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+ + + + +
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( ACRS)
496TH MEETI NG
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+ + + + +
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+ + + + +
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P-ROGEEDI-NGS
8:44 a. m

CHAI RVAN APOSTOLAKI S:  The neeting wi ||
now conme to order. This is the first day of the 496th
Meeting of the Advisory Committee on Reactor
Saf eguards. Duringtoday's neeting, the Conmttee will
consider the following. The confirmatory research
program on hi gh-burn-up fuel, CANDU reactor ACR-700
pre-application review, the Subcommttee report on
Catawba and MCQuire License renewal applications,
policy issues related to advanced reactor |icensing
and proposed ACR reports. This nmeeting is being
conducted in accordance with the provisions of the
Federal Advisory Comnmttee Act. Dr. John T. Larkins
is the designated federal official for the initial
portion of the neeting.

W have received no witten comments or
requests for tine to nake oral statenents frommenbers
of the public regarding today's sessions. A
transcript of portions of the neeting is being kept,
and it is requested that the speakers use one of the
m crophones, identify thenselves and speak wth
sufficient clarify and volume so that they can be
readi |y heard.

There are a few of itens of current
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i nterest. Dr. Gus Kronenberg, ACRS Senior Fell ow,
will be | eaving the ACRS on Cctober 18, 2002. He has
provi ded out st andi ng techni cal support to the ACRS on
nunerous issues, including power wuprate review
process, reactor fuels, risk-infornmed and performance-
based regul ati ons, genetic safety i ssues and advanced
reactors. The ACRS appreci ates the support provided
by Gus and wi shes himwell in his future endeavors.
Wiere is Gus? Stand up.

(Appl ause.)

CHAI RMAN APOSTOLAKI S: W have two new
seni or staff engi neers who j oi ned our staff on Cct ober
7. M. Ramin Asa, fromthe O fice of Nucl ear Reactor
Regul ation, joined us. He has been with the NRC si nce
1991. Before joining the NRC, he worked at
Consol i dat ed Edi son Conpany for seven years. He has
a Bachelor's degree in nuclear engineering and
Master's degrees in mechanical engineering and in
i nternational rmanagenent. And he's a |licensed
prof essi onal engineer. Ram n, welcone.

(Appl ause.)

CHAl RVAN  APOSTOLAKI S: M. M chael
Snodderling, also fromthe Ofice of Nucl ear Reactor
Regul ati on, joined us on Cctober 7 as a senior staff

engi neer. He has been with the NRC since 1989.
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Before joining the NRC, he was working for Calvert
Cliffs Nuclear Power Plant for three years. He has a
Bachel or's degree in nuclear engineering. M ke,
wel cone.

(Appl ause.)

CHAI RVAN APOSTOLAKI S: Any ot her comment s?
kay. Hearing none, we'll proceed with the agenda.
The first itemis Confirmtory Research Program on
H gh Burn-up Fuel. Dr. Powers is the cognizant
menber .

MEMBER POVNERS: | am

CHAI RMAN APOSTOLAKI S: Dana, would you
| ead us through this conplex issue?

MEMBER PONERS: W th pleasure.

CHAI RVAN APOSTOLAKI S Ckay.

MEMBER POVNERS: We did have a neeting of
t he React or Fuel Subcommittee yesterday with a focus
on the i ssues of high burn-up fuel. Those of you t hat
were not able to attend mi ssed a real treat. It was
like many of our high burn-up fuel neetings, an
i nformati on-packed, highly technical discussion of
this nost inportant issue.

| think nost of the menbers are aware t hat
there is a trenendous econom c driving force to take

fuel s up to higher I evels of burn-up. | thinkthey're
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al so aware that there are societal benefits as well.
Usi ng fuel for higher burn-up, one has less fuel to
store, less fuel to dispose of. So there is a
tremendous pressure to use fuel at ever higher burn-
ups in the existing fleet in nuclear power reactors.
O course, we've reached the point at which the fue

is being used at l|evels of burn-up that exceed our
enpi ri cal database on howthat fuel will behave under
upset conditions. And the nenbers, | believe, are
aware that the first tests in France, and subsequentl|y
tests on Japan, on the response of fuel to the
reactivity insertion showed that perhaps sonme of the
criteria we use for fuel failure and fuel coolability
toreactivity insertioninthe licensing process were
not adequate to treat these high burn-up fuels. And
NRC has limted the burn-up levels that plants can
take fuel, pending the available of additional of
techni cal information.

I n maki ng the decision, the Agency al so
put together a research program to confirm the
suitability of thislimt in preservingthe health and
safety of the public. That research program is
| ooki ng not only at the reactivity insertion for high
burn-up fuel but also the response fuel of our |oss

cool ant acci dents and boiling water ATWS events. The
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sel ection of what accidents to consider for research
t hat was done on a risk-infornmed basis that | thought
was an excellent use of risk information to guide a
research program

At the Subcommittee neeting, we covered a
t remendous anount of material, and of course at this
nmeeting |'monly going to give you a snapshot focused
primarily on the research program and some new
activities undertaken at NRR. W did, however, at the
nmeeting have a very delightful presentation fromthe
El ectric Power Resear ch Institute on their
i nvestigations of the reactivity insertion accident
tests that have been done to date. They have been
exam ni ng this database which is sonmething in excess
of 50 tests and have devel oped a hypot hesis on howto
explain what fuel rods fail when there is a sudden
energy input from a reactivity insertion. Thi s
hypot hesis is used on the strain energy density and
the cladding of the fuel; that is, focusing on the
clad ductility rather than just the fuel itself.

They have developed a correlation of
strain energy -- the critical strain energy density
for failure based on correlatingit withthe extent of
clad oxidation. Inreality, probably use hydrogen for

cl addi ng, but since you don't have access to the
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hydr ogen concentrationinthe claddi ng fuel, they have
usually served with only oxidation to describe its
under | yi ng physi cs.

They have also developed a separate
expl anation for when the fuel becones sufficiently
damaged that capability conmes into it. Look at those
as two separate issues. They've developed a fairly
detail ed basis for this correl ati on and have subnmitted
that as a topical report to the Agency for review, and
you're going to hear at the end of today's
presentation about the Agency's plans to review that
mat eri al .

| can't say that there is a conplete
consensus between the research staff on the detail s of
t hese expl anati ons. There does seemto be a consensus
that the ductility of the clad is an issue for the
reactivity insertion event that the criteria for fuel
failure is kind of alnost |ike a burn-up. There is an
ener gi ng consensus that the origi nal test that started
this all, the test in France called REP Na or REP Na-
1, may well be an outlier and that it will not fall on
all the correlations that are devel oped.

This EPRI work, as | indicated, is fairly
wel | - devel oped and bei ng revi ewed. W' re not choosi ng

to present to the full Conmttee now, rather we're

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

10

reserving that for when we have the benefit of our
review of the material in conparison wth the
eval uation report. EPR also has what they call a
Robust Fuels Program and they have volunteered
sonetinme after the 1st of the year to cone to t he ACRS
and expl ain that entire program which shoul d be very
pertinent to us in a variety of different areas.

What we want to focus on today is the RES
Programitsel f, whichis a programthat we've fol | owed
cl osely and have endorsed over the years. This is a
fairly conprehensive program that evolved with the
col | aboration between RES, EPRI and a nunber of
i nternational partners. Andthey are | ooking not just
at the reactor and insertion accidents but al so LOCA
acci dents, ATWS accidents and even the storage of
spent high burn-up fuel.

Wth that introduction, 1'Il turnto Ral ph
Meyer to give us what can only be a synopsis of a
fairly el aborate experinental and anal ytic program

MR. MEYER Good norning. | want to tell
you about our research work, but I'dliketodoit in
t he context of a docunent. It's a programpl an that we
put together in 1998, in which we identified sone
i ssues. The research program was then structured

around these issues to try and get sone resol ution on
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t hem

W are in the process of devel oping an
updat ed programpl an whi ch may go beyond t he scope of
t he current programplan. The update i s not ready for
public display yet, so we've deci ded to go back to the
' 98 programpl an, | ook at the i ssues and tell you what
progress we've nade, and which issues have been
resol ved out of those original ones.

| think thiswll then display nmuch of the
research work that is going on at the present tine.
This is the list of issues that was in the 1998 hi gh-
burn-up plan. There were nine of them cladding
i ntegrity and hi gh-burn-up during normal operation was
the first issue.

| nconpl ete control rod insertion, you may
recall was an issue. The matter of the acceptance
criteria for the reactivity accidents that Dana
menti oned was anot her one. Then there was the matter
of the loss of coolant accident, where we have
enbrittlement criteriain 10 CFR 50. 46 and eval uati on
nodel s in Appendix K, and whether or not those are
ef fected by burn-up.

When we | ooked at the ri sk nunbers for the
various accidents for the BWR, it | ooked |ike the rod

drop accident, which is the corollary to the PWR rod
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ejection that we studied, was of |ower consequence
than the power spikes that you get during the
oscillations associated with anticipated transient
wi t hout SCRAM

So we decided to | ook into fuel behavior
during those power oscillations to see if our current
under st andi ng was effected by the burn-up that we're
now experi enci ng.

At that time, we were using sonme fuel rod
codes to audit vendor submittals, and our fuel rod
codes were not abl e to handl e burn-ups up to the range
of 62 to 65 gigawatt days per ton, so it was an issue
to i nprove these codes to handl e t he hi gher burn-ups.

MEMBER WALLI S: How do you evaluate this
ATW5? No one's actual ly run a BWR t hrough an ATWS wi t h
maj or power oscillations, and the predictions fromthe
code show all kinds of peaks going on for sone tine.

It's not cl ear whet her those arerealistic
or only a factor of the code, so know ng just what's
going on in ATWs itself is not sonething we're very
secure about.

MR. MEYER What I'dliketodois, | wll

say nore about three, four, five, six, seven and ei ght

MEMBER WALLI S: Later on?
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MR MEYER: Just after thisslide. Solet's

just finish. We had a source termin NUREG 15. 65 where
t he docunent itself said it might not be applicable
above 40 gigawatt days per ton

There was the matter of the dry cask for
shi prent, which had been reviewed only up to 45
gi gawatt days per ton, and nowwe are di schargi ng f uel
at around 60, 65.

And then t he question of whether we woul d
need enrichments greater than five percent. Sointhe
original docunent we dealt nore or less finally with
nunber one, nunber two and nunber nine. |'mnot going
to say any nore about those.

| will now run through the rest of them
with a couple of slides, to rem nd you what the issue
was and to tell you what we are doi ng and have done
about these.

So the first one is the one that got the
nost attention yesterday. The issue in a nutshell is
whet her the fuel damage criteria in Reg Guide 1.77
wor ks wi t h hi gh-burn-up fuel.

We know rather confidently that it does
not, and so the real question is what should we
substitute for this 280 calorie per gram nunber.

|"m going to in sone subsequent slides
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show you how we' re approaching this issue, and | et ne
say now that there's a kind of division of effort
here, and this was spelled out rather clearly in the
ori gi nal program plan. At the time we wote the
programpl an and reali zed t he exi stence of these high
burn-up i ssues, the Agency had al ready approved burn-
ups up to 62 gigawatt days per ton. So there was some
backwar d | ooki ng to do, and we deci ded t hat i nst ead of
raising it as a backfit issue, that the NRC Staff
itself would accept the burden of confirmng the
adequacy of the decision to go to 62.

Whi ch nmeant that RES is going to | ook at
the reactivity-initiated acci dents and see if we can,
in effect, provide a safety anal ysis that shows that
what the appropriate fuel damage limts shoul d be and
that the current operating plants remain bel owthose
[imts. That's the confirmatory work that the Office
of Research is doing.

In addition to that, the industry is
i nterested nowin going to even hi gher burn-ups, above
62 gigawatt days per ton, up to about 75, and the
nunbers that we quote are average for the peak rod in
t he core.

And we decided in the original program

pl an that the i ndustry woul d have full responsibility
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for devel opi ng the data and presenting for our review
criteria to be used in place of this 280 cal ori es per
gramlimt.

So there are two efforts going on

si mul t aneousl y. There's an RES effort ainmed at
confirmng things up to 62. There's an industry
effort ainmed at moving from 62 up to 75. And

yesterday both of those were presented to the
Subconmi tt ee.

So with regard to the RES effort to
confirm the situation at 62 gigawatt days per ton,
essentially, for the Zircaloy cladding that was the
predom nant cl adding at the tinme of the programpl an,
we have a nethod of doing this, which I"'mgoing to
show you, and we have a schedul e for doing this, which
ends with a confirmatory assessnent in early 2005.

And the reason for this schedule is as
follows: W' re expecting to be on a nice new pl at eau
of understanding at thistinme, and this will be a good
tinme to make an assessnent because it's going to be a
long after that before we |earn nuch nore.

Basically, we have two or three tests
com ng out of the Cabri Program out of the sodium
loop late this year and early next year. W have

nmechani cal properties under the right conditions for
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analyzing this accident, comng out of Argonne
Nati onal Laboratory in 2003. And there are sone very
special tests that we're waiting for in the NSRR test
reactor in Japan that will be run in 2004 to | ook at
the effects of test tenperature on the results. The
NSRR react or has run a very | arge nunber of tests, and
it's run themall around roomtenperature, about 25
degrees centi grade. And the accident that we're
interested inis initiated at about 300 degrees. So
it's the run test tenperature, and we want to get a
direct neasure of that fromtests before we nake our
best estimate of the failure |evel and conpl ete our
assessnment. So that's the schedul e.

So this is our infanbus pai ntbrush slide.
It's somewhat updated since the |last tinme you sawit.

MEMBER WALLI S Show ne wher e 280 cal ori es
per gramis on there.

MR MEYER |'msorry?

MEMBER WALLI S: Where is 280 cal ori es per

gr anf?

MR. MEYER. Two-eighty cal ories per gram
is up here.

MEMBER WALLI'S: It's al nost above all the
data on the map. It's above everyt hing.

MR. MEYER: It's above everything on the
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map.

MEMBER WALLI'S: So what's the basis for
it? Two hundred and eighty is meaningl ess.

MR MEYER Ckay. A little history.
First of all, 280 is a mstake; it should have been
230.

MEMBER WALLIS: Wiy isn't it 507?

MR MEYER Wiy didn't it fix?

MEMBER WALLI S: Wiy isn't it 50?7 Wy
isn"t it 507

MR. MEYER: It should be much | ower than
that, and you can tell that at a glance fromthis
pi cture. That's point nunber one of this picture. It
isn'"t 280 calories per gram and it's not even 230
cal ories per gram except for very |ow burn-ups.

MEMBER WALLI S: Not eventhere. It's nore
l'i ke 150.

MR. MEYER. Well, now you have to start
bei ng careful about your definitions, because what we
have plotted on this graph are points that show
whet her the cladding has failed or not failed. And
initially we used a two-level set of criteria. W
used a hi gh nunber, |ike 230 or 280 cal ori es per gram
as a limt. Don't go above that |imt because bad

t hi ngs happen. We used a | ower nunber based either on
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DNB or sonetines 170 calories per gramwas used to
tell you when the cladding failed, and you used t hat
t hreshol d for those cal cul ati ons, which arerelatively
i nconsequential for this accident, and we're not too
much interested in that subject right now

Wat we found was that you could
experience a cladding split and not expel any fuel
until you got up to an energy at which point you
started nelting UX2. Now, the enthal py for incipient
of UX2 unirradiated is about 267 cal ories per gram
and if you do that -- if you have that in the mddle
and you' re doing a radi al average, the radi al average
comes out to about 230 calories per gram So above
230 calories per gram radial average you started
havi ng sonme nol ten fuel, and nol ten fuel expands about
40 percent conpared to solid UX2. And it can do two
things: It can break the cladding apart and it can
throw fuel out into the coolant. And when you get
fuel out into the coolant, you can now get a fue
coolant interaction with sone nechanical energy
released. And so the limt was put at 280, which
really shoul d have been 230, to keep the fuel -- to
make sure that the fuel didn't get ejected out.

Now, at hi gh burn-up, you have a di fferent

mechani sm for getting fuel out of a crack in the
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cl addi ng, because you have all this gassy
m crostructure. And so when you give it a sudden
tenperature spike, it can expand. So a nunber of
t hese tests have experienced fuel | oss.

