being it is a ceramc. You know, in every Kkind of
engine you ultimately run into a materials problem
that says this is as far as you can go.

MR RUBIN:. Well you nentioned that the
fuel is pretty robust, | think at the April 11 ACRS
nmeeting on the plans the statenent was made the fuel
never fails. This slide is intended to just dismss
t hat noti on by providi ng vari ous nechani sns t hat have
been identified over the years for particle failure
and fission product rel ease.

| won't go through them other than to
mention, | have tried to | abel whether or not those
nmechani snms are driven by environnental that is
tenperature, fluence, burn up, type, processes, or
whether or not they are driven by, let's say
manuf act uri ng causes.

And so you can see there is a whol e host
of a failure nmechanisns and fission product rel ease
nmechani sns that have been identified for this fuel

MEMBER ROSEN: Wit a minute, what does
Opy C nean?

MR. RUBIN. Quter Pyrolytic carbon | ayer.
And inner Pyrolytic carbon | ayer.

MEMBER ROSEN: Heavy netal contam nation

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

124

of the graphite matrix or outer Pyrolytic?

MR. RUBIN: Again, as | nentioned earlier
that there is trapped uraniumthat you are going to
get just by using the natural graphite in the matrix.
The release of wuranium in there just naturally
occurring and that will be part of a source of fission
products. And then there is uraniumor heavy netal
that will contam nate the outer layers sinply by the
process that is used.

The initial kernel uraniumw Il findits
way through the reuse or the nultiple | ayer coatings
in the vapor depositing furnace will show up on that
outer layer. And then when that fissions that will be
seen as a fission product rel ease el enent.

MEMBER FORD: | noticed that environnent al
dom nates that list. And therefore you are concerned
about mass transport connections and things of this
nature. | remenber at the comm ssion neeting G aham
sai d advanced reactors are going to be a give ne.
Because it is going to be so easy to resolve all of
these mass transport equations for a single phase
system

| s that true. Do you see any bi g concerns
about mass transport nodeling for these systens? And

t herefore sending a patent to an --
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MR. RUBIN: Yes, the equations that have

been wused in Germany are fairly well recognized
di ffusi on equati ons and have been best fit to the test
data that has been devel oped fromirradiations.

| am not sure we are going to push the
state of the art beyond the use of those Kkinds of
nodel s. W woul d want to devel op our own test datato
fully understand that these nodel s that they woul d be
proposi ng are adequat e.

MEMBER WALLI'S: | would think there was
somet hi ng between the pressure induced failure and
di ffusion then there nust be mechani sns for cracking
or other things to happen to the coating by which it
woul d | oose sone of its integrity.

MR RUBIN:  Yes.

MEMBER WALLI'S:  Which woul d sonme tine be
somewhat nysterious until you have done t he research.

MR. RUBIN: Yes, there is a whol e host of
nmechani sns i ncl udi ng, by the way t he conment that the
failures are dominated by the environnent is not
necessarily to be a conclusion to be drawn fromthis
list. Al t hough there are a | ot of environnmenta
lines up there.

If you take a look at the radiation

performance of German fuel and conpare that to the
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i rradi ati on performance of U S. nmade fuel, you would
see about two to three orders of magnitude difference
bet ween t he fission product rel ease of those two fuel
types.

MEMBER ROSEN: Wi ch is higher?

MR. RUBIN: The hi gher being the Amrerican
made TRISO particle fuel. And in recent studies that
have been conducted have concluded that the
differences in the manufacturing process for the
manuf acturer of those particles which result in
differences in the particle |ayer properties and the
bondi ng between | ayers is a very, very inportant, if
not dom nate factor in how particles will performin
t he reactor.

And so although the environment wil]l
actual Iy push those particles to failure, it kind of
begins in a way with how you nmade those particles.
And that by the way, understanding how you make
particles and achi eve the necessary characteristics,
is a large world wide effort that is ongoing right
now. Both DOE and t he European Conmi ssion and ot hers
are trying to understand how manuf act uri ng processes
give rise to particle properties which give rise to
per f or mance.

Knowi ng that if you just make it the way

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

127

you t hought they made it, it will work out. Thereis
a lot of devil in the details of the processes that
are used. And that seens to be the bigissue Areas in
particle performances in manufacturer.

MEMBER ROSEN: Is there also a silver
m grati on probl em here?

MR.  RUBI N: The silver 110M that is
pretty much not contained within the particles. And
so silver 110M will mgrate out of the particles
t hrough the graphite matrix and out into the system
And ultimately will adhere to the coal surfaces
principality on the bal ance of plant surfaces. And
then that beconmes a occupational dose kind of a
concern as opposed to an off site radiological
concern.

MEMBER ROSEN: What is it about that
isotope that nmkes it different from the other
i sot opes?

MR RUBIN. That is an area where there
has been specul ation as to why those particle | ayers
are sonewhat perneable to that. | don't have an
answer . | don't know that anyone has an answer to
t hat ot her than they measure it and it happens. There
are theories, but they are just theories.

MEMBER ROSEN: Are you going to research
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t hat ?

MR. RUBIN. Are we going to research the
causes?

MEMBER ROSEN:. Wy it happens and what can
be done to prevent it?

MR RUBIN. Well, let ne say this, there
are two principle ways to reduce it. It is driven by
di ffusi on processes which is driven by tenperature
di fferences across the particl e and across t he pebbl e.
And one way to reduce it is to reduce the operating
tenperatures of the particles.

The other way to reduce it is to thicken
the silicon carbide |ayer. It does provide sone
barrier to diffusion. So those are the two principle
ways to do it. However, since these are high
tenperature reactors and they are trying to achieve
high tenperature gas tenperatures for various
applications, including power generation, | don't
t hi nk they want to reduce the tenperature of the fuel
necessarily to a point where a silver 110Mis going to
di sappear.

The approaches we have seen recently is
t hat managi ng the consequences in ternms of how you
manage the maintenance of these balance of plan

equi pnent to deal with that. But not to reduce it by
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containing it within the fuel itself.

MEMBER ROSEN. Let the operators handl e

MR. RUBIN. Well one of the plans we have
seen is to have kind of a package where you pull out
t he turbi ne generator out of the plant. And you put
it aside and put a new one in its place. That is
uncont ami nat ed. And then you wait for that
cont am nated one to kind of pull down if you will and
then after a year and a half or so, you do nai nt enance
onit. As opposed to try and do mai ntenance on that
one turbo generator.

MEMBER SI EBER: But see, solar is only one
factor. The carbon dust has got trapped uraniumin
it. And | amsure there is tons of crud traps in the
bal ance in the plants where all this stuff would
col l ect.

MR. FLACK: Yeah, but it's not a m ssed
poi nt . The plan does recognize if from a LARP
perspective, as an issue. And then the question of
how far down in detail do we need to understand this
froma risk perspective, | don't know.

It isthere. It is sonething we are goi ng
to have to | ook at fromregulator, froma regul atory

perspective. And how nuch effort we need to put into
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it is still yet to be determ ned.

MEMBER ROSEN:  Way woul dn't you tell the
vendors to conme back when t hey know howto control the
silver?

MR FLACK: If it's from a risk
perspective, that is the indicationthat we get. That
may be a nessage back. But right now, | don't know i f
we are in a position to give that back.

MEMBER S| EBER:  That sounds determ nistic
to ne.

MEMBER ROSEN: Wel |l we rationalists often
get determ nistic. W have streaks of determ nismin
us.

CHAl RVAN KRESS: Yel | ow streaks.

MEMBER ROSEN. That's right.

MR. RUBIN. Ckay, just real quickly. 1In
terms of exploring the limts. W want to push the
fuel beyond the design basis certainly and these are
the kind of paraneters that we are |ooking at.
Tenperature to fuel during irradiation. The burn up
of the fuel. Fast fluence. Power in the coated
particl es.

Again the testing that has been done
historically, you are |ooking at about 80,000

nmegawat t s days per ton, perhaps 1100 degrees C. And
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let's say four tines ten to the 25th neutrons per
net er squared of fast neutrons.

And i n Ger many, good fuel performance was
observed with those conditions. But what we are
| ooking at is pushing those paraneters nuch higher.
Per haps 20% FEMA, 1250 to 1400 degrees C, and burn ups
doubl e what have been seen or tested in Germany to
ki nd of address the gaps in safety margins.

And again these wll involve coated
particl e powers hi gher than one woul d see in a reactor
since we are going to be irradiation testing on
accel erated basis in this field.

MEMBER LEI TCH:  Stuart, are you pl anning
to | ook at fuel performance in non stress conditions.
In other words, just com ng out of the manufacturer
shop, how good is the fuel?

| am not talking about under stress
conditions. | nean, just cone out of the shop, m ght
there be inperfections in the fuel. Are you taking a
| ook at that at all?

MR RUBI N: In terns of |ooking at the
fuel, we have to think in terns of what fuel that we
have to | ook at. And the fuel that we have to | ook at
right now, is again the Gernman reference archive fuel

and we do expect to do pre-irradiation
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characterizations of that fuel before we irradiate
with, I think we have nore fuel than we are going to
irradiate and we use that fuel for pre-irradiation
characterizations.

We already have, you mght say the
manuf acturing sanpling statistics on the various QA
tests that are done on that fuel. So we know in
general what the statistics say. But we ought to be
exam ning the particles.

Now for the fuel that is yet to be made,
there is not nuch we can do right nowto | ook at that.
Since that is years away. But that is part of the
planistodopre-irradiationcharacterizations of all
the fuel that we are testing.

MEMBER FORD: Stuart, woul d you m nd goi ng
back to the previous graph. |If you | ooked at those
four factors there, and refer back to the previ ous one
where you got a whole list of all the potential
performance and things. You have got a huge x by x
matrix of all the interactions between the previous
one and those four itens.

How do you prioritize as to which of these
aspects you nust ook at in the first year? Wat is
your prioritization strategy?

MR RUBIN. Well, it is kind of what you
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see i s what you get in ternms of the actual mechani sns
that will play out in the environnent. And although
t hese are the drivers for seei ng t hose nechani sns, not
all nmechanisnms will be seen by the fuel. Because we
may not get to the tenperatures necessary to where
sone of these nmechani sns are active.

MEMBER  FORD: For I nst ance, t he
probability of having a certai n defect density in your
fuel particles would inpact on what the allowable
hi ghest irradiation tenperature woul d be. And so on,
you could go on first and second and third order
effects.

Aretherealgorithms totell you what your
prioritizations should beinterns of doingthese very
expensi ve tests?

MR RUBIN:. Well, again, we are | ooki ng at
specific fuel design. As specific manufacturer for
t hat design. And then subjecting it to a particular
environnent. And that specific manufacturer will give
rise to variations as you said.

And those wi | | be i nbedded i nto t he act ual
tests due to the fact that you have perhaps 15, 000
particles in each pebble I would say. Wat we wll
see, for exanmple, wunder disassociation at high

tenperatures. | don't expect we are going to see
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that, because we are not going to get near the
temperatures where that mechanism would show up.
Certainly not during operations in the accident
tenperatures were envisioning of say 1800 degrees
maxi rum  That woul dn't show up there either.

You woul d see that in the starting out,
let's say 2200 degree C. So we woul dn't see that. W
will see what failure nechanisns occurred, if any in
the PIEs. That is the purpose of the PIE is doing
exam nation to see what the condition of the fuel is
and what really happened in ternms of particle
failures.

Were they fail ures where there were cracks
in the outer Pyrolytic carbon |ayer that then
progressed i nto cracks not the silicon carbide. That
is to say a high stress region occurring in the
silicon carbide. Do we see Palladiumattack. We'lI
see that in the PIE s. | don't expect to see
Pal | adium attack in these experinments because the
amount of tinme and tenperature involved is again, a
far in excess of the licensing basis conditions for
any PBMR, certainly.

The test is not designed to test fuel
where every particle is identical. And then go

t hrough a variation of environmental conditions.
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MEMBER FORD: That i s not practical. That

is not achievable. The strategy you are outlining
seens to be we will take what we get. |n other words,
you are taking a spot stab because those happen to be
t he conditions you have. But you can't extract from
t hose conditions and say | ook here for that reactor or
that design by that manufacturer, United States
manuf act urer versus CGerman manufacturer.

You can't do the extrapol ation fromt hat
data point to those conditions. | think that is true.

MR. RUBIN. | think there is a truth in
what you say. Certainly because of what | said before
that manufacturing will drive performance in |arge
respects. But again, the reference fuel that we are
testingisthereference fuel for these newdesigns so
it establishes a bench mark, if you wll, on
capability of this fuel.

MEMBER FORD: But there is no way of doi ng
a PRA or because you just don't have the data?

MR RUBIN. Well if we were to test --

MEMBER FORD: A | ower | evel PRA

MR RUBIN. If we were to test this fuel
as they have tested it historically within let's say
t he design envel ope for the fuel. In Germany, they

sawno fuel failuresduringirradiationtestingwthin
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a design envelope. And even alittle beyond that they
saw no particle failures in the accident simulation
t esting.

| nmean they are very proud of those
results. W want to see if we can drive the fuel to
a nore challenging operating conditions and nore
chal | engi ng acci dent conditions. And to see where we
start to see sone statistically significant uptakeif
you will, in the particle failure rates. But the
actual nechani sns, we won't know what they are unti
we do the PIE

MEMBER WALLI S: Wll finding out the
nmechani smmay not be so easy. | mean you have got al
t hese nmyriads of particles in sonme kind of a matri x.
And then you find you have got to detect sone
radi ati on sonmewher e.

You are going to take everything apart to
figure what happened? Look at every one of those
particles? What are actually going to do
di agnostical ly?

MR. RUBIN: Well there are nechanisns to,
if you will, take apart the matrix material.

MEMBER WALLI S: Then you have got 15, 000
particles, all which have failed in various ways.

MR RUBIN. Well, we don't expect that
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they are going to fail in various ways.

MEMBER WALLIS: Well why not?

MR RUBIN. Well --

MEMBER BONACA: One concern | have, by the
way, is --

MR. RUBIN. W could drive through all of
t hese failure nechanisns if we had i n hand fuel that,
let's say was, namde by the U S., okay wth our
manuf acturing. And we were to drive the fuel up to
pl aces where we know it is definitely going to fail.
Up to 2200, 2400 degrees C. O if we take it out to
burn up, if we could, to 200,000 negawatts days per
ton. We know we will see a significant fraction of
failures.

MEMBER BONACA: I n manufacturing, how do
you assure uniformty of distribution of the 15,000
particles in the spherical? You may sanple it. But
| am saying this too, you have to deal with the
possibility that you may have | unping of particles in
sone | ocation rather than others. Which means that in
certain |ocations you could decoupl e al npst a sector
wi th a much hi gher density that co-responds to 30. 000
particl es and vi ce versa somewhere el se. You have the
equi val ent of 7,000 parts.

So, | amtrying to understand how you deal
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with those issues in this matrix because, what | am
trying to say is that the matrix may be even nore
conplicated than what you are presenting here.

MR RUBIN:. Well in any test program you
are going to be testing a sanpling of the manufactured
fuel. And that sanpling will have had to have net the
production QA requirenments in terns of a sanpling
rate. And what the nmeasured vari ance was and what t he
nmean was in a particul ar paraneter.

Wth all that, there will be sone pebbl es
that will have initial particle defects inthem And
there will be sonme pebbles that have no initial
particle defects in them And there will be pebbles
t hat have perhaps nore particles with thinner |ayers
t han ot her pebbl es have.

We will be dealing with the manufacturing
QAresults for the batches of pebbles that these fuels
came from Beyond that, we don't have an ability to
be nore preci se in know ng what t he exact di stribution
was on these particul ar pebbles in terns of the --

MEMBER BONACA: So you are not going to
attenpt -- it certainly would be interesting to have
sone pebbl e that has 20,000 particles in it and sone
with 10,000 and see how they -- the chall enges here

and that woul d gi ve you sone i dea of howthis changes
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in distribution may affect performance.

MR, RUBIN. | don't have a, perhaps, Don
can help me out there in terns of the nunber of
particles within a pebble. O the nunber of particles
within the conmpact and how that would play out in
ternms of tenperatures and tenperatures in effecting
fuel performance.

But | think our analysis of difference in
the nunber of particles in a pebble was not a
significant driver of fuel performance in reactor.
And t hat was due in |arge part due to the tenperatures
that the individual particles would see during
operation. Wuld not be significantly different.

If you had 15,000 or you had 17,000
particles inthere. Sothat is not alarge factor, if
you will, in particle failure phenonena. Is there
somet hi ng you woul d add?

MEMBER S| EBER: That is easy to control

t 00.

MR. RUBIN: That's easy to control. That
is true.

MEMBER SI EBER:  Wei gh them see how nuch
t hey wei gh.

VEMBER BONACA: No, | am not talking
about, | amtal ki ng about only changi ng t he nunber of
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pebbles to test the density of particles that may be
hi gher in sonme |ocation or another.

MEMBER SI EBER: You nean wi t hi n t he pebbl e
itsel f?

MEMBER BONACA: No, no, | amt al ki ng about

MEMBER Sl EBER: From one pebble to
anot her ?

MEMBER BONACA: When you mx using the
matri x, you have 15,000 particles. That is easy to
control . But am saying that you are not sure how
di stributed they are. They nmay be | unped together in
some area rather than other. And you know, in that
particular area, you can alnobst conceive it as
decoupl ed area with nore density than sone.

MEMBER ROSEN: | think you see that right
there Mario, inthe picture that is showng. Thereis
an area where there are very few pebbles.

MEMBER BONACA: You're right.

MR, FLACK: Just to try to get us back on
track alittle, thereis alot of questions. And the
approach of the plan is first find out what was all
done world wide in all these different areas. Try to
get as much information as we can. And part of it is

opport une. What we can do now within our budget.
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VWhat is the best thing to do. It is an integrative
process as well.

As we learn nore, we wll be asking
oursel ves nore questions to try to keep it focused.
But as the di scussions have been, it is a conplicated
subject. Andit is just thereis not a sinple answer.
There is a lot of paraneters that need to be
control | ed.

CHAI RVAN KRESS: Wl | one comment | m ght
have i s, | would start ny thinking froma vi ewpoi nt of
what anal ytical tool | amgoing to be using. And it
i s probably something |Ii ke MELCOR. And if you | ooked
at the fission product rel ease nodels fromfuel that
are in MELCOR now, they are all enpirically based.

They are not nechanistic at all. They are
enpirical.

MR FLACK: Sure.

CHAI RMAN KRESS: So | woul d say now, if
want to put in a replacenent nodel for in MELCOR for
fission product rel ease, | have ny choice. AmI going
to use sone sort of mechani stic nodel that tal ks about
nmechani snms of failure of the fuel. And how that is
related to tenperature. | don't give nmuch hope t here.

| think you are going to be enpirical

again, which tells ne you are going to do sonet hing
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i ke separate out the influence of tranmp uranium for
exanpl e. And already failed particles. They are
going to behave differently in an enpirical manner
than the pebble beds that are in there -- that are
al ready good.

But what are there behavior going to be
when it goes through sone sort of transient nitrites
t hat have been in a radiation field for a long tine.
So | would say if I was going to redo MELCORs nodel s,
| would trade tranp uranium and failed particles
differently then | would intact particles. And then
nmy experiments, my research woul d be enpirically based
and | would be looking at full fuel elenents.

MR FLACK: Right.

CHAI RVAN KRESS: And what happens to t hem
when they go to a tenperature transient and transl ate
into a fission product rel ease nodel of sone kind.

MR FLACK: Sure.

MR RUBIN. | would say that the fission
product transport and release nodels for fuel do
account for the tranmp uraniumas well as rel ease from
the outer coating due to contanmination of that.
Possible diffusion through intact particles and
rel ease frombroken particles. So there are a nunber

of terns --
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CHAI RVAN KRESS: | woul d accept separate

terns.

MR. RUBIN. Yes, there are many separate
terms that one could |ook at in those codes. Just
very qui ckly, giventhoseirradiationtest conditions,
we would plan to do two things basically. Mnitor
fission gas release as a neasure of diffusion of
fission products of intact particles and rel ease from
failed particles.

And al so, again, we would plan on doing
PIEs to better understand the fuel condition and nore
specifically what were the failure nmechani sns that
were --

MEMBER WALLI S: How do you tell the
di fference between fusion and failure? It gets out,
but how do you know it got out?

MR RUBIN. Well if you are |ooking at
15,000 particles in a pebble and each pebble is
individually nmonitored for fission product release,
what youwill seeinafuel withall intact particles,
is perhaps in the order of ten to the mnus eighth R
over B ratio of krypton rel ease.

MEMBER ROSEN:  What is R over B?

MR.  RUBIN: Rel ease to birth of a

particular. In other words, the release fraction of
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particul ar radi oi sotope to the birth fraction. GCkay.
And that history over the irradiation has a signature
which is so lowthat essentially says, you don't have
a particle failure. Nowwhen a particle failure does
occur, you wll see a significant --

MEMBER WALLIS: So it's all or nothing?

MR. RUBIN:. Into the range of ten to the
m nus five.

MEMBER WALLIS: It's all or nothing. You
don't get partial failure, you don't get slight
wei ght s.

MR. RUBIN: Once that particle, the first
one goes, you will see the step change in the curb.
And | think I mght have brought --

MEMBER WALLI S: Ckay --

MEMBER ROSEN:  That is one of the 15,000
particles goes, you see it.

MR. RUBIN: Yeah, you'll be able to get a
good handl e on the nunbers based on how that curve
goes. | don't think I have one here that shows that,
no.

CHAI RVMAN KRESS: W saw a curve of a
nunber of particles versus failure versus time at a
given tenperature --

MR RUBIN: Yes and this one doesn't show
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it as clearly.

CHAI RVAN KRESS: It is sonething like
t hat, vyes.

MR. RUBIN: These curves down here woul d
be typical of no particle failures. |[If you take a

|l ook at R over B from one particle failure out of
let's say 15,000, you have to be up in this range up
here. So around here, you woul d be tal ki ng about one
particle failure.

MEMBER SI EBER: It woul d be better if you
sed the m crophone.

MR RUBIN. |I'msorry. The 1700 degree
famly is an indicator of nultiple particle failures.
The 1600 famly is indication of no particle failures
in this fuel.

MEMBER WALLIS: That's so far. But you
m ght get an Anerican fuel which it is so bad that it
is porous and it doesn't fail at all, but it is up at
1700.

MR, RUBI N: This by the way is for an
acci dent sinulation, but for, if you can inagine this
at irradiation time and rel ease of krypton, then you
would see it. This is an R over B ratio. Such as
you woul d see perhaps a spi ke going fromthis curve up

to that |evel. And then if you had nore particle
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failure, it would start to change.

MEMBER WALLIS: | don't see steps in the
curves though.

MR. RUBIN. Well, again | don't have the

right curve here. Maybe if you give ne sone tine, |

can --
MEMBER WALLI'S: No its okay, we need to go
on | think
MR. RUBIN:. This again is a heat up curve
not an irradiation curve. Al | will say is that if

you just go through the arithnetic of when one
particle in 15,000 fails, what does that turn out to
be in terms of --

MEMBER WALLIS: M point sinply is that
because the German's had some experience, it doesn't
nmean to say that is the experience you are going to
have?

MR. RUBIN. Absolutely not. That is why
we said we want to test production fuel for the GI-
MHR. \Wether it becones available --

MEMBER WALLIS: It may not be so clear
t he di stinction between the fusion and | eaky particles
and porous particles and popped particles and
whatever. It is all going on together.

MR. RUBIN:. Let ne say this. That there
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are test that we don't propose to do that are
characterized in --

MEMBER ROSEN:. Use the m crophone.

MR. RUBIN: There are tests that we don't
propose to do and that is testing on individual |oose
particl es. When you can do testing on individual
failed particles, then you can get a good neasure of
fission product release fromfailed particles. It is
kind of a separate effects type of a test.

VWhat we are doingis anintegrated effects
test by | ooking at the entire pebble. But | will say
this, that you will see a step change in release to
birth ratio by the gas re-nonitoring when a particle
fails and you can actually determ ne how nany
particles have failed just based on the mathemati cs.

And that particle failure will dom nate
t he rel eases that are being nonitored. They will just
by the order of magnitude, you are picking up a
particle failure and then that will basically swanp
the tranp uraniumof the ratio. At that point you are
seeing particle rel eases.

MR RUBIN:. | am not sure where we are
here. Okay, let me just say the other thing. In
addition to pushing the margins, we do want to

understand whether or not the irradiation testing
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itself is, that has been historical wused is
conservati ve agai n, accel erated testing has been done
as a necessity for getting results sooner.

But there are sonme issue whether or not
t hat may not be conservative for sone of the failure
mechani sms such as chem cal attack which take nore
time. We also think that sinply by doing these kinds
of tests, we will better understand the howyou can do
themright and how you can do themwong and be in a
better position to evaluate fuel qualifications.

CHAI RMVAN KRESS: When you say chem cal
attack, you are not thinking of air and water ingress?
You are thinking of fission palladium attack.

MR. RUBIN: Pal | adi umattack, that ki nd of
chem cal attack. 1In ternms of the kinds of accident
testing we would now do, noving from irradiation
testing to accident simulation testing that are goi ng
to be basically three areas.

Heat up testing, reactivity type events
and then the chemical attack type events. Agai n,
t hese would be for conditions in each category that
are beyond the design basis.

So for heat up events, we would start with
fuel that was irradi ated beyond t he desi gn conditions

and then go through a heat up that was beyond let's
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say the 1600 degrees C tenperature criteria that is
specified typically for this fuel.

For reactivity events, we do a simlar
thing there. | dentify what would be a bounding
reactivity pul se event and then run a test of that to
observe fuel behavior in terns of disassociation and
gross failure of the fuel. And then we would plan on
doing oxidationtests onairradi ated fuel elenentsto
understand how fuel that has been irradi ated beyond
its design conditions. What the oxidationeffects are
interms of particle failures.

CHAI RVAN KRESS: I n the nodel s for fission
product rel ease fromLWR fuel, the testi ng was done by
heating up slowy and hol ding tenperatures. And
heating wup and holding at other tenperatures. And
because the release was basically at the fusion
pr ocess.

| envision the release fromthis kind of
fuel being a failure of the particle process nostly.
Pl us sone diffusion after that. That is driven by the
failure of particles. It doesn't seemtone likethis
sl ow heat up and hold is an appropriate test to | ook
at what causes the particles to fail. It seens to ne
like you need to nodel an actual set of expected

tenperature ranp rates in accidents.
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| amjust exploring what your tests m ght
| ook like -- accident heat up rates?

MR, RUBI N: That comes up in the next
slide actual |y where we want to expl ore whet her or not
the traditional testing nmethods for accidents, for
heat up accidents is conservative. And | could just
junp to that one next.

MEMBER ROSEN:  You'll have to cone back,
| have a question on this thing.

MR. RUBIN. Ckay. | can get toit in the
next slide or two. But we will be testing the ranp
and hold, as | refer to it, against the actual tine
versus tenperature that you would see in a real
accident to see if you see any differences in the
nunber of particle failures you get for that.

MEMBER ROSEN:. One of the things you will
have todo | thinkis onthereactivity events, you'l
have to do that test with high burn up fuel. Because
you can't choose when you are going to have the super
critical reactivity event. It mght just decide to
happen late in the life of some of the particles.

MR.  RUBI N: Yes, there is a tradeoff
bet ween the | evel of energy that you can put into the
particles late in life, versus the pre-condition of

weakened fuel, you m ght say, later inlife. Against
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t he newer fuel that is not weakened, if you will, by
irradiation. But has a higher potential for alarger
energy spikeinit. And so it is not clear which is
t he worst.

MEMBER ROSEN:  You'll have to figure out
what the worst case is and test it. Oherwise you
will end up where we are on |ight water reactor fuel.

CHAI RVAN KRESS: | think you have to test
both of them

MEMBER ROSEN: Yeah, reactivity insertion
acci dent questions about high burn up fuel.

MR. RUBIN. Yes, | would agree with you on
that. That you need to do two or even three places in
the burn up history of the particle.

| will go over the next slide in termnms of
what we will be nonitoring because it's the sane for
irradiation pretty nuch. But here is where that
guestion cane up. W also want to evaluate the test
nmet hods by this test programand so we want to do it
bot h ways on fuel that has been irradi ated to beyond
t he design levels to go through the traditional |aw of
rapi d tenperature i ncrease and then hold at constant
temperature, let's say 1600, 1700 or 1800 for hundreds
of hours as opposed to going through a heat up which

tracks the predicted tenperature i ncrease inthe fuel
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in the worst case accident.

There i s sone evidence that in testing of
AVR fuel in Germany, that there were failures seenin
fuel that was tested that way with the actual tine
t enperat ure approach that we are not seeing in the
ranp-up and hol d approach. And there is not a good
expl anation for that at this point. | wll say that
in the pre-application reviewfromPBMR there was a
sentence intheir informati on on qualificationtesting
that they may do that kind of testing thenselves to
see whet her or not there is an unknown phenonenon t hat
makes that kind of a nore precise tenperature versus
time nore challenging at fuel than the ranmp-up and
hol d.

And t hat i s a good exanpl e of who i s goi ng
todothistest. Arethey aregoingtodoit? O are
we going todoit. And that can conme up al ong t he way
in many of these areas. W are not sure, but sonebody
needs to do this.

MEMBER ROSEN: The curi ous statenent that
applicant says he may do this testing. Now, how nuch
credit do you give themfor the "my"?

MR. RUBIN. Well that kind of needs to be
ki nd of discussed. | think what happened was, we

rai sed this issue inone of the early neetings and t he
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put alittle place holder in their submttal.

MR. FLACK: They didn't say they won't do

MR RUBIN:. | think we would like to see
them do that. Ckay, the question cane up, how the
heck are we going to do all of this. And in terns of
the irradiation testing, we want to enter into
cooperative agreenments where we can. One i s wi th DOE.
DOE has this fuel developnent and qualification
programwhi ch i nvol ves i rradi ati on acci dent sinul ation
t esting.

And we have put together a docunment which
descri bes how we woul d cooperate in sharing of data
for that kind of testing. W are not yet sure whether
or not DCE plans to go forward with irradiation
testing giventhe current situationw th the pull back
by Exel on.

Al so, we have been in discussion with the
Eur opean conmi ssion. They also have an irradiation
test program an accident sinulationtest programw th
what they call the HTRF. Wich is a Hi gh Tenperature
Reacti ve Fuel s wor ki ng group project. That calls for
irradiation testing of both Pebble fuel and compacts
to burn ups which far exceed the anti ci pated burn ups

for this next generation HIGR s.
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Anot her opportunity for obtaining datais

| AEA initiated efforts to put together a new

coordi nated research project, Nunmber 6 they call it.
VWhich will pull international data on current and
previous testing, irradiation testing of TRISO

particle fuel as well as many ot her things |Iike nodel
devel opnent, properties for nodels, manufacturing
expertise and the |ike.

W are also in the process of putting
together an agreenent with the Japan Atom c Energy
Research Institute for obtaining information data on
what they have devel oped on irradiation testing of
fuel conmpacts with TRISOfuel. And there may be sonme
basis for actual reactivity pul se testing which they
have a need actually, a licensing need to do that kind
of testing on their fuel. And we m ght want to enter
into a cooperative arrangenent where we get that data
and also provide some fuel conpacts for fuel wth
TRI SO particles made in this country.

And al so i nformati on exchanged froml - Net .
And they currently have fuel qualification program
that is no ongoing and we'll soon hopefully have
operational data ontheir fuel. And we hope to obtain
data fromthat.

So we don't see that we are going to be
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payi ng for everything, in fact we like to get data
from other sources and share in the cost. Let ne
qui ckly go over the next part, whichis to devel op our
anal ytical tools. The objective here is to provide
the staff with an i ndependent capability to anal yze a
TRI SO particle fuel performance. |n both Pebble bed
reactors and reactors with prismatic fuel.

W have two kind of conplinmentary
obj ectives and two kinds of analysis needs. One is
codes that can predict particle failure if you wll
that has in it many of the nodels for the failure
nmechani smthat | tal ked about. But then there is a
traditionally a second code t hat actual | y goes t hr ough
and cal cul ates the fission product transport out of
the fuel element due to diffusion nechanisns from
matri x material as well as fromintact particles, as
well as fromfailed particles.

And so you are | ooki ng at the need to ki nd
of coupl e those two codes and those two capabilities.
Wth the two, we would then have an independent
capability to assess an applicant's cal cul ati ons and
to provide input to our own source termanalysis for
accent consequences based on the fuel fission product
rel ease fromthese codes.

MEMBER RANSOM |s that an effort starting
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fromscratch or are you buil ding on existing?

MR. RUBIN: Same approach. | thinkit is
in ny next slide. The strategy is again to
cooperative research with organi zations world w de
t hat are worki ng on devel opi ng such codes. And there
are many choi ces, many organi zations that are doing
this. W have to place our bets soon on which one we
want to support.

Let ne just say though that devel oping
these tools is a challenge. |If you | ook back at the
German codes and let's say the nore recently the
Japanese fuel codes. They were very specific to the
properties that related to the way they nade t he fuel
and the results of the irradiation testing to bench
mar k t hose codes. And so you don't really have a code
wi t h nodel s whi ch have uni versal applicability to fue
that we nade in the future. And so you need to have
enough capability build into the codes to be able to
predi ct any ki nd of new manuf acturer given the ki nd of
characteristics or properties that may evolve from
that manufacturer. So that is a difficulty.

The property data that exists for
uni rradi ated, and especi ally for unirradiated codi ngs
i s nmeager and wi de variations. And these properties

play a very large role in when particle failure m ght

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

157

be predicted. Things |like creep, irradiation induced
changes i n di nensions of the Pyrolytic carbon | ayers
vari es tremendously. Even therno expansion, there are
| arge variations one would seeintheliterature. And
so kind of get it right, you have got to get the
materials data right.

W tal ked about the failure mechanisns.
And you can have |l ocal inperfections in the silicon
carbi de. You can have | ocal tearing away or debondi ng
of let's say the outer Pyrolytic carbon | ayer fromthe
silicon carbide. And so you have |l ocalized effects
and that drives a need for 3-D nodeling in doingthese
ki nds of anal ysis.

CHAI RVAN KRESS: The 3-D nodel i ng, where
woul d that come in to play? Let's talk about a I ocal
defect in one of the |layers. Are you tal king about 3-
D nodeling of how the fission products nove through
that, or are you tal king about further expansion of
the failure to make it worse?

MR.  RUBI N: Well | nmean what you are
tal king about is localized stress risers ultinmately.
That then are going to be controlling in ternms of
exceedi ng the ultimate strength of the silicon
car bi de.

CHAI RVAN KRESS: But that is normally not
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a 3-D concept.

MR RUBIN. Well | nean you do have an
azi mut hal  vari ance. You don't have uniforned
properties in all directions. It mght be a

| ocalized. So typically you use a fine net el enent
code to try.

CHAI RVAN KRESS: Nornal |y those properties
vary the radio as conpared to azinuthal. In all,
azi nuthal directions are doing about the sane.

MR RUBIN. Well, but | nean if --

CHAI RMAN KRESS: 1'Il just try to figure
out what actually is a 3-D. Is it a 3-D finite
el enent nodel ?

MR RUBI N: 3-D finite elenent is
different than what it is your | ooking at here to get
those | ocalized effects Iike a local |ayer debondi ng
that may ultimtely cause the ultimate stress to be
exceeded in a silicon carbide.

CHAlI RVAN KRESS: Is the idea of these
finite element to actually nechanistically predict
failures of fuel. As they sit there in tenperature
for along time for exanple?

MR. RUBIN:. | nean when you do a PIE and
you see a failure. And you see the failure nmechani sm

was due to let's say a crack formng in the outer
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layer. And then that you will see it propagate then
into the silicon carbide |Iayer. And then you
basically failed the particle. Howdo you nodel that
| ocal i zed phenonenon of that propagation of the crack
fromway or into the other.

Three Dnodelingis typically what is used
for that. |If thereis a little inperfection in the
silicon carbide | ayer to cause a stress riser, it my
not be uniformed around 360, but it may be a snal
arch where you have a notch, shall | say, so to speak
inthe silicon carbide and finite el ement techni ques
are useful for that.

CHAI RVAN KRESS: O her t han under st andi ng
what when on, | amtrying to figure out how!l use that
information in a severe acci dent or a normal operating
predictive node.

MR. RUBIN: Well those kinds of issues, |
guess in nmy mnd would be if they were to be
significantly w de spread by say the reactor rel oad.
Where you had i nperfections. This kind of a code with
this capability is what you would need to kind of
real |y understand how that defect played out in terns
of the failure rates.

And so it would be useful then as a tool

for understanding, agreeing that yes, that was the
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root cause for the failures that we saw. And we now
understand the corrective actions to address that.
This kind of a code may not be of inportance for a
source term however.

Ckay and in the case of a source termyou
m ght be able to get by with a nonfinite el enent, two
di mensi onal type code. And then you could variation
of propertiesto get sone statistical resultsinterns
of number of particles that fail ed due to vari ati ons.

CHAI RMAN KRESS: That was what | was
envi si oni ng.

MR. RUBIN. That kind of thing. But, if
you do in fact find that you are having sonme defects
or manufactured, the only way you can actually
corroborate anal ytically that i s what was the cause i s
through this kind of capability. But | am not
proposi ng that we woul d need t hree di nensional finite
el ement codes for source termcal cul ations.

CHAI RVAN KRESS: | think | understand now.

MR, RUBI N | am envisioning the tine
where we have an operating pl ant and | ow and behol d we
have hard and expected fuel failures. And we start
getting informati on fromthe applicants, this is what
we are seeing. And this what we think was the cause

in manufacture and this what we are going to do.
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Okay we are going to want to do an
anal ysis of that to see if we would predict that kind
of wide spread failure do to that cause. But that
capability is not needed for a source term
cal cul ati on.

MEMBER WALLI S:  You have descri bed so many
things that | think you are going to be under great
pressures or restrict your activities. And sonmeoneis
going to say, what regulatory need does this serve.
And do | need to knowthis now Because your scope is
getting so huge. | think you are going to be under
t hose pressures. | think that is what the gentl eman
is getting at here.

Do you need to do all these things in
order to serve the regul atory needs?

MR. RUBIN: Let ne just say that with the
conputing power of nodern day conputing the finite
el ement basic platformfor doing failure analysis is
not a costly or prohibitive approach. And many of the
newest codes that are being devel oped for a particle
performance analysis are finite el ement codes.

As opposed to two di mensi onal codes. The
ol der codes that were developed in Germany were two
di mensi onal codes. But to go to three dinmensional

codes is not a big priceto pay, if youwll. And we
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are just taking advantage of the opportunity and it
gives us nore flexibility in how we can apply that
code.

MR. FLACK: Your point is well taken. The
plan itself is to get out all the issues that we have
on the table. And then we have to decide at some
point what it is that we really need to do, now and
what other |icenses can do and that sort of thing.

MEMBER Sl EBER: It sounds |ike one you
woul d do |ater.

MR FLACK: | amsorry?

MEMBER SI EBER:  Thi s one sounds |i ke one
you woul d do | ater.

MR RUBIN. But again if you basically
going to use the three dinensional code as your
platform it is just, it is wise to go with that
platform Because that is what they are using now.
It is not a big cost in terns of running the code.

MEMBER SI EBER. By the time you will need
it, they will be doing something el se.

MR. RUBI N. But again, the 3-D code can be
used in the two di nmensional analysis to do what the
ol d two di mensi onal codes have been doi ng.

Let me just say that probably a bigger

issueisthestatistical variationin properties, both
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di mensi ons and material properties of particles that
can when -- goes through 15,000 particles, we wn
predict failure of a particle that a nomna
properties and dinensions. You would start to see
some small nunber particle failures given the
vari ations that occurredin properties and di nensi ons.

And the last thing is chem cal attack in
the news codes are putting capability through
essentially reduction in the thickness of the silicon
carbide to account for chem cal attack.

Again, the strategy here is the sane as we
were |ooking at on irradiation testing. There is a
ot of work being done internationally. |INEEL has
what is called PARFUME code. It is a three
di mensi onal code that they are conti nuing to devel op.
They brought it and devel oped sone assessnents of the
di fferences and performance of German and U.S. fuel
with that. And that may be a venue for obtaining our
needs.

M T al so i s working on a fuel performance
code. Includes nodeling of chem cal affects. And we
have had di scussions with M T on possibly supporting
t he devel opnent of their code and using their code.

The European Conmmi ssion as part of our

HTR-F program has an el enment that is to devel op fuel
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performance nodeling. And we have had di scussions
with themabout sharing in the cost and in the use of
t hat performance code.

So we are not goingto start fromscratch,
we are going to try to piggy back on what others are
doi ng.

Just real quickly, I think we tal ked about
t he applications for these kinds of code. To kind of
audit the applicants integrity analysis for their
fuel. To assess anonalies that nmay be detected in
fuel performance t hrough fi ssi on product nmeasurenents
of coolant activity. And al so can be used as an i nput
into the source termanal ysis that the NRC woul d |i ke
to be able to do.

As far as fuel fabrication is concerned,
we don't really plan to do any fuel fabrication
devel opment work. There are plan is to learn from
what others are enbarking on in ternms of devel oping
under st andi ng of fuel fabrication.

Let nme just say again, that the recent
studi es show a large difference in fuel performance
between German and U.S. fuel, a couple orders of
magni t ude. Anal ysis of that data shows that the
di fferences i n manufacture was a big driver for those

di fferences and so the i nportance of t he manufacturing
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process on fuel performance ultimtely was recogni zed
in Germany.

In fact in their manuf act uri ng
specifications, they included a fuel process
specification along with the product specifications
for the finished particles which were checked by QA
The difficulty is, even today, there is not a clear
under st andi ng of how a process variation effects a
change in properties and how that then plays out.

So a | ot of devel opnent work that is being
done worldwide, it is a very hot area. Is to
under st and how you make good fuel that achieves the
properties that you want. And are nade consistent in
ternms of every particle com ng out the sane. So our
interest thereis to understand the i nportant factors
of the process of fuel fabrication that gave rise to
good performance.

VWhat are the i nportant neasurabl e product
factors that need to be controlled for a good fuel
performance and what are the quality control schemes
that are used to maintain both process and product
within the requirenents.

Agai n, how we are going to do this is not
going to do anything ourselves, but to try through

cooperative agreements with the kind of the sane
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organi zations to obtain these kind of insights and
information. The EC as part of the HTR-F has al so a
fuel fabrication technol ogy devel opnent conponent.
And they are going to be trying to re-establish that
or establish for the first time | should say that
under st andi ng of how fabrication causes performance.

And we want the cooperative agreenment to
be able to share in that insight. DOE and Gakri dge
are al so planning to devel op fabrication capabilityin
this country. And so there m ght be the opportunity
to obtain information fromthat activity.

We have informati on exchange from | NET.
And they have within the | ast coupl e of years kind of
wal ked in the foot steps of the German fue
fabrication and now become a source or a destination
for others who want to | earn how to make good fuel.
And so we mght try to obtain data fromthem And
Jerry as well now has fuel operating in the HITR

And then the pre-application reviews
t hensel ves have provided a very good source of
information for what are the key factors for fuel
fabrication. So we are not really tal ki ng about doi ng
anyt hi ng ourselves, but to basically learn fromthe
wor k of others.

MEMBER FORD: Stuart, do we know anyt hi ng
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at all about the quality of work done in China? When
you say you are going to be doing collaborative work
and nucl ear data coming fromINET. For instance, do
we know anyt hing at all about the quality of the data
conmpared to that in Europe and Japan?

MR. RUBIN:. | have not personal |y seen any
of the manufacturing QCresults for the fuel they have
made. | have only heard antidotal stories and
statements that they achieved the |evel after nany
years that they say exceeded the German quality.

In terms of particle failure rates from
manuf acturer. In terns of performance in reactor, we
have asked for but not yet received the results of
t heir ongoi ng fuel qualificationtesting. Sothat is
the proof in the pudding. So |I haven't gotten that
yet.

We would hope to, in discussions wth
them to learn about each of those aspects, the
fabrication, the quality of the product, if youwll.
Thi cknesses, densities, and things that you can
neasure. As well as learn howthey made it in terns
of the process through discussions and technical
exchange.

And then foll owup and to get information

on their radiation experinments. But | nmean that is
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our picture of what we haven't inplemented that yet.
| would say that the European Comm ssion had a
del egation that went to China about two nonths ago.
And the topic was fuel fabrication. And the European
Conmi ssi on fol ks who were working on this element in
the HTR-F wanted to pick the brains, if you wll, of
the Chinese fabrication folks who develop their
process to kind of learn fromthem And then try to
go back and try to add to it in their own program
And we would like to get involved with that.

Wth that, | think | am pretty nuch --
just in terns of howwe m ght apply this know edge for
fabrication. W think there is a potential policy
decision for the Conm ssion to nmake on how the
Conmmi ssion woul d regul ate fuel quality and ultinmately
ensuring performance in areactor. One approachisto
actual ly put aregulatory inprint or footprint onthe
fuel fabrication through technical specifications.

In other words, to nonitor reactor --
excuse ne, coolant activity. And another is to do
testing of fuel after it cones out of a reactor.

The first one is kind of an obvi ous one.
But it is one that | think that we have not, as an
agency, gotten into on light water reactors is to

actually put tech specs on manufacturing processes.
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But that is where the tire hits the road in ternms of
assuring or resultingin good performance. So we need
to make that decision on whether or not we are going
to do it or not. Knowing that is where quality of
performance are built in. Well let's do that.

So there is a policy issuer there, we
think there is an opportunity to provide input from
this into fabrication process. A risk inforned, |
should say performance based fuel fabrication
procedures, we think there will be inspectors that
wi Il go through these plans and do sone inspections.
And this will provide input into what they will be
| ooking at. Perhaps training of inspectors as well.

| amjust going to junp to the |last slide
on summary and concl usi ons. Just kind of recap where
we think we end up with all of this. Through this
plan, we think we'll develop the infrastructure, we
will effectively develop the infrastructure of
analytical tools and data and know how to let the
staff effectively evaluate HTG R safety perfornmance
and al so comm ssion policy decisions.

Not ably on fuel performance and quality
specifications and the need for that. It is goingto
allow us to explore the limts and understand the

l[imts on safety performance and safety nargins of
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TRI SO particle fuels.

It will provide the staff with
the key know edge that is needed to understand how
fuel fabrication plays into fuel performance. And
t herefore what we need to watch and what we need to
have a regul atory oversight in the fuel fabrication
areas.

It does capitalize, we think, on existing
national and international activities and know edge
and experience that has been devel oped before in
desi gn and manufacture as well as anal ytical nethods
intesting of fuels. W think that the plan focuses
on the technical issues and the research issues that
have been identified at the begi nning of our planning
activities.

We think that the cooperative research
approach that is going to be a good | everage tool to
get the information that |ess cost and the shorter
time. And we think that it is also going to put us in
a position to effectively reveal a COL -- cone in on
ei ther PBMR or GI- VHR

MEMBER FORD: Do you have any i dea at al
of howmnuch this all costs and are orders of nagnitude
away from what you m ght reasonably expect?

MR. FLACK: Well, you took a shot at that
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al r eady.

MR. RUBIN. Well, you're in charge of the
dollars. The biggest conponent is the irradiation
t esting. It is very expensive to do irradiation
testing. You are in to the mllions of dollars per
year to do irradiation testing.

That is where we think sharing costs is
going to be the only viable way to i npl enent what we
have in mnd. Either through partnership with the
HTR-F, the European Conm ssion, the DCE And t hat
will half for | essenthe cost. But it isstill inthe
mllions of dollars. The cost of devel oping codes is
not nearly as |arge.

Manufacturing is virtually little cost
t here. Because we are not going to be doing that
devel opnent, fabrication technology. W just want to
have access to it through cooperative agreenents.

And then the fuel, accident sinmulation
testing, that will provide perhaps a | esser order of
magni t ude. Let's say in the multiple hundreds of
t housands of doll ars to do acci dent sinulationtesting
on irradiated fuel.

But the biggest cost factor is the
irradiation testing. But that is really where the

bi ggest benefits are in terns of understandi ng what
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the limts are of this fuel.
MEMBER FORD: But even with a reasonabl e

surety of getting sone collaborative work done, you

are still going to have to have a big prioritization
pruni ng exercise. |s that right?
MR RUBIN. | think that is true.

MEMBER FORD: And therefore prioritization
approaches and methodol ogies are going to becone
par anount .

MR RUBIN. Thereis alimt though. |If
you take a |ook at the test reactors that are out
there. \Wether you put one pebble into the reactor,
you put 14 in the reactor, you pay the sanme. You pay
for a particular slot.

It al nost behooves you, if you agree that
you want to do irradiation testing, is to take ful
advantage of all of the positions that you can put
fuel in there. Because the fuel you will be getting
is virtually cost free to the NRC. The noney is not
an issue there.

CHAI RVAN KRESS: d early under st andi ng t he
fuel for gas cooled reactors is paranount to
understanding the health and safety effects. So |
woul d put this one high on ny |list of things needed to

be done.
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MR FLACK: As well as how nmuch we can

capitalize on using | everage.

CHAI RMAN KRESS: And that is a timng
i ssue also. So, you if they are going ahead with it,
you need to get in there.

MR. RUBI N: Yes, that is personally a
concern that if we don't sign those agreenents now and
have sonmething to share with them then we | oose that
col | aborative possibility.

MEMBER ROSEN: At the risk of being a
broken record, coul d you go back to the slide that has
pur pose of the fuel research. It was |ike fourth or
fifth slide. If you mght be able to drag that one
out. Well 1'Il tell you what it says.

MR. RUBIN. Ckay.

MEMBER ROSEN: It has five bullets, the
fourth one bei ng devel op i ndependent fuels to predict
fuel fission product release and TRISO particle
failure for licensing basis conditions. And | think
that | ast phrase, for licensing basis conditions is
puzzling inthe Iight of what we said and shoul dn't be
in there.

You need to devel op i ndependent tools to
predict fuel efficient product release and TRI SO

particle failure, period.
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MR FLACK: It conmes down to what, the

frontline office is NRR And what they will require
to license a plan and what they will put down as this
is what is necessary for the applicant to achieve is
one thing. And we woul d devel op the tools that woul d
support themin independently confirmng that. Back
to the point of where do we drawthe line onthis. Is
that the issue? Like what we nmean by design basis?

MEMBER ROSEN: Right, it's that issue and
your apparent confusion at | east onthis slide that I
am referring to, the fourth bullet. That you are
going to only understand fuel behavior up to the
licensing basis. Now, | think you need, you said you
want to really understand it well beyond that. So, |
t hi nk you are contradicting yourself here.

MR. FLACK: It may be that --

CHAI RVAN KRESS: It may just be a wordi ng
probl em

MR. FLACK: Yes, | think it is. | think
t he whol e poi nt of devel opinginfrastructureisreally
to understand the fuel performance.

MEMBER ROSEN: | amtrying to urge you not
to say okay, sone arbitrary 1600 degrees we are goi ng
to stop understanding.

CHAI RVAN KRESS: They cl early aren't goi ng
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to do that.

MEMBER Sl EBER: But they said they
woul dn't do that.

MR. RUBIN: Yeah, | think what | had there
was t he thought that irradiation conditions maybe up
to 1250, 80, 000 negawatt days per ton, fluence of 2.5
times ten to the 25th neutrons per square centineter.
But we want a code that will take it to a higher
t emper at ure, hi gher fluence, hi gher burn up than that.
Wl |l beyond that licensing basis in terms of the
operating environnment.

MEMBER SI EBER: Well if | recall what you
said, you said you wanted to take it to failure.

MEMBER ROSEN: Right. And that is the

right answer. But not what you say on the slide.

CHAI RVAN KRESS: If there are no nore
guesti ons.

MEMBER WALLIS: Well, | don't know. | am
still grasping. This seens to ne that this is a huge

program And it |looks to nme that you are searching
for alevel of understandi ng which is bigger than the
applicants are going to conme in wth. That seens to
be the phil osophy.

| am not sure that should be the right

phi |l osophy. You can regul ate on ot her bases. When
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you actual |y tal k about the regul atory needs, you may
find that you don't need to know all this stuff. It
woul d be very nice to know, but you may not have to
do it. | think that is the only way you can
prioritize this. What you really need to know in
order to regulate. And it may not have to be this
t renmendous know edge base, but it would be nice to
have.

MEMBER FORD: Also prioritizing would be
in terms of risk. You just do work at the highest
risk. Do you have enough know edge base to conme to
even that criteria.

MR. RUBIN. Wl | again, the performance of
the fuel is driven by manufacturing. And we really
have t o understand what are the factors there, and it
is driven by the environnmental conditions and the
accident conditions. And they all cone into play.

MEMBER WALLI S: You don't have to
understand it, you just have to say to the applicant,
show ne.

MR RUBI N Wll, | nean, the basic
assunption in this is that the applicants are not
going to be pushing their fuel to failure. They have
been highly resistant of pushing it well beyond the

licensing basis. They'll try to get their toes wet a
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hundred degrees above the nmaxinmum operating
temperature. Maybe a little beyond. But they don't
want to go out there and see where the failure points
are.

MEMBER SI EBER.  The problemis, isthat it
isverydifficult unless you have that additional data
to know what the severe accident is all about.

MR FLACK: That's right.

MEMBER S| EBER:  And t hen how do you do t he
ri sk. How do you make determ nations |ike should you
have contai nment or not.

MEMBER ROSEN: | think | respectfully
di sagree with ny coll eague. In the case of a new
reactor design for this country, we should go, | nean
t he vendor should go as far as | would go. But if
they don't, then the staff should certainly go to a
| evel of understanding that is very deep.

MEMBER WALLIS: It's very expensive.

MEMBER ROCSEN: It nmay very well be.

MEMBER WALLI'S:  You can't do it.

VEMBER ROSEN: You have to put it in
context of what we are thinking about doing.
Li censing, perhaps a |lot of these reactors for this
country. |If soneone ever stepped up to the bar and

wanted to do that.
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| would prefer not to be in the
circunstance that we have found ourselves in in the
[ ight water framework where we never had quite enough
know edge. W always liked to have nore. Here is a
chance to get out ahead of it. Let's get out ahead of
it.

MEMBER WALLI'S: Do you know what it costs
to do the light water.

MEMBER ROSEN: | don't know what it costs
to do the light water. | imagine it was a lot. |
think this would be a ot too, but in context, it
ought to be done.

MEMBER BONACA: For these agreenents that
you are trying arrange or you have al ready with ot her
prograns. You probably go through sonme kind of, |
nmean, are you tal king together to see that thereis no
duplication of testing.

MR RUBIN:  Yes.

MEMBER BONACA: Are you recording these
activities?

MR. RUBIN:. W have had di scussions with
DCE. In fact, they are comng in on Friday to give us
t he | at est assessnent of what they want to get done in
terms of irradiation testing and fabrication

t echnol ogy devel opnent .
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W have a co-operative agreenent written.
The signing of that agreenment, | think wll be
conti ngent wupon whether DOE feels they want to
actually do their irradiation testing in the
foreseeable future or if they want to kind of defer
t hat .

We al so have had discussion this spring
with the HTR-F project |eaders about what they are
doing. Wat we would like to do. And we see a kind
of synergi smof between the two prograns. Again, the
mai n thing they are | ooki ng at is high burn up. Which
i s one of the paraneters on pushing the fuel to beyond
t he design |icensing basis.

So we would like to get that data. Sone
of our paraneters in terns of higher tenperature,

hi gher fluence, they are not covering that. So, we

could pool all this, | think our costs that we would
have to kick in for could be reduced. There is
over| ap.

In terms of mapping out the space beyond
the |icensing and desi gn basis.

MEMBER BONACA: What i s the manufacturing
steps? You have nentioned several tines the
differences in performance resulting from the

manuf acturing steps. |Is this open information that
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you have available? O nuch of it is proprietary and
you can't get your hands on it.

MR. RUBIN: The years past, there was free
sharing of this kind of information, but now
organi zations that are doi ng work and spendi ng noney
see the commerci al applications and the profits from
all this. And so, that is the one area, irradiation
testing, accident condition testing, nodeling,
fabrication technol ogy. And that | ast one is one very
few peopl e want to share.

CHAI RVAN KRESS: In view of the time, |
think | amgoingto call ahalt tothese questions and
ask people to cone back at 1:45 p.m And we'll start
agai n.

(Wher eupon, the foregoing matter went off

the record at 12:39 p.m and went back on

the record at 1:45 p.m)

CHAI RVAN KRESS: Let's call the neeting
back to order and we'll start right in with the
materials analysis | guess?

MR. FLACK: Right, that's Joe Muscara from
the Division of Engineering Technol ogy, Ofice of
Resear ch.

MR,  MUSCARA: Thank you. As you just

mentioned, | will be discussingthe material s anal ysi s
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portion of the research plan

This is essentially the outline for the
di scussion on the materials analysis. W are | ooking
at background and di scuss sone of the netals issues
and research to address these issues.

W1l do the same thing for graphite. Have
a little bit of a discussion on international
cooperation and then finally a brief sunmary.

As a way of background, the behavior of
nmetallic and graphite conmponents is a key research
area to make sure they can maintain primry system
integrity. The primary system integrity is
essentially a major part of defense-in-depth. And we
must ensure that we nmaintain the integrity so that
t he radioactivity can be contai ned.

In addition, the information from the
materials research is needed for conducting a PRA,
especially for the advanced gas cool reactors, where
there i s no experience with the behavior of materials
and conmponents. W woul d have to essentially guess at
the probability of failure for these conmponents.

And therefore we have relatively large
uncertainties in the nunbers that are selected. In
order to reduce those uncertainties and to get better

information probability of failure, we can study
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di fferent degradati on nmechani sns and quantify t hese.
And then be able to use this information, probalistic
fracture nechanics, tocalculatefailure probabilities
for different conponents under the different
condi tions.

Wl | there are a nunber of issues that we
have uncovered with respect to netallic conponents.
W' |l list these and then discuss each one in turn.

There are issues related to the
availability and applicability of national codes and
standards. This is both for netals and graphite. But
there is a lack of appropriate data bases for
cal culating fatigue, creep and creep-fatigue
[ifetimes.

There areissuesrelatedtothe effects of
i mpurities. In particular, things |Iike oxygen and
chloride on degradation of conponents in this
envi ronnment .

| ssues related to the agi ng behavi or of
alloys. There is a tine-tenperature dependence of
solidstate transformati onthat occur inthese all oys.
And the concurrent -- that happens.

CHAI RVAN KRESS: Are we talking about
netal s and netal | i c conponents that are di fferent than

we currently have in the LWRs?
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VR. MUSCARA: Yes, for the high

t enmperature gas cool ed reactors, sone of the nmetals
are different because of the higher tenperature
requiremnents. Agai n, depending on the design.
Exel on, for exanple, with the pebble bed -- for the
pressure vessel material, they were maintaining the
sane material that we are using in light water
reactors.

But for exanple, the duct pipe which
transfers the hot fluid up to the power generation
units, then that is a higher tenperature material not
used in |light water reactors. And of course, turbine
bl ade materials would be different.

So sone materials are simlar to |ight
wat er reactors --

CHAlI RVAN KRESS: So npst of this is dated
for the gas cool ed reactors?

MR. MUSCARA: Yes, this concept is nostly
on gas cool ed reactors. There are a couple of issues
that are also present for advanced I|ight water
reactors and I will nention those as | go al ong.

But, yes, nost of this is based on the gas
cool ed reactors.

MEMBER SI EBER It seens to ne that the,

in the pebbl e bed the piping and the turbine casings
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and all that are to be designed to the sane
specifications as the reactor vessel itself?

MR. MUSCARA: Well, yeah that is actually
one of the key issues that |'Ill discuss.