So what we've decided to do for the RES
exercise of confirmatory assessnent at 62 gigawatt
days per ton is to take the conservative assunption
that we're going to try and show that if we assunme
that the limt is the cladding failure threshold
which is conservative, you know, if you don't crack
t he cladding, you can't get any fuel out, you can't
have any fl ow bl ockage, you can't have any energetic
cool ant interactions. And if we can find a line
somewhere al ong here which pretty much | ower bounds
the failure points and if we can t hen denonstrate that
you can't get that much energy from a currently
designed PWR, then that's the bottomline acceptance
that we're looking for. And |'mpretty sure that we
can do that.

MEMBER WALLI S:  But there's no high burn-
up indicated on this figure.

MR. MEYER  Ah, you're right.

MEMBER WALLI'S: You seemto indicate to
have a correl ation.

MR MEYER: Let nme nmake another point.
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Now, there's al so an awful | ot of scatter in the data,
and that's because the failure enthal py depends on
nore variables than just the oxide thickness. It
depends on burn-up, it depends on the shape of the
pul se.

MEMBER WALLI S:  The subj ect i s burn-up, so
you ought to put burn-up on your slides.

MEMBER KRESS: | s oxide thickness the
surrogate for burn-up here? It could be --

MR MEYER In a way. In a way.

MEMBER KRESS: Maybe it's not one to one.

MR. MEYER W used to plot these data as
a function of burn-up. You get a better correlation
if you plot themthis way because the nost inportant
of all of those variables in determ ning where failure
is goingtobeis the ductility or brittleness of the
cl addi ng, which is largely affected by the hydrogen,
whi ch comes fromthe oxidati on process. So oxidation
is nmore inportant than burn-up per se. Now, yesterday
we saw EPRI' s rel ati on between burn-up and oxi dati on,
and so you can go back and forth between burn-up and
oxi dat i on.

CHAI RVAN APOSTOLAKI S:  But that depends
very much on the material, right?

MR MEYER |t does. And then the anpunt
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of oxidation depends on the material .

MEMBER WALLI S: Depends on the chemistry
of the fluid in the reactor.

MR. MEYER: All of the above. Let ne show
you one thing that's interesting here is this set of
data right herewiththe 8 sonit and wwth the 5 s on
it, which should be right in here, fit the pattern
very nicely. They're Russian data on E110 cl addi ng
that is very lightly oxidized and does not exhibit a
brittle failure at all; it's a nice ductile failure.

And it fits right in with the trend that
you get as you go down to zero cl addi ng t hi ckness. |If
you plotted those data on a plot of enthal py versus
burn-up, they would be way out here at 55 gigawatt
days per ton, and they'd be way off the charts.

MEMBER KRESS: Do you have now a
t heoretical |ine that goes --

MR MEYER  No.

MEMBER KRESS: -- does that?

MR MEYER  No.

VEMBER KRESS: -- that has to do wth
internal stresses and strains? O is that what EPRI
has?

MR. MEYER No. That's where we're going.

MEMBER KRESS: Ckay.
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VMEMBER RANSOM Just one --

MR MEYER So here is the --

CHAI RVAN APOSTOLAKI S: There' s a questi on.

MEMBER RANSOM  Qui ck question, Ral ph?

MR MEYER  Yes, |I'msorry.

MEMBER RANSOM Is this the criterion
that' s used to deci de whet her core damage has occurred
or not as far as determ ni ng the core damage frequency
and acci dent anal ysis?

MR MEYER It's part of a design basis
accident, so there's a requirenent that you do -- in
t he saf ety anal ysis that you anal yze thi s acci dent and
denmonstrate that you do not exceed this limt.

MEMBER KRESS: It's not the definition of
core damage frequency that you generally see. That's
a nmuch nore severe thing, core damage frequency.

MR. MEYER: (Okay. So we're going to try
and get a | ess anmbi guous |ine that includes the right
vari able effects. And we're going to attenpt to do
this three different ways, and they're not real clear
fromthis slide, but 1'll explain what they are.

One of themis anal ytical. W have a code
cal | ed FRAPTRAN whi ch can cal cul ate stress and strain
during this rapid transient. It can calculate strain

energy density just like EPRI's code with strain
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energy density just the integral of the stress/strain
curve. And we could use EPRI's critical strain energy
density curve. W could set up our own limt on
strain as a nodel for failure and do a cal cul ation
very simlar to what EPRI is doing, in order to
calculate the failure enthal py. W're goingtotry and
do that.

There's anot her thing that we can do, and
that is we can | ook at these data points that you saw
on the |l ast slide, and we can make sonme corrections to
t hem because certain data points on that slide, like
the whole group of Japanese points from NSRR were
taken at tenperatures that were too | ow

We can estimate the tenperature i ncrenent
at theinportant tinme of failure, go to the mechani cal
properti es and make sonme mappi ng i nt o ent hal py and so
adj ust the points on that previous slide so that the
data points directly give a nore clear demarcation
bet ween failure and non-failure.

And the third thingwe candois sinply to
try and build a nulti-parameter correlation and
incorporate all of these variables into the
correlation and fit it to all of the experinent data.

MEMBER KRESS: Have you got a good

expl anati on for that one bad pretest?
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MR. MEYER. Ah, yes, sorry. Here is the

bad point. This is REP Na-1, which Dana nenti oned.
This is the very first test run in the Cabri test
reactor on high-burn-up fuel, and it failed at an
extrenely | ow energy.

It has received a very |arge amount of
attention in the last couple of years, because as we
proceeded with the Cabri program in the technical
advi sory group, we decided that we wanted to have a
better expl anati on of what happened t o REP Na-1 before
we continued to run the program

The bottomline is that we're pretty nuch
convinced thisis anoutlier and shoul d be di sregarded
when you consi der the whol e body of data. Di scussion
on this started in earnest about two years with a
paper by our contractor at Argonne, Hu Chung, at the
Park City nmeeting, and this has been foll owed up with
a task force effort within the Cabri Techni cal
Advi sory Group, an effort that is nowbeing finalized
by Her man Rosenbaum whom sone of you may know. He's
an old-tinmer from GE who is now working as an EPRI
consultant totry and bring t he opposing views of this
t oget her and docunent t he understandi ng of this test.
And that work will be finished about the end of this

year, and very early next year we expect to have a

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

25

full docunentation on the RepNa-1 test that concl udes
that it's an outlier.

MEMBER KRESS: | nean it's obviously an
outlier, but what was the cause of it being an
outlier?

MR. MEYER: There actually may have been
several causes, but anong the | eadi ng candi dates was
there was a defect on the rod before it was tested
that nmay have -- and it wasn't a normal kind of
def ect.

MEMBER KRESS: Now, when you test the rod
and you fail it and distort it and do all sorts of
things toit, howdo you | ook at it and know t here was
a defect before you did that?

MR. MEYER Well, they had a picture of it
before they tested it.

MEMBER KRESS: Oh, they have pictures
before they test it. Ckay.

MR. MEYER Unfortunately, they don't have
qui t e enough i nformati on before they tested to make it
easy to figure out if that was -- So initially, that
def ect was known about and it was rul ed out as being
the cause. After a great deal of investigation, it's
back on as a candidate. There are other

possibilities. One of the main concerns about this
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rod was that it did go through a pre-conditioning
peri od where they -- in the sodiuml oop they have to
wet the instrunments and so they have to put it in and
runit uptoarelatively high tenperature. Weranit
up to alnost 400 degrees and held it there for 14
hours. This is just about hi gh enough for hydrides to
redi stribute, and there is sone evidence that hydride
redi stribution took place.

MEMBER KRESS: That would make it nore
brittle.

MR. MEYER: It enbrittled the specinen
during the specinmen preparation. There are rather
| arge uncertainties in the instrunment readings and
analysis, so this point really nmay not be at 30
calories per gram it may be at 50 cal ori es per gram
So it's -- you know, not unlike rudder problens on
737s, it's rather conplex to get to the root cause of
this thing, but it's pretty sure that this is not a
good test point.

MEMBER PONERS: M ght just inject here Tom
that in the Subcommttee neeting that you didn't
intend --

(Laughter.)

MEMBER KRESS: That's why |I'm aski ng.

MEMBER POVERS: W went blow by blow
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t hrough all of this. As Ral ph indicated, they' ve had

a task force working this poor data point half to
death and what not, and |I'm terribly disappointed
because t hi s was a trenendous rhetori cal advantage for
beati ng people over the head on hi gh-burn-up fuels.
|"mgoing to mss this data point.

MR. MEYER: Well, don't forget these two,
the HBOL, the very first test. This test was run in
Novenber of '93 and by February of '94 the Japanese
had run a test called HBOL, their first high burn-up
test, and it failed at around 79 or 80 cal ories per
gram

VI CE- CHAI RVAN BONACA:  Ral ph, one of the
t hi ngs that was presented yesterday was al so t here was
significant spoiling on that sanple.

MR, MEYER  Yes.

VI CE- CHAI RVAN  BONACA: How does it
correlate with this oxide thickness?

MR MEYER: Vll, 1'm not sure that
spal ling i mredi ately changes the ductility picture.
There certainly is anechani smfor the | ocalization of
the hydrides and for further deterioration of the
ductility. But these two points have spallation al so,
and they seemto fit nicely into the trend.

VI CE- CHAI RVAN BONACA:  Thank you
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MEMBER PONERS: Ral ph, it's al so true that

in high burn-up fuel generally we see incidences of
spal | ati on.

MR. MEYER: | wouldn't touch that one. W
have seen it in the test program rods with spalled
oxi de that have cone out of commercial reactors. How
preval ent that is | have no idea.

MEMBER FORD: Ral ph, you've put forth
t hree physical reasons for why one is where it is.

MR, MEYER  Yes.

MEMBER FORD: Oxi de spallation, hydride
redi stributi on and nmechani cal defect. These are al
physi cal phenonena that can occur on real rods.
What's the likelihood that you could have that
conj uncti on of physical aspects occurring in any one
rod assenbl y?

MR. MEYER. Well, I'mreally not prepared
to discuss that defect, because | haven't spent nuch
time | ooking at that. But what we have | ooked at nore
on our side is this preconditioning matter and the
redi stribution of the hydrides, and that can't take
pl ace duri ng normal operation, because you don't have
cl addi ng tenperatures up at 400 degrees.

MEMBER FORD: | guess ny concern is

everyone's tryingto get rid of this one ugly fact and
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put it under the carpet, and until we're absolutely
sure that it can't occur to any reasonable extent in
the operating reactor, you can't ship it under the
car pet .

MEMBER KRESS: You don't have to be
absolutely sure, you just have to have a | ow enough
probability.

MEMBER FORD: Yes, that's true.

MR. MEYER Well, we have a | ot of other
tests in this database with real high burn-up fue
t hat has real blem shes on it.

MEMBER KRESS: And that's by probability.
You coul d probably relegate that to | ow probability.

MR. MEYER This one just -- okay. So we
do have an enpirical correlation. |'mnot goingto go
into it in any detail. 1'mgoing to say right off
that | don't think this is in good shape. we've got
to work on it to inprove this correlation. | just
want to indicate that the first correlation that has
popped up on this subject was developed by Carlo
Vitanza who's a well-known guy in our field, and he
correlates the failure enthal py with sonme nmeasure of
cl addi ng ductility, pulse wi dth, oxide thickness and
t he cl addi ng wal |l thickness.

MEMBER KRESS: When you say correl ation,
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that's all enpirical?

MR. MEYER It's all enpirical, it's just
enpirical. But we're going to work with Carloto try
and i nprove this correlation and use it as one of our
several ways of trying to get a failure |ine.

MEMBER WALLI S: Does he estimte
uncertainties with this correlation too?

MR. MEYER | hope so.

MEMBER WALLI S: You can correlate
anyt hing, but you may have trenmendous uncertainty.

MR. MEYER: Yes. W'Il| have to do that.
Let me say nowthat | know that you' re going to worry
about where this line is and how uncertain this |ine
is, and we're going to worry about those things too,
but in the end it's probably not going to be real
critical, because | think we're going to have a very
bi g margi n between where this line is and where a PWR
is able to get a fuel rod up to. So maybe I'll say a
l[ittle nore about that. Pulse w dth.

MEMBER WALLI S: Sone of the boron dilution
events that we've thought about can get you up
hundr eds.

MR MEYER Well, we've |ooked at boron
di lution events al so. They in fact showup here on the

pul se wi dth slide.
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MEMBER WALLI'S: They're a noving target.

The nunber's been changing in the last nonth or so.

MR. MEYER  Ckay.

MEMBER WALLI S:  Sone of them we've heard
about are up above 100.

MR. MEYER  Hundred cal ories per gram

MEMBER WALLI'S: Do the worst thing with
the slug --

MR. MEYER Yes. But probably not in the
first 100 mlliseconds for that first pul se, because
that one's a little smaller than the rod ejection
accident. And it's going to turn out that if you
can't get enough energy in it quickly, you' re not
going to fail by mechani cal neans, you're goingto end
up just heating it up and having the damage done at
hi gh tenperature at alittle higher energy | evel. And
infact the broad picture that's emerging hereis that
boron dilution and BWRoscil |l ations | ook Iike they fit
that pattern. Wen we exam ne the power spikes they
| ook smal | conpared to the rod ej ection, although they
are repeated and there's power left in the core, so
you have a mechani sm subsequently for getting the
cl addi ng tenperature to go on up higher; whereas, in
the rod ejection accident you don't. |It's all over

with in a short ampbunt of tine. And it turns out the
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short amount of tine matters and has been a big
subj ect of controversy in the |ast year and a half.

MR. ROSENTHAL: My nane i s Jack Rosent hal .
" mthe Branch Chief of the Safety Margins --

MR. MEYER MW boss.

MR. ROSENTHAL: -- and Systens Anal ysis
Branch. Just to give sone tine perspectives, like a
thermal hydraulic tinme constant for fuel rodlikethis
is maybe |ike eight seconds or so. For the rod
ejection, we are worried about ten versus 30
mllisecond type pulses. For the boron dilution
events, which we discussed with the Subcomm ttee on
Thermal Hydraulics, we're tal king about events that
proceeded over tens of seconds and the ATWS we're
t hi nking of even longer time scales. It is good,
t hough -- so that the underlying thought should be
different for these events.

On the other hand, it is good to put boron
dilution on this graph, because what we're trying to
say is that, you know, a lot of the design basis
acci dents -- you' ve chosen an acci dent and you need it
to be a surrogate for a class of accidents so that at
the very tine that we're thinking in terns of ejected
rod, the Chapter 15 analysis, we are m ndful that you

get nore revol ution. There are ot her ways of injecting
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the -- changing the --

MEMBER WALLI S: Jack, then they woul d be
absent -- off the scale here in the boron dilution
event, which takes a long tine. The crosswidth is
long so it's probably off the scale here; is that
right?

MR. MEYER: Actually, the initial pul ses
are fairly narrow, they're right here. W' ve |ooked
at a couple of them

MEMBER WALLI S:  But the ones where we get
| arge amounts of delta H --

MR. MEYER The first oneis -- | believe
the first one is the biggest one, and that's the
narrowest one. And in fact it's the point fromthis
slide -- and if | can try and go on and get to other
t hings, the point of this slideis to showthat there
is arelation between the energy that you deposit and
the width of the pulse. And it's a | aw of physics.

MR RAC But one other point | think
needs to be made and that is risk, whichis what we're
interested in, is the product of frequency and
constant. And the frequency of boron dilution and
ATWS core oscillations is likely to be quite a bit
hi gher than the frequency of rod ejection. So it's

not okay to take boron dilution and rod ejection off
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the table if we're interested in risk.
MR MEYER Well, I"'mnot tryingto. I'm

just trying to get through ny story on the rod

ej ection.

MEMBER WALLI S: This is a very funny
slide. It has no width at all. It doesn't really
happen, if it happens in zero tine. You have an

infinite anount of energy.

MR. MEYER This is 20 to 40 mlliseconds
wi dth on this pul se.

MEMBER WALLI'S:  But |'msaying the curve
isreally strange. You say it's the |aw of physics.
The shorter the width, the higher the integrated

energy deposition. You're saying it's the law of

physi cs?

MR, MEYER  Yes.

MEMBER WALLIS: So if there's no width at
all, it's infinite energy.

MR MEYER. Well, | don't know about the

MR, RAQO Clearly, if you have a slow
enough pul se, you allowthe rod to heat up, you allow
t he U238 doppl er resonance integrals to be affected
because you' ve heated t he rods so that the normal fuel

f eedbacks turn the event off, if you can put the --

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

35

punp enough energy i n before you shoot the tenperature
of the pellet up, then you can go to hi gher energies
before it turns itself off. And | think that that's
t he basis for which you get the analytic correl ation
that shows that in order to deposit a | ot of energy
into the systemyou have to do it fast.

MEMBER KRESS: What is your enpirical
correlation curve, the one on the previous slide?

MR. MEYER  Up here?

MEMBER KRESS: Yes.

MR. MEYER Ten milliseconds. Andthisis
the point that 1'd Iike to make fromthis slide. For
t he nonent, don't | ook at the BWR points or the boron
di lution points. Everything else is for PWR rod
ej ections. | actually showed a different slide
yesterday. Yesterday | had a slide that |ooked just
like this, but it was a bunch of sensitivity data.
It's exactly the same. This relation between pul se
width and the increase in fuel pellet enthalpy is
real. It agrees with an anal ytic expression, and the
Nor dhei m Fuchs equati on shows the same thing, it's
been calculated by many different |aboratories in
different codes, and this is a relationship that
really hasn't been chall enged by anybody, yet the

controversy conmes when you | ook at what do you expect
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a power reactor for a pul se size and pul se wi dth, and
what should you set up in your test reactor for a
pul se size and a pul se wi dth? Power reactors, we're
tol d, have maxi mum energi es on the order of 20 or 30
cal ories per gram nmaybe 40, so pulse widths in the
range of 30 or 40 mlliseconds or bigger.

For PWRs, you're down here. Very | ow
energy expected if you eject the rod and do a best
estimate cal cul ation for the power reactor. Wat we
see fromthe cladding failure datais that the failure
is sonewhere out in the range of 80 to 100 cal ories
per gram Still a rough nunber, but you can see that
wherever it is along here the pulse width that a PAR
woul d produce i f you badly designed the core in order
to get that nuch reactivity in would be narrow. And
so this has a bearing then on the test conditi ons when
you're out here exploring the failure limts as
opposed to running a test back here where you just
want to confirmthat you don't get any damage for an
expected pul se.

And 11l tell you right now that you can
see the margin that | think we're dealing with. Wen
we do the plant cal culations, we're going to be down
here in fuel enthal pies on the order of 20, 30 or 40

cal ories per gram And when we get our failure
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ent hal py -- cladding failure enthal py curve refined,
it's going to be sonewhere up here around 80 or 90
cal ories per gram So you have a large margin, and if
we have sone uncertainties on both ends, | think we
can accommodat e that.

Now, what difference does the pul se width
make? This slide's kind of a m xture of two things,
but look at the top two curves. These are
cal cul ati ons that we did recently. The black curve up
ontopis a 30-mllisecond pulse, this pink is a 10-
mllisecond pul se. Both pul ses were arranged t o have
100 cal ories per gram So the nmental picture hereis
that we have a pulse on the order of -- total energy
of 100 cal ori es per gramand a fuel rod whose cl addi ng
is going to fail at 80 or 90 cal ories per gram

So we look at sone enthalpy like 80
cal ories per gram and we see that along this whole
range that the 30-m|lisecond pul se has gotten the
cladding up to a significantly higher tenperature by
the time the failure takes place. Now, this neans
that the cladding in the 30-mIlisecond test i s going
to have nore thermal expansions, it's goingtotry and
run away from the pellet which is pushing on it a
little nore successfully than the 10-mllisecond

pul se, and the nechanical properties wll be
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different.

MEMBER KRESS: Excuse ne, i s this cladding
picture aresult of the fuel thermal tinme constant or
does it have anything with the heat transfer?

MR. MEYER: Heat transfer, it's the heat
transfer.

MEMBER KRESS: Does the heat transfer in
the coolant matter or is it just the thermal tinme
constant of the fuel ?

MR MEYER Well, Harold, does the cool ant
heat transfer -- this is Harold Scott.

MR. SCOTT: That's not really the -- the
main thing is that the pellet has heated up because
it's energy soit's |looking for somepl ace to put that
heat, and the heat is going to go out through the
cl addi ng, so the cladding tenperature, yes, it's the
-- it's just the heat flow through the cladding is
going to heat it up

MEMBER KRESS: So it's a thermal timng,
yes It's sonething |ike seven or eight seconds, or
somnet hi ng?

MR ROSENTHAL: For the fuel rod as a
system including the coolant, we're workingonit in
such small time scales that you could heat up the

clad, specifically the clad, but you' re not going to
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get very nmuch heat transfer to the cool ant.

MEMBER WALLIS: Is it possible for therod
wi t hout considering the coolant is alot shorter than
the fuel rate cycle?

MR. MEYER The coolant isinthere, it's
in there. This is a calculation with the --

MEMBER KRESS: So t he cool ant does nmatter.

MR. MEYER  Yes. | just don't have an
answer to your question, whichis nore inportant, the
cool ant heat transfer or the tinme constant.

MEMBER KRESS: But | was wondering, what
sort of coolant conditions the tests were done in
because then you worry about the cool ant tenperature
as well as the cladding tenperature.

MR. MEYER Yes. Exactly, exactly. Well,
this was done for PWR conditions, this calcul ation.

MEMBER KRESS: It's just a cal cul ation.

MR MEYER Yes. And the tests are done

MEMBER KRESS: You sai d sonme of themwere
done in sodium

MR. MEYER Yes. The 30-m|lisecond Cabri
tests were done in sodium the 10-millisecond NSRR
test were started at a very | owtenperature, and t hese

were done in stagnant water.

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

40

But, anyway, | think we can make at | east
sone first order correctionfor tenperature variation,
and this is the source of the tenperature variation
coming frompul se width and testing.

Just a coupl e of words about Cabri. This
is on an extra slide that's wth your handout
sonmewher e, hopefully. The Cabri International Program
has 12 tests in the test matrix spread out over a
bunch of series called CIP, Cabri International
Program And the two initial tests are in fact the
old sodiumloop. And I'll show you on the next slide
alittle nore about those two tests. These are com ng
up later this nonth and next nonth. And then the
reactor is shut down for some refurbishing and
installation of the water hose which is under
construction. And that will be brought back up in
2005, with the real test beginning again in 2006 and
runni ng for about three nore years.

MEMBER KRESS: Is this BR-3 fuel and
testing? Is this BR-3 fuel and testing?

MR. MEYER: Oh, no. These test rods are
all fromcomercial reactors.

MEMBER KRESS: At 80 gigawatt days per
ton? What's that in the mddle of --

MR. MEYER: Vell, by that tinme, vyes.
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These will cone fromlead test assenblies.

MEMBER KRESS: (kay.

MR. MEYER These are all com ng froml ead
test assenblies. The two rods that are being tested
now there's one with Mb cladding that's comng from
the Grovelins Plant in France, and there's one with
Zirlo cladding, which is a Spanish fuel fabricated by
and used --

MEMBER WALLIS: Why is there so fewtests?
| mean there's so nuch scattered on your graph |I'd
think you' d need a | ot of tests.

(Laughter.)

MR. MEYER: The --

MEMBER WALLI S: O herwi se you've got
anot her outlier and then you have to argue about that.

MR MEYER Vell, first worried about
another outlier, | hope we don't get one. This test
programbreaks the bank. It costs for these 12 tests,
Rosa said 62, | think it's $72 mllion for 12 tests
with the funding split three ways. |RS and the French
research --

MEMBER WALLI S: VWhat's the increnental
cost of another test?

MR MEYER It's about --

MEMBER POVNERS: It's about $6 million, $3
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mllion, something |ike that.

MEMBER WALLI S: VWell, you ve got the
facility.

MR. MEYER: You have the facility but
you' re handling --

MEMBER POVNERS: Ever done a test? |It's
unbel i evabl e expensi ve.

MR MEYER. They can run about three of
these a year, and it cost, on average, about $4
mllion atest. The Japanese and the NSRR reactor run
many nore tests than that.

MEMBER WALLIS: What's the cost of the
ri sk of now knowi ng the right answer?

MEMBER PONERS: | thinkit's nmy inpression
that the argunent that Ral ph's putting together here
isthat we're conmng to a belt-and-suspenders ki nd of
approach here that on the one hand the mechanics of
the reactor itself, the way it's | oaded and the way
the rod can get ejected are such that if you | ook at
his pl ot of power input versus the tinme of the input,
it's extraordinarily difficult to get to such a short
pul se that you put enough power into fail. And then
phenenonol ogically is comng at it saying that the
damage to the cladding occurs at power input |evels

that are, to be sure, a function of the | evel of burn-
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up as reflected in the |l oss of ductility fromthe rod.
But in fact there's still sonme residual strengthupto
the 62 gigawatt days per ton that that protects you
for foreseeable power inpulses. |s that roughly
correct, Ral ph?

MR. MEYER Yes. | think that we'd be
able to provide an overall satisfactory answer at 62
gi gawatt days per ton for Zircal oy and a short period
of time, inspite of the uncertainties and the | ack of
repeated tests, to accurately denonstrate what the
error is and things like that. I1t's inperfect but |
mean it's not going to -- in the end, it's not going
to be bad, because | believe there is anple margin and
there is also | ow enough risk with this event that |
believe the result will be satisfying.

MEMBER KRESS: Ral ph, since these are
confirmatory tests, then | presune you don't have a
user need list?

MR. MEYER. W don't have -- yes, Jack
you want to handle this? | don't want to answer this
guesti on.

MR. ROSENTHAL: Yes. Let me just say that
RES and NRR are revisiting the user need process. The
program plan that's being described to you was an

Agency pl an. We're working out -- in the process
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ri ght now of working out a new Agency plan and t hat
use needs, if necessary, will stemfromthat revised
plan. And so that, pragmatically, in terns of doing
t he fuel work, generatingthe experinents, gettingthe
results, comng to conclusions, it's really not a
problem And | would recommend that the way NRR and
RES work is a broader issue and it mght be best to
hear about that in sonme other context.

MEMBER KRESS: I guess 1'Il ask ny
guestion another way: |Is the funding for all of this
com ng out of the research budget and not from ot her
sources?

MR ROSENTHAL: It's coming out of the
NRC s budget for sure. It's noney that's allocated to
research to do the work through the PPBM process,
whi ch i s an Agency-w de process. W' ve got the noney
to do the work at Argonne. W've got some noney to
participate in Cabri. So it's worked.

MR MEYER This one is pretty highly
| everaged in ternms of cost. But when | explainedit,
it was a high cost. The funding is split roughly
three ways: RRSN, the Research Institutein Franceis
carrying athird of the cost; EDF, Energy De France is
carrying a third of the cost; and the international

community is carrying the other third of the cost.
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And in that international comunity we're about one
out of six.

MR. ROSENTHAL: Yes. And in fairness to
EPRI |let ne say that EPRI and we pay | think the sane
anount or just about the sanme anount.

MEMBER WALLIS: The result will be anot her
bl ack or white point on your broad-brushed itenf

MR. MEYER: Yes, that's true, but perhaps
nore inmportantly is thesew |l bethefirst testswth
new cl addi ng al | oys. And since cl addi ng ductility was
central to the survival or failure of the cl addi ng we
have now in these tests for the first time sone
denonstration for Mb and Zirl oy cl addi ng.

MEMBER KRESS: Do you have good dat abase
on the Mb and Zirl oy ductility versus tenperature and
oxi dation | evel and --

MR. MEYER: Well, we don't at this tine,
but in fact the rod and sibling rods within the CAPRI
Programar e havi ng nechani cal properties neasured. So
in addition to getting this failure or non-failure
poi nt out of it, we get nechanical properties, we get
strain measurenents fromthe tests, quite a |lot of
data that does cone out of the test program in
addition to just the black or white dot on the curve.

| would |li ke to nove on because actually
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the situation with the | oss of cool ant accidents are
probably nore inportant. |"m not sure it's nore
interesting yet, but it's getting noreinteresting day
by day, because we actually have done sone integral
tests with high burn-up rods. W' ve done two of them
and I want to nove on fast enough to be able to show
you that. | nentioned before that the i ssue has to do
wi th whether the enbrittl enment criteria need any ki nd
of adj ustment when you nove to high burn-up cl addi ng
and al so the eval uati on nodel s.

Let ne talk fromthis slide for a nonment.
But 1'd Iike you to keep in mnd that there are two
paraneters in 5046 that we call the enbrittl enment
criteria. It'sthe 17 percent oxidationlimt and the
2200 Fahrenheit decladding tenperature limt. I'n
addition to that, there are four nodels or
correlations, either in Appendix K or set up in the
regul ation, that are related to fuel that mght be
affected by high burn-up that you have to have in
order to do a LOCA ECCS safety anal ysis. One of them
is oxidation kinetics rate, one of them is a
correlation for when a burst occurs, because these
rods are pressurized and when you depressurize a
system as they heat up they're going to ball oon and

burst. You need a nodel to tell you how nmuch strain,
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how much deformation is in the burst area of the rod,
and then you need anot her nodel to tell you how that
parl ays into fl ow area reduction or fl ow bl ockage for
t he | ong-term cool i ng cal cul ati ons.

So we are doi ng several series of teststo
get at all of those issues. | actually should have
anot her di agram over here that |ooks just like this
one with a single piece of tubing in it which we have
used for oxidation kinetics neasurenents. So we have
conpl eted neasurenents of oxidation rate for high
bur n-up BWR cl addi ng t hat has | owcorrosion onit, and
we haven't done the high corroded PWR rods yet.

These two test streans are addressing the
enbrittlenent criteria and the other nodels in the
process. The enbrittlenent criteria canme fromring
conpressi on tests done by Hobson in the |l ate ' 60s and
early '70s, and we are trying to stay close to the
original intent of the regulation, the hearingin"'72
and '73, and so we're going to try and nore or |ess
replicate the ring conpression tests that were done
before in order to see if we cone out with sone
nunbers different than 17 percent and 2200.

In the process, however, we have
di scovered -- well, 20 years ago it was discovered

t hat there was a phenonenon unknown at the tine that
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the regulation was established having to do wth
enhanced hydrogen absorption in the neck of balloon
region of the fuel rod. And so we have to do sone
tests to confirmthat we have enconpassed the effects
of enhanced hydrogen absorption in whatever criteria
we get out of our ring conpression tests.

So we are doing a series of what we cal
integral tests where we have a segnent of a fuel rod
about 15 inches I ong which has the fuel left init.
This is a high burn-up fuel rod with fuel intact. W
pressurize it, we run it through a tenperature
transient that's simlar tothat in aloss of cool ant
accident, and the rod heats up, it deforns, it bursts,
it continues to heat, it oxidizes, it's cooled a
while, it's quenched, it's brought back down, and t hen
after careful ly measuring the tenperat ure and pressure
at rupture, which is one of those correlations, and
nmeasuring the strain on the burst, which is another
one of those correl ations, then we take that speci nen
down and do a four point bend to try and gauge the
i npact of this enhanced hydrogen absorption and fold
that back in wth the results from the ring
conpression tests and try and wap it all up.

It'safairly complicated schenme. | think

we know what we're doing, and we have sonme test
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results fromthe beginning of this. It wll take us
a couple nore years to finish this for Zrcal oy, but
this is a curve -- a slide that shows sonme of the
oxi dation neasurenents. The LO, this is an in-cell
test. This is high burn-up Zircaloy-2. The others
are unirradiated conpani on material, or Zrcal oy-4,
and this is the Cathcart-Pavel correlation, and these
are data points fromthe Cathcart and Pavel's work.
So we plotted them all together here, and they fit
very nicely with the Cathcart-Pavel correlation.