MEMBER SI EBER: Wl | t hat way t hey seemto
feel that they can get rid of any kind of pipe
rupture. And | would scratch ny head about that.

MR. MUSCARA: Yeah, | think that is both
a technical and possibly a policy issue. So we need
to address that.

MEMBER SIEBER: | think so to.

MR. MUSCARA: The question comes up with
respect to sensitization. And of course we are going
to be talking about what we call |ow tenperature
sensitization. The sensitization during operation,
not necessarily during the wel di ng of the conponents.

There is a potential for the degradation
by carburization, decarburization and oxidation.
These are particularly interesting issues because the
fix to one problem may in fact generate the other
problem So thereis a very close bal ance i n managi ng
t he conposition of the effluent.

CHAI RVAN  KRESS: The sensitization is
sensitizing the stress corrosion?

MR. MUSCARA: Precisely. It is the sane
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kind of sensitization we have seen for |ight water
reactors where the plate, the chromum at the grain
boundari es and t hen | eave the materi al s susceptibleto
subsequent tracki ng.

Treatnment of the connecting pipe as a
vessel | think is an issue. And there are sone
i nspection issues with both the Hi gh Tenperature Gas
Reactor and the Advanced Li ght Water Reactor.

CHAI RVAN KRESS: What is the inplications
treating that connecting pipe as a vessel? |Is that
excl uded from arch break LOCA?

MR. MJSCARA: Correct, yes.

MVEMBER FORD: I nspection of the high
tenperature and ALMR, that is just to serve as a point
of reference for the research. And why would you
expect the advanced |ight water reactors to show | ow
tenperature reactors? Wiy are we inspecting those?
In that last bullet?

MR. MUSCARA: Again, of course we i nspect
current reactors as defense-i n-depth concept. Sone of
the differences with the high tenperature gas cool er
reactors are the long ti mes between i nspections. For
exanpl e, pebbl e bed conti nuous refueling. The plants
have been down every six years for a short period of

time for maintenance.
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What that neans, that the inspection
intervals have to be long. And you see inspection
effective in that case. The other issue that conmes up
is many conponents in advanced reactors are not
excessive. For exanple, containing vessels.

So there is also an additional problem
with accessibility. If | can't inspect inportant
component s, what good would periodic service
i nspections do us. So there is sonme issues related
to those two areas.

MEMBER FORD: So that last one really
refers to inspection intervals, not | ooking at PIE or

MR. MUSCARA: In-service inspection for
t he presence of fluence.

MEMBER FORD: Ckay.

CHAI RVAN KRESS: But see, the IRIS has a
lifetime of 8 years for the cooler or sonmething |ike
t hat ?

MR, MUSCARA: Ei ght. It's got all the
conmponents. but really, it's achallenginginspection
problemthere to address this. In the area of design
codes fromthe tel econponents, thereis a general |ack
of design codes and standards. W do have avail abl e

ASME code case N-499, and N-201 and thereis afairly
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new subsection NHfor application to high tenperature
conmponents.

Wel | these codes were devel oped based on
data fromthe " 70s and 80s fromthe LMFBR area. That
neans a | ot of the data that has gone into these codes
is taken in air and/or sodium

In addition, data fromthe "~ 90s have cone
upwith better correlations for relating creep and the

creep-fatigue interaction, which is not addressed in

t he code.

CHAI RMAN KRESS: Do you or sone of the NRC
peopl e serve on -- people putting together these
coded?

MR,  MJUSCARA: Yes, we participate in
several commttees. The ASME, for exanmple, is now
begi nning to think about what needs there are for the
future for these advanced reactors. | have had a
neeti ng wi t h st andar ds devel opnent or gani zati ons. And
describing the need for codes and standards in
different areas related to materials and i nspecti on.
And in fact, | was able to get sone work started,
which | can cover a little bit later. But right now,
| thinkthe codes and standards conmittees are | aggi ng
behi nd on doing any work in this area. And what is in

place, | believe it is not appropriate for the high
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t enperature gas cool ed reactors.

MEMBER S| EBER:  \What pressure does the
pebbl e bed operate at in the primary circuit? It is
not real high?

MR. MUSCARA: No it is rmuch nore |like the
boi Il i ng water reactor.

MEMBER SI EBER:  Ri ght.

MEMBER ROSEN:  It's that high?

MEMBER SI EBER:  Yeah.

CHAI RVAN KRESS: The hel i umwas not a good
heat to get the heat transfer.

MEMBER SIEBER: That's sort of an
advant age. Because you don't have quite the stresses
in the vessels and the various compounds that you
would if you were operating at perhaps double that
pressure. But the tenperature is way up there.

MR, MUSCARA: Yes. And a key lack within
t he codes i s of course the inclusion of the effects of
the environment in the design, both for fatigue and
for creep. And the experience we have had with |ight
water reactors tell us that the effects of
environnent are quite inportant.

You know, when we designed and built the
light water reactors, we had high purity water and

therefore didn't worry too much about things like
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parts per mllion of inpurities. But those are the
ki nds of things that will really get us into trouble.

When di scussi ng the environnmental effects
on fatigue, creep, and stress corrosion cracking, as
| have nmentioned, thereis alack of data for fatigue,
for creep, and for stress corrosion cracking for
evaluating the lifetine design of these conponents.

We know that tenperature stress, strain
rate, strain anplitudes and i npurities such as oxygen
and chloride, reduce the fatigue in creep life and
i ncreases susceptibility to stress corrosion and
cracki ng.

I n addi tion, you get an increase in crack
gromh rates due to the effects of the inpurities the
environnment. Thereforeresearchis needed on fatigue,
creep, stress corrosion cracking and crevi ce corrosion
cracking to take into account the effects of oxygen,
chloride, tenperature strain, strain rate, strain
range.

The results of this research will help us
to quantify and confirm if these degradation
mechani sms do -- for the heliumenvironnent. And if
they do play a major role, then we woul d have a data
base for updating the current codes and standards.

MEMBER WALLI S: It seens anazing that you
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have to do this research?

MR MJSCARA: Again, --

MEMBER WALLIS: -- astate-of-the-art here
sonehow. Why should the NRC do that?

MEMBER SI EBER. Well thereisn't any art,
right? In this kind of application. So sonmebody has
to.

MEMBER WALLI S: \What busi ness do people
have designing sonething if they don't understand
fatigue, creep and --

MR. MUSCARA: This is a policy question
t hey have sent up on to t he Conm ssion. Can we design
and license these plants when these are not adequate
codes for designingthem Andinmy view the effects
of environment are not taken into account we
m scal cul at e.

MEMBER WALLIS: Why should NRC do it?

MR. MUSCARA: It is nmuch like we di scussed
this norning, this is work that needs to be done.

MEMBER WALLIS: So it even seens worse
than this norning. This fatigue, creep and corrosion
cracking of materials is avery basic thingthroughout
t he industry.

MR. MUSCARA: Yes it is. And I think when

we designed the |ight waster reactors, it was fairly
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basic then also, but we accepted. For exanple in
fatigue, data was devel oped on snall specinmens, or
snoot h speci nmens, polished surfaces tested in air.
And then we found that in fact if you test the sane
speci men, even though it is polished and snmall, there
are 70 times the effect of the effect of oxygen and
water. So thelife could be will be by a factor of 70
times different than what we desi gned t hose pl ants and
accepted them

So ny concerniswe didit then. And | am
trying to make use of |essons |learned fromthe |ight
wat er reactors and bring up these issues.

VEMBER ROSEN: From a first principles
basis, why should we be surprised with that result?

MR. MUSCARA: At this stage, we shoul d not
be surprised. | nean we have seen this happening with
light water reactors. But the point is, that the work
hasn't been done.

| have seen sone work where the effects of
environment were trying to be addressed, but
unfortunately the nobst inportant paranmeters, oxygen
and chloride were not included in the inpurity
environnent. So there is sone data that is limted
and does not address the key paranmeters. So it is

wor k t hat needs to be done. | think the work needs to
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be done and considered while we are review ng these
i cense applications.

MEMBER S| EBER: I think also the Iight
wat er reactor data -- much | ower tenperature, athird
of the temperature. And so the data that is avail able
is out of range. | nean it doesn't include even the
operating condition.

MR. MUSCARA: Sone of the conmponents are
hi gher tenperature. And in fact some conponents
exhibit creep which we don't see in the |ight water
reactor. And in creep also, there is a factor of
i mpurities.

MEMBER SI EBER: |s there an opportunity to
use codes and standards fromthe aircraft industry?
You know jet engines operate at pretty high
tenperatures in the same way as conbustion turbines?

MR. MUSCARA: That is true | think froma
design, | think for the process, it may be quite
adequate fromthe data point of view | amnot sure
that the data is --

MEMBER SI EBER: OF course if you take ajet
engi ne from an airplane and you | ook at its service
|ife between overhauls, you couldn't afford to run a
power plant |ike that.

MR,  FLACK: But again, just to re-
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enphasi ze the fact is that the plan doesn't say that
NRC will do the research. | nean we are seeking it
out t hr ough i nt ernati onal cooperati ons,
col | aborations, and industry as well as what we nay
have to do ourselves. So it all has to be determ ned.

MR. MUSCARA: But the fact is that is a
key area. The data is not there, we need to get going
soon to get the data. For exanple, we have done the
research in the light water reactor area. It wasn't
the industry that came up and said, you know we have
an effect of the environment it was NRC work that
di scovered this effect.

MEMBER SI EBER:  Ri ght.

MEMBER WALLIS: This is a research plan
for the NRC This is not a research plan for
i ndustry, | take it.

MR. MUSCARA: When we devel oped t he pl an,
t he general phil osophy was to identify key areas that
needed to be addressed.

MEMBER ROSEN:  And t hat di scussionw |l go
on between NRR and the |icensees -- the applicants.

MR. FLACK: That's right.

MEMBER ROSEN. As to howit is goingto get
done. And if the answer comes back: NRC you do it

all, then the answer is fine. W will do it all in
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2090.

MEMBER S| EBER:  Wel | either that or give
us a charge card, right?

MR FLACK: O a containnent.

MEMBER ROSEN: It's a fair question. |If
the industry wants the NRC to do it all, the NRC
shoul d get to define the schedul e. The i ndustry m ght
not |ike the schedul e.

MEMBER FORD: But just to interrupt for a
m nute Joe. W are all saying that and | can
understand why you are all saying that. s it a
responsi bl e position to be though? Should we not be
in the position of being an informed regulator? And
i.e, have the answers to a certain extent in our
pocket ?

It is aquestion. | don't knowthe answer
to the question, is the question.

MEMBER SIEBER: | think that we are
obligated to be an inforned regulator. On the other
hand, if you aren't inforned on even a given area, you
either come upwith an alternative or defense-in-depth
or don't approve it. And that is up to the industry
to take one of those alternatives.

One way to deal with the high tenperature

in creep problens is to say, here is the maxi num
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tenperature that we are going to all owyou to operate
this at. And when the efficiency goes to pot when you
do that. And they say well it is not worth building
it. You know there are all kinds of decisions that
can be made and | think that --

MR. MUSCARA: But even if we say that, we
have to have some basis for it. For exanple, | don't
want to base it on information we have on error data.
| would l'i ke to base that deci sion on what happens to
t hese conponents in the actual environment.

MEMBER SIEBER: | think that is true.

MEMBER WALLI S:  But you could ask themto
do that. Evaluating the lifetime design is the
responsibility of the designer. Isn't it? Primarily,
and then you have to check it.

MR. MJSCARA: W need to --

MEMBER WALLI S: We happen to have the
primary responsibility.

MR MJUSCARA: And the contention these
days is that helium is an earth and it is pure,
therefore data in air or heliumis acceptable and

adequate. Qur experience tells us that it m ght not

be the case. So sone of this research may fall into
an area that we call anticipatory research. If the
plan i s designed and built, | don't expect a problem

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

196

the first vyear. But | mght expect it after ten
years.

MEMBER SIEBER: It's as pure as primary
grade wat er.

MR. MUSCARA: Right, that's the point. It
is pure -- earth quotation marks. W have three parts
per mllion oxygen in the high tenperature gas cool ed
envi ronnent .

MEMBER S| EBER: | imgine in these
conmpressors and turbi nes you have t o have sone ki nd of
| ubrication which introduces. That is a nmajor source
of all these inpurities. Because there are bearings
in there that are usually pretty high speed devi ces.

MR. MUSCARA: There is, at least for the
pebbl e bed, there's a purification system But when
|"ve | ooked at the information fromthe AVR, what goes
into the system cones back out. Wth respect to
oxygen for exanple, it comes out at |ess than a part
per mllion oxygen. But it goes in at 3 parts per
mllion. So during the cycle it picks up oxygen
enough to cause the degradation of materials.

MEMBER S| EBER:  And everyt hi ng ahead of
the purification unit, you knowup stream is exposed
to the three parts per mllion

MR. MUSCARA: Right. So the connecting
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pipe is an issue. What happens that these high
t enper ature gas cool ed reactors, the connecting pipe
has been designed, fabricated and inspected to the
sane rul es as a vessel. So the contentionis that the
pi pe, therefore is a vessel. And we consider a
vessel, while doing that, then there is no double
ended break as a design basis.

And therefore there are no mtigating
systens incorporated into the design. Now, in a pipe
as a vessel, it isnot really realistic. Even though
the pipe is built constructed, and inspected same as
vessel , because of the dianeter, the vessel itself is
much, much thicker for the sane working pressure than
t he pi pe. So shoul d a degradati on nechani smoccur in
t he pi pe, expected or unexpected, it goes through the
wal |l s rel atively quickly.

And therefore even a vessel, except for
some recent experience, you don't expect degradation
nmechani sm go through the vessel in short periods of
time have a chance to be -- by inspection, etc.

Sol thinkit is quite a major difference
bet ween t he pi pe and the vessel. You can inspect it
t he sane way, we can build it the sane way, but it is
much thinner. That is a fact, if you want to build

this thing six inches thick, then fine. Then they can

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

198

call it a vessel. But it isnot, it isless than two
inches thick, it is very nmuch like --

MEMBER ROSEN: Aren't current day piping,
primary piping designed, fabricated and i nspected to
the sane rules as the RPV?

MR. MUSCARA: Precisely.

MEMBER ROSEN:  So when we don't al |l owt hat
in LWR so what changed is what | am aski ng?

MR,  MJSCARA: Right, we have had the
contention fromthe industry that they are built that
way. And therefore the probability of failureis very
low. And | amsaying wait a mnute. What about all
t he experience? These pipes do crack. They have
cracked.

MEMBER ROSEN. But there argunents just
saying that we are designing and fabricating and
i nspecting the same rul es as the RPV, therefore, that
we don't have to do anything different, it doesn't
hold water on the surface. Because that is what we
are doing already for light water reactors and we do
t ake doubl e ended breaks.

MR. MJSCARA: It is very nuch the sane
process for design, fabricating, and inspecting you
know the primary system conponents.

MEMBER SIEBER: But the piping code is
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different than the pressure vessel codes.

MR. MJSCARA: The design.

MEMBER SIEBER: So it is not exactly the
same. There are sonme things that are different, but
you are right. The smaller the dianeter of the pipe,
the thinner the wall could be. Look at the steam
generator tube, it is very thin. And you can crack
t hrough one of thempretty fast.

MR,  MJUSCARA: -- we are not really
pl anni ng necessarily any research onthis, but we wl|l
be maki ng use of the research in the other areas to
try and determ ne what is the potential, what's the
probability of failure in this pipe. So if we bring
it up as an issue, and the research we wll be
conducting on fatigue and creep and environnent al
effects, should apply to the analysis of this pipe,
how clever is it that this thing 1is not that, the
probability is very, very | ow

MEMBER FORD: So, | am just trying to
follow up on the decision that came earlier and that
st at ement you just made. So the objective of this and
the other work is to come up with what do we know
currently and what i s necessary to be done in order to
find the probability of failure of the conponent. That

would then lead into a higher level risk infornmed
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basi s, the probability of our CDF or LERF appropriate
hi gher | evel safety m ght actually cost. |Is that the
reason?

MEMBER S| EBER: Well | looked at it a
little bit differently. A licensee is going to come
in and they are going to make an assertion. And the
staff is going to ask the |licensee, prove to ne that
your assertion is correct. And the staff has to have
enough data and know edge to be able to nake that
j udgenent .

And so, you end up with both the industry,
t he vendors doi ng sone work to assert their end of the
argunment. Staff has got to be know edgeabl e enough
and have at its own command, sufficient data and
experience to say you are right or you are wong. And
that is how !l see this com ng out.

MR. FLACK: Exactly. And that could end
up being the difference between one kind of accident
ver sus anot her ki nd of accident. And what you have to
design the rest of the facility to w thstand.

MEMBER FORD: But fromyour research, is
totell the licensee, prove to ne the probability of
the failure of this conponent by what ever nechani smis
| ess than such and such. |Is that the --

MR. MUSCARA: In ny mind, that is a key
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aspect al so because both the design and the |icensing
these plans is noving nore and nore towards risk
informed and risk based. And you need to have
reasonably data to conduct these eval uations.

And since there is a |lack of experience
with these materi als and conponents, we woul d have to
predict it through sone probabilistic failure
mechani cs. To do that you nust identify degradation
nmechani sns, initiationtinmes, the growh rates and so
on.

VEMBER S| EBER: That's right, and the
output is going to be a distribution.

MR, MJSCARA: Yes.

VEMBER Sl EBER: So you can define the
uncertainty and all of these get factored into this
grand equation that says here is the risk of this
facility.

MEMBER FORD: Yes, but the proof of the
puddi ng, that |licensee can maintain that |owlevel of
risk. That is his responsibility. And you have got
to be in the position of being an inforned regul at or
to understand that he is not pulling the wool over
your eyes.

MEMBER S| EBER: Well it goes beyond that

alittle bit. The Anerican people | ook to the agency
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to keep themsafe within the paraneters and t he safety
goal s that they have set.

So if one of these plants goes down the
t ubes, licensee of course will feel sonme financia
heat and regul atory heat. But the agency itself wll
feel the ire of the population whom we are sworn to
protect. So it goes both ways.

MR MUSCARA: So | think with the
connecting pipe issue, essentially because it is
desi gned as a vessel, doesn't really nake nuch sense,
nunber one. Nunber two, if you are going to design it
wi t hout assumi ng doubl e- ended break, you have to show
that probability failure is very, very, very small
And | don't think you can do that wthout the
information that we are hopi ng we can generate.

MEMBER ROSEN: Where does | eak-before-
break cone into this discussion or doesn't it?

MR MJUSCARA: | hadn't planned on
di scussing it.

MEMBER ROSEN: Well, isn't it part of the
di scussion on this connecting pipe? |If you have to
assune that the pipeis a pipe, not avessel, then can
you assune that in the size range that that is going
to be used, that the pipe is likely to leak in a

detectabl e way before it breaks? And if you assune
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that, which | think they mght justifiably try to

argue. What degree of i nspection would we require for

| eak-before-break in order to limt the break size.

Maybe sone pipes could be excluded as there is now
bei ng di scussed in |ight water reactor famly. Wile
others can't.

MR. MJUSCARA: Right. 1In general, we | ook
at is there a potential for degradation of nechani sm
before we allow the |eak-before-break. Because of
potential for degradation nmechanism we don't allow
it. And in this case, | don't see the data that is
showing us, that for exanple, 800 age, is not
suscepti bl e to degradationintheinpurity requirenent
of the helium gas.

MEMBER ROSEN: That is the answer |
expected you to give. So we have to show that there
i s no degradati on mechanism When we are dealingw th
high tenperature piping for which there is no
experience it can't show.

MR,  MUSCARA: And the -- light water
reactor.

VMEMBER ROSEN: Sure, and you have
enunerated a | ot of potential ones.

MEMBER BONACA: One thing that | wanted to

poi nt out. You say the corrosioninthe lined baseis
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l[imted in the system as incorporated. So the
cracking occurs in the welds anyway irrespective of
the way you build this pipe. How can the contention
be nuade. | mean still, you have a concern wth
cracking through the weld, right?

MR. MUSCARA: Right. And that of course
that's been the i ssue of sensitization over the piping
in high residual stresses in that zone. Wth a
different material, it may be nore sensitized in the
wel ding. But the other effects may be there during
t he operati on.

MEMBER BONACA: All right, sostill, even
if you had capability of a vessel, that is an issue
of how you put together this conponents in a way t hat
you woul d not have potentially a break i nto the wel ds.

MEMBER ROSEN:  These pipes are cooling
down fromthat to anbi ent tenperature frommuch hi gher
tenmperatures than they are typically in Iight water
reactors. | nean they go to operating tenperature
and when you cool them down, they cone to anbient
tenperatures. A nuch bigger tenperature swi ng nuch
hi gher fatigue line.

MR. MUSCARA: Yes, dependi ng on t he desi gn
and where the insulation is placed. |In the one case,

the insulation is inside the pipe. In other cases it
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is outside the pipe. So if it is outside the pipe,
you do get sone bigger --.

MEMBER ROSEN: | nsul ation insidethe pipe?

MR. MUSCARA: Yes. | think the pebbl e bed
had their insul ation jackets insidethe duct pipe. In
ot her design, insulationis on the outside. | may get
the two m xed up, the GA versus --

MEMBER S| EBER: | think one of the
probl ens was | eak-before-break in a gas reactor is
your ability to detect the leak. In a water reactor
there is a puddle on the floor. O humdity in the
room but here all you have is your voice gets a
little higher when you go into the enclosure.

CHAI RVAN KRESS: There's a possibility of
casing em ssions that you can hear.

MEMBER SI EBER: Possi bility.

CHAI RMAN KRESS: Well they --

MEMBER Sl EBER: Sone peopl e clai mthat
really works as well.

MR. MUSCARA: In the area of
carburization, decarburization and oxidation, these
phenonena are dependent on the conposition of the
cool ant . And of course the presence of graphite
particl es.

Carburizationinferretic steelsw |l | ead
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to a hard brittle surface where cenentite is forned
at the surface.

For austenitics we would get carbide,
chrom umcarbi de formati on at t he expense of depl eting
the chromum So you could | eave the surface of the
stai nl ess susceptible to cracking.

Decar buri zation on the other hand takes
the carbon away fromthe materials. So it |eaves a
softer surface layer and reduced fatigue and creep
SW ng.

So we woul d need to study these phenonena
as a function of tine, tenperature and in heliumgas
with inpurities including the oxygen. One woul d
conduct netal |l ographic studies to determ ne whet her
t hese reacti ons have taken pl ace. And al so nmechani ca
testing to determ ne the degree to which the strength
has been reduced.

And your obj ective w thresearch of course
woul d be to characterize and bound the conditions
under which the phenonena occur. As | nentioned a
little bit earlier, this is going to be a very cl ose
bal ance between being a reduci ng atnosphere and an
oxi di zi ng at nosphere.

For exanple, | asked a question both in

China and Japan about had they thought about
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carburization in their high tenperature helium
reactors. And the response fromJapan, was yes they
had. And in fact, they inject a little oxygen to
mai nt ai n an oxi di zi ng at nosphere to avoi d
carburization. Whichis great for carburization, but
now you are |eaving susceptible to corrosion and
stress corrosion cracking.

So with the experience with |ight water
reactors and steamgenerators, there has been a very
fine balance there also. Anytime you solve the
problems with steam generators, we create another
corrosi on problem

And so the conditions under which these
t hi ngs happen haven't really been defined very well.
And | think part of the objectives we are trying find
t hese condi ti ons to knowwhen t o expect carburizati on,
Decar buri zati on and oxi dati on.

MEMBER ROSEN: How does decarburization
proceed?

MR. MUSCARA: Decarburization? Just the
activity of the carbon and the gas versus the carbon
inthe steel. It is lower in the gas, so that carbon
di ffuses out of the steel into the gas. And | eaves a
very soft material, very much Iike an iron instead of

a steel.
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VMEMBER Sl EBER: But that's a surface

effect, is it not, pretty nuch?

MR. MUSCARA: Yes. Those woul d be surface
ef fects. And what would happen because of the
different properties in the surface |layer, both the
strength and t hermal , that during operation you create
stresses in the newer surface area. You could
initiate cracking and then of course propagating a
little bit different and a | ot easier.

MEMBER SI EBER:  Ckay, thank you.

MR.  MUSCARA: Wl | the issue of aging
behavi or and sensitization of austenitic steels, of
course we do know that we get aging of casting the
steel. So it does occur in austenitic materials. And
some of these hightenperature materials, infact wll
develop for stability a tenperature. But again, it
needs to be shown that the materials and the condition
of interest are stable. They are not -- taking pl ace.
Produci ng materials that were brittle, the conponent.

O course that is the aging. The
sensitization we are all famliar with |eaves the
materials susceptible to stress corrosion cracking.
And the sensitization of interest here is not
necessarily fromthe welding. W know enough about

t hat now But fromthe actual operating tenperature.
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The i ssue cane up for |ight water reactors
back in the early 80s. And sonme heats and materials
wer e nor e suscepti bl e to low tenperature
sensitization, you knowfroma t her nodynam cs poi nt of
view, | ook at the stability diagrans, not supposed to
happen in those tenperatures. But given tinme, we
found that you do get |ow tenperature sensitization.

And t hat i s much nore insidi ous because it
woul d affect the entire surface, not just the materi al
at the grain boundaries necessarily.

What we found for |ight water reactor was
that generally we took about 40 to 100 years for
di fferent heats to exhibit | ow tenperatures
sensitization. So for the light water reactor, we
decided, thisis really not a key issue. |t happens,
but not in the lifetine of the plant. So with the
el evated tenperatures of the gas cooled reactors,
smal | differences intenperatures, it is like rhythm

So, even ten degrees increase in
t enper at ur e coul d nean a good substanti al reductionin
the timed desensitization. So that is an issue that
needs to be looked at to determ ne whether the
materials were sensitized, therefore, agai n rendering
t hem susceptible in the environnent.

W woul d | ook at materials bothinthe as-
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recei ved and the wel ded conditions. Again, we would
conduct nechani cal and m croscopi c studies. W would
like to quantify the time and tenperature for
different | evels of sensitization and agi ng, you know
to determine whether it is a reasonable thing to
expect during the lifetinme of the plan.

And if it is of concern, of course we
woul d have a data base for evaluating the degree of
t he concern and for inproving codes and standards.

Well we have tal ked about a nunber of
di fferent degradati on mechanisns. And it seenms to ne
that thereis an opportunity to at | east eval uate sone
of these things by making use of conponents renoved
from the one reactor that had 23 or so years of
experi ence, fromthe AVR

Conponent s of interest of course woul d be
t hose conmponent s where we have t he operating history.
We need to know the tenperatures and the | oading on
t hese conponents. So that we coul d det erm ne based on
desi gn codes and standards, hownuch |ife was used up.
And then by conducting research and testing, we can
det er m ne whet her t hose expectati ons were real or not.

So we could determ ne whether sone
degr adati on mechani sns have occurred after 23 years by

just | ooking at the netallographic structure of the
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conmponents. But beyond that, we can run mechanica
tests, a fatigue test and creep test. And neasure
what lifeis remaining in this conponent. Therefore,
we get to know what was used up and see if the
corresponds to the design codes.

MEMBER SIEBER: It seens to ne that Fort
Sai nt Vrain operated at much | ower tenperatures than
t hese advanced reactors.

MR. MUSCARA: Than AVR?

MEMBER SIEBER: Yes, have we |earned
anything fromFort Sain Vrai an?

MR,  MUSCARA: | am not sure about any
tests that were done.

MEMBER S| EBER: From a materials
st andpoi nt ?

MR. MUSCARA: One of the things we |l earned
was that you do pick up things |ike chloride fromthe
graphite itself that cause stress corrosion cracking
on t hose conponents. They did experience SCCfromthe
chloride. O course they had problenms with the water
ingress and the problenms with that.

But with respect to the environnment, the
smal | ampunts of chloride that essentially | eak gas
from the graphite cause the cracking in their

conponents.
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MEMBER SI EBER:  Now you woul d get that in

a pebbl e bed fromthe graphite balls that are non-f uel
bal | s?

MR, MJSCARA: Yes.

MEMBER SI EBER: | woul d presune.

MR MJSCARA: Yeah.

MEMBER SI EBER Ckay.

MR. MJUSCARA: For the issue of the in-
service inspection and continuous nonitoring, as |
nmenti oned, there are |long operating periods between
t he short duration outages. So the ISl intervals may
be l ong. And t he anpbunt of inspections |limted nostly
due to accessibility problens. So we need to re-
eval uate the effectiveness of different ISl prograns.
Taking into account both the reliability of the
i nspection, but also the degradati on nmechani sns t hat
are possible. And taking into account those
conmponents that cannot be inspected by in-service
i nspecti on.

MEMBER S| EBER: | would think though,
early on the designer along with sone help fromthe
staff would try to make as mnuch of the plant
i nspectable as they could as opposed to having ISl
come al ong as an afterthought. And you can't get into

t he curves and you have a |l ot of partials and things
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i ke that.

MR. MUSCARA: That is quite a reasonable
expectation. And in fact, the ASVE code requires the
conponents to be constructed in such a way that they
are accessible for inspection.

MEMBER SI EBER:  But they aren't.

MR. MJUSCARA: But they aren't. So they
cone in and ask for relief.

MEMBER S| EBER: Ri ght .

MR. MUSCARA: And in fact when | brought
t his question up with the Exel on pebbl e bed, so it has
to be realized there are sonme inportant conponents
that can't be inspected. W plan on requesting --

MEMBER S| EBER:  Rel i ef.

MR. MUSCARA: Relief. Not at the design
stage. | nean this is the tine when you try to nake
component s i nspectabl e. You don't cone in and ask for
relief because we can't inspect it even before you
design it.

MEMBER Sl EBER: Because you don't feel
i ke designing it. You know, inspectability is built
in.

MR. MUSCARA: So it viol ates, already, the
gui dance of the code.