In fact, we've reviewed a | arge nunber of
ot her oxi dation studies, and the result that seens to
be enmerging is that all =zirconian-based alloys,
whet her burn-up or not burn-up, seem to fit the
Cat hcart-Pavel correlation in the vicinity of 1200
degrees centigrade or 2200 Fahrenheit. |It's a very
conveni ent handy result, but | have to caution you
that we have not yet nmade the neasurenents on the
Robi nson rods that we have, the PAR rods t hat we have
at the | ab, which have a heavy | ayer of corrosion on
them so this could change.

So sort of the sinplistic picture of this
isthat the oxidationrate, the controlling processis
t he novenent of oxygen through the buil ding up oxide

layer, and it's ZRO2 on all of them and this is a
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process that's nore or |less taking place from the
surface outwards and it's the same. | can't guarantee
that that is going to be the scientific picture that
hol ds up forever and forever, but it |looks like it
about now. You have to keep in mnd that you should
not expect the same result for the nechani cal behavi or
of the cladding itself, because the ductility or
enbrittlenent of the cladding is not going to depend
on what's sitting up on the surface but what's down in
the material, and that is going to be affected by the
al l oy conposition and other factors.

MEMBER KRESS: You certainly could use
this as measure of the renmining thickness.

MR MEYER |'msorry?

MEMBER KRESS: You certainly could use
this as a nmeasure of the remaining thickness of clad
you have in ternms of the strength of the clad.

MR. MEYER. Well, certainly thereis this
prior beta layer, and the thickness of the prior beta
| ayer was one neasure of the ductility of the
material. There are other nmeasures, and we will | ook
at al ways of characterizing this, but we'll actually
do the tests so that we have the data.

MEMBER WALLI'S: This assunes the oxide

| ayer stays on. |If we heat it up and cool it down
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cyclically, would this lead to flaking off of the
oxi de | ayer?

MR MEYER: Well, the bulk of the oxide
seens to be full of mcrocracks, so it really only
| ooks likeit's dependi ng on the adherent |ayer that's
ri ght down close to the material, whichis why all of
these seemto be fitting this -- why the high burn-up
rods seemto fit the same correlationas if it didn't
have that corrosiononit. But thereal test is going
to be when we get the heavily corroded Robi nson rods
and get the data on that. Anyway, so far so good.
The nmeasurenents are real ly preci se and t he agr eenent
with the correlation is quite good.

Now, for the integral test, this is where
we take a 15-inch | ong piece of fuel rod, heat it up,
coolant it and rupture it. This is the tenperature
sequence t hat we have chosen for thetest. Initially,
we're doing three tests, A, Band C. The first test
comes up to the point of rupture. W nmeke sure that
it's ruptured, and then whenit's ruptured we turnthe
furnace off. Sothat's the first test. That was done
in Septenber, Septenber the 15th -- no, August the
15th. Second test --

MEMBER KRESS: How |ong were these

speci nens?
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MR. MEYER:  About 15 inches.

MEMBER KRESS: And you repressurize them

MR, MEYER  Yes.

MEMBER KRESS: -- and the seal the --

MR, MEYER  Yes.

MEMBER KRESS: (kay.

MR. MEYER:  The pressure part of it is
i nportant, of course, because you want ball ooning
def ormati on. The nmagnitude of the pressure, how nuch
gas you put is inportant, how big the plenumsize is.

MEMBER KRESS: And 15 inches is long
enough to get rid of end defects?

MR MEYER: | think so. You'll see
pictures in just a mnute. The second test -- the
first test was done in argon, it wasn't even done in
steam The second test was done in steam It was
t aken t hrough t he whol e t ransi ent down to t he poi nt of
qguenching and we didn't quench it. W just let it
continue to cool, just nade sure that we didn't bang
up the specinen a lot, and also we didn't have the
poi nt system installed yet. So a little bit of
reality --

MEMBER PONERS: The truth comes out.

MR MEYER: And the third test, which has
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not been done, will have the quenching, andit's going
to be done next nonth.

One of the things that we expected was
t hat axi al gas fl owwoul d be substantially restricted,
because you're at high burn-up, you essentially have
-- cladding has crept down, you' ve lost all of the
gap, you don't have nuch open space, actually. And
tests inthe Hal den react or under operating conditions
show very poor gas conmuni cationintheir fission gas,
sweep gas grid. And so we fully expected that the
pl enum in our test apparatus, which consists of a
gauge and sone lines up to a valve going to the gas
bottl e, that that woul d depressurize slowy andit did
not happen. It depressurized very rapidly. And so
what you have here in red is the pressure trace for
the out-of-cell test and in blue or black the trace
for the in-cell test. And you can see that the
pressure drop down to a rather | ow pressure was very
rapid. So there's no discernible flow restriction
here in the pressures that are affecting the
bal | ooni ng deformation. It's only when you get down
to very low pressure differential that you start
seeing sone effect of this flow area restriction.

This is a picture of the high burn-up rod

that was burst and a picture of the sane type of
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cladding in the unirradiated state that was burst
basically in the sane apparatus, under the same
conditions. 1In effect, the size, shape and opening
are the sane. | nean we've already |ooked at the
prophel oretry traces and conpared themquantitatively,
and there's not that nmuch difference.

Little interesting stuff you can see in
t he opening of the real fuel rod. Here is the second
test. This is the one nowthat was exposed to steam
and this is just two views of the same rod now, the
second one, and you can see that the deformation, the
openi ng, is about the sane as in the other test that
was run in argon and in the out-of-cell tests that
were run in steam

MEMBER KRESS: I's your tenperature
gradient along this rod or --

MR MEYER |'msorry?

MEMBER KRESS: WAs your tenperature
gradient along this rod or was it the sane
t enper at ur e?

MR. MEYER It was uniform There was no
i ntentional tenperature gradi ent. Cbviously, you have
ends where the tenperature falls off, but it's quite
uni form

MEMBER KRESS: And they all failed in the
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m ddl e |ike that?

MR.  MEYER Yes. Not exactly in the
m ddl e, the position varied a little bit, but, you
know, an inch or two.

MEMBER KRESS: Makes ne worry a little
about an end effect for a short rod when they all fail
in the mddle.

MR. MEYER: | nmean we'l |l have tenperature
-- there are four thermal couples onthis thing and --

MEMBER KRESS: | was worried nore about
t he physical restraint end of things.

MR. MEYER Oh, the physical restraint.

MEMBER KRESS: Yes.

MR, MEYER: Well, | haven't told you
anyt hi ng about the test apparatus, but the physical
restraint was an i nportant consideration. W spent a
ot of tinme onit. In the end, we have what we call
a hangi ng test train where we put no axi al constraints
on it other than the weight of the specinmen. W have
ringsonit that constrainits |ateral novenent, soit
is not allowed to nove sideways a | ot, which woul d be
the case in a fuel assenbly where it has grids. And
so this is kind of simulating a grid span.

MEMBER KRESS: Yes, it could; you're

right.
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MEMBER WALLI S: Thi s shoul d have been done

30 years ago.

MR MEYER: W just make it | ook sinple
t oday.

MEMBER KRESS: Those were done but not at
t he hi gh burn-up

MEMBER WALLI'S:  Not at the high burn-up,
yes. So the only difference is the high burn-up?

MR. MEYER: Yes, the high burn-up. The
rod burst tests were done 30 years ago.

MEMBER KRESS: They were al nost with fresh
cl ad.

MR, MEYER  Yes.

MEMBER POVWERS: Ral ph, in order to give
tinme for Undine --

MR. MEYER Yes. You want nme to quit?

VEMBER POVERS: Qit bei ng o)
accommodating to the questi ons.

MR. MEYER Ckay. | do want to point out
t hat fuel came out of both of these high burn-up rods.
We did not expect this. It appeared that sone of it
came out during the transi ent because there's a bl ack
deposit on the quartz tube that surrounds this in the
furnace. We're analyzing all this to see what this

deposit is. About a half a pellet's worth of fue
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cane out, a little bit of that during the transient
and sone of it after as we were handling it.

MR. ROSENTHAL: Nowthat we've been asked
togo fast, | want to slowit down for just a m nute.

VEMBER POVERS: You were asked not to
accomodate -- be so accommopdating to the questions.

MR. ROSENTHAL: So let's go back to the
way -- to put it in a PRA context, let's go back to
the way we did analysis in past years. 1In a boiler
ATWS we assuned that you' d | ower the col d water | evel,
you trip the recirc punps and you'd end up at a power
bet ween ten and 30 percent of power dependi ng on whose
anal ysis you had one -- whose analysis told you you
were using. And then you had the great race between
the power that you were putting in the suppression
pool and power that you can extract from the
suppressi on pool and what operator reactions would
occur, and you drew your event tree accordingly. And
you di d not ask questi ons about what's goi ng on i nsi de
the core. If the operators could successfully
termnate the event before you overheated the
suppressi on pool, then you wote "okay" on the far
ri ght of your event tree. Andif not, you wote "core
nelt,"” and that's about what you did.

Now, it's appropriate to go back and t hi nk
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about what's going on inside the core. | think that
unl i ke when we di d Li nerick PRA or sonething |ike that
we now recogni ze post - Li ebschtadt and what not. But
if youtrip the RCP -- or the recirc punps, you'll go
into a region of instability nmechanistically so that
you'd be at sonme reduced power but wth sone
oscillations goingon. Andsoit's fair to-- 1 don't
know if | have a safety issue there, but | know that
t here's enough going onthat it's worthwhile to think
and anal yze and experinment their way through this. So
that's the context to saying why we're doing this
wor k, and one can imagine that if in fact one finds
t hat one has fuel damage prior to the suppressi on pool
failing, then you have to rethi nk what you' re doing in
PRA space. |'mnot there yet, it's sone work that
we' re doi ng.

MEMBER KRESS: This is the kind of
qguestion that comes up in things |ike power uprates
where they do a risk analysis. This kind of stuff
doesn't show up in the risk analysis, but it's a
potential effect of a power uprate.

MR. MEYER: Yes. Ckay. So Jack has
presented ny first slide, and all | want to say is
that we're not making rapid progress on this, but we

are nmaking some progress. And | just wanted to
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indicate to you that we have done sonething in the
past year to try and nove this forward. One of the
things we -- | say "we" | oosely, because this was done
by Jerry -- Jerry, as aresult of our discussions with
him actually, has run two tests with repeated pul ses
to look at the PC conponent of these power
osci |l I ati ons.

This is brand new work. It will be
presented at the Nucl ear Saf ety Research Conferencein
two weeks by Jerry, and I' mnot going to describe this
in detail, other than to say they've done two tests.
Thi s one had seven pulses init. In neither test did
t hey see any evidence of what | will call nechanica
ratcheting, where the mechanical expansion in the
first pulse was sonehow anplified into the second
pul se and |l ead to a nechanical failure. They didn't
get any mechani cal fail ures.

This is consistent with the conclusion
from the experts who decided from | ooking at this
event that the mechani cal action of the pellets onthe
cl addi ng was not going to be the big feature in the
power oscillations. These tests were sinply run to
confirmthat that is not the right path to go down
| ooki ng at the nmechani cal behavior, as we are doing

with the rod ejection accident, but rather | ooking at
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this nore like a LOCA transi ent where you have a hi gh
t enper at ur e excursi on.

In that regard, the other thing we have
done is to wrk with Stook and VTIT i n Fi nl and who have
a small thermal hydraulic code called GENFLO which
t hey have coupl ed to our FRAPTRAN code. This allows
one to actual |y do sone cl addi ng tenperat ure anal ysi s
during these oscillations. And we installedthis code
a few weeks ago up at Battelle, and during the next
year we' Il be using it alongwith Stook totry and --

CHAl RVAN APOSTOLAKI S:  I's there another
presentation after you? Because the whole sessionis
supposed to end at ten o' cl ock.

VMEMBER POVERS: Don't ask so nmany
guestions. Ckay?

CHAI RVAN APOSTOLAKI'S: | didn't ask any.

MEMBER WALLI S: Don't tell wus so nuch
stuff that will cause questions.

CHAI RVAN APOSTOLAKIS: Can we wrap it up
in 12 mnutes or so, do you think?

MR. MEYER Yes. | can finish up in 90
seconds.

CHAI RVAN APOSTOLAKI S Ckay.

MR. MEYER Ckay. Source term high burn-

up source term W had a panel of experts and nore or
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| ess they concluded that NUREG 1465 is okay for the

hi gh burn-ups we're tal king about, but we'd like to
tie up some | oose ends and get alittle nore data. So
much for the source termslide.

Transportation and dry storage. The issue
here is cladding damage after sitting in a storage
cask where in fact it's under -- sonetimes it's under
hi gher tenperatures and higher pressures than it is
during operation. So we ran creep tests. These are
long-termtests, they take six, nine nonths. W ran
a full series of creep tests on Surrey rods that have
been sitting for 15 years in ldaho, and in July we
inserted HB Robi nson rods, the highly corroded PWR
rods and we're accunul ati ng data on those right now.
Thank you very nuch

MEMBER POVNERS: That covers the research
programin a terse fashion that RES has underway for
confirmng its positions. As | indicated to you at
the beginning of the session, the Electric Power
Research I nstitute has subm tted a topical that has an
extensive analysis of the reactivity insertion
accidents. They have asked NRRto review this, and
Undi ne's going to describe their plans.

MS5. SHOOP: (Ckay. Good norning. Thank

you, and I'll try and nmake this very quick. As ny
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slide indicates, what we hope to acconplish by this
presentation is simlar to the | arge LOCA codes that
we periodically do -- simlar to the | arge LOCA code
reviews that we do. We typically cone in and present
prelimnary information to the Comrmittee so that the
Conmittee can cone up to speed on the review that
we' re doi ng, and that way we can get sone feedback and
your thoughts on the review so that we can nake sure
t hat we acconmpdate all of your concerns during our
review process. So that's basically what this is.
This is the pre-neeting. Once we're done with our
review, we'll cone back to you and share with you
everyt hing we found.

Next. As Ral ph Meyer has alluded to and
Dana's already said, back in 1998, we created an
Agency plan for high burn-up fuel. Part of this plan
did ask the O fice of Research to confirmcriteria up
to the 62 gigawatt days per netric ton uranium That
reiterated the 1993 that the O fice of NRR had asked
research to confirmthat criteria.

I n addi ti on, what we've realized is that
in the age of declining budgets we no | onger have the
resources to be able to do all the research oursel ves,
and therefore we said that if the industry wanted to

go above 62 gi gawatt days per netric ton urani um they
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woul d have to provide the criteria, the database, the
nmet hodol ogi es and t he nodel s t o be abl e to denonstrate
the ability to go to higher burn-ups. So that's
basically what this is. EPR devel oped a programto
be able to come up with the criteria, the database,
the nodels and the nethodology, and this is their
first topical to be one of a series in order to be
abletojustify the industry goingto higher burn-ups.

Qur prelimnary review plan, we canme up
with a prelimnary plan, we're still working on the
final plan, but the focus of the -- the purpose of
comng up with a plan is to focus our resources and
make sure that we've addressed all the components so
that we don't get to the end of the review and then
find that thereis anissue that surprises us. That's
al so why we're talking to you today and yesterday.

MEMBER KRESS: EPRI, when you tell EPRI or
when you agree with EPRI that they have to provide the
dat abase for greater than 62, do you tell them what
information you think you'll need like the
coolability, fission product rel ease, failure point,
energetics of any FCl or do you just |eave that up to
t hem and hope they gi ve you the i nformati on you think
you'l | need?

M5. SHOOP: As with any submittal that the
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industry puts to the Agency, other than putting out
reg gui des and SRPs, we do not give them additiona
gui dance. Just like with the reg gui des and t he SRPs,
t hey have the ability to use our information or not as
t hey choose. They have to be able to justify --

MEMBER KRESS: So you assune they know
what they -- so you assune t hey know what you'll need.

M5. SHOOP: They have to provide the data
to be able to support what it is that they would Iike.
That's our going-in position.

The elenents of our plan include data
verification. As you' ve just heard Ral ph say, there
are a nunber of different testing facilities. Each
facility has their own unique capabilities or non-
capabilities, and so we're going to have to verify
that the data is used correctly, it's statistically
combi ned correctly.

SED/ CSED theory and nodel. The EPRI
program - -

MEMBER POVERS: W might just rem nd
people that thisis strainenergy density and criti cal
strain energy density.