VEMBER S| EBER: VWll | would think that
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woul d be an inportant consideration up front. You

know, when sonebody conmes in with a design concept

that should be one of the rules. It ought to be
i nspectable. It ought to neet the code.
MR, MUSCARA: Yeah, | think from a

t echni cal point of viewand policy point of view, one
of the things that we could be considering is that
given in-service inspection can be conducted
infrequently, when conponents are not avail able,
shoul d we require continuous online nonitoring. And
that is one of the research areas also that we have
pl anned.

The evaluating in-service inspection
prograns t hensel ves, we woul d pl an on conducti ng work
using our risk-informed inspection guidelines to
determ ne how inportant it is to i nspect conponents.
And for that results in an ineffective inspection,
then we need to consider the continuous online
noni t ori ng.

The wor k on continuous online nonitoring
has been conducted for |ight water reactors. And we
have developed a technique acoustic em ssion
noni t ori ng. For both obtaining the initiation of
cracking and for follow ng the crack severity as the

pl ant is operating.
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MEMBER S| EBER: | have a question about

that particularly as applied to a gas reactor.
Acoustic nonitoring, listens for basically sound
effects fromthe devel opment of cracks in piping and
so forth. For exanple, frequently it is used when you
do hydrostatic tests as a way to determ ne whet her you
are | eaki ng or not.

On the other hand, if | have a hi gh speed
conpressor in a turbine operating, is that going to
swanp out your ability to hear these things. O can
you discrimnate anmong the sounds well enough to
differentiate between the actions of the stress from
t he nmechani cal equi prent that is out there running?

MR. MUSCARA: In fact, we had about a ten
year research program back in the late 80s and md
90s.

MEMBER SI EBER: | renenber that.

MR. MUSCARA: -- inthis area. And one of
the key issues is if | have acoustic em ssions is that
because of cracking or sone other noise source. You
can't really mx the two.

So we did quite a bit of work in
devel opi ng nmet hods for di scrimnating noisefromcrack
growt h noi se. And after many years of work, we found

a very sinple idea that happened to work or not even

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

216

| ooking for this. But we conducted the |aboratory
work and then were ready to conduct work at an
i nternmedi ate scal e vessel at MPA Stuttgart. And then
eventual ly nonitored an actually plant.

Sone of the work we have conduct ed was how
do the transducers behave under the  high
t emperature/ high hum dity environnment. How does the
coupl i ng behave. Well we decided eventually that we
needed to use a wave guide to get away from the
probl enms of having the transducer directly on to the
hot surface. So if the wave guide is coupled to the
vessel or a pipe, and it is noved out of the hot area.
The transducer thenis coupledto the wave gui de. And
we conducted sone tests using this technique for
getting away fromthe tenperature

MEMBER Sl EBER: The guide did the
di scrimnation?

MR. MUSCARA: What we found was t he gui de
did the discrimnation. The sharp rise tine signa
fromthe cracks produces three node converted sound
waves. And so they are dependi ng on the | ength of the
wave guide, they are spaced at specific distances
apart. And the white noise fromother noi se sources
doesn't behave that way. So what we found was al nost

a 100% reliability, in discrimnating cracking from
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noi ses, just through the node converter sound wave in
t he wave gui de.

MEMBER SIEBER: That is interesting. |
remenber the issue coming up and the problemw th it
because we had tri ed a coupl e si npl e t hi ngs our sel ves.
But then I never followed up to find out how the
probl em was sol ved.

MR. MUSCARA: W had up to this point, we
had devel oped euronetworks for discrimnating noise
fromcrack growth noise. And that was about 80 - 85%
effective. But the wave gui de was nuch sinpler and
much nore effective.

MEMBER SI EBER.  Cheap.

MR. MUSCARA: Cheap. So we have done this
work for light water reactors and as | nentioned,
with a large scale testing in and fact we nonitored
t he Li merick reactor on a stress corrosi on cracki ng at

a nozzl e. And what we found was that the acoustic

em ssion could detect the cracking. Coul d
characterize its growth. It could match the UT
resul ts.

Unfortunately after to one cycle, we
nonitored for two cycles. After one cycle the cracks
stopped, you ran into a conpressor stress field. And

the crack stopped and the utility never renoved the
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pipe for severe finding validation. But we did
nmeasure the crack grom h and had estimated its degree
of cracki ng.

MEMBER SIEBER:  Well it would seemto ne
as a regulatory alternative, for exanple, if a
i censee wanted to consider the coolant piping the
sane as the vessel, that this would be an acceptabl e
alternative that you would require provided there is
a good techni cal basis would showyou that it worked.
Because it doesn't sound too expensive.

MR. MUSCARA: | think the basic work has
been done. It has been shown that it works in the
light water reactor environment. Wat we woul d need
to do with the gas cooler reactors to ensure that
under the noise conditions of the --

MEMBER SI EBER: Wl | the spectrumi s goi ng
to be different.

MR. MUSCARA: It isgoingto bedifferent.
And al so t he nechanisns. O course, we have creepto
worry about. You know, we have | ooked at fatigue and
stress corrosion cracking for light water reactors.
But of course we never | ooked at creep.

So there would be sone additional work
remaining to validate this technol ogy for gas cool ed

reactors. But | thinkit is already along way there.
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MEMBER Sl EBER: Yeah but you have a

mat erial problemjust in the wave gui de. Because it
is on a nuch hotter surface than in a water reactor.
| am sure you could, that one is easily solved
conpared with some ot hers.

MR MJSCARA: | think so.

MEMBER Sl EBER: Vell thank you, |
appreciate that. That brings be closer to beingupto
speed.

MR MUSCARA: Well | think to deal with
the nmetals issues, there nmaybe sone others, but |
t hought they were sone of the key i ssues that we were
considering. Mving on to the graphite.

Simlarly thereis alack of data on high
| evel s of irradiation for current graphites. Thereis
data on the ol der graphites. But as we learn that the
properties of graphite are very nmuch dependent on how
it was manufactured from the raw materials.
Unfortunately, the raw material sources fromthe old
graphite is gone. The m nes have been cl osed.

And al so sonme of the vendors. | think
nost of the vendors, the original vendors are gone.
So the manufacturing processes in the raw materials
for the newgraphites woul d be different. Even though

we striving, the industry is striving to nake the
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graphite the same way they have done in the past.
VWere there is data.

MEMBER SI EBER: But the ol d reactors, |ike
the Nreactor, had these huge bl ocks of graphite with
holes in them And that to me would be a |ot
different than the codings on these particles or the
graphite balls. Because they are discharged on a
regul ar basis. And don't exhibit that long term
distortion and growth that you would get out of a
massi ve bl ock of carbon.

CHAl RMAN KRESS: Yeah, but the refl ector

MR,  MJSCARA: O course | am not
addressing the fuel portion. This is just the
reflector, structural conponents --

MEMBER SIEBER:  Yeah, the reflector is
bi gger bl ocks, okay. Thank you.

MR MUSCARA: But in addition, the
graphite, the pebbles do we have a graphite | ayer?

CHAI RMAN KRESS: They have a graphite
coati ng.

MEMBER SI EBER:  Yes they do.

MR. MUSCARA: Right. That layer alsois
not graphitized at the hi gh tenperatures that the rest

of the graphite is. It is a nmuch |ower tenperature.
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And so it behaves differently than the reflector
graphite.

CHAI RVAN KRESS: The matri x inside, could
it be called a graphite or is it nore just a carbon.
| don't know if | would even call that --

MR. MJSCARA: Both graphite and carbon.

MR CARLSON: It is sonmetines called a
"graphitic material."

CHAl RVAN KRESS: G aphitic material.

MR MJSCARA: There is also a |ack of
predictive capability for the irradiated graphite
properties from the unirradi ated prosperities. O
course, I'"'msure you follow the |ight water reactor
wor k. For many years we have been working trying to
correlate enbrittlenent inpressure vessel steels, and
there is still work to be done there, but in the
graphite we just have absol utely no work t hat has gone
on to try and rel ate those properties.

In ny mnd that is an i ssue because as |
nmentioned, the graphite properties will vary. The
irradiated properties based on the raw materi al
properties. And the raw material properties vary as
a function of the source and manufacturing process.

CHAI RVAN KRESS: Now in the case of the

reflector, what are you worried about? It is not a
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structural --

MEMBER S| EBER: It doesn't carry any
| oad.

MR. MUSCARA: | guess | have a coupl e of
view graphs that will address that.

CHAI RVAN KRESS: Ckay.

MEMBER SI EBER:  Yeah | woul d think that it
coul d just growanyway you wanted them All you would
have to do is provide enough space.

CHAI RVAN KRESS: | would think in the
prismatic concept you have a probl em

MR, MJSCARA: But the point was, that
every tine a newgraphite cones along, then you woul d
need to have a conprehensive irradiation program
because you knowit isalittle bit different, it wll
behave differently. And nmy thought is that we need to
have a nethodology that allows us to go from the
unirradi ated propertiestotheirradi ated properties.
No work that's gone on to try to relate those
properties. Innmy mnd, that's an i ssue because as |
nmentioned, the graphite properties will vary. The
irradi ated properties, based on the raw materi al
properties and the raw material properties vary as a
function of the source and t he manuf acturing process.

CHAI RMAN KRESS: In the case of the
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reflector, what are you worried about? It's not a
structural ?

MR. MUSCARA: | guess | have a coupl e of
vu-graphs that will address that.

CHAI RVAN KRESS: Ckay.

VEMBER S| EBER: | would think that it
could just grow any way you want them All you have
to do is provide enough space.

CHAI RMAN KRESS: | would think in the
prismatic concept you have a probl em

MR. MUSCARA: But the point was that every
ti me when your graphite cones al ong, we need to have
a conprehensive irradiation program because it's a
little bit different. It will behave differently.

And ny thought is that we need to have a
net hodol ogy that all ows us to go fromthe unirradi at ed
properties to the irradi ated properties.

CHAI RMVAN  KRESS: You need a theory
nmechani sm

MR,  MJSCARA: Mechani sm and a |ot of
experinmental --

CHAI RVAN KRESS: A |l ot of experinmental to
back it up.

MR MUSCARA: There's also lack of

oxi dation, kinetics data for graphite, again, for the
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newer graphites.

The pebble bed reactor folks have
suggested that they woul d use the graphite properties
fromthe experience with the British reactors, with
the sleeve reactor. Wll, that's a nuch thinner
conponent. It's manufactured differently. So it's
not cl ear that the properties fromthe sl eeve graphite
inthe experience pertainstothelarge bl ock graphite
used for the high tenperature gas cool reactors.

And again, there's a lack of codes and
standards for nucl ear grade graphite. Very surprising
for me, there's not a material specification standard
for nuclear grade graphite. So we can -- the
designers effectively use the information and the
properties given to them by the manufacturer and
they're fairly confortablewith thisinthat they make
use of the design, that they did in the design

My concern is, for exanple, if |I have a
graphite that is for sonme reason a very low tensile
strength, the conponent is going to be thicker thanit
would nornmally be, so the designer feels he's
addressed his problem 1t's thicker, | ower strength.
We're fine. But there's sonme underlying reasons why
this graphite is set for strength. Maybe it's

successi ve cracking or porosity which although the
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component is designed thicker, those cracks wll
propagate during operation and cause failure of the
gr aphite. So it's not enough to just use the
properties fromthe particul ar batch of graphite. W
must have certain mninmum requirenents for the
graphite.

I n addi ti on, we need to have requirenents
for things like inpurities which can |eave the
graphite and cause degradati on of other conponents.

MEMBER SI EBER: I n the reflector though
| et's say the graphite cracks and you know, it's just
inacan, right? And so why do you care, other than
sonebody el se has to go and replace them

MR. MUSCARA: Sone of these conponents,
the control rods are inside the graphite | og, so that
we have distortion. Then you have a problem wth
inserting the control rods.

MEMBER SI EBER: Right. So you nmeke the
channel bigger, right? WlIl, seismc is an issue if
they really shift during a seismc event and so on

MR. MUSCARA: It provides the structural
integrity for the core in the core geonetry.

| think we nmay have nentioned sone of
these itens already, but the current data is for the

ol d graphites. I rradi ati on degrades the physical
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t hermal mechani cal properties of the graphite. These
changes can cause stresses during operation and | oss
of integrity.

The strength of graphite initially
increases with irradiation dose and then at higher
| evel it begins to decrease.

The di mensional changes that initially
graphite begins to shrink and then with increasing
radiation it begins to swell. And then, of course,
beyond the turn around, the graphite | oses an entire
structural integrity. It essentially falls apart.

As we nentioned, the | oss the structural
integrity, the loss of core geonetry and potenti al
problens with insertion of control rods. So we woul d
need t o study t he changes that undergo in the graphite
as a function of the levels of radiation and
t emper at ure.

| guess with respect to tenperature, |
want to nmention that if we irradiate these materials
at higher tenperature, that's not necessarily a
conservative direction to go into. For exanple, we
discussed a little this norning getting margi ned by
doi ng hi gher tenperature exposures of the fuel. At
hi gher tenperatures, you get sonme anneal i ng, so goi ng

up to a higher tenperature to study radi ation effects
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is not necessarily a prudent thing to do. | nean we
need to go there if we experience those tenperatures,
but irradiation at | ower tenperature someti nes can be
nore detrimental because it does not anneal out the
damagi ng effect fromthe irradiation

MEMBER SI EBER: | thought in decades ago
t hat was howt hey woul d run a graphite reactor at very
hi gh tenperature for a while to try to recover the
graphi te physical properties and basic di nension.

MR MJSCARA: You can anneal out sone of
the irradiation and also having a little creep, it
hel ps at the beginning that you are relieving the
stresses. O course, you're getting too nuch creep
with the material starts to flow. It's not a good
t hi ng.

MEMBER SI EBER:  On t he ot her hand, the net
effect of that is to nake it nore brittle and |ess
weaker ?

MR MJSCARA: Wth the irradiation?

MEMBER SI EBER: W th the annealing? O
mul ti pl e anneal i ngs?

MR. MJSCARA: On the graphite?

MEMBER SI EBER  Yes.

(Pause.)

MR. MUSCARA: Anyway, as far as research
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in the area, we would intend on reviewi ng avail abl e
hi gh dose irradi ati on data. Sone data has been t aken,
for exanpl e, at Cak Ri dge, under a DOE program That
dat a was never anal yzed because t hey ran out of funds.
We woul d hope they woul d have access to the data to
anal yze it.

W woul d conduct irradiationtests ontest
reactors, high flux test reactors, di fferent
tenmperatures, different irradiation exposures. And we
woul d conduct m crostructural eval uati ons,
di nensi onal , nechani cal, thermal and physical property
nmeasurenents, both before and after the irradiation.

As nentioned earlier, this kindof workis
very, very expensive and clearly it would also be
dependi ng on i nternati onal cooperation to get some of
this information.

Agai n, | brought up the issue the need to
have correl ations between the unirradiated and the
irradi ated properties. These properties depend
strongly on the raw materi als and the manufacturing
process. Sonme data is available fromold graphites,
but no data on the new graphites.

In the conducting research, what | woul d
hope is that we could nore or | ess piggyback on some

other work that's going on. | can get to this a
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little bit later, but the European Comunity is
already planning on conducting some extensive
irradiation testing of five current day graphites and
| would hope that we could conduct sone paranetric
studi es along with those studies to eval uate some of
the changes in the raw material properties and how
this affects the irradiation.

So there's work that's going on, but the
work coul d be augmented to try and get at not only,
for this particular graphite, thisis howit responds,
but trying to get sone correlations for the i nportant
paraneters to predi ct howthose paraneters affect the
i rradi ati on behavi or.

(Pause.)

Again, this will be the kinds of studies
we woul d conduct. | think |I've nentioned nost of
these already. Tenperature irradiation |levels, raw
materials makes a big difference. And processing
paraneters, they manifest thenselves into the
properties of the as-received graphites. There are
many di fferent ways of getting to the sane properties.
So just |ooking at processing paranmeters m ght not
give us the final result, but we need to keep in mnd
when we develop a matrix of tests what are the

i mportant processing paraneters that affect the raw
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material properties. And they make sure that those
t hi ngs are incorporat ed.

There are a | ot of different paraneters,
bot h processing and initial propertiesthat needto be
| ooked at and we need to do a careful job of selecting
and eval uating which paraneters to use for studies.
To do this, my thought was we get together a group of
experts and discuss what are the potential nost
i mport ant properties that m ght af f ect t he
i rradiation.

So there woul d be several workshops held
bef ore one woul d even develop a test matrix for this
ki nd of work.

In addition, I'Il mention it later also,
but we have acquired a graphite expert for our branch
who will be working in this area and he has an
assi gnment, about a 3-nonth assignnment inthe UK to
t ake advant age of t he experience and know edge that's
been gained there and al so nake use of the experts
that are available to start devel opi ng sone of these
test matrices.

CHAI RVAN KRESS: Do you t hi nk t hr ee nont hs
is enough tine for himto --

MR. MUSCARA: Probably not, but at this

poi nt | thought that's what we could afford. It would
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be a good first try.

CHAI RVAN KRESS: When you run these tests
on graphite, irradiating and see what effect it has on
t he properties, do you need | arge speci nens or can you
do this with small?

MR MUSCARA: That is an inportant
qguestion. That's sonething that needs to be deci ded.
My viewis that the property will change through the
thickness -- the raw material properties, therefore
the irradiation properties. And we need t o know what
t hose properties are as a function of thickness. So
| think we need to be very careful about what sel ect
and as a mnimum have sanples from the surface and
some i nternedi ate | ocati ons goi ng t hrough the center
of the conponent.

MEMBER SI EBER Wl |, the fluence varies
t hrough the ball section --

MR, MJUSCARA:  Sure.

VEMBER S| EBER: So the properties wll
vary at a right angle.

MR. MUSCARA: The irradi ated properties.
But even the raw material properties. The chem stry
wi || change through the thickness, the density, the
porosity --

CHAI RMAN KRESS: Yes, that will wear nore
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t han fl uence because you can take care of the fluence

ot her wi se.

MEMBER SIEBER:  So you can calculate it
out .

MR MJSCARA: Right.

MEMBER SI EBER: Woul d t he ul ti nmat e out cone
of this kind of work result in a standard? | would

think that would be a good way to codify how you're
going to use it and what properties it ought to have.
O would you have it as a reg. guide or --

MR. MUSCARA: Yeah, | think the effects of
irradiation, howit affects the properties, needs to
becone part of a standard, a design standard.

MEMBER SIEBER: Right. | agree. Well, |
was thinking internms of a national standard |i ke ANS
or sonebody |ike that.

MR MJSCARA: Wel |, oxidation kinetics so
it's another area where there's a lack of data. This
information is needed for evaluating the heat
generation, the structural integrity, and core
geonetry during normal operating and accident
conditions. The air ingress, of course, would lead to
corrosion and oxidation of graphite. It's an
exotherm c reaction so we need to know how nmuch heat

is generated and of particular inportance during an
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acci dent condition.

There's al oss of material surface, sothe
structural integrity could be inpaired. There's a
reduction of fractured toughness and in strength of
t he graphite with t he oxi dati on and changes i n t her nal
conductivity. So all of these paraneters are
i mportant for safety review and eval uati on.

CHAlI RVAN KRESS: Now are you interestedin
t he cases where you have an air ingression accident
that could lead to rapid conbustion or rapid -- or are
you interested in low levels of contam nation of
oxygen and heliunf? This | ong termdegradation effect.

MR. MUSCARA: We're considering both. So
one of the bullets here has to do with the anount of
oxi dant in the atnosphere. So for as |low air ingress
it would be one | evel; for break woul d have nuch nore
oxi dants available to oxidize the graphite.

W' re interested also in different kinds
of graphites. The graphite, you say the pebble
graphite which has not been graphitized at high
tenperature will have a different rate of oxidation.
We're interested in evaluating the oxidation rate of
graphite dust. The dust will deposit on surfaces, but
if it's, you know, we have an accident now, it's the

graphite dust in a given surface, it oxidizes faster.
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Heat generation. W need to know howit affects the
particul ar conponent.

CHAI RVAN KRESS: Now when peopl e do t hese
kinds of tests wusually they do them with snall
speci nens. Now the questions conmes up on the effects
of an air ingression accident. WIl the graphite
itself burn or have a sustained oxidation process?
And that generally is a geonetry probl emand how nuch
heat are you generating and how can it dissipate in
various directions and how nmuch oxygen you can get
there to produce the conbustion.

Do you have plans for sone sort of | ook at
t hat question, the conbustion of |arge chunks of
graphite?

MR. MUSCARA: It's a question, but | don't
t hi nk we' ve defi ned how to go about conducting those
tests.

CHAI RVAN  KRESS: But that's not what
you're tal king about here. This is sonething el se.

MR. MUSCARA: | think it's both. | nean
we need to know fromthe dust to the | arge conponent,
how t hat affects the rates in carrying away the heat
if it's a large conponent. So we woul d neasure the
heat generation and the oxidation rates, both.

Well, we tal ked about the variability of
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| ar ge bl ock graphite and want to use i nformation from
thin section graphite. Again, the designers, because
of | ack of data, where hoping they could use data from
t he sl eeve graphite, but that's alot thinner andit's
not clear that's applicable. So we need to conduct
nore inthis areato determne the differences in the
graphite through the thickness, both in properties,
chem stry, things like porosity, distribution, and
nunbers.

We' re not planning onirradiation work as
a function of this variation in block thickness, but
if we evaluate the changes in properties in the raw
graphite, and if those changes are considerable, we
have to be able to estimate whether irradiated
properties would respond also to a | arge degree.

CHAlI RVAN KRESS: What | envi sioned earlier
when | thought to ask you had to use big specinmens to
do the testing. | thought maybe you coul d use the big
speci nens that were sectioned right and | ook at their
property variations and put each of those sections in
t he same fluence area and that should test a | ot of
smal | speci nens representing one big one.

MR. MJUSCARA: Again, we're going to take
advant age of work going on in Europe and Japaninthis

area. They are planning work both in oxidation and
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irradiation. 1'mnot sure how the tests are really
being set up, but that's why | suggest we have an
expert group neeting to define those tests.

CHAI RVMAN KRESS: That's probably a good
way .

MR MJUSCARA: Well, the | ack of codes and
standards in nuclear grade graphite, again, | think
nost of these things |I've nmentioned with respect to
the issues, but there is a |lack of design codes for
taking to a concrete fatigue strength fracture
t oughness. W need material specification that
establ i shed the m ni mumrequi renments for nmechanical,
physical, and cheni cal. W would need to limt
el ements that nmay be detrinental to the irradiation
properties, or elements that can cause degradati on of
other materials. For exanple, the chloride that we
had experience wth.

Wth respect to the specification, |'ve
contacted ASTM staff to discuss whether there's a
potential for them to develop in nuclear grade
specification for graphite. Andthey agreed that they
should and can develop such a standard and their
activities are already in place to devel op a nucl ear
grade graphite specification. We're supporting a

little work on that at OGak Ri dge Nati onal Laboratory.
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We're providing one staff person who's an expert in
graphite participatingthe code conmttee, or the ASTM
commttee. He's also, | guess, the chair of one of
these commttees. So we're providing alittle bit of
support, and al so our staff is participating w th that
speci fication devel opnent.

Inthe area of design codes, thereis very
little information. There's no national codes for
this. The U K and the Japanese have devel oped sone
aspects of design codes in these areas. W woul d hope
to be able to get sonme information under the
cooperation on their design process. But theinitial
parts of the research will be to review and eval uate
what' s al ready avail able fromthese two countries and
see what inprovenents need to be nmade and then work
with codes and standards commttees to devel op the
desi gn codes.

CHAlI RVAN KRESS: Dana Powers had an i ssue
with this graphite, it has sonething to do with energy
build up throughtheirradiation. It's different than
t he Wgner energy, but it has higher | evel conponents
to it that don't get annealed out to operating
temperature. And he nmaintains that these could have
significant energy releases during an accident

condi ti on when you get up to the higher tenperatures
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and suddenly rel ease these things. Does your research
plan to | ook at any of that or the different --

MR. MUSCARA: It was not discussedinthis
current plan.

MR. FLACK: Yeah, we do recogni ze t hat and
the plan. | think Don brought it up, Carlson

MR MUSCARA: As | said, it wasn't
di scussed in the materials.

MR FLACK: If it wasn't in the materials
part, | guess is the issue. | don't see Don here.
Maybe you can bring it up.

CHAI RMAN KRESS: It's probably a severe
acci dent issue or sonething.

MR. FLACK: Yeah, at the high tenperatures
the effects -- it seened, the indication seened, oh,
Don just canme in. Don Carlson will beupinalittle
while to tal k about the nuclear analysis part of the
pl an.

The question had cone up on graphite's
behavi or at higher tenperature and not the Wgner
energy, but the energies of releasing graphite at
hi gher tenperatures. The part, | believe there's a
di scussion of part of that in the plan.

MR. CARLSON: Yeah, | nention it in the

nucl ear analysis part, not that it's really a nucl ear
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phenonmenon but sonet hi ng you have to add to t he decay
heat power in analyzing these events.

CHAI RVAN KRESS: So it's in there?

MR FLACK: It's in there. Yeah.

CHAl RVAN KRESS: Dana wi |l ask that.

MR. FLACK: |I'msure he will. That's why
we added it.

(Laughter.)

MR. MUSCARA: So | mentioned working with
ASTM eventual ly probably will work ASNE once we get
sone i nformati on about U. K. and Japan has been usi ng.
And as | nentioned earlier, we'll have a staff
assignee towork inthe U K to start addressi ng sone
of these i ssues and devel op sonme consensus on what are
the inportant paraneters. For exanple, for the
material specification, what are the inportant
paraneters for inducing irradiation damage.

As | mentioned, we do pl an on establ i shi ng
some i nternati onal cooperationinthe materials area,
in particular, with Japan and with the European
Communi ties. W have visited a nunber of countries to
di scuss materials i ssues anong ot her issues. And we
have shared our thoughts about research needed.
Pretty rmuch the thoughts are in the plan with both

Japan and with the European Conmuniti es.
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We've  net the European Community
representatives. They've reviewed our plan in one of
their own independent neetings in Brussels. I'n
effect, in the materials area, they decided that al
this was i nportant work and work that shoul d be done.
Sone of the work i s ongoing in their current program
but much of the work will be picked up in their next
HTRM M standing for materials program

That' s their sixth technol ogy program It
will initiate in 2003. They're putting out requests
for proposals at this tine. They expect proposals at
the end of this cal endar year and they will initiate
funding of their sixth programas | said in 2003.

So we have discussed participation with
the EC and Japan and we're in the process of
devel opi ng a draft agreenent to do this. There is no
exchange of funds, but it would be an exchange of
research results fromeach other's prograns. Sone of
t he wor k goi ng on i n the European Cormunities, they're
| ooking at a pressure vessel material for the high
tenperature gas cool reactor, but probably the next
generation they're | ooking 9 percent chrome materi al .
O course, Exel on was pl anning on using the standard
[ight water reactor material.

| believe at one time GA was i ntendi ng on
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using the two and a quarter chrone 1 nolley, but I
think now they're also considering the 9 percent
chrone. So the Europeans have begun work on the 9
chrome material. They will irradiate the material,
both in wel ded and unwel ded conditions. And they'l|
be conducting fatigue creep tests and irradiation
tests.

They' re al so | ooki ng at two turbine bl ade
materials. One material is alum num the other is
chromum So they have a chronoxi de or an al unoxi de
coating that would formas a protective coating. And
they're trying to determ ne whi ch one m ght work best
in a heating environnent.

There's sone work that they were pl anni ng
on doing in the new programon in-service inspection
nmet hods, not necessarily eval uating the efficiency or
t he effecti veness of these i nspections, but different
nmet hods that are needed for inspecting the reactors.
And they also have begun some work on irritating
graphite. As |'ve nmentioned, they have five different
graphites that they' re going to be studying.

CHAI RVAN KRESS: Was there any work done
in Canada with graphite?

MR. MUSCARA: Actually | don't know. I

haven't | ooked.
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CHAI RMAN KRESS: Mari o seenmed to think

t here was.

MEMBER BONACA: | thought they did sone
work in 1998.

MR. MJUSCARA: We have | ooked at sone of
the literature. |1'msure not exhaustive, but nothing

popped up fromCanada. Mbst of the work I've seen has
been Eur opean Comuniti es and Japan. O course, al ot
of work is going on in Russia.

Wl |, sone of the research that may not be
pi cked up is international prograns, at |east not to
the levels that | would like to see. It's work on the
effect of the inpurities on the degradation of
materi al s. On the effectiveness of the service
inspection is wusing a risk informed method for
evaluating their effecti veness and on the correl ati ons
for the non-irradiated properties to the irradiated
properties. And | believe that exchange of research
results in these areas will buy us the results from
all the other work that has been planned by the
Eur opean Community and by Japan.

In addition in Japan, there has been
consi der abl e work done on the desi gn and al so on hi gh
t enperature corrosion. And hopefully, we'll get

access to that work al so.
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CHAI RVAN KRESS: There was sone attenpts

to nmake correlations on non-irradiated material,
properties for netals and had to do with di sl ocations
and effects on the matrix. Is any of that applicable
for graphite or completely different?

MR,  MUSCARA: | am not sure. | have
di scussed with several experts. | think how many
peopl e tal ked what they said I would never get any
correlations. Too difficult. Too many paraneters.

CHAl RVAN  KRESS: That's what | was
wonder i ng.

MR. MUSCARA: Others are fairly confident
t hat now we coul d devel op sonme correl ati ons.

CHAI RVAN KRESS: It's certainly worth to
| ook at it.

MR. MJUSCARA: |'ve asked, | said we split
about 50-50. | knowit's been al|lot of extensive work
done in just the pressure vessel steel.

CHAI RVAN KRESS: Wel |, you knowit doesn't
| ook like trying to nmake such a correlation would be
all that expensive because you're going to get the
dat a anyway.