M5. SHOOP: Yes. They say that they can
make an equi val ence between that to Rice's J/Jc. That

was the revolutionary thing in the '60s that Ri ce put
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f orward. So they're saying that they have an
equi valent way to do this. That way they can use
codes and nethods to be able to cone up with that.
We're going to have to l ook into that, and we're going
to code this theory into the FRAPTRAN conput er code.
That way we have a way to independently assess the
i ndustry's proposal

Their proposal had a fuel failure limt
and a fuel coolability Iimt simlar to our current
Reg Guide 1.77. EPRI's proposal has these sane
l[imts, so we're going to have to | ook at them The
FALCON code, they used the FALCON code in devel opi ng
a met hodol ogy, and that is a code that we have not
revi ewed or | ooked at, so we're goi ng to be | ooki ng at
that. Fuel dispersal, we're going to have to review
the data for applicability to make sure it's al
within where they say it is. Uncertainty and
conservatism You know, we always have to make sure
t hat we have the appropriate statistical uncertainty,
make sure that they have appropriate conservatisns
built in for the areas that we don't know about.

The l[imtations of the criteria, there,
again, the criteria was developed wth certain
paraneters. W have to nmake sure that it's applicable

to other paraneters or not as we determ ne. And of
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course we're always going to have our safety
eval uation conditions. And as part of this whole
effort, we're going to revise the appropriate reg
guide, and there's actually three SRPs that all
reference this limt, and we'll cone back to you as
part of that effort.

For our future activities, as | nmentioned,
this is our prelimnary plan. The Ofice of Research
and NRR are getting together to be able to devel op t he
final plan, and we hope to have that by Decenber
We'll be keeping you updated of our progress and
everyt hing el se. Thank you.

MEMBER POVWERS:  You raise one issue in
this plan, which is with the high burn-up fuel we
encountered a change in physics that the conputer
codes didn't predict; we didn't know about it. Is
t here a hope that we now know t he physi cs wel |l enough
t hat we can use these codes i n an extrapol ated fashi on
or do you think that there's going to have to be a
fairly extensive dat abase support for these anal yses?

M5.  SHOOP: As with anything that the
i ndustry proposes and we | ook at, that is part of our
anal ysi s procedure. At this tinme, we're still
gathering data to be able to nake an intelligent

decision. So it would be premature of me to speak to
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t hat --

MEMBER PONERS: | knowthat, for instance,
the Trans- Uraniumlnstitute has taken sonme fuel up to
like a 100 gi gawatt days per ton. | know that as a
poi nt of information. Wat | don't knowis what they
f ound when they went up to those extremely hi gh burn-
ups. And | bringit upjust to say, well, maybe there
is some data out there that would tell us if there's
some change in the physics.

M5.  SHOOP: Could you please ne those
references, the ones you were going to provide nme
yest er day?

MEMBER POVNERS: Undi ne, you nake ne work

so hard.

(Laughter.)

M5. SHOOP: Well, you keep aski ng ne t hese
guesti ons.

MEMBER POAERS: |'|| see what | can do for
you.

M5. SHOOP: Okay. | appreciate it.

MEMBER POVERS: Now, are there other
qguestions that people have for this -- Undine's very
short presentation? | note that she's com ng back

with us with a schedul e for the plan in Decenber, but

this is a fairly deliberate undertaking. | don't
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expect you to come back in February with the results;
is that correct?

MS. SHOOP:  No.

MEMBER POVNERS: February perhaps, but not
2003.

MEMBER KRESS: | did have a point of
information. The strain energy density and criti cal
strain energy density hypothesis, is that spelled out
pretty well in the EPRI report so that | can just get
it and read it?

VEMBER POVERS: Yes. | think it's an
extraordinarily sinple concept, actually. They wite
it out in detail in there. They're just taking the
i ntegral under the stress/strain curve.

MEMBER KRESS: Yes. I'm primrily
interested inthe critical strain energy density part
of it and whether they factor in the things that would
make it critical.

MEMBER PONERS: That's right. That's the
enpiricism

MEMBER KRESS: That's an enpiricism

MEMBER PONERS: And they go to el aborate
| engths to show you how they derive that enpirical
quantity.

VEMBER KRESS: Because | think that
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rel ates to your question about physics up to --
MEMBER PONERS: Well, it alsorelates to

what Undine had as the appropriate statistics and

things like that, the way you analyze the data
derived. It's an intriguing aspect of their topical
report.

MEMBER KRESS: Do we have that topical
report?

MEMBER POVNERS: W do. | have a copy of
it, and I think we nmade Xerox copies of it.

MEMBER KRESS: (kay. Thank you.

MEMBER PONERS: W th no other questions,
| will give it back to you, M. Chairman.

CHAI RVAN APOSTCLAKI S: Thank you, Dana.
W' ||l recess until 10:25.

(Wher eupon, the foregoing matter went off

the record at 10: 09 a. m and went back on

the record at 10:25 a.m)

CHAI RVAN APOSTOLAKI S:  Ckay. W are back
in session. The next item on the agenda is the
overview of the European sinplified boiling water
reactor, the SWR-1000 and t he advanced CANDU r eact or,
ACR- 700, the pre-applicationreviews. Dr. Kress wll
Chair the session.

MEMBER KRESS: Thank you, Dr. Apost ol aki s.
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This is the nature of a briefing to get us up to speed
alittle bit and at |east acquainted to sone extent
with these concepts that are coming in for pre-
application certification in the not too distant
future. So pay attention and ask questions, and |
guess we'll ask Jim Lyons if he wants to nake any
i ntroductory coments before we get started.

CHAI RVAN APOSTOLAKI S: It's too | ow | evel
for Jim

MR. LYONS: |'mpassing out this handout.
My name is JimLyons. |I'mthe Director of the New
Reactor Licensing Project Ofice. And what | wanted
to talk about just briefly to kind of put this in
context of where we are on several reviews that we' ve
got com ng, projects that we're actually working on
the licensing actions. W have three early site
permts that | think we all know about com ng in June
to Septenmber of next year. W would see that the
Conmittee would be involved in that as part of the
site safety analysis that will be done as part of the
early site permt process. The other two portions are
t he envi ronnent al review and t he ener gency
prepar edness review, and the Conmttee hasn't in the
past been involved in those.

In the way of design certifications,
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AP1000 is in here for design certification, and
they' Il be -- actually, | think there's a neetingwth
t hem They're comng to the full Commttee next
nonth, and we' Il tal k nore about it. [I've highlighted
for both the AP1000 and the ESBWR when we actually
have sonme nore detailed m|estones. The itens there
in red are the points in which the Commttee has
typically been involved inthe review, both the draft
saf ety eval uation report stage and at the final safety
eval uation report stage where we actually ask for a
letter. So l've tried to highlight those. Those are
our due dates. Cbviously, the Conmittee neeting and
Subcomi ttee neetings woul d be held before that.

And so we have fairly detail ed m | estones.
Qobvi ously, on AP1000 we're well into that review
We' ve conpl eted issuing our request for additional
i nformati on on an AP1000 just |ast week on Septenber
30. We got all our RAIs out, which was our first
m | est one.

On ESBWR, with Ceneral Electric, we've
been working with themto devel op a schedule for the
pre-application and we actual |y have nm | estones. For
t he ot her designs, the ACR-700, the SWR-1000, which
you' re going to hear about today, GI-MHR and I RI S and

PBVR we've just started talking to sonme of these
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or gani zati ons about what the pre-applicationis going
to be and what else it will be. But | thought that
this woul d be hel pful to the Commttee to kind of get
an under st andi ng of overall what we're working on. |
don't -- 1 haven't included on here infrastructure
type changes that we're working on; rul es,
regul ations, that type of stuff that we may be comni ng
to you and |I'Il get back to you tonorrow on those.
But | wanted to at least lay out this kind of as an
overall before you started on your discussion.

MEMBER KRESS: Who will be |eading the
PBMR aspects?

MR, LYONS: W don't know right now, so
we're -- that's just -- we'd had sone di scussions with
PBMR Limted fromSouth Africa, and they tal ked about
maybe coming in for a pre-application reviewin that
2005/ 2006 tine frame. So we're just kind of waiting
to see on that, and we figured we'd put it back on
t here, because it hasn't conpletely gone away, and |
know that there was a lot of interest in that.

MEMBER KRESS: But the GI-MHR is com ng

VR. LYONS: W've already started
di scussions with them yes. W had neetings in the

| ast couple weeks with both GCeneral Atomcs and
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Westi nghouse on IRIS.  And Westinghouse will tell us
next nmonth also that for IRIS they'd ask us not to
defer resources fromthe AP1000 revi ew, because they

see AP1000 as their highest priority.

So with that, 1'd turn it over. | just
wanted to --

MEMBER LEI TCH: One qui ck question.

MR, LYONS: Sure.

MEMBER LEI TCH: The early site permt for
Exelon is at dinton, | believe.

MR LYONS: Yes.

MEMBER LEI TCH: And | think intonis for
sale, is it not? Do you know if that inpacts this
schedul e at all yet or do they still plan to proceed
with the early site permt application?

MR, LYONS: They' re proceeding on wth
t hat application, and they said that if they did sell
the Plant, that there would be a decision about
whet her or not whoever bought the Pl ant woul d pick up
that early site permit review. And so that woul d be
as part of that. But they have not backed off.

MEMBER LEI TCH:  Ckay.

MR. LYONS: We're still workingwi ththem

MEMBER LEI TCH:  Thanks, Jim

MR, LYONS: Ckay?
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MEMBER KRESS: Ckay.

MR. FLACK: This is John Flack at the NRC
Staff, if | could just add a little bit. We wll be
tothe Commttee on Novenber 6 wi th our infrastructure
assessnent, which had originally included the four
plants, PBMR, GI-VHR, AP1000 and IRIS. We have
subsequently expanded it to al so pick up the ACR-700
and ESBWR at this tinme, so you' |l see sone additiona
informati on that the Comm ttee has not seen before in
| ooki ng at an assessnent, but we'll be back Novenber
6 to talk to you about that.

MEMBER KRESS: (kay.

MR. RAO  Thank you for giving nme this
time. I1'll just give you a very brief --

CHAI RVAN APOSTCOLAKI S: Pl ease identify
yoursel f for the record.

MR. RAG Sorry. ArturamRao fromGeneral
El ectric Conpany. |'mthe Project Manager for the
ESBVR.

CHAI RMVAN APOSTOLAKI S: Thank you.

MR.  RAC ['ll be giving you a brief
overview of the ESBWR, which is a 4,000 negawatt
thermal natural circulation reactor with passive
safety systens.

"1l be covering several aspects of the
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design and the technology, a little bit about ESBWR
evolution, the design philosophy of the safety
systenms, and what |'I| be enphasi zi ng as we go t hrough
t he design is the basic design phil osophy has been to
improve the safety margins by putting in design
features. It's not reliant on conplicated anal ysis
nmet hods and extending and mnimzing margins and
stretching the limts. Wat we have ongoing with the
NRC is a 12-nonth pre-application review which is
i ntended to cl ose the technol ogy i ssues. Wat we are
trying to dointhis periodis to get the approval o
t he TRACG code for use in LOCA contai nnent anal ysis
and transient analysis and close the issue on the
adequacy of the testing and the qualification of the
TRACG conput er code.

The ESBWR is actually in sonme ways an
evol uti onary design. In a sense, it has evol ved, and
as you can see in the evol ution of the design, the old
BWRs used to have steam generators. And al nost 30
years ago we gave up the idea of steam generators,
decided it was a lot sinpler to go with the internal
steam separation, external |oops, nobst of the
operating plants are there.

The ABWR, an operating plant, woul d r eact

to internal punps, and the ESBWR goes a step further
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in terms of sinplification by elimnating all the
punps and relying on natural circulation and passive
safety features.

So the basic design approach has al ways
been evolution towards sinplicity. W' ve got a
natural circulation reactor which | ooks |ike pretty
much i ke any traditional boiling water reactor, just
a taller vessel, six nmeters taller than the ABWR
design. You get the feedwater comng in and fl ow ng
down by gravity, density difference, the water heats
up in the core, you get steamand water and separati on
inthe standard st eamseparator dryers, and st eamgoes
out to dry the steam turbine.

VWhat we did in this Plant was to enhance
t he natural circul ation conpared to standard boiling
water reactors, basically by reducing the flow
restrictions and a higher driving head. It took three
ways we reduced the flow restrictions. W have an
i nproved steam separator with |ower resistance. W
have a shorter core which reduces the two-phase
pressure drop, and we have increased the downconer
area. It's interesting, when you | ook at the four-
circul ati ng pl ant, what you have in a four-circul ating
plant is a punp sitting right out here, and this punp

actually introduces the resistance to the flow.
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And so what the punp actually does it
spends half its energy overcom ng that resistance,
okay, and the other half for providing additional
flow So what we did in this Plant was get rid of
that resistance, and what you end up with is nuch
i ncreased natural circulation flow.

MEMBER KRESS: |Is the efficiency of your
separators related to its fictional resistance? |
mean can you nai ntain the sanme separating efficiency?

MR. RAO Yes. The whol e philosophy isto
make sure that the carry over, carry under are in the
exact same range.

MEMBER KRESS: Are still the sane.

MR.  RAO And we've done additional
testing in the range of application for the ESBWR So
in addition to reducing the flow restrictions, you
provi de a hi gher driving head by using what's called
a chi mey, which basically increases the driving head
bet ween t he downconer and the core out here, enhanced
natural circul ation which makes the operation of the
Pl ant a | ot easier, reduces the vibration, flowrates,
resi stances and all in the vessel.

Evol uti on of the BWR cont ai nnment i s shown
in this chart. Not enough tinme to go into all the

details, but this is the ESBWR shown out here.
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MEMBER KRESS: Are those kind of to scal e

in terms of volune?

MR RAO Alnost to scale. This is not
quite right. W've got tofix this one to get themto
the right scale. This is the Mark Il containnment,
which is right circular cylinder which surrounds the
traditional suppression systens, the drywell and a
wet wel | . In the ESBWR, the size of the ESBWR
containment, this building, is the sane as the Mrk
I1l1. So that's why it's not quite to scale, okay?
But the basic features are shown out here correctly.

What they did is the spent fuel storage
has been noved fromthe refueling floor dowmn to the
separate building like the Mark 111, and the ESBWR
noved to a separate building, inclined fuel transfer
systemsimlar to the Mark 11l except that it's now
not part of the containnent. Here it's part of the
contai nnent, so you can't do refueling operations or
noverent of fuel during normal operation in the Mark
1. Wiereas inthis one, sinceit's not part of the
contai nnment, the contai nnent boundary is out here.
This inclined fuel transfer is outside the
cont ai nnent .

MEMBER KRESS: Do you have an inert gas in

your contai nnent ?
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MR RAO Yes. So unlike the Mark 111,

which is not inerted, it's simlar tothe ABWR or the
earlier Mark Is and Mark I1s. It's an inerted
containnent, it's smaller containnment. Expect no
access during nornmal operationinsidethe contai nnent.

The containnent boundary is basically
shown here. This is a drywell head. This is the
rai sed suppression pool shown out here. These are
what are called gravity-driven cooling systempools,
whi ch provi de wat er makeup foll owi ng | oss of cool ant
acci dent . So this is the traditional containnent
boundary. And what you've got is all the safety
systenms, as you'll see later on, are inside the
contai nnent or just above it, these heat exchanges
sitting above it.

MEMBER KRESS: Onh, okay.

MR. RAO So basically have reduced the
size of the safety grade buildings by alnobst half
conpared to the ABWR  Just |ook at the ABWR  The
cont ai nnent of the ABWR and t he ESBWR cont ai nment | ook
essentially the sane, and they' re about the sane size
al so. What's different is the reactor building. The
ABWR has six floors of safety grade equi pnent, punps,
heat exchanges, steam generators and other things.

Wiereas, inthe ESBWR, all that's gone because all the
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safety systens are now in this envel ope.

MEMBER KRESS: Since you're operating
strictly in the natural convection node, do you have
any enhanced issues with the oscillations?

MR  RAO No. Because the natural
circulation is worth four tines that of the
traditional four-circulating plant, you --

MEMBER KRESS: | see. You really get a
good foll ow through there.

MR RAO  Yes.

MEMBER KRESS: Ckay.

MEMBER LEI TCH: Coul d you go back to your
previous slide for just a nonent? The space above t he
core there, that --

MR. RAG  Chi mey.

MEMBER LEI TCH: -- chimey or plentum
whatever it is, is there anything in there or is that
just an open space to --

MR. RAO Oh, okay. We do have partitions
there. They're one neter by one neter.

MEMBER LEI TCH:  Just for flow direction?

MR. RAO Just for flow direction.

MEMBER LEI TCH: So it's really just an
enpty space to give you the differential head that you

need?
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MR. RAOC Right. Just gives additional

driving head through the core.

MEMBER LEI TCH: Ckay. Thank you.

MEMBER RANSOM  One questi on one mi ght ask
i s how do you know one neter by one nmeter is adequate
to prevent the rate of slope transition that could
occur in the --

MR. RAO When we started the initial
desi gn we actual 'y had an open chi ey, and we went to
one neter by one neter because that's where there was
data avail able, so we were sure that at one neter by
one neter we could -- we wouldn't have any concerns
about flow and bubbly fl ow.

MEMBER RANSOM  And where is that data
fronf

MR RAO We got -- there was sone data
fromRussia, | don't have the exact reference, okay?
That was literature data. And we supplenented it by
additional testing at a test facility in Canada. W
can provide you the details on that, certainly. But
so we've got two pieces of additional data, which
provi ded us confidence that was adequate. In fact,
one of the design philosophies was we want to make
sure during normal operation we have conplete data

range. Qur expectation is that you probably don't
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even need that, and if sonme five or ten years into the
operation of a plant you decide you want to take the
partitions out, it may be an option. But if there's
addi tional data --

MEMBER RANSOM  One woul d t hi nk t hat woul d
be an issue, because in pipes the dinension is nuch
smal | er than that.

MR RAO Yes. No, the -- | don't
remenber the exact di mensi on of the Ontari o Hydro Test
Facility, but | can get you that.

This shows the basic passive safety
systems. This is anisonmetric. You have three pools,
| think, which provide the water makeup. It's about
1,000 cubic neters is all you need. The size of the
pool -- the size of the safety systens are actually
not dependent on the power |[evel. This size is
primarily determ ned by geonetrical considerations.
It's determ ned by how nuch water is needed to fill up
the lower drywell. That's all outside. That's why
when we scal ed up fromthe SBWR design to the ESBWR i t
was really easy for us to scale up. In fact, we
didn't have to give up any margins. The core al ways
remai ns covered for any pi pe break accident. In fact,
it's three nmeters of water above the core.

In addition to that, we have the standard
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suppressi on pool, except that it's raised fromthe
base mat so water can also flow by gravity fromthis
rai sed suppression pool into the vessel. 1t provides
anot her backup source of water in case of pipe break.

Al'l pipes and valves are inside the
containnent, and the decay heat renoval heat
exchanges, not shown in this picture, are above the
drywel | head out here. So all the safety systens are
basically within the contai nment envel ope. That is
where you get the big savings, inprovenent in
econoni Cs.

This chart out here shows the conparison
of ESBWR paraneters to operating BAWRs. We've triedto
do the conparisons at simlar power |levels. This is
Browns Ferry 3, Grand Gul f, ABWR and the ESBWR. You
go fromleft to right. You'll see small changes in
t he paramet ers and basi cally an evol uti onary designin
t hat sense. The active fuel height is 15 percent
| ess, the power density is 15 percent nore than the
ABWR but still much |l ess than the power density that
you're seeing in sone of the recent power uprates.

So the Life Star Plant is up at 62, 64
kilowatts per liter. That's a Mark Il BWR 6. W
el im nated recircul ati on punps, the nunber of control

rod drives. This is locking piston for LP; this is
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fine notion drives. We've got half the nunber of
drives conpared to the ABWRsim | ar drives, identical
drives to the ABWR

MEMBER KRESS: Did you have to nore
Gatalin in to do that?

MR. RAO | don't know the answer to that
guesti on. The safety system punps basically
el i m nat ed them conpl etely. The safety diesel
generators also elimnated the vessel pressure. Al
the paraneters -- feedwater tenperatures and all of
those -- we're keeping themidentical for operating
plants so that we don't have any of the problens of
| ear ni ng from new desi gns.

Here is the bottom Iline: The safety
bui | di ng volune is about half that of the ABWR | ess
than half that of the ABWR. So that's where you get
the big savings in materials. W are basically doing
an evolutioninthe design, which m nim zes operations
ri sks. It's a standard direct cycle plant, fairly
sinple. You pull the control rods and steamcones out
of the top, feedwater is punped in and you drive the
t ur bi ne. Couldn't find anything sinpler than this
one.

The desi gn phi | osophy for core cooling has

been basically shown out here to inprove the design
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f eat ures. Several of them are new conpared -- |
listed them as new, because they're new relative to
t he operating plants. W're using ataller vessel, we
increased the anobunt of subcool water, we've
elimnated | arge pi pes belowthe core. ABWR also did
that, but conpared to the other plants that are
operating, we don't have any |arge pipes below the
core.

The shorter vessel -- the shorter core
makes it | ower in the vessel, so you' ve got nore water
above the core for a pipe break. And in addition to
that, because we rely on gravity for water nmakeup we
added the worst depressurization system Al BWRs
al ready have a depressuri zati on system W' ve got the
wor st one on this one. Two very different kinds of
val ves and going down to two different areas.

And the other thing we're doing is using
t he TRACG conputer code. We're using a code whichis
based on first principles, not a fixed node code,
whi ch has not been fine tuned for the ESBWR Al |l of
the qualification and all the data conparisons we've
done we have not done any fine tuning of the code for
t he application out here. W basically have i nproved
t he Pl ant response by putting in design features, not

by i nprovi ng t he anal ysi s, even t hough we i nproved t he
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anal ysi s.

| don't have tine to go into how the
safety systens work, but basically water flows from
t his upper pool to flood the vessel, as shown on the
ri ght-hand side out here.

MEMBER RANSOM Have you ret ai ned t he sane

degree of redundancy in those systens that you did in

t he SBWR?

MR.  RAO Conpared to the SBWR, it's
essentially identical. There are one or two very
m nor differences, which mght show -- 1'd care to
show t hemout here. In the SBWR this pool of water,

the gravity-driven cooling system pool, was open to
the drywell out here, okay? |In this Plant, they've
closed it off fromthe driver, it's now part of the
wet wel | , okay, so there's a connecting pi pe out here.
And the reason for doing that is not the LOCA
response, okay? What it gives us a | ower contai nnment
pressure. The contai nment pressure in this plant
depends on the relative ratio between the drywell
volume and the wetwell aspects. So you want to
i ncrease the wetwel |l aspects.

MEMBER RANSOM | s t here no vacuumbr eaker
val ve between the --

MR RACO There is a vacuum breaker
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bet ween the wetwel |l and drywell, just |ike the SBWR
So all that we did was when you get a |oss cool ant
accident and this volume drains down into the vesse
or into the lower drywell, this airspace becones
available, and so you effectively increase your
wetwel | airspace and you keep your containnent
pressure | ower follow ng an acci dent.

The contai nment pressureinthis plant is
not really determ ned by decay heat directly. It's
determ ned real ly by where t he non-condensabl e gases
are. So it's a question of transferring the gases
fromthe drywell into the wetwell, and that's what
determ nes the contai nment pressure. So decay heat
renmoval -- the decay heat condensed renoval condensers
actually had lots of margins in the SBAR  And we
doubl ed the power and we've al nbost doubl ed the heat
transfer area. Because it's easy for us to increase
the heat transfer area in this plant.

MEMBER RANSOM And condensers, you mean?

MR. RAO And the condensers. W just
added nore. And we nade t hem 35 percent bi gger, okay?
So it's not a maj or econom c penalty to increase the
heat transfer area, even though we didn't really need
t o, because, agai n, contai nnent pressureis determ ned

not by decay heat renoval so nuch as by the transfer
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of non-condensable fromthere to there.

The design philosophy for decay heat
renoval , of course, is to renove the decay heat from
t he vessel and if needed renove it fromthe drywell.
You use passive contai nnment cooling heat exchanges,
sane as the SBWR W haven't changed the basic
phi | osophy or the basic design; sane heat exchanges,
just 35 percent bigger. W're relying on the sane
testing base and t he sanme qual i fication base usingthe
same conputer codes. TRACG was used for the SBWR
we're using it for this plant also.

So we have several diverse neans of decay
heat renoval. W basically followed the sane
phi | osophy for our operating plants. The initial
steam bl owdown energy, flows to l|large heat sink
suppr essi on pool, basic suppression system Longer
termdecay heat fl ows t hrough t he heat exchanges based
on the pressure difference. It's not -- because the
drywel | is at a higher pressure than the wetwel |, the
steam is pushed through the heat exchanges by the
pressure difference.

As | nentioned earlier, the contai nment
pressure i s determ ned by t he non-condensabl es in the
wetwel | aspects, and that's what controls the

cont ai nnent pressure, not decay heat renoval.
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MEMBER KRESS: On the |onger term decay

heat renmoval, do you have two heat exchanges or just
one?

MR. RAC We actually have four heat
exchanges.

MEMBER KRESS: Four? Ckay.

MR. RAC W have four. They have no
val ves, nothing, they' re always open.

MEMBER KRESS: These separate lines go
into then®?

MR. RAO Yes. The separate lines gointo
each of them And the concept is sinple, reliable.
There's | ot of testing that's been done all over the
world at different scales. And the analysis,
actually, can be done | still say at the back of an

envel ope. You just need to do a cal cul ati on, transfer

t he non-condensabl es fromt he drywel | and wetwel | , and
you'll know what the contai nment pressure is within a
fewPsi. It's not a conplicated anal ysis. Not enough

time to go into that.

VWhat | wanted to show on this chart out
here was the design features affecting the LOCA
response. You know, what we did on the ESBWR, | ook at
the bottom chart out here. Going fromthe left to

right is the ESBWR, ABWR, BWR5, BWR4. \What is shown
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out here is the bottomline. There is just three
times as much water in the ESBWR above the top of the
active fuel. So the water is in the vessel where you
want it. So when you have an accident the water is
there. You don't have to bring it in by accurul ators
or even by gravity; it's all there already. Sothat's
why a loss of coolant accident response is a |ot
better than that for the operating plants, as shown
out here.

This shows the water |evel above the top
of the active fuel after pipe break for different
plants. This is a jet punp plant where you get core
uncovery and you've got to worry about peak cl addi ng
temperature. This is the internal plant, and thisis
t he ESBWR shown in red. You see there's al nost three
nmeters of margin to the top of the active fuel, and
t hi ngs don't happen that fast. It takes 600 seconds
before it gets down to the m ninumwater |evel. And
at this stage you only have t o nake up enough water to
account for the boiloff by decay heat. So you don't
have to provide much water. That's why gravity
actually -- you know, the preferred way for a boiling
wat er reactor, passive boiling water reactor works
really well.

The margin to core uncovery is three
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neters. We've done all the perk sensitivity analysis
and when you neasure it conpared to the peak cl addi ng
tenperatureit's actually only 0.5 degrees centi grade,
so it's nmuch smaller sensitivity to peak cladding
temperature. Okay. This is the containnent pressure
falling at pipe rate. Again, lots of margin to the
desi gn pressure.

An ext ensive technol ogy program has been
conpl eted al nost over the last 15 or 20 years, and
it'saconplete program it's anulti-year program it
i nvol ves international partners. Some of the initial
testing was revi ewed by the NRC, has been observed by
t he NRC. The NRC s been involved in sone of the

selection of the matrices, test matri x. And what has

been conpl et ed? W believe it's very, very
conpr ehensi ve. Even though the analysis is very
sinple, we've got -- | don't think any conmputer course

has been qualified as well as TRACG has been qualified
for this very sinple, unchecked, non-challenging
appl i cati on.

MEMBER KRESS: Did you use the CSAU
process to --

MR. RAOC. We are using the CSAU process.
We are doing the sensitivities, and like | nmentioned

earlier, the success criteria is the cal cul ati on of
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peak cl addi ng tenperature. It's plus/mnus 0.5 PCP,
okay? So the question is when is enough enough, and
we believe we've gone way overboard on this one, as
shown out here. The ESBWR is based on the SBWR and
the ABAR. W recently submtted over 3,000 pages of
new submttals, bring detailed calculations,
conpari sons. And | ooking at the PUD, | ooking at
identifying the key paranmeters, there's overkill, we
bel i eve, and we believe that the analysis is fairly
el enentary and we have to find, | think, collectively,
as an industry, a way to nove forward. Because every
comment we hear from people is that the design is
real |y good, the anal ysis is not conpl ex, but for some
reason the process does now allow rapid closure of
sonme of the issues out here.

Extensive submttals. This shows the
interrel ationshi ps between the submttals. Agai n,
like | mentioned earlier, some of these cal cul ations
can be done on the back of an envel ope, but we have
extensive subnmttals. There's the test and anal ysis
plan. What is shown in this chart out here on the
ri ght-hand side are reports that the NRC al ready has,
the TRACG nodel description, TRACG qualification,
TRACG application for anticipated operational

transi ent anal ysi s. W wlil do additional

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

93
qgual i fication of the TRACG for SBWR and ESBWR. It's

al nrost a two-volune report. [It's over 1,000 pages.

There's a summary of all the tests that
were done for the SBWR in addition to the detail ed
test reports, which | believe are 2,000 or 3,000
pages. Then there's additional testing done for the
ESBWR, which finally gives us a validated code. Now,
this is a conputer code that's been used for 20 years,
okay, by industry.

And, finally, the application nmethodol ogy
is going to be very sinple. As you saw, the
uncertainty, the sensitivity of sone of the paraneters
is plus or minus 0.5 degrees. So what we'll do is
j ust conbi ne the paranmeters i na conservative boundi ng
way. We don't have to do a detailed analysis to get
a reasonabl e answer.

So in summary, what we've done is the
passive systens have sinplified the plant designs,
which in addition to what the cal cul ati ons show, the
gut feel says we've cone up with a design which is
i nherently sinpler and is, at |least froma gut feel,
| ooks like it's easier for the operator to operate
during an accident. The plant evaluations are
si nmpl er. You've got |ess conplex analysis, |ow

paranet er uncertainty.
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Substanti al margi ns exi st fromt he desi gn.
They' re usi ng a nmechani sti c code, okay, and we' ve got
a defense-in-depth system For those who are still
unconfortable with passive safety systems, you' ve
still got the active non-safety systens which are
there, which are used for normal operations. You've
heard the old story about the boiling water reactor,
di rect cycle, quiet. Any punp that punps water can be
used to provide water makeup into the vessel, and so
in a direct cycle plant, we've still got all the
normal punps needed for the reactor water cleanup or
t he fuel pool cooling system W' ve retained sone of
those. The PSAtold us that it's good to have an LPCl
system Low Pressure Coolant Injection System so
we' ve made the |ine connection fromthe fuel cooling
systemusi ng the fuel pool cooling systempunp, non-
saf ety, which control water makeup. So we've got al
of those features in there.

MEMBER KRESS: What do you do about the
fuel pool cooling? Do you have to bring a truck in
and add water to the fuel punp?

MR RACO No. The fuel pool cooling
systemis a non-safety system It has enough water
for 72 hours. You don't have to --

MEMBER KRESS: Bef ore you uncover the
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spent fuel that's in there.

MR, RAO. Yes. Yes.

MEMBER KRESS: Ckay.

MR. RAO. And we have provi ded connecti ons
for the outside for --

MEMBER KRESS: Just in case.

MR RAO -- 72 hours. It's all there
The basis design is the sane as the SBWR The
chal l enge nowis -- there's extensive qualification,
t he technol ogy i ssues have been extensively studi ed.
The chal | enge now is how can we get closure on this
and JimLyons presented a schedule to you which said
it will take 12 nonths. The last tine | made a
presentation to the ACRS, Dana said, "Try themand see
whet her they' |l approve it in tw weeks." It's 12
nont hs.

(Laughter.)

MR. RAQ Thank you.