MR. MUSCARA: You certainly would get it,
let's say, for one heat. But what we want to do now

is for simlar heat vary sone of the inportant
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paraneters. And then you have to be exposed to the
i rradiati on. And you conduct side by side tests. And
this is one thing that | suggested to the European
Communi ty that they're doi ng the ot her extensive work
on five graphites, we ought to get toget her and deci de
on how best to nake use on that work by doing sone
parametric studies on the side but coordinated with
what they're doing. They liked the idea. They'dlike
to pursue that. But you can say the canp is divided
at this point whether we're going to be successful in
devel opi ng these correl ati ons.

CHAI RMAN KRESS: That's al ways the case.

MR. MUSCARA: And | think if you | ook at
the pressure vessel steel, you know, maybe they're
right. This is nmuch nore conpl ex material than steel.

MEMBER FORD: Joe, coming back to the
whol e questi on of privatizati on which we have based on
somet hing presuming to do with the risk. Half your
i nput to that decision nmaking process will come from
ot her organi zations. Don't necessarily have the sane
drivers as you will. So how useful is this specific
data that's comng from the European Community or
Japan? How useful wll that be to solving your
particul ar prioritizedtarget? Do you understand what

|"m getting at? You ve got no control over what
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they're going to do. They may be conpletely
irrel evant.

MR. MUSCARA: W have sone especially for

t he new program In fact, when | sent them our
program and they reviewed and | went back and
di scussed it, they said this is great. This is

exactly what we need to do. Go do it.

MEMBER FORD: You sai d your program \What
was in this docunent, the red one?

MR, MJUSCARA:  Yes.

MEMBER FORD:  (kay.

MR. MUSCARA: But they were not as excited
about sone of the areas that | nentioned. So nmaybe
they will take a little of the area but not as nuch.
And the idea was there was that we would exchange
i nf ormati on.

MEMBER FORD: Whien they say great, that's
exactly what we need, is that because they weren't
doing it?

MR. MUSCARA: They pretty much started out
doing sone literature reviews and assenbl i ng sone dat a
bases. They had done this for graphite, for pressure
vessel material, and for turbine based material. Now
t hat they' ve done that, now they're going beyond it.

Now t hey need to get into doing research.
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MEMBER FORD: So they haven't done any

data coll ection thensel ves?

MR. MUSCARA: Very little so far. They've
just initiated a pressure vessel program and their
graphite, they purchased the graphites that they're
going to expose. So, you know, they started about
four years ago but a lot of it has been coming up to
speed. \What has been avail abl e? Where do they want
to go? And what needs to be done? And so our plan
cane in about the right tinme, | think.

MEMBER FORD: That applies to both the
United Kingdomas well as --

MR MJUSCARA: Well, this was nore the
Eur opean Conmuni ti es. I"m not sure what role the
United Kingdomis playing in this HDRM program They
have had, of course, on the graphite area lots of
wr ong data and experience. But as far as how does it
apply, when we're working and revi ew ng t he PDVR, and
| | ooked at what Europeans were doing, my first
t hought was well, this is great, but it doesn't help
me right now. Because they're |ooking at the next
generation of steam generators. They're | ooking at
hi gher tenperatures. For exanple, the 9 chrone
mat eri al .

So at one point | thought this is not
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going to be that beneficial tous. But as the General
At om cs design conmes al ong and PDMR sort of is on the
back burner for awhile, that work seens nore and nore
appropriate. Because we were thinking ahead as to
what m ght the material s be for the next generation of
hi gh tenperature --

VEMBER FORD: And this international
soci ety of takeovers, etcetera, are any of the CEMs in
Japan and Eur opean Conmunity i nvol ved i n thi s work and
therefore by inference maybe General Aton cs?

MR. MUSCARA: | don't think | understood.

MEMBER FORD: In collecting this data for
the European Community HTR project and for the
Japanese JAERI program are any of the comrerci al
manuf acturers involved in this work?

MR. MUSCARA: Yes, sone of the European

wor K. In fact, the research wll probably be
conducted by people, for exanple, in the blade
mat eri al . Some of the conpanies producing the
material wll be doing some of the research. So

wi t hi n t he European program it's not necessarily our

national |aboratories. A lot of commercial groups

doing the work. In Japan, a lot of it is JAERI.
MEMBER FORD: Ckay.

(Pause.)
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MR. MUSCARA: | think, | guess, |'mat the

summary. Did | pick up sone tinme?

Well, we discussed a nunmber of key
techni cal issues and this relates to the chrones and
standards of the availability and applicability of
t hese standards. The | ack of datain correlations for
graphite. In nmy mnd, environnmental effects and
degradation materials are a very inportant area that
is not very well addressed. The pipe as a vessel,
again, it's for the technical and the policy issue.

W need to determ ne whether that can be
treated as a vessel based on the experience we've had
and the [ ack of the experience for these materials to
be used in a gas coal reactor

CHAl RVAN KRESS: How does it conpare in
t hi ckness to the vessel ?

MR. MUSCARA: Typically the thickness of
t he duct pipeis about 1.6, 1.7 inches thick. Soit's
very nuch --

CHAI RVAN KRESS: Probably | ooks like a
pi pe.

MR. MUSCARA: It's a pipe. | asked this
qguestion i n Chi na about the pipe on the break and t hey
essentially said to me no, we consi dered our vessels

so we could avoid doing an anal ysi s.
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(Laughter.)

They coul d not do a snmal | er design for it.

CHAI RVAN KRESS: That's a wong way to
make a deci si on.

MR. MUSCARA: And | think that's a trick
t hat has been played. It's not necessary because it
really believes and behaves like a vessel. | think
it's just get around this environment.

CHAI RVAN KRESS: |If you had a risk basis
for saying that this thing is not going to break at a
certain frequency, then maybe you can do sonething
i ke that.

MR. MJUSCARA: And at that this stage |
don't see howthey can nmake the case without the data
on the environnental effects, for exanple, and the
appropriateness of <creep and fatigue in their
i nteraction.

CHAI RVAN KRESS: | don't either. That's
the nost |ikely place for a break.

MEMBER ROSEN:  Your case wasn't made in a
[ ight water reactor with about 3,000 reactor years of
experience in the United States. The case is now
being attenpted to be nmade based on experience that
the largest pipe in the pressurized water reactor

won't fail in a double ended guillotine manner. And
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there seens to be sone staff acceptance of that, that
it's going to be a very low probability event. But
there's 3,000 reactor years of experience at the
rel evant conditions.

Now, to say the sane thing is true for a
pl ant w t hout any experience just --

MR. MJUSCARA: In different conditions, in
di fferent tenperatures.

MEMBER  ROSEN: At much hi gher
t enper at ures.

MR MJSCARA: It's a slight stretch.

MEMBER ROSEN: It's a big stretch.

CHAIRVAN KRESS: | thinkit's a stretch of
m sapplication on the design basis concept, too.
Because in ny m nd the design basis concept says you
sel ect design basis accidents and you prescribe how
you analyze themin a conservative way with certain
tools and you have selected theories of nmerit for
acceptance of the design. And you do that and | o and
behol d t he whol e reactor turns out to be safe over the
whol e spectrum of acci dents.

Now t he reason i s because when you put in
provi sions and do t he defense-in-depth parts that are
required in the design basis case, those also deal to

sone extent with severe acci dents.
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VEMBER ROSEN: Most of them

CHAI RMAN KRESS: Some of them  Most of
t hem So to take away one because oh, this isn't
severe acci dent space because its frequency is so | ow
it's not going to happen, is not the right concept
desi gn basis accident. You have to ask yourself if |
take that away, have | now done sonmething to the
reactor that would put it a such a higher risk |evel
that it's an unacceptable risk?. And | think that's
ki nd of missing fromthat concept.

MR. MUSCARA: Even the data we experience
we have today is especially for stress corrosion
cracki ng, and piping, and nozzles. W nmay not have
had a break, but | think some cases m ght have cone
cl ose. | nmean, Duanne Arnold for exanple. Talk about
this pipe. This thing have been of concernto nme with
respect to degradation.

| nmentioned earlier that one of the
designs there are jackets of insulation. They are
going to the inside of this pipe.

Well, these jackets are about a foot to
two | ong. And so they're several of these pieces that
go in, which neans |I'm now naturally creating
crevi ces. And has anybody | ooked at crevi ce corrosion

cracking with the environnment of the pure heliun? And
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tal ki ng about that pipe being treated as a vessel . |
mean, | can al nost see a nechanism right now that
could occur in these pipes when you have the
insulation on the inside and creating crevices.

MEMBER ROSEN:  Well, Joe, | don't think
you need a | ot nore encouragenent fromthe Conmittee
to hold you position. | think you heard at | east from
nysel f and Tom and few ot hers.

CHAI RVAN  KRESS: Is that pipe still
concentric? In the GIMHR concept it used to be a

concentric pipe with a hot gui se going one direction

and the col d gui se goi ng back the other way. |Is that
still?

MR FLACK: | believe it's the sanme
desi gn.

MR. MUSCARA: Let me sort of finish with
the summary in just a few nore words. So we haven't
takenthis lightly. W've looked at potential issues.
W' ve written about them discussed them W in fact
have initiated two small projects. One at Argonne
Nati onal Laboratory to |look at the basis for the
desi gn codes and standards for netals andto reviewin
nore detail than | have what information is out there
on the effects of inpurities, because | think that's

a key area. And at ORNL we've started a project to
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start working with the standard specification, alsoto
revi ew what data and i nformati on on the potential for
devel oping the correlations fromthe unirradiated to
the irradi ated properties. W planned on a having a
3-nonth assignment in the U K so we can |learn nore
about graphite technology and experience and Dr.
Srinivasan who was on our staff will be taking on the
assi gnnent .

MEMBER WALLI'S: Do you have any probl em
with the | anguage?

(Laughter.)

MR,  MUSCARA: Real ly? Do we have any
problemw th the |anguage. That's it.

CHAI RMAN KRESS: Thank you. 1'd like to
get a feel from the Conmttee whether they need a
break or not.

MEMBER S| EBER:  Sure do.

CHAI RMAN KRESS: This | ooks |ike a good
tinme to take a 15-m nute break. Wiy don't we cone
back at 25 after. 3:25.

(Wher eupon, the foregoing matter went off

the record at 3:12 p.m and went back on

the record at 3:27 p.m)

CHAI RVAN KRESS: | think we'll get started

again. W have nost of us here.
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MR. FLACK: Ckay. Don Carlson and Richard

Lee will now present their part of the plan, which
deals with the reactor plant analysis.

CHAI RVAN KRESS: It's always a pl easureto
have Richard here. W have him here so sel dom

MR. CARLSON:. Ckay. Again, my nane i s Don
Carlson. [|'Il be presenting this with Richard Lee.
It's about reactor systens analysis for advanced
reactors.

The scope of reactor systens analysis
enconpasses three technical disciplines: nucl ear
anal ysis, thermal-hydraulics analysis and severe
accident and source term The research programw ||
provi de sone data and val i dat ed systemanal ysis tool s
t hat are appropriate for predicting systemconditions
and system responses in advanced reactors. A key
poi nt that you may have noted fromJoe Miscara's tal k
is that, for exanple, the irradiation properties of
graphite change such that thermal conductivity goes
down considerably withirradiationif it is afunction
of irradiation tenperature.

And a unique aspect of the new HIGR
designs is that the maxi numfuel tenperature reached
in say a conduction cool down event is very strongly

dependent on graphite thermal conductivity. So this
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hopefully puts sonme of those issues into a useful
per specti ve.

CHAI RVAN KRESS:  So your thermal - hydraulic
anal yses have to use the npbst irradiated, worst
degraded properties of the graphite or --

MR. CARLSON: Exactly. For exanple, if
you were doing atest inaprototype facility, if you
did that early in life, you would get |ower maxi num
fuel tenperatures thanif youdidit toward the end of
the graphite life.

CHAI RMAN KRESS: This is the concept of
licensing by test?

MR, CARLSON: Yes, yes.

CHAl RVAN KRESS: It woul d have to have --
okay. There's sone issues there.

MR. CARLSON: So these systens anal ysis
tools that we'll be providing will allowthe staff to
i ndependently check or <confirm the applicant's
anal yses and get a better understanding of the
technical issues, uncertainties and safety margins.
The systenms analysis will then also contribute to
devel oping the regulatory framework by assisting in
the identification of safety significant systens,
conmponents and |icensing basis events.

The research plan addresses the three
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maj or disciplines in separate subsections. | wote
all the sections in the plan dealing w th nuclear
anal ysis, both for reactor systens analysis and for
the other three regulatory arenas: materials safety,
waste safety, and as | nentioned earlier, we have a
pl acehol der for safeguards as well. And all of those
areas are heavy on nucl ear analysis. But today we're
tal king only about nuclear analysis for reactor
safety, and I'lI|l be presenting that.

Richard Lee will be presenting the parts
about t hermal - hydraul i cs anal ysi s and sever e acci dent
and source term analysis. That was the work of
several different co-authors: Steve Bajourck, Tony
Ulses, a little bit from me on HIGR thernal-
hydraul ics. Steve Bajourck was advanced |ight water
reactors. Steve Arndt al so wote sone of those i nput.
And i n the severe acci dents area, Chester G ngrich and
Al'i Bebi hani contributed those parts of the plan.

Now nmovi ng i nt o t he nucl ear anal ysi s ar ea.
Nucl ear analysis is perhaps a termthat has not been
widely used inthe NRC. 1'mnot the first to use it,
but it enconpasses everything concerning the
interaction of radiation with matter. That is how |
define the technical discipline. And so in the area

of reactor safety, it woul d enconpass core neutronics,
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both static and dynam c, which would include the
evaluation of reactivity transients, tenperature
f eedback coefficients for the fuel noderator and the
reflector, reactivity control and safe shutdown and
al so woul d deal with spatial power distributionissues
and i ssues such as | ocal power peaki ng and oscillation
stability.

Anot her type of cal culationthat's donein
nucl ear anal ysis i s nuclide generation and depl eti on,
sonetinmes referred to as nuclear transportation
cal cul ations. They're done for neutronics; that is,
you anal yze the core burnup to get the conpositions
used in your core neutronics cal cul ations. Another
main use for nuclide generation and depletion is
cal cul ating the decay heat power and al so radiation
sources and rel easabl e i nventori es of fission products
in the fuel.

A third area of nuclear analysis is
radi ation transport and attenuation. That would be
find application for material activation and fl uence
damage in each TGR, as you're tal king about fluence
damage to graphiteinadditionto netallic conponents.
And also you do, of course, radiation shielding
cal cul ations for radiation protection.

And then finally, although thisisn't the
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subj ect of plan, there are nucl ear anal ysis i ssues in
out-of -reactor at the front end of the fuel cycle for
criticality safety in the back end and fuel cycle
criticality safety with burnup credit, decay heat and
spent fuel, radiation shieldingof spent fuel and non-
destructive assay for safeguards.

CHAI RVAN KRESS: Your nuclide generation
and depletion, is that origin we're tal ki ng about?

MR. CARLSON: That would typically be
origin or cinder, yes.

CHAI RMAN KRESS: Oh, cinder, that's right,
| forgot.

MR. CARLSON: We use origin. So starting
off with advanced |ight water reactors, there are no
significant new issues for AP1000, it's a lot I|ike
AP600 in current generation |light water reactors, so
the i ssues are the same. For IRI'S, there are sone new
nucl ear analysis issues concerning fuel depletion,
nodeling and validation for the fuel with five to
ei ght percent initial enrichnment that they' Il be using
in IRIS. The assenbly lattices have a greatly
i ncreased rati o of noderator to fuel; that is, they're
taki ng, essentially, a pin from17 by 17 lattice and
putting it in a 15 by 15 lattice, |eaving nore room

f or noder at or.
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They're using very strong, advanced
bur nabl e poi son designs and burnup levels up to 80
gi gawatt days per ton. The maxi mum burnups we see in
current generation light water reactors are 60
gi gawatt days per ton on an assenbly basis.

Rel ated to these depletion issues, there
woul d be gl obal core neutronics issues for the five-
to eight-year straight-burn core. The IRI'S does not
do fuel shuffling. You load the fuel and burnit for
five to eight years and then reload the whol e core.
The neut roni cs uncertai nti es and nodel i ng i ssues woul d
tend t o conpound nore t han you do with fuel shuffling,
where in current generation reactors you have a
relatively fresh assenbly in close proximty to the
hi gher burnup assenbly, so that tends to wash out the
effects of depletion uncertainties.

And, finally, you have decay heat power
nodel i ng and val i dati on i ssues. Probably you need for
an extension of the ANS 5.1 decay heat gui dance that
woul d be applicable to this new fuel and the higher
burnups in particul ar.

Now, for sone of the research activities
that we would be doing for IRIS, first of all, we
woul d identify rel evant reactor physics to benchmark

data. There have been |ight water reactor benchmark
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data for higher burnup fuels devel oped in various
pl aces in recent years. There was the REBUS Program
that the NRC was involved in in Belgium In
Swi tzerl and, there is the ongoi ng LWR PROTI S Program
And there were the series prograns in U K., France and
the U S. involving experinents at Catarash on the
Ecol e and M nerva facilities. And then there is also
an ongoi ng nary-funded program at Sandia for doing
nmeasurenents rel ated to burnup credit that woul d have
some applicability to IR S.

CHAl RVAN KRESS: Now, what is this data
about? |Is it about the buildup of nuclides or is it
about decay heat or --

MR. CARLSON: This would be critical
benchmark data --

CHAl RVAN KRESS: Critical data.

MR. CARLSON: Critical benchmark data for
the fresh material and for fairly high burnup
mat eri al .

CHAI RVAN KRESS: Ckay.

MR. CARLSON: And there would be sone
radi oi sot ope assay data afterwards, destructive assay.

CHAI RVAN KRESS: But this involves all
your cross-sections and --

MR. CARLSON: So there would be origin-
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type depletion validation.

CHAI RMAN KRESS: This involves all your
cross-sections then and the --

MR. CARLSON: Yes. It involves the cross-
sections and all the tools that use the cross-
secti ons.

CHAI RVAN KRESS: And those are things | i ke
PDQ? What code do you use in these things for that?

MR, CARLSON: Well, the NRC is in the
process of developing for the first time a lattice
physi cs tool.

CHAI RVAN KRESS: PARCS, was t hat the nane
of it?

MR. CARLSON: PARCS is our diffusion
t heory code. It's a global 3D kinetics diffusion
t heory code. And we're developing a lattice physics
tool that woul d produce data for use by the diffusion
t heory code.

CHAI RVAN KRESS: This is a code to
benchmar k agai nst this data.

MR. CARLSON: And so those suites of codes
woul d be benchmarked agai nst these data.

CHAI RMVAN KRESS: Putting in the right
cross-sections and stuff for the -- well, this is

IRI'S, | guess it doesn't need any -- doesn't need nuch
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changi ng.

MR.  CARLSON: Yes. Like | said, the
changes are there's a greater use of burnabl e poi sons,
there's an increased noderator fuel ratio, and so we
woul d have to | ook for data that gets you nore into
t hose physics reginmes.

CHAI RVAN KRESS: What does that effect,
t he energy distribution of neutrons?

MR.  CARLSON: Yes. You get a softer
t hermal spectrum

CHAI RVAN KRESS: Softer thermal spectrum

MR. CARLSON: And, of course, we're
pursui ng i nternational cooperation through the Al EA,
t he Eur opean Commi ssi on and OECD/ NEA. And t hese woul d
be conduits for getting to some of these data that |
nment i oned.

The general approach that we would liketo
pursue in the international cooperation would be to
use high order nethods |ike continuous energy Mnte
Carl o as a code-to-code benchmark agai nst the nore
proxi mate practical nethods that you use for reactor
physi cs.

The HTGRs, the GI- MVHR and PBVR, share sone
simlar features with regard to nuclear analysis.

They both, of course, use fission products retaining
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coated fuel particles, graphite as the noderator and
neutronically inert heliumas the cool ant. Moderation
by graphite gi ves you a pronpt neutron |lifetine, about
20 times what you get in light water reactors. The
mgration links in graphite is 62 centineters versus
5.8 centineters in water. It takes about 114
collisions to thermalize a neutron with graphite
versus 18 collisions on the average with water. So
they're a very significant physics from what we're
used to in light water reactors. The |large mgration
area bottomline there is that an HTGR is nuch nore
tightly coupled neutronically than a |ight water
reactor of simlar dinensions.

CHAI RVAN KRESS: It sounds to ne |ike
t hose were good things you were sayi ng about the --

MR. CARLSON: Oh, vyes. They' re good

t hi ngs.

MEMBER S| EBER: Except for the pronpt
neut r on.

MR. CARLSON: Vell, the pronpt neutron
lifetine is good too. It's a longer -- you get nuch

wi der pronpt pulses if you get any.
MEMBER SI EBER:  Ckay.
CHAI RVAN KRESS: What's the issuewith the

| ong annul ar cord geonetry? Does that --
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MEMBER ROSEN:  Axial stability?

CHAI RVAN KRESS: Does that cut down on
your --

MR. CARLSON: At sone point, you get into
axial stability issues, the node separation of the
fundanental from the higher harnonics goes away
eventually if you get |ong enough

MEMBER WALLI S: Does the helium produce
significant noderation or is that negligible?

MR. CARLSON: That's negligible.

MEMBER WALLI'S:  Negligi bl e.

MR. CARLSON: Both reactors use contro
and shutdown absorbers located in the graphite
refl ector regions.

CHAI RMAN KRESS: | understand that you
have si gni fi cant noi sture ingress, that you m ght have
some neutron effects with the coolant if you had a
| eak, had a noi sture | eak or somet hi ng, you m ght have
a problemw th?

MR, CARLSON:. Well, in the old designs
that use steamcycle, that was a nore |ikely event,
wher e you had hi gh pressure water systens interfacing
with the primry system In these Braten cycle
systens, you only have | ow pressure water, but still

you would have to consider noisture ingress for
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depressuri zed or underpressurized conditions in the
primary. And what happens in a noisture ingress is
you're addi ng hydr ogenous noder at or to an
under noder ated system so K-effective goes up.

CHAl RVAN KRESS: You're adding positive
reactivity.

MR. CARLSON: You're reducing the pronpt
lifetime, you're decreasing the migration links so
fewer neutrons are getting to the absorbers and the
reflectors, soyou' re reducing the refl ector absorber
wor K.

CHAI RMAN KRESS: Don't you have to have a
ot of water to do that? | mean it's going to be
steamwhen it gets in there.

MR. CARLSON:. Alittle water goes a | ong
way for slow ng down the neutrons. It really takes
over the slowing down termjust a little bit.

CHAI RMAN KRESS: | woul d have t hought you
had so much graphite in there, you woul dn't even know
if this water was there.

MEMBER ROSEN: Can you quantify that?
That's an interesting result. | nean just hownuchis
alittle?

MR. CARLSON: | can't quantify that. |

could, but I'mnot --
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MEMBER ROSEN. Well, alittle heliumgoes

a long way too but not quite as far, | guess.
VR. CARLSON: Vel |, helium is
neutronically inert. G aphite is a very powerful

scatterer, a very powerful slower down.

MEMBER WALLIS: Well, heliumis a sl ower
down too. Heliumis a slower down.

MR. CARLSON: Yes, but there's just not
enough heliumatons to have a significant noderation
effect. It's a gas.

MEMBER WALLIS: But it's under pressure.

MR CARLSON: Yes. So unlike --

MEMBER WALLI S: Water is going to be
liquid in this thing?

MR. CARLSON: No, there will be steam It

MEMBER WALLIS: It would have to be gas
t 00.

MR. CARLSON: The steam yes. Heliumalso
has a very small cross-section of hydrogen

Unli ke the earlier HTGRs, the Fort Saint
Vrai an and the THTR, these newer designs use thorian
instead of -- the ol der designs use thorian and HEU;
t he newer designs use |owenriched uranium 1In the

case of the PBMR eight percent in the equilibrium
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core. They start out with four percent intheinitial
core. Andinthe case of GI-MHR, 19.9 percent initial
enrichment. As we said before, they have | ong annul ar
core geonetries with control and shut down absorbers in
the reflectors. These simlarities then do lead to
fairly simlar nodeling and validation issues for the
two design concepts.

Sone of the issues that are discussed in
the plan, the tenperature coefficients of the
reactivity. It is clainmed that both designs have a
very strong negative tenperature feedback. The
conmponents are tenperature coefficient of the fuel,
t he noderator and the reflector. The first two are
strongly negatives, and the | ast one is positive.

CHAI RVAN KRESS: And in fact that's the
reason the tenperature never gets above the 1600
because of the tenperature coefficient?

MR CARLSON: It sets itself down.

CHAI RVAN KRESS: So it's inportant to know
t hat .

MR. CARLSON: In fact, one way -- the
favored way of shutting these down is to sinply turn
of f the cool ant.

CHAI RVAN KRESS: It shuts it down and t hen

you get the xenon buildup to keep it down. But the
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xenon decay --

MEMBER ROSEN: And all of a sudden you
return to power.

CHAI RVAN KRESS: Yes, the xenon decay
woul d cone back to power then?

MR. CARLSON. Yes. After about a day,
xenon decay and t hen you didn't put i n absorbers, then
you woul d eventually --

CHAI RMVAN KRESS: Then it would just sit
there an oscill ate.

MR. CARLSON: Then you oscillate at |ow
power .

CHAI RVAN KRESS: Low power .

MEMBER ROSEN: So would you say that
agai n? The fuel and the noderator are strongly
negati ve.

VR. CARLSON: But the reflector
temperature coefficient is positive. So if we could
figure out a sequence where you heat the reflector
wi t hout heating the fuel in the noderator, you would
have positive feedback.

CHAl RVAN  KRESS: Overall, vyou have
positive coefficient.

MEMBER ROSEN:  Overal | ?

MR. CARLSON:. Overall, you have a strongly
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negati ve.

CHAl RVAN KRESS: Strongly negative. You
have a strong negative overall.

MEMBER ROSEN: Right. Because if it was
overal | positive, you mght as well stop.

CHAl RVAN KRESS: Yes, yes.

(Laughter.)

MR. CARLSON: Well, one question that |
was ki cking around i s when you returnto criticality,
if you don't scram after xenon decay, you have a
conmbi nati on of xenon decay and perhaps sonme cooling
from the conduction, and you're cooling from the
outside in. The peak tenperatures are in the m ddl e.

CHAI RMAN KRESS: (nh.

MR. CARLSON: And sothereactivity at the
periphery is higher, so that nmay give you --
accentuate your positive feedback.

CHAI RVAN KRESS: Yes. That coul d be real
excursion, couldn't it?

MR. CARLSON: So, well, that would be
interesting to see what kind of excursion it gives
you.

CHAI RVAN KRESS: That won't take pl ace for
two or three days, right?

MR. CARLSON:. That's right. That's right.
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And, obviously, that's one where you would need
spaci al kinetics to do it properly.

The i ssues of worth of reactivity control
and shutdown absorbers, there have been experinents
done in recent years to help validate those
calculations, and it remains to be seen what kind of
tests will be done in the first nodules of the
desi gns.

We already discussed noisture ingress
reactivity. Reactivity transients, |I'll discuss that
alittlebit norelater, but that's an i nmportant issue
interns of what kind of testing needs to be done on
t he fuel.

There's little or no in-core
i nstrunent ati on. In a pebble bed, there are no
structures to acconmopdate i n-core instrunentation, and
even in a prismatic design the tenperatures are too
high to all owmuch i nstrunentation. So that gives you
i ssues of what can you do wth ex-core
instrunmentation, andthat's cl early a nucl ear anal ysi s
issue that wll require careful consideration.
Clearly, thelack of in-coreinstrunmentati on may | eave
you with sone uncertainties in ternms of how far you
can go in validating your nuclear analysis nethods.

MEMBER SI EBER: | woul d inagine doing a
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calinetric on a pebbl e bed woul d have nore uncertainty
t han you woul d out of a ranking cycle.

MR.  CARLSON: So there would be
uncertainties overall in the thermal power is what
you' re sayi ng.

MEMBER SI EBER:  Ri ght.

MR. CARLSON: | haven't really considered
that. That's a good point.

MEMBER S| EBER: Wl |, but that's how you
cal i brate your ex-core instrunments. Soyou're sort of
out inthere alittle bit of no-man's land, alittle
bit.

CHAl RMAN KRESS: MC sub p, delta P.

MEMBER SI EBER:  Par don?

CHAl RMAN KRESS: MC sub p, delta P.

MEMBER S| EBER: Yes, but because you don't
have heat of vaporizationinthere, you havetoreally
know what the flowis --

CHAI RVAN KRESS: The flowis pretty cl ose

MEMBER SI EBER: -- and the tenperatures.

CHAl RMAN KRESS: -- to delta p.

MEMBER ROSEN: Why is that a chall enge,
Jack? | nean you can neasure the flow, can't you?

You can neasure the delta p pretty accurately.
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MEMBER S| EBER: But the spread i s not real

big. The difference between a primary calinetric and
a secondary calimetric. It's the heat of vaporization
that really gives you the accuracy there. And it's
1200 Bt us.

MEMBER ROSEN: What is the core delta p
typically on these machi nes?

CHAI RMAN KRESS: Ni ne hundred m nus 600,

|t hink.
MR. CARLSON: About 300, 350.
MEMBER SI EBER: It's 200 to 300 degrees.
CHAl RVAN KRESS: Somet hing |ike that.
MEMBER ROSEN: Sounds |ike enough to
neasure.

MEMBER S| EBER: Well, | think you can
neasure it. The flowis the tougher one, becauseit's
a pretty light density material.

MR. CARLSON. And during Joe's talk, we
mentioned the graphite and helium heat sources,
al though the graphite is operated at tenperatures so
that you don't get a significant accunul ation of
wi gner energy; that is, continually. There are sone
hi gher energy graphite distortions that accunul ate,
and those only anneal during acci dent heat-up events.

And that's an exotherm c anneal i ng so that becones a
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heat source that you add to your decay heat source
term And, actually, the convention wi sdomis that
t he dom nant effect is that you recover sone thernma

conductivity in the graphite.

CHAI RVAN KRESS: You should note that
you're giving this talk and Dana is here.