MEMBER FORD: | notice that your vesse
di aneter is the sanme, your downconer cap w der, and
you've got nore fuel rods. Does this not nean,
therefore, that the flux onthe coreinternals will be
hi gher ?

MR. RAO The flux on the vessel is about

15, 20 percent higher than ABWR We're still well
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bel ow any of the limts that you see on the other
operating reactors not --

MEMBER FORD: And the core internal's
materials will be welded 316L, presunmably?

MR. RAO | don't knowthe exact material .

MEMBER FORD: Sane as ABWR

MR. RAQ The sane as ABWR

MEMBER KRESS: But you don't have a
beltline weld, as | understand.

MR. RAO No. You won't have any beltline
wel ds. They are four strings, same as the ABWR
That's one of the reasons why they kept the vessel
damage at 7.1 neters. Theoretically, we could go --
you know, we aren't limted technically to the power
levels we are at. But what we decided to do was to
stay at 7.1 neter vessel, because that's where the
i ndustrial capability is right now.

MEMBER FORD: Is the plan to make the

internals materials out of noble nmetal nodified

al | oys?

MR, RAQO |"m sorry, | don't have the
answer. \Wiatever's the |latest on the ABWR we'l | be
using that. Again, we'll be using whatever we'll be

| earning fromthe operating plants. The intent onthe

internals is to nake themrepl aceable. Ckay. That's
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onethingthat'salittle different than the ABWR here
is that they will be replaceable.

MEMBER FORD: And the other question on
the material s aspect, what is the experience-based --
one of the new aspects for BWRis this heat exchanger
t hat you have on the top.

MR RAO  Yes.

MEMBER FORD: Wiaich will only be used
hopefully intermttently.

MR RAO Yes. On the heat exchanges,
t here there was extensive testing, which carried them
through the life cycle. W actually ran the life
cycle -- we tried to sinulate the life cycle and the
stresses and the behavior during the life of the
pl ant .

MEMBER FORD: There have been studies in
terms of the long-termstructural integrity of that
heat exchange.

MR. RAO  Yes, yes.

MEMBER ROSEN: Is ESBR an acronym for
somet hi ng?

MR RAO ESBWR does not stand for
Eur opean, please, | want toclarify that. ESBWRri ght
now does not stand for anything. The BWRis a boiling

water reactor. The ESis still flexible. The highest
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bi dder we leave it up to them

MEMBER LEI TCH: The fuel is rather than 12
feet long is how | ong?

MR RAO Ten feet.

MEMBER LEI TCH: Ten feet.

MR RAO Yes, three neters.

VMEMBER LEI TCH: Has there been any
experience with fuel of that |ength?

MR RAO. Well, there has been fuel of
shorter | engths than that in sone plants but not -- it
will be the same basic design as the GE-1214 or
what ever the next evol ution of the GE fuel would be.
The expectationis that the testing woul d be done when
the plant is built. W always do the CPR testing of
t hat fuel .

MEMBER ROSEN: Have you done a detail ed
refueling study in terns of the ease of refueling --

MR RAO  Yes.

MEMBER ROSEN: Ilt's a fairly small
containnent, so it typically comes up in operation
i ssues as small contai nments.

MR, RAC The building is small. The
refueling floor is the sane size as the Mark Il1. So
in fact we've had utilities involved in this program

for the last ten years who are -- in fact, the Finnish
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utility, which holds therecord for refueling outages,
made us nmake several changes to i nprove the refueling
ti mes and out ages. For exanpl e, even t hough we' ve got
inclined fuel transfer, the spent fuel is storedin a
separate building. W have actually a buffer pool up
at the top which can handle 70 percent of the fuel.
That was sonething that the Finnish utility made us
put in there.

MEMBER ROSEN: Are there any donestic
utilities who are working with you?

MR. RAG Yes. W' ve got several donestic
utilities working with us. We've got a Uilities
Steering Committee, which has worked with us. The
domestic utilities joined this program three years
ago. EPRI is the official representative, but there
are others that cone to the neetings. And the old arc
utilities are EPRI nenbers.

VMEMBER RANSOM On  your contai nnment
pressure plot, is that rising mainly due to boil down
inthe --

MR. RAO Yes. That's alogplot, soit's
extrenel y exaggerated out there.

MEMBER RANSOM  You have up to 24 hours.

MR. RAO Yes. What happens is that there

is some heating up that's going on, and so that --
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like | nmentioned earlier, the contai nment pressure is
determ ned 80 percent by the non-condensabl es of the
ai r bei ng pushed over fromthe drywell to the wetwel | .
So that's why you get that initial rise, okay? Then
the long-termis determ ned by the vapor pressure.

MEMBER RANSOM  Where does this curve go
beyond the 24 hours?

MR. RAO Well, we'vecarriedit out to 72
hours on the ESBWR

MEMBER RANSOM It's dry at that point.

MR. RAO. No, no.

MEMBER RANSOM | thought it was 72 hours
you had to refill the --

MR. RACG Yes. You've got torefill the
out si de external pools.

MEMBER RANSOM  Ri ght.

MR. RACG Yes. You' ve got torefill the
ext ernal pool s.

MEMBER RANSOM Does the containnent
pressure then go back down when you refill these?

MR. RAO No, it stays there. Again, |ike
| said, the pressure is determ ned by where the air
is. So you ve got to bring the air back. It's not a
decay heat renoval issue, it's nore where the air

distribution is.
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MEMBER RANSOM \When does the equilibrium

get maxi mum pressure?

MR. RAC It actually goes to peak refuel
six hours into the transient. This is before the
gravity-driven cooling systemdrains out, okay? So
you see that pressure goes down because at that stage
the gravity-driven cooling -- there are two di ps out
there. Let ne seeif | can -- | have to go back quite
a bit. Oh, okay. There are two dips out here. This
first decrease is when the gravity-driven cooling
system water, quenches the steamin the vessel.

MEMBER ROSEN: | was | ooki ng at t he SBWR

MR. RAOC. Yes. The SBWR-- God, it's been
so long since |I | ooked at that one. Wen you | ook at
t he bl ue one, the phenonenonis simlar. Wat happens
is-- sothisis whenthe steanming is decreased in the
drywel I . Wen that happens the vacuum breakers open
and it sucks the air back into the drywell. So the
pressure i s com ng by where the non-condensabl es are,
basi cal | y. That's all you're talking about,
di stribution of the non-condensabl es.

MEMBER RANSOM  So beyond this 24 hours it
continues to decrease then?

MR. RAO. Well, it basically stays steady.

MEMBER RANSOM It burps back and forth?
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MR. RAG Yes. It goes back and forth a

little bit. Qut here there's a little bit of
decr ease, because as the gravity-driven cooling system
drains out, you increase the wetwell vol ume by about
15 percent. That pool s adds anot her 15 percent margin
to the fuel cells.

MEMBER ROSEN:  You say you el i m nate | arge
pi pe bel ow the core and m nim ze other pipes. Are
t here any pi pes bel ow the core?

MR. RAO Yes, right here. There are four
two-inch nozzles at the bottomof the core. That's
part of what's called the reactor water cleanup
system That' s used during start-up and
stratification. There are no punps. You need to
prevent stratification at the bottom of the vessel
during the start-up. And so that's what they' re used
for.

MEMBER ROSEN:  Two-i nch pi pes.

MR. RAO Two-inch nozzl es.

MEMBER ROSEN: Two-inch nozzles. So your
total dianeter is --

MR. RAO There's two-inch nozzles.

MEMBER ROSEN:. I'mtrying to get to the
| argest size break.

MR RAO Two inch.
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MEMBER ROSEN: Two inch. But it's not a

two-inch --

MR. RAG Line is greater outside

MEMBER ROSEN. Ch, okay. So the size of
the break is two inches in dianeter.

MR. RAO Yes. There a couple of two-inch
lines, there's the reactor water cleanup line. The
gravity-driven cooling systemlines are al so two-inch
nozzl es. They cone in above the core sonewhere out
here. These are sone of the lines that are the -- the
big lines are the steamline and the feedwater |ine.
Those are fairly high up in the vessel.

MEMBER ROSEN: Is it correct that if you
have a bottomdrain |ine break, you still have enough
water in the entire systemto maintain the core cover
even when you flood that | ower conpartnent?

MR. RAO Yes. The |ower volunme thereis
about 1,000 -- is what's shown out here. This is for
a main steamline break, but | had one for a bottom
drain line break. What happens is actually the size
of the spool is such a size to keep the core covered
up to the top of the active fuel

MEMBER ROSEN: (kay.

MR RAC And this is about 700 cubic

neters, it's not a very large volune. And this is
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about 1,000 cubic neters. And so there's a coupl e of
hundred cubic nmeters to fill up the --

MEMBER LEI TCH:  But you have control rod
drive penetrations com ng out the bottom right?

MR, RAO  Sure.

MEMBER LEI TCH: And instrunentation
penetrati ons.

MR. RAG Yes. Those are the sane. And
those -- you know, we've also | ooked at water in the
openi ng areas for sonme reason during shutdown. What
woul d be the biggest drain at the botton? You don't
-- still again two-inch nozzle is the biggest opening
t hat you' d have during a shutdown in the bottomal so.
Ckay. So we've |ooked at shutdown PSAs and we've
| ooked at all of these issues.

And, again, like | said, it's a fairly
sinmpl e el ementary design. Everyone seens to likeit.
And we're still looking for the two-week revi ew t hat
Dana prom sed us.

MEMBER ROSEN:  You're | ooking for aclient
and someone to help you nane it.

MR. RAG Well, a client woul d be hel pful
t oo, yes.

MEMBER PONERS: |If | get thema two-week

review on this, they'll nane it after ne.
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(Laughter.)

VEMBER KRESS: ES st ands for
extraordinarily sinple.

MR. RAO Yes. Lots of people like this.
Even though the ABWR is our current product, U.S.
utilities have expressed aninterest inthis, and they
want to know about it.

MEMBER KRESS: kay. Yes, | qguess we
better nove on to the next. Thank you very nuch.

MR. RAG Thank you.

MEMBER KRESS: It was very interesting.
Who is up next? Is it the CANDU? Jim | guess you're
coordinating this.

MR LYONS: | anf? Framatone.

MEMBER KRESS: Framat one, okay.

MR LYONS: SWR1000 will be next.

VR, STOUDT: Good norning, or is it
aft ernoon?

| * mRoger Stoudt, | work for Framat ome ANP
as an advi sor engineer in Lynchburg, Virginia. And
| " mhere today to present an overvi ew of the SWR 1000,
and with sone particular focus on the passive safety
features of the design.

| would Iike to say, just before |l start,

that as | told the NRCstaff in August that I'mreally
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happy to be here, because | didn't think that during
my career | would ever see interest in the nuclear
power plant again in the US., and it is kind of
refreshing to think that there m ght be a chance for
us.

Just briefly, the SWR 1000 design is an
evol uti on of technol ogy that got started back in the
'60s. As you can see, the plants are |isted here that
have been built and operated, not all are still
oper at i ng.

But back in' 68 there was t he Li ngen pl ant
with the first fine notion control rod drive. Later
on at Brunsbuttel was the first use of internal recirc
punp.

And then the | atest designs, of course,
are at @undrenm ngen B and C. And the SWR 1000 uses
a nunber of the sane internal conponents in the
reactor vessel fromthose plants.

The SWR 1000 design was initiated back in
the early '90s. Testing prograns started about ' 95,
and the design has evolved to where it is viable
t oday.

Just briefly, sone of the characteristics
of the plant are, thermal power is 3370, nornmally

electric net is 1250. The plant originally started
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out as a |l ower power | evel design, hence the name SWR
1000.

But it probably will settle out at 1250
nmegawatts inits final form There are 664 12x12 fuel
el enents. The active length is about three neters,
157 control rods. We retain the recircul ati on punps,
there are 8 of those.

The reactor pressure vessel is 75 bar, or
close to 1100 PSIA. W have 8 safety relief valves,
and sone of the passive conponent ratings are shown
t here; the energency condenser -- and | will point out
where these things are located in the next slide or
two, and discuss those at sonme, in a bit nore depth.

The cont ai nment cool i ng condensers, four
of those are rated at 4.8 negawatts, and we have four
passi ve fl oodi ng systens, the contai nnent dianmeter is
32 neters, and its design pressure of 7.9 bar, 115
PSI A.

VMEMBER ROSEN: |  haven't run the
calculation yet but it seenms like this is a very
efficient plant. Am| correct?

MR. STOUDT: Efficiencyis around 35 point
sonet hi ng percent.

MEMBER ROSEN:. What do you attribute that

to, the increase over -- it seens a little, at | east
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ten percent higher.

MR. STOUDT: | think it is about the sane
as the prior Gundrenm ngen pl ants.

MEMBER ROSEN. Is it? kay.

VR. STOUDT: It depends on the
application. Sone of the applications in Europe have
very cold water available for the condensers at the
end of the turbine, that helps alot. W may not get
t hose kinds of efficiencies inthe U S., depending on
t he application.

The basi c safety approach is that all the
active systens have passive safety rel ated backup to
perform nucl ear safety functions. And, in fact, the
passive safety features will keep the plant safe
Wi t hout use of any active systens.

Thisis aconpositeslidethat illustrates
the basic features of the plant. The plant has four
cont ai nnent cool i ng condensers. And this is the way
ultimately all the heat, all the energy inside
contai nnent, is renoved

There is a dryer separator storage poo
out side contai nnent. And the energy inside
containnent is transferred by these containnment
cool i ng condensers. There is no valves, they sinply

start tooperateif thereis asignificant tenperature
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gradi ent inside to outside.

In addition we have the energency
condensers for heat renpoval fromthe reactor pressure
vessel. There are four of those, there are four core
fl oodi ng pools. Again, the ECs are passive devices,
no valves open, they are sinply connected to the
reactor vessel. And if the water |evel drops inside
t he vessel the condensers begin to operate.

So for a range of design basis events the
energy inside the reactor is transferred to the core
fl oodi ng pool. Eventually, as this pool water gets
hot, and begins to generate vapor steam that is
condensed by the contai nment cool i ng condensers, and
the energy is renoved from contai nment.

So ultinmately these are the devices that
keep the containment pressure down, or renove the
energy that is being dunped inside the containnment
bui I di ng.

There are eight safety relief valves,
st eam relief val ves to pr event react or
overpressurization, and also to depressurize the
reactor.

I n addition, these core fl oodi ng pool s --
again, there are four of these -- they are connect ed.

But they are separate pools. And each pool has a core
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flooding line, which is connected to the return |line
fromthe enmergency condenser.

I naddition there are four passive outfl ow
reducers which were installed onthe returnline from
the EC. The reason for those, it is essentially a
fluid diode, so that in outflow the resistance is
increased drastically to prevent too nuch water from
exiting the reactor vessel, and leading to core
uncovery.

MEMBER LEI TCH.  Roger ?

MR, STOUDT: Yes?

VMEMBER LEI TCH: That dryer separator
storage pool, there nmust be sone walls or sonething
t here that are not shown. That woul d appear, how does
that work during refueling operations? | don't
under st and t hat.

MR, STOUDT: Well, the refueling pool is
over here, okay? And the handling equipnment is up
above it. So the reason for the name is that the
internals are stored in here during refueling.

MEMBER LEI TCH:  There nust be sone walls
t hat are not shown?

MR STOUDT: Yes, there are lots of
things. This is a very conceptual drawing, there is

lots of things that aren't shown here. | do have, if
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we have tine for it, | mght be able to find a slide
here that is a detailed cross-section of the plant.

A plan viewand an el evation view, | think
|'ve got it sone place with ne.

MEMBER LEI TCH: Ckay. | see what you are
sayi ng, yes.

MEMBER ROSEN: We used to call el ectrical,
wat er di odes, or what ever you call them check val ves.
I s that what you are tal king about? Passive --

MR. STOUDT: |'ve got a picture of it a
little bit later, so | think you will see what |I'm
t al ki ng about .

MEMBER ROSEN:  Onh, okay.

MR. STOUDT: No, there are no noving parts
init.

VMEMBER KRESS: It is like the one they
used to have in --

MR. STOUDT: Pardon me, which reactor?

MEMBER KRESS: Are you famliar with the
device they had in the PIAS reactor?