(Laughter.)

MEMBER ROSEN: So it's a good thing,
right?

MR, CARLSON: I'"'m not saying | have
concl uded that, but others have concluded that the
dom nant ef f ect is the recovery of thernal
conductivity.

Some unique issues to the GI-MHR, in
addition to fissile particles that are 19.9 percent
U2-35, you have fertile particles that are natura
urani um so that's a uni que chal | enge for nodel i ng and
validation right there. Also, burnable poisons and
t he zoning of fuel and poison loading is to give you
t he power shaping to limt peak powers.

For the PBVMR, you have a very different
core. You have a random | oading of pebbles and
conti nuous onl i ne | oadi ng wher e you nmeasur e t he bur nup
of each pebble as it conmes out and either put it back

inthe reactor of discharge it, dependi ng on what the
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nmeasured burnup is. The target maxi numburnup for the
PBMR i s 80 gi gawatt days per ton, so at what neasured
burnup do you di scharge? And that beconmes a question
of how nmuch addi ti onal burnup can you get on that | ast
pass through the core, and that's a question of what's
t he residence time spectrum of pebbles on the final
pass through the core?

| think one issue that the PBMR --

CHAI RMVAN KRESS: How wi Il you ever get
that i nformation, because it will depend on the | evel
of burnup or the Il evel of irradiation that the pebbles
experience. And the way you're going to test that is
with fresh pebbl es sonewhere outside to see what --

MR. CARLSON: What the residence tine
spectrumis?

CHAl RVAN KRESS: -- theresidencetineis.

MR, CARLSON: Vell, actually, in AVR
they've got a pretty good neasurenent of residence
time spectrum and they did sonewhat in THTR just by

MEMBER SI EBER  That's the distribution,
t hough, right?

MR CARLSON: That's the distribution.

CHAI RVAN KRESS: You'll have to treat as

a distribution.
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MR CARLSON: It will be a statistical

argunent, yes.

And there's an issue of using the four
percent enriched fuel intheinitial core, and do you
really want to drive that to 80 gi gawatt days per ton,
and | don't think that's an i ssue that the PBVMR desi gn
team has grappled with. M guess would be that you
woul d want to discharge those at a | ower burnup, but
you can't distinguish between what the initial
enrichment of a pebble is by measuring its burnup.

CHAl RVAN KRESS: That's right.

MR. CARLSON: So | see a bit of quandary
her e.

Sonme of you may have heard about the hot
spots i ssue. | worked in Germany, and t he AVR react or
was outside my wi ndow when | worked there for five
years. One of the experinments they did there was a
nmelt-wire experinment where they | oaded 200 graphite
pebbl es, graphite only, no fuel in them wth nelt
wires, 20 different nelt wires. The maxi nummelting
tenperature of the nelt wires was 1280 C. And what
they didn't expect was to get all those wires nmelting
in any of the pebbles, but what they did in fact see
was that ten to 20 percent of the pebbles had all the

wires nolten, indicating that the maxi num cool ant
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tenmperature, not the fuel tenperature, the maximum
cool ant tenperature seen by the pebbl es was over 1280
C. So that's the hot spots issue, and it's not

resolved. Perhaps the bottomline is that any new
pebbl e bed reactor that's built will have to do nelt

Wi re experinents or sonet hi ng equi val ent to that, both
for the initial |oading and perhaps the transitional

and equilibriumcores as well.

MEMBER S| EBER: It's not clear how you
woul d sol ve the problem though, once you recognize
that it was there.

CHAI RVAN KRESS: But you have to deal with
it like we do the hot fuel channel in the LWR treat
it like the --

MEMBER SI EBER:  (Operate bel ow the --

CHAl RVAN KRESS: Yes. You have to have
sone criteria for the hot spot.

MR. CARLSON: Just as a side note, when
Exel on and the PBMR design team presented to us in
June of last year, they were saying the maxi mum fuel
operating tenperature in the PBVR woul d be, what was
it, 1100 --

CHAl RVAN KRESS: Twel ve hundr ed.

MR. CARLSON: -- less than 1200. | think

it was going to be 1060 --
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CHAl RVAN KRESS:  Yes.

MR.  CARLSON: -- for maxi mum outl et
tenperature of 900 C And | just said, "Did you
consider the results of the AVR nelt wre
experinments?" And their answer was, "Not really."”
And | guess at our last nmeeting with them where we
di scussed this, they were saying the maxinmm fuel
operating tenperature is now 1300 C, sonething like
that. And still nobody knows, and they won't know
until they do anelt wire experinent or sonethinglike
that in the first nodul e.

MEMBER S| EBER.  Even those aren't really
t he maxi nrumtenperature, right? It's a non-fuel ball.

MR CARLSON: Yes.

MEMBER SI EBER:  And so sone fuel ball is
goi ng to have the maxi mum t enperature.

MR. CARLSON: The best that can dois tell
you t he maxi mnuml ocal cool ant tenperature inthe core.

MEMBER SI EBER:  Ri ght.

MEMBER ROSEN: It doesn't tell you that
ei t her. It tells you the maxi mum neasured nolten
fuel .

MR CARLSON: Yes.

MEMBER ROSEN:  There may be a pebbl e that

wasn't neasured that was hotter.
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MR. CARLSON: Maybe 200 nmelt wire pebbl es

isn't enough to give you a good sanpling.

And then there are a nunber of issues of
anal ytical treatnments of the quasi-randoml ocal m xi ng
of pebbles with different burnups, different fission
powers and different decay heat powers.

MEMBER S| EBER. Do we know t he degree of
randommess of the distribution of these spheres?

MR. CARLSON: | would say no. | don't
think there's been ever a direct way of measuri ng what
is the clustering of first pass pebbles.

MEMBER S| EBER: Straight through the
mddle or --

MR. CARLSON: Wll, there have been
experinments done, and there have been neasurenents
done on operating reactors that give youthe residence
time spectrum and it gives a velocity profile that
t he pebbl es nove faster through the center of the core
than they do at the core periphery and those ki nds of
t hi ngs.

MEMBER SI EBER:  Well, | woul d i magi ne you
woul d build up alot of fairly high burnup fuel on the
outside and all the stuff you're putting in with it
down through the m ddl e.

CHAI RVAN KRESS: But how do you | oad this?
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You | oad the fuel in the annular region off the top.

MR, CARLSON:  Yes.

CHAI RMAN KRESS: Is it put in kind of
di stributed across the whol e thing?

MR, CARLSON: There are nine different
| oadi ng tubes around the periphery.

CHAI RVAN KRESS: And you drop themri ght
in the mddle of the annul us?

MR. CARLSON: In the mddle of the
annul us. Vell, | think they still have a porous
central reflector, although that my go away. But if
t hey have a pebble central reflector, then they have
a single central |oading tube for that, for those
graphite-only pebbl es.

CHAlI RVAN KRESS: Those are graphite-only.

MEMBER ROSEN:  And you' ve purchased a set
of body arnor for your discussion with the ACRS, the
full ACRS | ater this week when Dana Powers i s here, on
this subject?

CHAI RVAN KRESS: | woul d recommend you si t
over where Richard is.

MR. CARLSON: For the pebbl e bed mechani cs
i ssue, the net mxing and fl ow of pebbl es?

CHAl RVMAN KRESS: Yes, | would recomend

you sit over where Richard is, because Dana will be
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sitting on that corner.

MEMBER ROSEN: He's been coiling up for
about two years on this subject.

MR. CARLSON: Well, that was one of the
interesting things we discussed when we visited
Germany | ast sunmer was the | essons | earned fromthe
THTR. They had predicted a gi ven pebble fl owvel ocity
profile, and what they got was quite different,
because the tests that they had done were scal ed room
tenperature tests in air.

CHAI RVAN KRESS:  Yes. | think what you'll
hear from Dana, though, is he'll say, "Right on.
You' ve got the right issues, you' re thinking right."
So | don't think Dana will be given hi many probl ens.
He' Il just be saying, "Yes, yes, you' ve got the right
i dea. "

MEMBER SI EBER. Well, it's a question, and
| guess that that's the i dea you ought to have, right?

CHAl RVAN KRESS:  Yes.

MEMBER S| EBER: I nstead of making an
assunpti on.

MR, CARLSON: And in addition to the
nucl ear anal ysis i ssues directly for reactor systens
anal ysi s, there are sonme nucl ear anal ysi s studi es t hat

are needed to support the TRI SO Fuel Testing Program
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The first one, as we alluded to briefly before, was
reactivity transients. For defining the accident
testing requi rements, we need to define the worst case
power transients that could arise from a credible
reactivity accident, like a pronpt pulse in a given
HTGR desi gn. We conclude that pronp pulses are
credi ble, we should try to consider the appropriate
pul se width in addition to the energy distribution.
There has been some pulse testing of fuel done in
Japan and Russi a, but to ny know edge, they used pul se
widths on the order of ten to 30 mlliseconds.
Wiereas in a graphite-noderated reactor, the real
pulse wdths are nore on the order of 500
m |l iseconds.

CHAI RVAN KRESS: How do you get a pronpt
pul se in a graphite reactor? Do you have reject a
rod?

MR.  CARLSON: You'd have to reject a
fairly high-worth rod or a bank of rods.

CHAI RMAN KRESS: That's about t he only way
| can think.

MR. CARLSON: Now, people have di scussed
pebbl e bed -- seism c conpaction of a pebble bed --

CHAl RMAN KRESS: Oh, yes.

MR. CARLSON: -- as a way. The German
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anal ysis concluded that you could only get about a
little over one percent conpaction. The theoretical
compacti on you coul d get woul d be over ten percent,in
whi ch case that would be well over pronpt critical

And also we have out-of-pile accident
testing. The heat-up testing that Stureferredto and
the pulse testing that has been done to a |limted
extent in Japan and Russi a were done after irradiation
with sone time interval between irradiation and
testing of days or nonths even.

CHAI RMAN KRESS: Yes. That's always the
case.

MR, CARLSON: And that's the same for
light water reactor fuel, and there has been an i ssue
with that. So a simlar issue applies. W need to do
sone nucl ear anal ysi s to eval uate howt he radi onucl i de
decay and ot her physical changes that occur before
out-of-pile accident testing affect the radionuclide
inventories that affect fuel performance in those
acci dent tests. And, of course, the physical changes
woul d be things |ike chem cal reactions and phase
changes.

Then, finally, for theirradiationintest
reactors versus HIGRs, since nobst of the fuel

irradiation testing has been done in test reactors
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rather than HTGRs, we need to consider how the
radi onuclide inventory, as it affects  fuel
performance, are affected by the non-prototypicality
of those irradiation in terns of the accelerated
burnup rates and the non-prototypic fuel tenperature
hi stories, the neutron fl uences and t he neutron ener gy
spectr a.

The rate of plutoniumproduction and the
rati o of plutoniumfissionto uraniumfissionis known
to be pretty sensitive to neutron energy spectrum So
t hose are the kinds of things we would | ook at. The
yield of significant fission products that s
significant to fuel performance frompl utoni umfission
versus uraniumfission is significantly different.

CHAI RVAN KRESS: Yes. Now, when you say
this is something you have to ook at, you know,
you' ve got the codes, you've got the cross-sections,
and what | envision these tests in, say, the test
reactors were just a way to validate the code
predictions, howwel|l did the code predict that. And
then you say, okay, ny code has the right cross-
sections and stuff, so | can predict an actual HTGR
because | know the cross-sections of plutonium and I
know t he energy spectruml ' mgoing to get is goingto

be different, but I can account for it. Wat do you
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mean when you say you're going to look at? You're
going to do nore --

MR. CARLSON: W do some cal cul ati ons.
Let's take an irradiation in HFR or the ATR or the
HFR.

CHAI RVAN KRESS: You do it in a variety of
reactors that you can.

MR. CARLSON: And cal cul ate the spectrum
that the fuel sees in those tests. Cal cul ate the
spectrum that you see on actual HIGR --

CHAl RVAN KRESS: Power those.

MR,  CARLSON: -- irradiation. Take
account to the accelerated burnup if you have that.
And conpare the nucl i deinventories youcal culatewth
one versus the other. If there are significant
differences, then we should factor that into
interpreting the applicability of the test results.

CHAI RVAN KRESS: O the applicability of
t he code calculations. | viewthis just |ike thermal-
hydraul i c. You know, you validate them in non-
prototypic conditions, but you figure the range of --

MR, CARLSON: Well, | don't think any of
t hese tests validate the nuclear codes.

CHAl RVAN KRESS: You don't view themin

that |ight?
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MR. CARLSON. No. Their purpose is to

test the fuel, and | think they have little or no
val ue for validating the nuclear nethods.

CHAI RVAN KRESS: Ckay. Coul d t hey be used
for that?

MR CARLSON: You woul d have to retool --
they'd have to design the experinent to really get
what you want for nuclear analysis validation. And
there are facilities that are designed to really do
t hat sort of thing.

Sone of the research activities that we're
starting or planning on soon starting for the GI- MHR
and PBMR, the advanced HTGRs, nunber one, we're --
first, we've started to prepare nodern nucl ear data

libraries based onthe | atest data evaluation files in

ENDF/ B- VI .

CHAI RVAN KRESS: Who i s the custodian of
t hat data?

MR. CARLSON: Brookhaven.

CHAI RVAN KRESS: Brookhaven.

MR. CARLSON: Br ookhaven is ENDF/ B-VI
cust odi an.

CHAI RVAN KRESS: Ckay.

MR. CARLSON: Back in '96, when | was in
NMSS, | initiated a user need for research to update
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t he Apex code system which is a code system at QGak
Ri dge that is used to process the eval uated nucl ear
data fromENDF/ B-VI or the foreigncounterparts, JEFF-
3 or JENDL-3.2, into actual cross-section libraries.
And that's exactly what we've started now that -- in
response to that user need, nowthat the Apex code has
been upgraded to do that job, and there's also the
NJOY code at Los Al anps that can do part of that job.
We're going to use those tools to generate state-of-
art cross-sectionlibrariestoultimtely replacethe
libraries that are in use today in the NRC, which are
nostly from the 1980s and based on ENDF/ B-1V and
ENDF/ B- V.

So we're talking about nulti-group
libraries with perhaps 400 to 500 energy groups that
woul d generically applicabletoall reactor types, not
just HTGRs, including current generation |ight water
reactors and woul d be used for all in-reactor and out -
of -reactor nucl ear anal ysis applications.

MEMBER S| EBER: Just for nmy own educati on,
what do we know now about ENDF/ B-VI data that we
didn't know in version Il or |V?

MR CARLSON: There's a whole list --

MEMBER SIEBER: Is it new neasurenents?

VR. CARL SON: There are sonme new
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nmeasurenents. There are inprovenents in the tools
used by eval uators when they take those neasurenents
to connect the points, so to speak. Si gni fi cant
i mprovenents there. There have been plain glitches
t hat have been caught. | had a hand, sone 11 years
ago, in catching a problemin the S-al pha/beta bound
t hermal scattering data in ENDF/ B-VI and actual | y had
gone back to ENDF/ B-I. And it was particularly
significant for graphite.

MR. LEE: And also in the Apex code, the
suite of codes that we devel oped, the residence
treatments are better now, either in the resol ved or
unresol ved residences. So those tools have been
devel oped now, so we need to process the data to get
t hese cross-sections for application.

MR,  CARLSON: The ENDF/B-VI formats
greatly increase the resolved energy range, the
resol ved residence range for the data.

MEMBER SI EBER: Do you see i nprovenent in
the use of that in 3-E diffusion calculations as far
as accuracy of predictions or --

MR. LEE: | think in our recent staff
application in the, for exanple, the peach bottom
turbine trips --

MEMBER SI EBER:  Ckay.
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MR LEE: -- one, the reactivity
assertions you can see sone difference between
applying the two different type cross-sections.

MVEMBER S| EBER: So it's a worthwhile
endeavor to do this.

MR. LEE: Yes, definitely.

MEMBER SI EBER: Ckay. Thank you.

MR LEE: Across the board.

MR,  CARLSON: And it shows up in the
depletion analysis and in shielding calculations
ever ywher e.

Al so, we're starting scoping studies for
core neutronics and decay heat anal ysis. The general
approach i s to use hi gh-order net hods, |ike conti nuous
energy Monte Carlo, NCNP, and do very exact nodels
with exact geonetries and gradually introduce the
approxi mati ons and nore approxi mate net hods that are
used i n practical reactor anal ysis codes t o under st and
what the effects of these approxi mati ons are and what
woul d be accept abl e nodel i ng practi ces and t heir range
of applicability.

W' ve initiated sone PARCS code
nodi fications to incorporate an R-theta-Z geonetry
that would be needed for analyzing a pebble bed

react or.
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MEMBER SI EBER:  Ckay.

MR. CARLSON: And we envision some PIRT
exerci ses that woul d be focused on the reactor systens
anal ysi s area, including nuclear analysistoidentify
and nore systematically prioritize the particular
needs to data and nodeling capabilities.

We' re al so pl anni ng sonme cooperation with
M T on a core depl etion anal ysis tool that would build
upon the peb bed code that's been developed in
conjunction wth | NEL. And we're pursuing
opportunities for HTGR-r el at ed domestic and
i nternational cooperation to get access to physics
benchmark fromvari ous sources. W' d be going first
t hrough the | AEA There's a cooperative research
program Nunber 5, that's been ongoi ng si nce 1998 and
schedul ed to go through 2004. That has been | ooki ng
at the initial criticality and physics data fromthe
HTGR in Japan and the VHTRC critical -- the heated
critical experinent facility there; also, the HTR- 10
initial criticality and subsequent benchmarks from
China; the Astra Facility at the Kurchatov Institute
in Russia that has been -- those are pebble bed
experiments within-reflector absorbers that have been
sponsored by PBMR

And then the HTR PROTI S experinents from
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PSI in Switzerland that were done in the early ' 90s.
That was an i nternati onal program And, finally, sone
data fromFrance, Germany and the U.S. and U K | was
i nvol ved when | was at Los Alanos inthe CNPScriti cal
experinments, and those would play a role.

I n addi tion, as part of the international
cooperation, we're considering providing US. NRC
assistance, both in the technical aspects of the
testing prograns but alsoin the QA areas to nake sure
that the quality assurance is adequate, that we can
actual ly make full use of theresults fromthe testing
pr ogr amns.

So now that concludes the nuclear
analysis. | can turn it over to Richard.

MR LEE: Starting with the AP1000, as you
know, this application is in-house, and NRR is
pl anning to i ssue a draft SER soneti me i n June of next
year, following with a final SER by the end of fiscal
year FY '04. Related to the AP1000 back in February
14, the research and NRR staff has briefed the
Subcomm ttee in detail about the AP600 scal i ng and how
it is applied to AP1000. And | think you know a | ot
nore  about AP1000 thermal -hydraulic analysis
requirenments for this application in details.

As you know that the -- we said that nost
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of the work that we have done in support of AP600
means the Apex facility at Oregon State University,
all those tests are applicable, accept that we believe
t hat the range and sone of the conditions need to be
extended for applicability to AP1000 and nostly
related to the steam production, high-costing
production that resulted in high entrainnent for
hori zontal stratified flow and the upper plenum pool
entrai nnment . Bot h experinents are ongoing at this
time.

MEMBER Sl EBER: Who's doing those,
West i nghouse?

MR LEE Westi nghouse is doing the
integral effects. They nodified a facility --

MR ELTAWLA: Correction.

MR LEE: No, not that one.

MR. ELTAWLA: This is DCE testing, not
West i nghouse.

MR. LEE: Ch, DCE.

MR ELTAW LA: DOCE.

MR LEE: Yes. | should say DCE.

VMEMBER S| EBER: But t he entrai nnent i ssue

MEMBER ROSEN: That's done at Oregon

St at e.
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MR. LEE: Yes. |It's been done at Oregon

State at the integral facilities.

MEMBER ROSEN: W th DCE fundi ng.

MR. LEE: DOCE funding, right. What NRCis
doing with that, before they change configuration,
t here are sone certain other conditions that we'd |ike
to test. Those tests are sandw ched between the DCE
t esting. And | believe we are also doing sone
separate effect testing, |ooking at the entrai nnment
phenonmena detail s.

MEMBER ROSEN:  All of this will support
t he 2004 SER?

MR. LEE: Yes. | think even before that.
| think by beginning of next year | believe that we
need to get our codes in shape.

MEMBER WALLI S: This entrainment from

hori zontal flow, what is that?

MR LEE: | think it has to do with the
Ts.

MEMBER WALLI'S: That's the ADS for T.

MR LEE: Yes, that's correct.

MEMBER WALLIS: So it's entrainnent at a
T, really.

MR. LEE: As a T; yes, that's correct.

MEMBER SI EBER: Wl |, it sweeps across t he
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top of the core and carries water that's supposed to
be cool in the core out of the break

MR LEE: That's right.

MEMBER WALLIS: Carries it out the ADS
fall line.

MR, LEE: It's the ADS fall |ine that
we're tal king about, right, and the concern about --

MEMBER S| EBER: And that's different
because the ADS systemis different between the 600
and 1000.

MR. LEE That's correct. Ri ght .
Especi al |y ADS. Those are ongoi ng. Then anot her
thingtotal k about isthelowpressure critical flow
We are doing sone testing at the Purdue University,
and that is basically to | ook at much | ower found in
150 psi regions for critical flow. They are nostly at
the high pressure. This ECCS bypass direct vesse
injection, those are being | ooked at, the data from
Korean's program

For the IRIS reactor, as you know, that
the steam generator pressurizer cooling punps,
everything is | ocated inside.

CHAI RVAN KRESS: What i s neant by nodul ar
in this sense? 1Is it the conponents are nodul ar or

you have nodul es of reactors?
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MR LEE: | thinkit's asmall unit, sol
guess they can build --

CHAI RVAN KRESS: Use three or four of them
to get 1,000 negawatts? Because sone peopl e speak of
nodul ar as the parts are nodular that go into --

MR. FLACK: 1t could be al so nodul ar, but
in this case they're talking about the reactor
t hensel ves as bei ng nodul ar of anyt hi ng nore t han one
site.

CHAI RMAN KRESS: More than one.

MR. FLACK: You have several of themto a
site.

MR. LEE: Right. You can see that the
power is about this nmuch. And the size of the whole
vessel is about 60 feet tall, soit's about al nost two
times the height of a current reactor, the pressure
vessel .

The i ssues that we | ook i nto of course has
to do with -- the steam tubes that they use are
di fferent than current design, because this pronotes
very good T transfer because of the heat transfer.
Then the reactor also relies on a |lot of natural
circulation. About 40 percent of the core flow are
driven by natural circulation during an operation.

And then another thing is that the way that the -- if
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anyt hi ng happens, the RCS gets depressurizedto avery
low pressure and close coupling between the
cont ai nnent and the RCS, just |ike passive reactors we
have now. For the SBWR or the AP1000, there's a cl ose
coupling between the contai nnment RCS.

CHAI RVAN KRESS: You're going to have to
hook -- does MELCOR core al ready have that couplingin
it?

MR. LEE: We're not doing anything right
now on it, but, yes, we do have the contai nnent and
the --

CHAl RVAN KRESS: | guess the new track M
woul d have to be connected to sonet hing |i ke cont ai ned
to evaluate the thermal-hydraulics for the strong
coupling between the containnment and the primary
systen?

MR LEE: Yes.

MR. ELTAW LA: Yes. Ri ght now, the TRAGM
code has a very sinple contai nment nodel, so you can
use it. But the long-term plan is to couple the
contain code to the TRAC- M code.

CHAI RVAN KRESS: That's all you'rereally
|l ooking at is the back pressure effects on the
bl owdown, whi ch you coul d use a si npl e nodel for that

t hi ng.
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VMEMBER WALLIS: Blowdown is froma steam

line break; is that what it is?

CHAI RMAN KRESS: Yes. You've got the
steam-- that's the only place --

MR. LEE: That's the only one com ng out
from this reactor. That's the only thing that is
coming in is the stream generator feed and the one
goi ng out.

CHAl RMAN KRESS: A small vol unme, strong
contai nnent, so that it builds up in pressure pretty
fast.

MR. LEE: Ri ght . Ilt's a very small
cont ai nnent .

CHAI RVAN  KRESS: So it affects the
bl owdown rate. That's probably the only thing it
affects, |'mnot sure.

MR. LEE: Right. And then as you --

MEMBER WALLI'S: The primary water can't
get out?

CHAI RMAN KRESS: Vel l, that depends on
whet her you have a steam generator tube rupture, |
t hi nk.

MEMBER SI EBER: |t gets out.

CHAI RMAN KRESS: | think that's the only

way .
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MR. ELTAW LA: Accordi ng to Westi nghouse,

you can run with a LOCA forever.

CHAl RVAN KRESS: That's with water. But
| think you have to rupture the steamgenerator tubes
to get water out, unless you can get a break in the
vessel itself, which is --

MEMBER SI EBER:  That's right.

MEMBER WALLI S: You presumably have
smal | er breaks. You presunmably have nake-up water for
t he vessel or something. You nmust have sone |ines.

CHAI RVAN  KRESS: Well, you may have
control rods going in. | don't know what the
penetrations are, but you nay have sone control rods.

MR. LEE: The control rod guide tubes are
comng in fromthe top, but my understanding is that
t hose can be even relocated into the vessel. That's
what we nenti oned.

MEMBER WALLI S: So t hose can break. Those
can break, even after you solve the problens we have
with the control rod.

MR LEE: That's one.

CHAI RVAN KRESS: You nmay have to rupture
the head to get a |eak.

MR. FLACK: Actually, we have sonebody

from Westi nghouse here that can speak. You can use
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t he m crophone.

MR, ORI AN : I"'m Luka Oiani from
Westi nghouse Sci ence and Technol ogy Departnment, and
I"m working on the IR'S design. We actually are
consi dering some internmediate and nedi um size LOCA
because we will have sonme piping. For now, the
assunption is that the | argest piping wll be a four-
inch pipe, nore or |ess.

There are also sone differences in the
design with respect to the considerations that have
been presented here. Like, for exanple, the degree of
natural circulation is nmuch lower. That 40 percent
was referred to is nore a size of the IR'S reactor
that was initially foreseen, and the parall el channel
flow instabilities should be less of a concern,
because the core thermal -hydraulic design is pretty
much strai ghtforward. And those are fromthe neutron
anal ysis point of view

The enrichnment is a standard enri chnent.
It's below five percent, and the fuel cycle we are
going to decide in the next few weeks between two
remai ni ng options. One is for a four-year straight
burn cycle, and another one is for fuel shuffling on
a three-year cycle.

CHAI RMAN KRESS: It's al nost i npossibleto
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get of the instability regi on because of this natural
circul ation.

MR ORI ANI: Actually, natural circulation
inoperationwi |l not beterribly different fromother
light water reactor. It will be a higher degree of
natural circulation, but it's not 40 percent as it was
initially foreseenfor different sizes. But two-phase
natural circul ation becones inportant, especially in
LOCA events and in those kind of accidents.

MEMBER SI EBER: This is the reactor that
had t he pri mary cool ant on the shelf side of the steam
gener ator?

MR. ORIANI: That is correct, yes. That's
al so the reason why the steam |ine break actually
doesn't lead to a release of mass fl ow contai nment,
because there's no nmass inside the steam generators.

MEMBER SI EBER: Ckay. Thank you.

MR ORIANI: You're wel cone.

MR, LEE: So as you know, the design
itself is, as we nentioned, what we've witten here,
the informationthat's provided to us. Based on that,
this was witten.

As any ot her advanced reactor, we t hi nk we
need to have integral as well as separate effects to

val i date our the nodel codes. And the integral ones,
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of course we tal k about the contai nnent - RCS coupl i ng.

The separate effects we |like to see how the steam
generator performs under normal as well abnornal

conditions. There are alot of design -- chem cal and
process industry has a | ot of data on the core steam
generator, but we expect that the size of this and the
conditions that are going to be operating will be
different, so we need to exam ne the perfornmance of

t he steam generator under the condition that we are
| ooki ng at.

MEMBER FORD: Now, as | understand it,
there's other work going on on advanced |ight water
reactors. There's a thermal-hydraulic link --

MR LEE: Yes.

MEMBER FORD: -- on the SBWR and SWR- 1000.

MR. LEE: That's correct. the ESBWR, yes,
we are -- we're going to be supporting, as Farouk has
mentioned earlier in the norning, the ESBWR design
certification. So we are going back to the tine in
the early '90s when we terninated the SBWR review.
We're going to start fromthat point and pick up and
| ook at what the issues that we need to | ook into.

MEMBER FORD: And thisis related to nelt
retention i ssues?

MR. LEE: No. Thisis -- to begin wth,
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we're going to be in the thermal -hydraulics rel ated
i ssues that we're |ooking into, but now we have to
| ook into the scaling that we have done at that tine
and scale it back up to the higher power that the
ESBWR expected to be.

MEMBER FORD: Thi s thermal - hydraul i ¢ stuff
is related to work to be done at the PUVA facility?

MR. LEE: Yes, that's correct. So we have
done some wor k at Purdue al ready, so we'll use that as
the starting point.

MEMBER FORD: So the fact that you don't
have this in this presentation, where you' re just
t al ki ng about the MHR, the gas cool er reactors and the
AP1000 and IRI'S, does that nean it's being funded in
a separate -- it's being considered in a separate
programor is it within this progranf

MR. ELTAWLA: As you recall, this plan
was devel oped i n February when PPVR and t he AP1000 are
the two prograns that plants were reviewing. CE canme
in June of this year. So as a result of their
decomm ssi on, asked several questions about what are
the resources that we needed. So we itenized sone
resources to the Comm ssion, and it's between now and
August a decision is going to be mde at the

Commi ssion whether to fund it from the existing
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programor request suppl emental funds fromCongressto
address this issue.

But regardless, as | nentioned early
t oday, since sone of the heat related to gas cool
react or has been del ayed, we are reprogranm ng sone of
202 noney to start doing some ESBWR work. So it's
going to be funded, there is no doubt about it, but
the question is will it be funded as part of the
budget that approved by Congress? Because the '03
budget has been approved. So anythi ng above that we
have to go to Congress for supplenmentary funding.

MEMBER FORD: The reason why | ask the
guestion is just as we go down this whole list for the
pl ans you have, you're going to have prioritization
i ssues and how you're going to allocate your nonies,
and | heard you tal k about --

MR, ELTAWLA: That's correct, yes.

MEMBER FORD: -- this particular thing.
Ckay.

MR. LEE: And beyond this, we're also
| ooking into CANDU Reactor as well, the ACR --

MR, ELTAWLA: Seven hundred, yes.

MR LEE: -- 700, yes.

CHAI RVAN KRESS: Ri chard, could you go

back to the previous slide? | had one nore question
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on that. On your last bullet, do you actually
envision a Rosa-type of an Apex-type facility for
| RI S?

MR. LEE: For integral facility, that's
what we're thinking about, yes.

CHAI RVAN KRESS: Yes. That one bot hers ne
alittle, because --

MR LEE: | don't know whether --

CHAI RVAN KRESS: -- IRIS doesn't really
have any ECCS |ike the standard. |It's got all the
wat er in there already, and t he questi ons you had wi th
these other facilities is can you actually get the
stuff in there to the core to keep it cool? And
really all you're dealing with with IRIS is what are
t he bl owdown rates, and you don't have to have a ful
integral facility to determ ne bl owdown rates. So,
you know, |'m questioni ng whether there's a need for
Westinghouse to build a full or even scaled facility
withelectricrodsintherefor an IR S-type facility,
because the design is such it |ooks like you don't
really need that kind of detail. AmIl wong there?

MR LEE: No, but there is a natura
circulation time that the water in the containnent
will be circulating through the vessel and renoving

heat fromthe vessel
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CHAl RVAN KRESS: So you think --

MR. LEE: So howthis very snmall delta p
between the containment and vessel is going to
actually cause the circulation and with changing in
tenperature and all this stuff you really need to
understand how it's going to work. So although you
m ght not have -- the bl omdown itself is not the issue
as much as the processes between the vessel and the
contai nnent after the LOCA itself.

MR, ELTAW LA: And, again, as Richard
indicated, we really don't have enough information
about the design to nmake a judgnent at this tine. But
we're saying if this design is going to be radically
different fromwhat we have |earned in the past, we
m ght require a test facility. So a decision has not
been nade that we are going to build a facility.

CHAI RVAN KRESS: Yes. | woul d t hi nk about
that one | ong and hard, because --

MR ELTAWLA: No, | appreciate this.

MR. LEE: And | expect that we're going to
use a process to look in all the phenonena before we
do anything on this, even though it's not nentioned
her e.

And t hen back to t he gas cool reactor, and

we knowthat the fluid fl owand heat transfer here are
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di fferent because they are di fferent medium The code
as | nentioned to you is that -- and using the TRAC M
code and then if needed we will use the FLUENT to | ook
at nore details, if there's any specific thernal-
hydraulic issues that we have to look at. As you
know, TRAC-M doesn't have the -- | nmean, we need to
put the helium we need to put the carbon as graphite
as a solid structure. For the PBMR we need to put
t he spherical fuel in there. And then for the turbo-
machi nery, | think we do have nobdels. W need to
extend it tothe different types of energy conversion
device. And then on the passive heat decay renova

system whatever is going to be used, we need to
nodi fy those.

Into the severe accident arena, we are
al so supporting NRR in this -- supporting on this
phase two design certification, and you renmenber that
we don't expect a severe accident source termto be
di fferent between t he AP1000 and the 600. | neanit's
t he sane design, but after AP600 design certification
was conpl eted, NRC has done sone nore experinents at
t he OECD Rosecroft and Masco. W | earned sonething
from there on the in-vessel nelt behavior. Those
knowl edge we need to be transferred for the

application to the AP1000.
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CHAl RMAN KRESS: As best as | recall, it

was barely adequate for the AP600.

MR, LEE: That's correct, for the in-
vessel retention plan.

CHAI RVAN KRESS: When you go up to 1000,
you've got a |lot nore decay heat to deal with.

MR. LEE: Right. You have two issues. It
has to do with in-vessel nelt behavior, how does the
heat flux distribute between the bottomhead and t he
site on the spherical hem sphere. Then another issue
has to do with the external cooling with water, and
the experiment that we have done for AP600 at that
time was at Penn State and USC- Santa Barbara. Those
experiments showed that the critical heat flux -- the
margi n between the critical heat flux there's some
mar gi n there.

Now, with the higher power density now,
t hat margi n has been eroded. But we al so under st ood
that at USC Santa Barbara, they're doing sonme nore
work by redesigning the insulation outside of the
hem sphere. Essentially, what he'stryingtodoisto
increase the critical heat flux by forcing the flow
going up so try to regain sone of those margins, but
we haven't exan ned t hose data yet, so we have to | ook

at those cl osely.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

307
CHAI RVAN KRESS: But let ne ask you a

hypot heti cal questi on.

MR LEE: Yes.

CHAl RMAN KRESS: Suppose AP1000 cones up
with that this was marginal and that they don't want
to take credit for it in their safety case because
it's too margi nal, but they say, "But we're going to
doit anyway. We're going to flood the vessel anyway.
We're not taking any credit for it in our safety
case." Does this reopen, in your mnd, questions of
st eam expl osi ons?

Because nowyou have wat er t here ready and
you have a nelt. It m ght go through the bottomhead,
and it's probably separated with the netal phase on

the top where it penetrates. That's where the vessel

fails first. So you've got to relatively nedium
pressure in there blowng out liquid netallic
conmponents into water that's already there. Does

this, inyour mnd, raisethe possibility of havingto
rel ook at steam expl osi ons?

MR. LEE: Research is looking into -- if
the in-vessel retention doesn't work and if the
pressure vessel fails, we are looking into the so-
cal | ed ex-vessel phenonenon. That includes the FCl,

DCH, hydrogen conbustions and all those.
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CHAI RVAN KRESS: Do you think --

MR. LEE: But renenber Westinghouse said
if the in-vessel retention fails, they assune
containnent fails. The probability is one. That is
t he argunment now bei ng forwarded, yes.

CHAI RMAN KRESS: Yes, okay.

MR. LEE: In the PRA anal ysis.

CHAl RVAN KRESS: Yes. | renmenber --

MR. LEE: But, neverthel ess, NRRrequested
us to look into the external FCl, all those issues,
yes. So that's why | said at the last bullet.

For this reactor, the designis not fixed
yet, so the -- | think our discussionis that the fuel
doesn't | ook that nuch different to us or we said the
progressions and all those core issues be that nuch
di fference between | RIS and | i ght water reactor. That
i S my opinion.

CHAIl RMAN KRESS: | guess | would --

MR LEE: That's ny opinion.

CHAlI RVAN KRESS: -- have to question that.
W' ve got much higher burnup, we've got all these
burnabl e poisons in there. W've got a slower heat
upr at e because of the decay. You know, it took | onger
to get to the neltdown. | think |I would expect the

nmel t down and fi ssion product rel ease processes to be
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considerably different fromwhat we're used to.

MR. LEE: The higher burnup is up to
around 80, so we are now | ooki ng beyond ar ound 65, 707
So --

CHAl RVAN KRESS: Yes, but we don't even
deal with 65 hardly. The database for the fission
product release is obtained fromaround 45 gi gawatt
days burnup. So, yes, | woul d expect the neltdown and
fission product release to be a lot different for
| RIS

MR. LEE: And as you can see that right
before we do anything we're going to start another
process to find out what we have to do for this design
once the design is fixed.

Now, | have to say that the fission
transfer to the primary systemwe need to |l ook at it
in even nore detail now because of the -- the steam
generator is different. So we are going through a
very troubling deposition inside the core, and we
don't have those nodels for transfer for that type of
st eam generator. So we expect that the fission
transfer to be different.

MR ELTAW LA: But, Tom you heard the
presentation a few nonths ago from CAIRSN i n France,

whi ch they are planning to run some REBUS 2K test to
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| ook at high burnup fuel. So if the fission product
release and the core nelt progression |ooks any
different, | know it's a very small experinent and
things like that, but once we see this information
we'll determne whether really the core nelt
progression is going to behave differently for high
burnup fuel, and at that time, we'll revisit the
issue. But there are sone work that's going to be
done in on high burnup fuel. And we are going to be
part of that program

MR. LEE: And the French nay even conduct
a fission product release test for up to like 75
gi gawatt days per ton.

CHAI RVAN KRESS: Yes, | understandthey're
going to do that. Are they going to include these
bur nabl e poi sons?

MR. LEE: No, not that. Now, turning back
to the HTGR, as you sai d, the sequence fi ssion product
rel ease transport is expected to be different. Now,
we have different few designs, either spherical or an
prismatic design. And there are sone other reactor
internal structure that we have to take i nto account.
For exampl e, the graphite, for exanple, howwould the
deposition of aerosols interactions with graphites?

| don't know t he database on that, but we're | ooking
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into it.

We have initiated MELCOR devel opnent for
the HTGR It's for the base on the TRISOfuel, so you
can use a spherical one or prismatic-type reactor. As
Don nentioned, the code that has been used at Oak
Ri dge back in the '70s until the '90s, right, there's
code here. And whatever we |earned from then the
nodel i ng aspect has been used for thernmal -hydraulics
as well as for MELCOR, because the bases start from
t he same point. So we are taking into account what we
| earned fromthat.

CHAI RVAN KRESS: As best | renenber, GRSAC
doesn't have a fission product rel ease nodel.

MR. LEE: Right.

CHAI RMAN KRESS: It just has thermal -
hydraul i cs.

MR LEE: So we're taking the thermal -
hydraul i cs, but they nmay have sonme other oxidation
nodel s and so forth.

CHAl RMAN KRESS: Yes, but --

MR. LEE: And we're taking those, yes.
But the fission product rel ease nodel is still based
on the MELCOR, the root diffusions. So, basically, at
early norning you nentioned about what you envi sion

for the MELCOR code. It's the sane thinking that we
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are pursuing.
CHAI RVAN KRESS: But that bothers me too,
because the --
MR. LEE: But you need to have a dat abase.
CHAI RVAN KRESS: Yes. You have to have a
dat abase for that. And | envision the fission product
rel ease would be driven by how rapid these TRI SO
pellets fail. Andthat's a different concept thanthe

fission product rel ease nodels in MELCOR are -- it's
based on thinking that it's a diffusion process, and
| don't know if failure of these TRI SO pellets has
anything to dowth diffusion. So even the concept of
using the type of nodels, even though they are
enpirical in MELCOR is even relevant for the HTGR

MR LEE: But at this tine, that's what
we' re thinking about. But you know that this --

CHAI RMVAN KRESS: You're going to need a
| ot of data.

MR. LEE: There's a fuel PIRT that's going
on that we follow very closely, because the fission
gas release and so forth start fromthe fuel because
the barrier now noves fromthe cladding to the fue
itself. So we are following that one. And | think

beyond that there will be some nore di scussi on on how

do we nodel the fission product rel ease.
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VR. CARLSON: | think there are sone

fission product rel ease nodels in the ol d MORECA and
t he newer CRSAC code, and we'll have to | ook at how
appropriate those are for the --

CHAI RVAN KRESS: | think they were for the
actual fuel if they use the cladding. The gas cool
reactor fuel at one tine had cladding, and | think it
was -- the release nodels were for that, but I'mnot
sure.

MR CARLSON: We're working with GRSAC
right nowto exercise the nodels that are in there as
they relate to TRI SO fuel .

MR. LEE: As we nentioned, just like in
other progranms in the fuel, in neutronics, we are
| ooking at all the other research that are done
outside of this country at the HIGR research, in
specific, Germany, in Japan and | AEA. | AEA has done
many - - conduct ed many speci al i st neeti ngs on gas cool
reactors, and | think we are revi ewi ng and see what is
applicabl e fromthose studies.

| think earlier they nentioned about the
Eur opean Commi ssion on the HIGR research. W are
pl anning to participate in those, and that isin like
the fuel andin all the materials, and this is another

area that we are |l ooking into. Because they want to
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do sone fission power release in the PIE on new
experiments. So --
MEMBER SIEBER: |Is that $16 mllion for

the federal programor for --

MR LEE: | think it's --

MEMBER SI EBER: -- our share?

MR, LEE: -- $16 mllion that they
budgeted on --

MEMBER S| EBER: Is it total program
funding and then we'll pay sone share of that?

MR LEE: | don't know. The U. S

participation may not have to put any noney in.

MR,  ELTAW LA The way the European
Conmmi ssion they will not accept noney, and they don't
send nmoney outside of the European communities. So
in-kind contributions. So you try to do research in
t he sanme area and exchange dat a.

MEMBER SI EBER.  Ckay.

MR LEE: So it could be our analysis in
support of review ng the program what type of test
could be appropriate to be conducted and so forth.
Those are the type of exchange.

MEMBER S| EBER.  Sounds good.

MR. LEE: So, in summary, in the reactor

system anal ysis, we tried to capitalize on whatever
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ready access in internationally and then we are
buil ding basically on the LWR tools that we have
devel oped to TRAC-M and MELCOR. PARCS is a kinetics
code we devel op at Purdue. Don nmentioned earlier the
| attice physics code that we devel oped at Oak Ri dge,
which is we are doing it for the MOX, but we can
nodify it for HTR applications. And that is part of
the scale suite of codes at the NRC used for a | ot of
anal ysis, neutronics analysis. Then we also tal ked
about expanding our capability to address new
t echnol ogy issues. That is in graphite helium high
burnup fuel, up to the 80's gigawatt days for IR'S
reactors. That's all.

CHAI RVAN KRESS: Any questi ons of Ri chard?
| guess we've asked themall. GCkay. | guess you're
going to wap things up for us, John?

MR. FLACK: Yes. M plan was to sumari ze
briefly the other technical areas and then sumrari ze
the entire neeting, you mght say, and where we go
from here.

CHAI RMAN KRESS: WII that summary be a
good thing to present to the full Conmittee?

MR. FLACK: Well, we'll have to tal k about
that. But what did we hear so far? So we've seen the

-- we've discussed in sone detail the four technical
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areas, framework, skills, materials and reactor
systens. And now |I'Il quickly go through the
remai ni ng techni cal areas, starting with the PRA

As we | ook at these other areas, there's
not as a radical change to the work that we're doing
now, for exanple in TRISO fuel where we need to
understand a new technology. A lot of the work in
t hese remi ning areas build on what al ready has been
done, and it becones nore difficult to extend it
unl ess we have a specific design in place. W talked
about this earlier about beingtechnol ogy neutral, and
at sonme point you need to have a plan. And so a | ot
of the remaining areas are, well, we could begin to
understand or | ook at sone of the issues that we can
see, but really it's difficult to nove further than
that until you start to get a plant and apply it,
appl y your thinking process tothat particul ar desi gn.

But in the PRA, starting with the PRA
area, of course we use PRA nore and nore since the PRA
policy statenent had been put forth in 1995. And,
basically, there's three areas where we' re usi ng PRA.
The first one and nost inportantly is to support
regul at ory deci si ons, risk-infornmed performance- based
deci sions in supporting policy issue resolutions and

rul emaking to hel p resolve safety i ssues and to help
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identify uncertainties, the extent of t hose
uncertainties and the sources of those uncertainties
and Defense In-Depth and the safety nodul es.

Anot her use of PRAis to assess | i censees’
PRA. W need tools to do that. To sone extent, we
will certainly not be in a position to do our own PRA
on a design as it comes in, but there may be certain
facets of a licensee's PRA that we may want to | ook
down into detail and nmay deci de to devel op t he nodel s
further for our own use and seeing if we can their
resul ts.

And then, of course, we use PRA also in
our research that we do and setting what are the
priorities in the research that is ongoing and what
needs to be done by identifying scenarios of risk
signi ficance and so on.

The technical issues, as we see them
today, and a |lot of this work, by the way, has been
prepared by John Ri dgely and Mary Drouin, and John is
here to answer any questions that you may have on
them But | sunmarize these issues in the foll ow ng
five bullets. The initiating events were advanced
desi gns, understandi ng what caused these initiating
events that are different than |ight water reactor and

t he dat abase that we can call upon to hel p us identify
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those initiating events. W see this as one of the
technical issues we'll have -- challenges we'll have
to come to grips wth.

CHAI RVAN KRESS:  You wi | | need to pin down
some sort of range of frequencies for those.

MR. FLACK: Yes. |If we go back to the
| i censi ng approach that Exel on had used, for exanple,
where they triedto allocate the events into different
categories -- abnornmal operating events, and then they
had what was considered design basis events and
ener gency pl anni ng events. Yes, to the extent that we
can, try to identify what the |ikelihoods of those
events are and then, of course, the subsequent source
terns it mght be associated with.

CHAI RVAN KRESS: Yes. | never got a
chance to ask themwhere t he got those frequencies for
t hose events.

MR. FLACK: Well, they probably got them
fromthe VHTGR

CHAI RMAN KRESS: Yes. | haven't gone back
to see where they got them

MR. FLACK: Yes, right. Were did they
get them fron?

CHAI RMAN KRESS: But there's not a |l arge

dat abase |i ke we have with a | ot of reactors on what
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initiating event frequencies m ght be.

MR FLACK: Yes.

CHAI RVAN KRESS: | just don't know where
t hey got the nunbers.

MR. FLACK: Yes. Sone of it, of course,
is you can probably draw fromlight water reactors.

CHAI RVAN KRESS: That's where | think they
probably got them from

MR. FLACK: Yes. But then there's others
that it would be hard to draw from w thout |Iarge
uncertainties.

VMEMBER BONACA: WIl vyou elimnate
initiating events based on the probability al one? Say
t hat you have a concern with a possible effect that
seens to be of |ow probability. Are you going to
elimnate that?

MR FLACK: Wll, | don't think -- you
know, if we were in a risk-based arena, we n ght do
that, but it's really -- of course, any probability
has a di stribution, and so one needs to understand the
di stribution nmaki ng a deci sion. So there's always t he
-- the difficulty is that even -- and it's estinmated
and the probability is what's the technical basis for
t hat probability?

And this getsintothings that we' ve heard
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this nmorning -- or this afternoon about John Muscara's
presentation on how we're going to resort to
probabilities where there's limted data. So you are
going to end up with large uncertainties. So the
guestion is going to become -- it's going to cone
about, well, okay, is there a cliff sonmewhere where
suddenly yougo alittle bit further and you have this
| arge rel ease of radioactivity.

Alot of the research that we do tries to
really probe that question, and that's why we take
things to failure. There nmay be enough margin, but
t hen how nuch nore do we go before we actually get
ourselves in a problen? So I think the decision is
going to be a conbination of things when that tine
cones.

But, again, it is a challenge, and of
course the challenge also is in nodeling these
di fferent systens, confinement versus contai nment, and
what credit one would give for something like this.
And then passive systens are always difficult to
quantify, recognizingtheneedtoidentifythefailure
nodes of those systens and so on and the applicability
of the data to advance designs, which you just
di scussed.

And then, finally, the human perfornmance
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and a nulti-nodular design in | & and how does t hat
get quantifiedin the context of a PRAfor an advanced
design, and what is the role of a human in these
advanced designs? So these we see as the chal |l enges,
basically in the PRA area right at this nonent.

| don't knowif John Ri dgely wants to add
anything to that? No. Ckay.

MEMBER S| EBER: | have a question about
the human performance. \Wen you tal ked about the
concept of nodul ar designs, do you see one contro
roomw th a bunch of reactor control panels for each
nodule or do you see those separated sonehow or
anot her? The reason why | ask the question | once
worked in a coal plant with six units run out of one
control room |If one unit would get in trouble, they
woul d rush to that unit and the ot her ones woul d f| oat
off into never-never land until sonething tripped.

MR,  FLACK: That's a good source of
i nformati on. You know, part of the work -- actually,
that |eads ne into ny second viewgraph if --

MEMBER ROSEN: Let ne just nake a comment
on the last bullet there. There is a risk in the
Safety Cross-Cut Goup in the GEN IV Program The
GEN-1V Program was divided up into gas-cooled

reactors, liquid nmetal reactors, water reactors and
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advanced reactors or i nnovative reactors. Plus it had
some cross-cutting groups. One of the cross-cut
groups was the Ri sk and Safety Cross-Cut G oup, and it
identified that last bullet, the human performnce
nodel i ng for advanced reactors as an i ssue al so. And
it's proposing that the DOE GEN-IV Program do sone
research work in that area. So you m ght want to make
a note of that and | ook at what's going on there.

MR. FLACK: Ckay. | think Steve Arndt
actually has sonething to say about that.

MR. ARNDT: Yes, sir. W're quite aware
that we actually participated in the workshop that
they held about six weeks ago to develop those
recommendati ons. And both our Human Factors and our
RSC Goup were very active in that actual
partici pation in form ng t hose research
recomrendations in coordinationw th puttingthis plan
t oget her.

MEMBER ROSEN:. Good. Sounds like you're
tied together.

MR. FLACK: Okay. And that sets me up
with the next viewgraph, which is on human factors.
And, again, this is sinmply -- this is the question
we' re asking ourselves: VWhat is the role of the

operator withinthe context of these advanced desi gns.
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Under t he normal operations, maintaini ng configuration
and control, as well as accident response.

And, again, relying on | & and automatic
systens to perform a lot of the functions that
operators perform today is going to be sonmewhat
challenging as to if these systens fail to function
under certain conditions where you are in a nulti-
nodul ar design and one nodule is in one state and
another is in another, and everyone's focusing on the
one, and the rest of these are floating out there.

One of the efforts -- activities we're
planning todoinitiallyistojust dothat, to go out
into other fields and see what data is out there,
whether it's cold units or others and see what ki nd of
issues do come out of these multi-control room
nodul ar-type plants in other fields. So that's
sonet hing we are planni ng on doi ng.

MEMBER ROSEN:. The reliance on 1 & 1 think
refers to digital |&C?

MR FLACK: Yes.

MEMBER ROSEN: Because all these plants
will be totally digital by the tine we get --

MR. FLACK: Yes. Right. That's right.
In fact, we have anot her viewgraph that's going to --

you're leading nme right into the next one. These are
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i ssues. But we think of advance designs being
radically different for things |ike TR SO fuel
particles. This is actually going on today. | nean
we' re seei ng changes i n current generati on and some of
the work that we would be doing |ooking at |1&C on
today's plants and it could change our control roons
actually carrying us right off into what we can
i magi ne they'lIl be doing for advanced reactors as
well. So we sort of have a foot in both ends there.

MEMBER ROSEN:  Yes. | agree with you but
only inpart. | think there are alot of Iimtations
on what the ki nd of changes -- the digitization, let's
call it, of the current fleet is very limted, by
conparison, to what | understand we're tal ki ng about
here, which are --

MR FLACK: Were we're headed.

MEMBER ROSEN:  -- six plants, one control
roomand one screen with the operator touch-sensitive
screen where the operators hits which plant do you
want to know about first. Now, that's the ultimate
digitization.

MR FLACK: Yes.

MEMBER ROSEN:.  Then you can drill down,
that, that, that, that, that, that.

MR. FLACK: Yes.
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MEMBER ROSEN: That's a conpletely

different thing than what we're used to.

MR. FLACK: The question is, of course,
how do you prepare for this before it conmes in the
door ?

MEMBER ROSEN:  That's why we've | eft that
to you.

(Laughter.)

MR FLACK: Appreciate that.

MEMBER SIEBER In addition to the one
screen, you need six lightstotell you which unit has
tri pped at what tine.

CHAI RVAN KRESS: I n principle, I think
woul d rather have ten 100-nmegawatt nodul es to dea
with than one 1, 000-watt nodul e.

MEMBER ROSEN.  You woul d?

CHAI RMAN KRESS: Yes. Because --

MEMBER ROSEN:  Not |I.

CHAI RMVAN KRESS: Well, | think | would.
In the first place, |'ve got a | ot nore data because
| " ml ooki ng at each 100- negawatt. |'ve got alot nore
i nformati on about each 100 negawatts. |'"ve got a
limted dependence of one on the other. There's very
few common causes | think, maybe earthquakes, naybe

even tornadoes. But | can't see how one nodule is
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going to affect another one very easily. And I've
just got to -- |I've subdivided my probleminto smaller
units that | can deal wth.

MEMBER ROSEN: And | would say you've
mul tiplied your problemby ten. Instead of having a
three-ring circus, you' ve got a ten-ring circus.

CHAI RVAN  KRESS: It depends on your
Vi ewpoi nt .

MEMBER ROSEN:  You' ve got three of the
units in Qutage 7 and the ot her units runni ng of which
two are at ascent, two are at descent, the other three
are at stable.

VEMBER S| EBER: What we did at Beaver
Vall ey when we faced this problem was we built a
seismc glass wall through the m ddle of the control
roomand kept Unit 1 operators on one side and Unit 2
operators on the other. And the only thing you could
see fromone unit to the other was which ones were
sweating the nost.

(Laughter.)

MR FLACK: That mmkes them i ndependent.

MR. ARNDT: Actually, one of the issues
t hat has been rai sed by one of your former col |l eagues,
Professor MIller, is to basically make a ten-unit

plant |look |ike, from an operational standpoint, a
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one-unit plant. So it really is a conbination of both
the issues that are discussed here. So it's a very
conplicated human factors 1&C issue from an
oper ational standpoint.

MEMBER ROSEN: At Sout h Texas, there were
two identical units but with two control roons. The
units are 500 yards apart for the purpose of so they
don't confuse each other.

MEMBER S| EBER: That's right. That's
i mportant.

MEMBER ROSEN: It's inportant. And al so
when one unit is in shutdown and the other on is
runni ng, you can take some manpower fromthe shutdown
unit to help the operating unit if it gets into
troubl e.

MEMBER SIEBER:  Well, | exaggerate the
probl em because real ly what the shift nmanager has to
do i s exercise discipline over his crewto nmake t hem
pay attention to their job. And in coal plants, that
sonmeti mes didn't happen. In the nuclear plants, the
di scipline's pretty high.

CHAI RVAN KRESS: Well, | think it's a
manpower i ssue.

MR. FLACK: Yes. And that leads us to

t hat second bullet there, staffing versus in |ight of
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t hese mul ti-nodul ar desi gns and how nuch staff are you
going to have to deal with these |ike normal?

MEMBER LEI TCH: Even with two units you
get -- operators get m xed up too and have gone to the
wong unit. Wth ten, | would inmagine that woul d be
much nore conpl ex.

MEMBER S| EBER: W solved that wth
colors, but I don't even have ten col ors.

MEMBER LElI TCH: Yes, we did that too, with
color and striping on the units and the procedures
were --

MEMBER SI EBER:  We painted the walls and
ever yt hi ng.

MEMBER LEI TCH: -- color-coded to
correspond with the unit. But | nean there's alot of
those tricks you can do, but in spite of all those
things, there's still an el ement of confusion.

MEMBER ROSEN. There' s al so bar codi ng now
where you swi pe the procedure that you're using and

t hen you swi pe the conponent you're on, and if they

don't -- if it doesn't agree, you're inthe wong unit
or you're on the wong conponent. So that's one
i ssue.

But the other issue that | think you're

alluding to is the incredible nunbers of people
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they' re tal king about or the very few nunbers or the
very few peopl e they' re tal ki ng about operating these
t hi ngs, because people cost 70 percent of the total
for an operating plant. So if you can get that down
by an order of magnitude, you' ve knocked a big chunk
of operating costs out. But |'ve heard nunbers that
are absolutely incredible in terns of how few peopl e
t hey' re tal ki ng about havi ng runni ng these plants. 1Is
t hat somet hi ng you' re going to | ook at, workl oad, task
wor kl oads and stuff like that?

MR. FLACK: As we |earn nore about what
their plans are, we would certainly be |looking into
that. What is therole of the operator in these cases
with multiple plants? And reliance on | & to do nost
of the job. The one thing alsois this third bullet,
the tinme that you have. Now, clearly, in many cases,
you have a lot of tinme to react so you can get people
tothe site, for exanple. But then on the downside is
could the operator do something trying to help and
does sonething that causes -- that conprom ses the
situation, causes an adverse situation? Sothat's the
flipside of that. So these are issues that woul d need
to be prepared for to deal with when they cone in.

MEMBER Sl EBER: There is a piece of

hi story. The plants that were built around the tine
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Surrey was built may -- in the design concept of the
buil ding | ayouts, they would build a | ocker room In
our plant, our first unit had 75 |ockers so each
person could have a | ocker that was enployed at the
plant. Wien | left there, there was 1, 200 peopl e, and
we had buildings with |ocker. So people's first
estimte when they sell a power plant to the utility
execs is you aren't going to need -- this plant is
fail-safe and it's totally automatic, and you aren't
goi ng to need people, and it just never works out that
way.

MEMBER ROSEN: It turns out paper reactors
are very easy to run. Require few operators.

(Laughter.)

MEMBER S| EBER: Not one has had an
acci dent .

MR. FLACK: COkay. And, of course, the
nodel s that need to be -- to support the PRA they do
come in with and the treatnent of human reliability
and within the context of those nodels is sonething
that is going to be a challenge.

The next viewgraphis right al ong t he sane
line we've been talking about. & and the
application reliance of advanced |&C for process

control and nultiple nodules. Again, it's the
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reliability issue, the failure npbdes an effects
anal ysis, the systens interactions that could occur
possi bly anpbngst the nodul es and the | &C nmay present
a problem a chall enge, and t hen, again, the nodels to
support the PRA in light of all that.

So at this point in tinme they're nostly
stayi ng engaged wi th what's going on in outside world
and t hi nki ng ahead, but there's not too nuch one can
do wi thout again, having a design in and seeing
exactly what it is that they're goingtorely onwth
respect to |INC | don't know if Steve Arnot is
actual ly the author of that section of the record.

MEMBER ROSEN: Let nme ask hi ma questi on.
Are we talking about continuation of the |IEEE 279
requirements for separation of church and state for
the protection and control? O is this the place
where we the cross the rubicon in terns of that?

MR. ARNOT: There has been sone di scussi on
both in DCE research prograns and in the vendor
di scussions --- nmuch nore highly integrated control
systens for safety/non-safety, etcetera. It's
integrated in the control roomand i ntegrated sonme of
t he bal ance of pl ant systens, integratedin the switch
yard. So there's alot of issues associated with both

integration across safety/non-safety and also
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integration of non-safety balance of plant-type
i ssues.

That nmuch bei ng said, no one has cone in
and said we would |ike an exenption fromthese rules
or we would Iike to change it, etcetera, either 279 or
603 or anything |like that.

One of the real issues is if you' re going
to have a framework that i s nore heavily structured on
risk reliability type of standpoint, how do you deal
with digital systemsafety and things |i ke that? And
we al ready have in place sone research prograns that
are looking at that both in terns of things I|ike
isolation common |oop failure and those kinds as
i ssues as well as actual coming up with nunbers for
digital failures, whichis a non-trivial area as you
are aware.

The efforts we're doing in addition to
that work for the advance reactor programis | ooking
at sone of these specific issues and howthat affects
t he ongoi ng work we have i n place, |ike nmulti-nodul ar
i ssues, like sone of the nore highly integrated
systenms |like things like the trade offs currently.
The isolation in other issues has driven the trade
offs on diagnostics versus sinplicity to the

sinplicity standpoint. Mst of the digital system
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retrofits we're seeing are relatively sinple digital
syst ens.

When you go to whol e new digital design,
and thisisthefirst tinme anyone inthe United States
has done a conpletely new digital design, you get
peopl e t hi nki ng about nmuch nore conplicated systens,
with failure type detection systems wth online
di agnostic systens, things |ike that that conplicate
the systenms nmuch nore highly, integrate the systens
much nor e hi ghly, than you woul d | ogi cally ever put in
aretrofit. So we're planning on |ooking at things
like that that you would see in an advance reactor
that you would not see on a retrofit. That's not
real ly a conpl ete answer to your question, but we just
don't know at this point howfar they're going to go
down that path.

MEMBER ROSEN: Wll, the owners wll
decide that | think. But to sonme extent we need to
nove forward I think with digital systems. W can't
stay where we are. On the other hand, where we have
been |I recall hearing when Y2K cane about, about how
robust it was in the nuclear industry because we
didn't have all these digital systens. W didn't have
to worry about the fact that this date glitch was

going to bite us because our systens just didn't know
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anything about that. It was really a sobering -- if
you think about that for a little bit, it told you
somet hi ng about the val ue of anal og systens.

Well, we can't go there anynore, but |
t hi nk we shoul d not | ose sight of the val ue of sone of
these old concepts, the separation of control and
protection circuitry, and sonmehow manage to bring
across the boundary into the newworld, sonme of those
concepts that have served us well inthe past. On the
other hand, in the digital systens you have a whol e
| ot of other things youtalk about, online diagnostics
and fault tol erance and nul ti pl e power supplies and a
whol e | ot of things that are of real val ue.

MR.  ARNOT: You also have a lot of
potential cost saving things like nultiplex systens
where you don't have to run as nuch wire. You have
fiber optics, you have wirel ess sensors. You have a
ot of things that vendors would see as very cost
effective, but also drive you towards some of these
questions that are going to be real issues.

MEMBER ROSEN: | understand there's a
value in cost, but | was nore interested in some of
the values in safety of the new equipnent. New
equi pment coul d have a | ot of significant advant ages

in the safety area including default tol erance, for
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exanpl e. Diagnhostics, self diagnostics, systens that
turn themselves off and announce they're turning
t hensel ves off and why, and transfer control to
anot her operating system So there's alot to be said
for these hardened systens.

MEMBER SI EBER: Wl |, the conversion of an
operator from an analog to a digital system is
sonetinmes difficult. For exanple, when the airlines
changed from anal og instrunents to glass cockpits,
there was a | ot of upset pilots because they really
liked the old stuff better. On the other hand, the
younger folks like the new stuff and don't |ike the
old stuff. So there is a sort of trial for some
peopl e when t hey nmake the conversi on.

MR. FLACK: Ckay, anot her area of the plan
is structural analysis section, and this was aut hored
by Syed Ali, who is with us, Harmon Graves, and to
sone extent, Joe Miuscara. And this area deals with
the integrity of +the reactor vessel and the
confi nenent of building and structures and dealing
thing with seismc, so on. The technical issues in
this area, and chal | enges are sunmmari zed i n t hese five
bul l ets. Concrete, and of course, concrete having to
preform at higher tenperatures and then how does it

age under that environnent. The applicability of
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current i ndustry codes and standards, the nmodul ar HTGR
desi gns and howt hey' re construct ed and mass pr oduced,
and what ki nd of i nspections woul d have to occur under
t hose conditions. Seism c response of connected
vessels. We were tal king about the connected inner
connections of the pi pe before, howthesew || respond
under seismic condition. And as well as graphite
structures, howthey will be perform ng under seismc
conditions. Soil structure interactors. W knowthe
nodul ar desi gns are goi ng underground and how t hese
wi || behave, al so again under seismc events.

CHAI RVAN KRESS: When you tal k about
| ooki ng at wunderground effects, you don't nean the
whol e reactor i s underground. You just nmean that part
of it is underground.

MR. FLACK: The GTMHRis in a silo, which
i s a deeply enbedded structure whichislevel withthe
surface. Nowthe original PBMRwas only, | think, two
t hi rds under ground. And | don't believe that was
totally underground. But these are deeply enbedded
structures.

CHAI RMAN KRESS: That's what you nmean by
under gr ound?

MR. FLACK: Yes, that's right. Not in a

cave sonmewhere, but | nmean it's inin a silo.
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MEMBER ROSEN:  An AP1000 woul d be a deep

hol e.

MR,  FLACK: Again, the challenge is
performng risk informed inspection and service
i nspections for these structures throughout their
lifetime. Syed, | don't know if you wanted to add
anything to that at all at this point?

MR ALlI: Thisis Syed Ali fromthe staff.
Just back on the soil structure interaction, | just
wanted to add that nost of our review expedi ence for
t he existing reactors have been for structures that
are maybe partially bel ow ground, but nostly above
ground. So under an seismc event, if the majority of
t he structure i s underground, than sone of the dynam c
pressures, soil pressures acting agai nst the structure
are phenonena that are non-linear and not so well
understood and so we need to further devel op that
experience. | think that, |ike you said, there naybe
ot her cases where as far various reasons, at | east for
t he future plans that m ght be nore underground, nore
sheltered than they are.

MEMBER S| EBER: Yes, there are other
effects that go on there too. Shipping Port was built
underground with just smal| percentage of its reactor

pl ant surface of above the ground. Sone of the
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effects were that the concrete enclosure that it was
in, subject to the groundwater pressures, okay, was
put in over |arge areas. That can be a significant
force whi ch causes cracki ng and | eaki ng and al | ki nds
of things. There's nmore to it than just soil
liquidity and external forces.

MEMBER ROSEN: Syed, wouldn't it be true
to say that there's consi derabl e anbunt of experience
with seismc forces on underground structures?

MR. ALl : There is, for exanple, for
tunnels and things |i ke that. But the sophistication
and the level of analysis that you do for nuclear
power plants i s much hi gher sophistication. Thereis
some experience on the west coast, but even there
there's alot of difference between doi ng a detail ed,
dynamic tine history analysis the way we do for the
structure versus sone of the codes that they use on
the west coast, which are superstatic analysis for
seismc effects.

Plus our staff does not have the
experi ence because t hey have been i nvol ved i n nucl ear
structures whi ch have beentraditional |y above ground.

MR. FLACK: kay, thank you Syed. And
that |leads us then to our | ast area, research area,

consequence anal ysis and basically on this one we're
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| ooking for differences in chemcal forns and
radi onucl i des that m ght invol ve fromthese new pl ant
designs as well as the timng of the rel ease and what
we would mght or mght not need to do to MACCS to
treat these differences, bothinthe technol ogy of the
designs and i n the biological factors that result from
the different chem cal forns, radi onuclides that would
be rel eased.

And then there's the foll owon di scussi on
whi ch i s being entertai ned as a possi ble policy issue
about the | ength between the consequence anal ysi s and
energency pl anning, for exanple, and the size of the
EPZ. So those are sone of the technical issues and
chal l enges we see with respect to our ability to do
t he consequence anal ysis for these event plans. And
Jocelyn Mtchell is with us. | don't know, Jocelyn,
if you wanted to add anything to that since you had
t hat section of the plan. So, no further questions?

CHAI RVAN KRESS: On the issue of input
into MACCS, of course, there's the timng and m x of
i sot opes and quantity of fission products, but usually
there's an energy associated with -- you have to have
an i nput for the plunme, an energy input. Is that part
of what you're | ooking at here al so?

MR FLACK: Well, | would thinkthat MACCS
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woul d have to deal with that at one point and the
peri od of time over which the release will take pl ace,
for exanple, which could be days instead of hours.

CHAI RVAN  KRESS: Do you have sone
criteria, for exanple, for gas cool reactor you
concluded you couldn't get any fission products
rel eased for x nunber of days, you wouldn't have to
have any evacuati on ener gency pl anni ng, you coul d j ust
ad hoc? Do you have criteria |ike that?

MR. FLACK: That's a question of whether
t he Conmi ssion wants to entertain such criteria at
this point. W're in severe accident space.

MR. ELTAWLA: W are planning to address
that as part of the policy issue that John nentioned
which will be comng out this fall, you know, so
that's one of the questions.

MEMBER SI EBER: That's nore of a political
guestion --

CHAI RVAN KRESS: Well, it's political
it's defense-in-depth, it's a |lot of things.

MEMBER SI EBER.  Yes, but if you have an
acci dent sone people are going to take off even if
they're already 50 miles fromthe plant.

CHAI RVAN KRESS: They' re going to have ad

hoc evacuati on then.
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VEMBER ROSEN: It seens to ne what the

ACRS can add to the discussionis totry to focus on
t he technical issue.

CHAI RVAN KRESS: Li ke di stri buting chaos?

MEMBER SIEBER | think that's where we
shoul d restrict oursel ves.

MEMBER ROSEN: Yes, because the politics
are the politics and we don't have nmuch to say --

MEMBER SIEBER: | agree with that.

CHAI RVAN KRESS: W shoul d al ways focus on
t he technical.

MR. FLACK: That |eaves me with ny final
view graph if there are no other questions. And this
is future actions. W discussed earlier this norning
and again later this afternoon about the expansion of
the plant to capture these new pl ants com ng our way,
specifically the ESBWR and ACR-700 and the SWR-1000.

CHAI RVAN KRESS: | understand the ACR
people finally got smart and are going to cool wth
light water instead of heavy water.

MR. FLACK: That's ny understandi ng.

MEMBER ROSEN: It's a light water and
heavy water machi ne. The advantages of both and the
di sadvant ages of bot h.

MR. FLACK: That's right. So there wl|l
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be conpetition for the fundi ng as Farouk had nenti oned
earlier which will play out over the next several
nonths. So it's inmportant, | think, at this point
also to consider that and any letter that the ACRS
wites onthe subject plan conprehends conpl et eness of
the plan as well as where the scope of the plan
addresses nowin |ight of these other plans comngin.

CHAI RVAN KRESS: Do the Canadi ans have a
PRA for their Candu reactors?

MR FLACK: That | don't know.

MR. ELTAW LA: Not yet, but they are aware
of the need to provide a PRA

MR. CARLSON: They did provide one with
Candu 3.

CHAlI RVAN KRESS: Yeah, | wonder ed.

MEMBER ROSEN: Jack, did the |ast bullet
refer to ACRS Menbers?

MR FLACK: The | ast one?

MEMBER ROSEN:  Yes, the last bullet.

MR FLACK: Inplement and recurrent --

MEMBER ROSEN: Trying to stay alive
t hrough this?

(Laughter.)

MR FLACK: | don't know about that.

CHAI RMAN KRESS: It's a |iving docunent.
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MR. FLACK: It neans that we would
certainly be flexible in consideration of other
activity.

MEMBER FORD: John, in terns of the first
bul I et, Farouk nentioned there m ght be extra funding
com ng. Is there not a preemnent l[imtation of
manpower ?

MR. ELTAWLA: There is none in the |ight
wat er technology. | think we are able to identify
expertise i n-house here and outside to be able to help
us in light water technol ogy. Definitely, as you are
aware, there is limtation in manpower in-house and
externally in the gas cooled technology. ACR, you
know, it's still, althoughit's alight water reactor,
but it's a new concept to us, the horizontal core and
pressure tube and so on. So we need to educate
our sel ves.

So as far as the ASPWR, | don't think we have
any limtation in that regard.

CHAI RMAN KRESS: For this, a lot of this
research you may end up doing all your on. [It's not
particularly required of the |licensee or the
applicant, will you direct funding from Congress for
that? This won't cone out of fees and charges to --

MR, ELTAWLA: No, nost likely. That's
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t he probl emt he Conmi ssi on faced that all the research
funds woul d be be charged to the |licensee so it makes
t he Conmi ssion, puts the Comm ssion in an awkward
position why all this utility would pay research for
gas cool reactor. So | don't think, I don't know what
t he Commission is going to do about requesting that
additional fund, but it does not |ook |ike separate
fromthe fee based fund.

CHAI RMAN KRESS: Thi s sure woul d be a good
pl ace to have it separate.

MR. FLACK: kay, the only other thing |
wanted to mention was that we will neeting with the
ACNW | ater this nmonth to tal k about nmaterial safety
and waste renewal and then ultimately transmt the
plan to the Comm ssionthis fall along with the policy
i ssue paper that Farouk nmentioned earlier. And then
this docunent would be maintained living and work
being coordinated wth the wuser offices and
mai ntaining it that way.

MEMBER FORD: As you see it right now,
John, the plan that you submt to the Conm ssion, how
different will it be fromthe one we have i n our books
ri ght now? For instance, will it includeitens com ng
from PERT activities, privitalization activities?

MR, FLACK: No, | don't think we'll get
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too nmuch difference from-- these other activities, |
t hi nk are somet hi ng we have to think about, the first
bul I et and the new pl ans that are com ng our way wl |
certainly need to be captured within the plan as best
we can and transmtted to the Conm ssion. The fact
that either these |ight water reactors and that we're
better prepared to deal with themwoul dn't expect too
many t echnol ogy gaps that we mi ght say that we need to
fill and maintain for the long termas we do with the
HTCRs, for exanple.

So I'm not envisioning any najor
differences too nuch with the way the planis witten
now. A lot of the, | think, as we transmt the plan
to the Comm ssion, we certainly needto di scuss howwe
plan to carry out and inplenent this plan over the
long termand we will naintainit. And | think that
will go in the SECY itself as we transmit it to the
Conmmi ssion. But as far as the plan is concerned, |
don't see mmjor changes to the plan from now unti
t hen.

MEMBER FORD: Ckay, the reason why | asked
the question is you know we comritted to the
Conmi ssion the research report that we have to wite
will be on advanced reactors. So this will be the

material that we will be basing the report on. |Is

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

346

that a fair comment?

MR. FLACK: | think that's fair. | think
we just about drained everybody we coul d.

MEMBER SI EBER:  Just send this in.

CHAI RMAN KRESS: Yeah, just put a cover
letter on it.

(Laughter.)

MEMBER ROSEN: One of the things we tal ked
about this norning was that you had acknow edged a
need to put nore in it about a viewof what's going on
in J4.

MEMBER FORD: WII that be included in
t hi s?

MR FLACK: Well, I think it woul d be nore
of a status of what is going on outside the group this
planoriginally centered on for and expandit slightly
to capture these, but torecogni ze t hese ot her desi gns
t hat are going on. Now we could incorporate that as
an appendi x that continuously gets updated as we get
nore information. | don't think there will be too
much of an inpact of that on the actual activities as
we see themt oday since these are conceptual in nature
and we need to followthemclosely to seeif there are
needs, issues as they arise. But within the next few

nonths, | don't see a major change to the plan.
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VEMBER ROSEN: | just don't think you

woul d be serving the Comm ssion well or the public
well if you didn't acknowl edge all this other action
going on in the world and acknow edge that, although
it mght not have an inpact on next year's plan, it
will surely have inpact on the out year plans.

MEMBER FORD: W I | there be any conment at
all on the NEI docunent that's just conme out?

MR FLACK: At this point --

MEMBER FORD: St akehol der i nteractions and
' mwondering if that would include that.

MR ELTAW LA: Taki ng about the framewor k?
That's al ready been acknow edged in the risk inform
regul atory i npl enentation plan that we sent an update
to the Conmm ssion this past June and acknow edge the
NEI paper and it tried to relate the NEI paper to the
existing risk inform regulation and what we are
pl anning to do for advance reactor. So it is in the
EDO and once it's signed it will be avail able.

|''msure that the DRA cane and di scussed
this with you all before it went to the Conm ssion.
O at least | hope so.

MEMBER LEI TCH: I n the description of the
PERT process that begins on page 109 of the report,

there's a six step process outlined which really
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descri bes the PERT process. | don't see clearly in
t hat description an assessnent of the viability of a
particul ar type of reactor. |Is that thought included
in there?

MR. FLACK: That is generally not included
as part of the PERT process when a PERT focuses on a
particul ar technical area. | don't know, Don, do you
want to comment on that?

CGenerally it's within a certain context.
If it's HIGR, it would be focusing on fossil fue
behavi or and so on.

VEMBER LEI TCH: What |'m saying in
assigning priorities, where does the differentiation
bet ween t he |i kel i hood of building type a verses type
b verses type c. How does that enter into the
prioritization process?

VR, CARLSON: | don't think that cones
under PERT per se, that conesin at adifferent |evel.
| think Farouk alluded to that on the seriousness of
an application.

MEMBER SI EBER: | f sonebody sends in an
application, you have to deal with that application.
It's their decision and their nove.

MR. FLACK: Basically you do it through

pre-application.
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MEMBER SIEBER It's the way it works and

you keep raising issues until they're either
successful or give up.

MR. FLACK: And we saw that shift just
happen wi th the pebbl e bed and noww th the GTVHR, so
now pebbl e bed has taken a back seat and GTMHR i s t he
one we're looking closely at. So it's really, you
know, a timng i ssue on the part of who the applicant
is and when do they want to submt design
certification or a licensing application.

MEMBER LEI TCH: So you don't really have
a good handle on the viability of a particular
project, that is at that stage? In other words, are
we spendi ng our scarce dollars where we are likely to
get the nost payback? That's a judgnmental call that
we haven't really made.

MR. ELTAWLA: That's a hard questi on and
| think the Conmssion deal wth this issue
conti nuously about where they are going to put these
resources. And again, we will come down a Conmi ssi on
policy, that we are going to be working on this
application. | think the Conm ssion, anybody submt
application to us we will have to consider that. And
agai n, for other neans, for exanpl e, nost applications

that will have nore serious consideration at NRC are
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those are the ones that will be supported by utility
whi ch when you have utility come in concert with a
vendor and say we woul d I'i ke to decertify this design,
that will add nore credibility than you have a vendor
that just want to get the certification for design.

And we take that into our budget process.
Not in the PERT process. The PERT process, as John
and Don indicated, focus on the technical issue and
where you spend your noney on getting efficient
product rel ease nodel or on getting high tenperature
material or sonmething like that.

The budget process is the one that's going
to take into consideration the seriousness of the
application, the support fromthe i ndustry behind t hat
appl i cati on.

MR. FLACK: | shoul d al so nention that the
planitself, there are activities of the planthat are
currently ongoing. It's not that we plan to do
everything that's here. In fact, sone of the work
that's in this docunent is work that's going on. The
questi on beconmes which priorities and how do you
prioritize future work? There's a certain |evel of
work that needs to be mmintained, for exanple, in
gr aphite. A year ago, we had no one that was an

expert on graphite really in the Agency. And now we
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are devel opi ng a person with those kinds of skills --
Shreeni was here earlier.

So we' re actual Iy doi ng sonme of this right
now. And there's a certain |evel that one m ght have
to say that infrastructure should be at a certain
m nimum it should have a certain mni mumexperti se.
And that would sort of take the highest priority so
you' d be able to at |east ask the right questions.

And then the question is is when you
exercise thisinfrastructure, what are the activities
then that you will do? And that begins, well how do
we al | ocate our resources to do those activities? So
it's like another |evel.

But there is this mninmal |evel that I
t hi nk the Agency needs to maintain if we're serious
about gas cool ed designs. And that woul d be an expert
on all kinds of fuels to stay tuned in that area with
what's going on internationally, participation with
t he DOE projects and so on. And things |ike graphite
where we have sonewhere here that can stay invol ved
and engaged in that field. So when we prioritize that
we don't elimnate those positions and say, well we
don't need them right now. We'll go and get them
later on. So | really believe there's sonme | evel we

need to mai nt ain.
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MEMBER LEI TCH: | had anot her question in

the area of, the rather large area of fuels and
mat eri al s. There was virtually no discussion of
research activities for advanced | i ght water reactors.
Is that an issue of prioritization and sone of that
has been screened out? O we just don't believe there
are significant issues in fuels and materials for
advanced |ight water reactors?

MR. CARLSON: No, the fuel section of the
research plan did have a discussion of IR S

MEMBER LEI TCH: COLLINS: Yeah, right.

MEMBER S| EBER: That has significantly
different characteristics in the other |ight water
content. | presune that the fuels in AP-600, AP-1000,
BWR are pretty nuch the sane as the concepts in
current generation.

MEMBER RANSOM  Si nce the planis focusing
on gaps, changes, differences between now and the
future.

MEMBER LEI TCH: So the absence, for
exanple, of discussion of that in the materials
section, the discussion of advanced I|ight water
reactors is not, some of that has been screened out
for budgetary reasons or priority reasons, but just

t hat no significant gaps have been identified.
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MR FLACK: That's right. W are doing

that work as we speak, so it wasn't trying to capture
all theresearch we do. It'sreallytotry to capture
t hose gaps that we see.

CHAI RVAN  KRESS: Let ne ask you a
t echni cal question. Sonewhere in the docunment | read
that you need to look at critical flow at nmuch | ower
pressures because the reactor depressurization, |
guess it was AP-1000, I'mnot even sure of that now.
Coul d you explain what that nmeans to ne?

MR. FLACK: Critical flow?

CHAI RVAN KRESS: No, | know what criti cal

flow is. | don't know why you're now saying it's
going to occur at nuch |ower pressures. s that
because the reactor depressurization does not take
pl ace i sontropically as opposed to sl ow
depressurization? See, | don't understand why sl ow
depressuri zati on and rapi d depressuri zati on gi ves you
a lower pressure for the critical flow

MR. FLACK: | coul d specul ate. That coul d
be dangerous.

MR, ELTAW LA: How about if | get back to
you? | know Richard nentioned that --

CHAI RVAN KRESS: The only thing I could

suspect was the rapid depressurization m ght not be
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i sont ropi c.

MR. LEE: Yes, | think the pressure is
also lower. You can get it down there faster. The
dat a base we have, we believe that nostly in the high
pressure region or the critical flow And then the
f eedback fromthe contai nment also affects the fl ow
itself. So | ooking at those two in conbination. But

it'"s not a critical area that will stop the AP-1000

certification. It's just conpleteness for the
dat abase. Of the record, 1'Il tell you the other
reasons.

(Laughter.)

CHAl RVAN KRESS: Okay, | appreciate it.
| thank you very nmuch. How are you goi ng to condense
this into an hour and a hal f?

George is going to be interested in the
framewor k. But you need to have sone words t here, not
the full thing, but a fewwords. Dana is going to be
interested particularly in fuels and everything el se
al so. Bill Shack is going to be interested in
materials issues and everything else. So those are
the things that we want to get across to the m ssing
menbers.

MEMBER SIEBER: | think in the issue of

the framework, | think that's really inportant. And
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it seens |i ke sonehow or another it's not getting the
attention | think it needs. So maybe tal ki ng about it
agai n so everybody under st ands howi nmportant it really
i S.

MEMBER ROSEN: We tried to probe that this
norning alittle bit. But how do you decide what's a
design basis accident and what's not? O
alternatively, the nodel of proof offered whichis you
don't try to decide. You just |eave that aside and
just say we're going to talk about risk and risk
anal ysis and have a conti nuum of spectrum | think
t hat whol e discussion, George is going to be very
interested and Dana wi |l too.

CHAI RVAN KRESS: Yeah, | think Bill wll
t 00.

MEMBER SI EBER: | agree with you, Steve.
| think it still needs nore working out. There is a
pretty slick way to doit, | think. You know w thout
sort of riding the line between determnistic and
probabilistic analysis. And | woul d prefer the Agency
set the tone as to how the regul ati on shoul d be than
have an i ndustry group or sonebody el se cone i n and do
t hat .

MEMBER ROSEN: Wl |, | think thereis sone

good ways to do it as you suggest. But | also think
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we're entering into an area where there's a lot nore
uncertainty than there had been in the past. So |I'm
unlikely to say such things. The defense-in-depth
margi n i s somet hing at the outset turns out, you know,
is crucial.

MEMBER SI EBER:  You could put it on with
a rational basis as based on PRA or you could put it
on a determnistic basis because it feels good. And
|'d rather be nore --

MEMBER ROSEN: We're going to have a | ot
of uncertainties. W've heard about them a |ot of
them today. And so | think the discussion of howthe
uncertainty is dealt with wi th newtechnol ogy and what
we' ve been raising here is going to be of centra
interest to the three remaining Menbers who aren't
here. Eight of us are here.

MR. FLACK: GOkay. But although franework
is only one piece of that bigger plan, there's a |lot
of the plan and | think it would be a disservice for
nme totry to sunmari ze that plan in the short period
of time. | nean, | can identify the different areas
and maybe touch upon a couple. It would be tough to
try to go into each subject and try to sumrari ze each
subject in an hour and a half. Plus the franework.

That would be quite a chall enge.
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MR. ELTAWLA: |f | heard, | think we need

to have a presentation that covers the framework, if
you will, and the material s.

MR FLACK: You want to do that?

MR. ELTAWLA: | think we will have to do
t hat .

MEMBER ROSEN: Wl |, | think sonme of the
di scussi on on t he neutronics was al so qui te useful and
you can't, unless you're going to cover that in the
fuel, | think you have to nention sonething about
reactor systens anal ysis.

MR. FLACK: Then thermal hydraulics.

(Laughter.)

CHAl RVAN KRESS: How fast can you tal k?

MEMBER ROSEN: You can talk as fast as
you'd like, but you' re not going to get nore than
about four words out before --

MR. FLACK: | think I got four vu-graphs
the last time. | think that was it. It was over at
t hat point.

MR. ELTAWLA: | will be about ten m nutes
each topic.

MEMBER S| EBER: Maybe the way to do it is
instead of going into such great detail about what

each one of thesethingsis, istocomeupwthalist
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and say these are the projects and a one liner as to
what it is you're trying to do and why it's a gap and
how you're going to fill it.

CHAI RVAN KRESS: That requires maki ng new
vu- gr aphs between now, and I don't that's --

MEMBER S| EBER:  Bet ween now and Thur sday?

CHAI RVAN KRESS: Yeah, | don't think they
want to do that. | think | would select fromthe vu-
graphs you have sonme way and --

MR. FLACK: Well, | could attenpt to do
that. | nean, we have 26 peopl e working on the plan
so | get all --

CHAI RVAN KRESS: That's up to you how you
want to do it.

MR. FLACK: | can have backups and try and

do that.

MEMBER SI EBER Well, | don't we ought to
make you do nore work than necessary. | agree with
you.

CHAI RVAN KRESS: That's one drawback with
havi ng the Subconmittee this close to the full.

MEMBER SI EBER  One thing you could do is
just take the table of contents which is right near
the front of the plan and make a vu-graph out of that.

And that tells everybody what's init.
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CHAlI RVAN KRESS: But you know, personally,

| think you can probably assunme that these three

Menbers have read this. They're generally pretty good

MR ELTAWLA: | know Dana.

CHAI RVAN KRESS: Dana, you can be sure.
George may not have had tine to do it all.

MEMBER SI EBER:  But he will do his part.

CHAIl RMAN KRESS: He'll do his part. And
Bill usually reads the things, too. You know, they
won't conme in not know ng anyt hing.

MEMBER S| EBER: Yeah, they won't cone in

col d.

MEMBER ROSEN: You' ve dealt with the easy
ones here.

(Laughter.)

MEMBER S| EBER: Yeah, we argue with each
ot her .

MR. FLACK: That's why we finished on
time.

CHAI RVAN KRESS: Wl |, you know enough now
to figure out howto --

(Laughter.)

MR. FLACK: W' |l put sonething together.

MEMBER SI EBER: | guess if | could offer
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a general statenent. | thought the plan was very
conprehensi ble. Well put together. Well done.

CHAI RMAN KRESS: | agree. It was a very
ni ce pi ece of work. Well done. | amgoing to keep it
as resource document because it's got the issues in
t here and what peopl e are doing at various places. |
t hought it was very nice.

MEMBER SIEBER: | guess the other thing
t hat concerned ne was the sane thing was concerning
Graham Leitch is that you' ve got a limted pot of
noney and a | i mi ted anmount of resources and you' ve got
to sort of guess which concept is going to be the hot
concept of the day so that you aren't spendi ng noney
on sonething that will never be built.

CHAI RMAN KRESS: | think they al ways have
to have to have, they're always faced with that
problem They know how to do that.

MEMBER SI EBER:  But | don't, so.

(Laughter.)

CHAIl RMVAN KRESS: We'll leave that up to
Farouk. He knows howto do that. Well, | appreciate
t hese very nice, very good presentations.

MR. FLACK: Thank you.

CHAl RVAN KRESS: Good work. We'll ook

forward to see how you can --
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MR. FLACK: That we can stay bel ow that

hour and a hal f?
CHAI RMVAN KRESS: Wth that I'mgoing to
decl are this Subconmttee neeting adjourned.
(Whereupon, at 5:38 p.m, the neeting was

concl uded.)
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