MR, STOUDT: No, I'mnot. It may be very
simlar.

MEMBER KRESS: Yes, they called it a
di ode, no noving parts.

MR, STOUDT: Ckay. |In addition | would
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just i ke to point out a couple of other itens. There
is adry wll flooding |ine shown here, which in the
event of a sever accident would flood the dry well and
cool the reactor from the outside, to retain nelt
i nsi de.

There are vent pi pes, 16 vent pi pes, these
vent pipes, in the case of a LOCA, would vent steam
into the pressure suppression pool, and condense it in
the process. There are overflow |ines between the
core fl oodi ng pool and the pressure suppressi on pool,
whi ch al | ow any excess wat er condensed up here to fl ow
into the pressure suppression pool.

And there are also these hydrogen vent
lines. So that any hydrogen accurul ati ng near the top
of the containment would be directed down into the
pressure suppression pool and be renoved.

There are two residual heat renova
systems shown here. They are not necessary to
mai ntain the safety of the plant. They are avail abl e,
they can renobve water from both the pressure
suppressi on pool, and cool it, returnit to the core
fl oodi ng pool .

The return lines aren't shown, just the
suction lines, so there is a connection here. The

pressure suppression pool, and also one from the
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reactor vessel, to be used for decay heat during
shut down.

MEMBER ROSEN: That | ooks suspiciously
like a punp in your graphic. |Is that what it is?

MR. STOUDT: Here? Yes, it is. Yes, that
certainly is a punp, yes. But it is not, as | said,
it is not necessary for mtigating any of the design
basi s events that m ght occur

MEMBER ROSEN:  Just for normal shutdown?

MR STOUDT: It can be used, it is an
active system that can be used. It serves the
pressure, the function of [|ow pressure cool ant
injection as well.

You can renove the water fromthe reactor
vessel, send it through cool ers down a heat exchanger
inthis area, and return it by the feedwater |ines.
So it can be used that way, but it is not necessary.

We can denonstrate adequate accident
response wit hout use of the residual heat renoval, or
LPCl system

This is an illustration of the energency
condenser. Again, there are no valves in the | oop.
During normal operation you see, essentially, the
wat er |evel. Under those conditions there is no

circulation through the energency condenser
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This anti-circulation | oop at the bottom
prevents hot water fromcirculatinginternally within
the pipe and returning, simlar to the trap on a
typi cal water heater.

VWhen the cool ant | evel drops, and all it
needs is about seven tenths of a meter, then
circulation begins. Steamflows into the energency
condenser, where it is condensed, and returns to the
reactor vessel.

There are four of these things. Each of
them is rated at roughly 66 nmegawatts of energy
renoval capacity.

MEMBER RANSOM  There nust be sonet hing
mssing in that |eft-hand side.

MR STOUDT: Yes?

MEMBER RANSOM  You either have it filled
with water inthe upper part, or sonethi ng, because it
is just a manoneter, and it has to bal ance --

MR STOUDT: The steam comes down to --
there is a subtle change in colors here. And right
about here is the interface between the steam and
wat er . The water here is, of course, at anbient
tenperature, at core floodi ng pool tenperatures.

And hot water from the reactor vessel

stops right about here. So you have sone
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stratification in tenperatures.

MEMBER RANSOM  All right.

MR STOUDT: But that is what bal ances
t hi ngs, okay?

MEMBER FORD: | take it, you said that is
normal |y stagnant during normal --

MR STOUDT: Yes.

MEMBER FORD: -- then you' ve got a steam
wat er interface?

MR STOUDT: Yes, right here.

MEMBER FORD: How do you deal wth
hydr ogen/ oxygen expl osi ve m xtures?

MR. STOUDT: I'm sorry, hydrogen and
oxygen?

MEMBER FORD: |'m thinking of the
Brunsbuttel incident recently.

MR. STOUDT: These pipes, this |ooks
hori zontal here, but these are designed so that any
radiolitic gases, if that is what you are referring
to?

MEMBER FORD: That is what |'mreferring
to.

MR. STOUDT: WII rise and | eave the | oop.
They won't accunul at e anypl ace because the rel ati ve,

agai n, the el evati on changes aren't apparent here, but
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it is designed so that you have continuously
i ncreasing --

MEMBER FORD: There wi Il be venting | ines?

MR. STOUDT: Yes, right. The other device
i s the containnment cooling condenser. There is one of
t hese |ocated above each core flooding pool. O
course each core flooding pool also contains an
emer gency condenser

And t hese, ultimately, are the devices, as
| noted before, that renove the energy from the
contai nnent building intothe dryer separator storage
pool .

Agai n, these devices, there are valves,
there are valves in both lines. But they are there
for isolation and closing themoff. During operation
t he val ves are al ways open, so there is nothing that
opens or closes to get these devices to function.

| f the pressure starts to cone up, and the
tenperature comes up in the containnment building,
because of the presence of steam the steamcondenses,
cold water from the dryer separator storage pool
relatively cold water, | think the design tenperature
is 100C, begins to circulate through the tubes of the
cont ai nnent cool i ng condenser, condensi ng the steam

returning it to the core flooding pool.
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VMEMBER WALLI S: What cones out is hot

water in the --

MR. STOUDT: It could come out as steam
| mean, depending on the tenperatures one could get a
vapor m xture comng out of this return tube.

But essentially for all events it would
require about two or three days before anybody woul d
have to worry about refilling dryer separator storage
pool. There is no operator action required.

This does show finned tubing. Actually
t he current desi gn doesn't use finned tubing, the fins
have been el i m nat ed.

This is the thing | alluded to before, ny
fluidic diode, the passive outflowreducer. This is
what is installed in each return line for each
emer gency condenser. And it functions by changingthe
rotational conponent of the flow, depending on which
way the cool ant is going.

So  nornal flow direction in this
direction, of course, corresponds to a pretty direct
pat h t hrough t hi s conponent, throughthe slotsinthis
conponent. And relatively |low fl ow resistance.

| f a pi pe shoul d break out here sonewhere,
and the flow reverses, then there is a significant

rotational component inposed, and it essentially 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

118

equi valent to inposing a very large flow resistance.

Tests on a device of this type have shown,
roughly, a two order of increase in flow resistance,
depending if it is in or what.

MEMBER ROSEN: Two to the order of
magni t ude?

MR. STOUDT: Magnitude, yes. So the K
val ues would go from-- by a factor of 100, and you
get about a tenth of a flowin the outflow direction
as inflow.

This is a device cal |l ed a passi ve pressure
pul se transmitter. It is apatented device, andit is
there to actuate reactor scram main steam line
i solation val ve actuation, and to depressurize the
reactor, in case that should be required.

Again, the device itself has no noving
parts. Under normal operation, where you see the
water |evel reactor vessel, again, this thing is
filled with cold water, and nothing is happening.

It has a primary side, as you can see, and
a secondary side. It is sort of a shell and tube heat
exchanger of sorts. And the secondary side is also
filled with water connected to a pilot valve.

Wen the water |evel drops during an

acci dent scenario, the steambegins to flowinto this
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device, and the steam heats the secondary. The
secondary pressurizes because of the energy being
i nput, and activates the pilot valve.

Which, in turn can, depending on where
t hese things are |l ocated, caninitiate reactor scram
can cl ose the main steamisol ati on val ves, and it can
open the steamline and relief val ves to depressurize
t he reactor.

This is a very sinplified picture. There
are actually four levels. There are twelve of these
in total, and installed at three different |evels.
The hi ghest PPPTs scram the reactor, the set bel ow
that, if the water |evel continues to drop, would
isolate the main steam |ines, and depressurize the
reactor.

The very | owest ones activate, or scram
t he reactor cl osed main steami sol ati on val ves in the
case of water |evel increase. These devices require
no el ectrical power.

It is true that the subsequent actuation
systens downstream do involve val ves. But, again
there are no electrical signals, or any kind of
el ectrical power required for these itens to work.

And, finally, in the event of a sever

accident condition, there is a core flooding |ine,
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which ends in -- actually the core flooding line
splits, in the nobst recent configuration, and each
exit piping, or each exit line contains two val ves.

The val ves are actuated by a signal from
the safety INC that is neasuring water |evel. There
are reactor water |evel neasuring devices, and when
the water level gets to, | think it is roughly 13
neters, the top-nost valve opens, and if the water
| evel continues to drop, | think the second valve
opens at about 6 neters, which is well into core
uncovery. And the assunption is, of course, that the
severe accident is underway.

There is sufficient water in the core
fl ooding pools to flood the dry well, and still keep
the ECs covered, the energent condensers, which |
showed you a coupl e of slides back.

And then the fl ooding establishes a fl ow
path between this reactor vessel insulation, and
allows the lower head to be cooled sufficiently to
retain the nelt inside the reactor vessel.

MEMBER WALLI'S: |Is there another vessel
out si de the vessel ?

MR, STOUDT: This is the insulation
package. There is a gap between the two.

MEMBER WALLI'S: But there is a contai ner,
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there i s another container -- the insul ation between
those two cylinders -- insulationis not inportant, it
is --

MR. STOUDT: Yes, it is just creating a
path for the flowto be heated and then rise, and the
vapor, boiling water, would be cooled by the
cont ai nnent cool i ng condenser, returned to this core
fl oodi ng pool .

And, of course, this line is open. So
that conpletes the flow circuit into the dry well.

MEMBER PONERS: What nakes you thi nk that
the metallic portion of the core nelt is |ess dense
t han the oxi de portion?

MR,  STOUDT: Wy do | have it shown

stratified here? Well, I"mnot an expert onthis, I'm
not going to pretend to be.

MEMBER POVNERS: Well, | am

MR. STOUDT: The anal ysi s has been done by
our col |l eagues i n Germany. The person, in particul ar,
| think his name is Nicolai Kolev, who has done a
consi derabl e amount of anal ysi s.

|"m quite sure we could very easily get
what ever information you would like to have about

t hat . I'm not going to attenpt to explain the

stratification.
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MEMBER PONERS: 1 n 1989 t he prediction was

made that that would not be the case, that the
metallic fraction of the nmelt woul d be nore dense t han
the oxidic reaction. That prediction has recently
been confirmed by sone experinents in St. Petersburg.

MEMBER WALLIS: The Russian work, right?

MEMBER POWAERS: That is right. I f you
have the metallic fractionincontact with the vessel,
what prevents a vigorous inter-netallic reaction in
the tradi ng vessel ?

MR. STOUDT: | don't know the answer. |
will certainly record that question and find out.

MEMBER WALLI'S:  And that color, which is
outside the vessel, is the sane color as the core
nelt? What is that?

VEMBER POVERS: That is the netallic,
inter-netallic reaction penetrating the vessel.

MEMBER WALLIS: But it stops.

MR STOUDT: Whereis this? You nean |like

her e?

MEMBER WALLI' S:  Yes.

MR. STOUDT: | don't, no, | don't think
that -- | think it nust have been the artist's

rendition in creating the slide.

VEMBER WALLI S: It shouldn't be there?
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VR STOUDT: No, it shouldn't be there.

MEMBER WALLI'S: But Dr. Powers thinks it

m ght be there.

MR. STOUDT: I think he does, yes,
clearly.

VMEMBER POVERS: I think it is very
accurate.

MR STOUDT: Well, we will have to make
sure we fix that, then. It will be easy, right? All

| have to do is renove this colored portion and the
problemw || go away.

| was going to say that | have a brief
list of experimental work that has been done, and
t here has been sone investigation, at |east the heat
transfer of the flowreginme, the heat transfer on the
out si de of the vessel.

But | understand what your question is,
and it has nothing to do with the heat transfer on the
out si de of the vessel.

MEMBER PONERS: It will have a spirited
i mpact on the heat transfer because it changes the
material properties of the two fluids, and i ntroduces
a chem cal conpound into the heat generation rate that
will get -- capture your attention, especially if the

melt is very zirconiumrich.
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MR. STOUDT: Yes, okay, point noted. Just

briefly, some of the testing that has been perforned,
all in Europe, has been the test of the energency
condenser, the contai nment cooling condensers, the
PPPTs, passive outflowreducer, RPfloodinglinetest,
t he reactor pressure vessel exterior cooling test is
still ongoing.

There was a conga test at the Paul Share
Institute that |ooked at the containnment cooling
condenser heat transfer in the presence of aerosols.
That had broader application than just SWR1000, it
also |ooked at sonme PWR conponents, and vapor
suppressi on, pool scrubbing of aerosols, and aerosol
ef fects on hydrogen reconbi ners.

And then, of course, there is the scram
tank test. That is to -- we have a steamdriven scram
tank, so that rods are driven in by expandi ng steam
space in top of the scramtanks.

That is used instead of nitrogen because
we want to be certain that we don't inject any
nitrogen into the reactor pressure vessel and scram
and t hereby potentially conprom se t he performance of
t he energency condensers.

There are sone future tests still

upconmi ng. The fast-acting injection system spring
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supported check valve. This is on the RP flooding
line, it is afull scale test of the valve function

And, al so, event pi pes and quencher tests,
| ooki ng at the fl owdynam cs, structural | oads. And,
finally, thisisn't particular safety related, | don't
t hi nk, but sone tests of mechanical drive conponents,
t he control rod drives, things that are different from
prior applications. That is what has been done so
far, and planned so far.

In summary, potentially the SWRL000 has
added water inventory inside the reactor pressure
vessel , and insi de the contai nnent, that increasesits
ability to ride through accidents wthout core
uncovery.

We have a nitrogen inverted contai nnent
at nosphere, and rely on passive equi pnment for heat
renmoval fromboth the reactor pressure vessel, and the
cont ai nnent .

The key safety functions are also
activated by passive conponents, the PPPTs. And
finally, we have a system to provide for external
cool ant and RPV. And possibly RPVin cases -- at any
rate --

MEMBER PONERS: It is very much |ike what

we just heard about fromGE, except you still got the
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punps in there.

MR. STOUDT: We do have the recircul ation
punps in there. They are retained | argely because we
feel that the operational response is better wth
t hem the power nmaneuveri ng bet ween 60 and 100 per cent
which is, often, a value to the custoner who is
operating the plant, depending on how he is |oading
it.

So, yes, the punps are there. They are
wet rotor punps. At any rate, the final point I guess
| would nake is that in the event of transients,
LOCAs, design basis events, utilizingonlythe passive
safety features of this plant, we can mtigate
acci dent consequences for a period of several days,
until personnel will have to take action.

And | argely the action they woul d have to
take would be to replenish the water in the dryer
separ at or storage pool outside containnent.

Thank you, gentl enen, that concl udes what
| have to say. Any further questions?

MEMBER RANSOM  One question mi ght be the
cool ers, the finned tube cool ers that you have insi de
t he contai nnent, you have non-condensabl es present
there, and you woul d wonder how nuch reduction and

heat transfer capability does that -- how do you
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handl e that ?

MR. STOUDT: Let me go back to the --

MEMBER RANSOM That i s t he passi ve safety
systens contai nnent cool i ng condenser.

MR. STOUDT: It is not finned any nore.

MEMBER RANSOM Wl |, | guess whether it
is finned or not you woul d wonder, you are still going
to have non-condensable build up on the surface
whet her it bl ows away by natural circulation, or --

MR STOUDT: Yes. \Wiat happens, | wll
refer youto this slide, what happens is that, yes, in
t he event of sone sort of severe accident, where you
gener ate hydrogen, and --

MEMBER RANSOM  Wel |, you have nitrogenin
t he containnent, normally, right?

MR. STOUDT: You do, as the containnent
begins to pressurize, you have these hydrogen
overfl ow, these hydrogen vent pipes up here. And the
non- condensables will flow, do flow, intothe pressure
suppressi on pool, and accunul ate in the inner space,
or this open space, above the pressure suppression
pool .

MEMBER RANSOM  Well, it is assuned that
t he non- condensabl es in the steamw || separate off of

the fins, or off the tubes, or?
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MR STOUDT: Just by virtue of the fact

that you are pressuring this whole upper part of the
drawi ng, the dry well. The increased pressure, |ow
pressure here, will cause the flowto go through the
hydr ogen vent pi pes.

MEMBER RANSOM That won't go on forever,
you will eventually pressurize that --

MR. STOUDT: Yes, that is true. Thi s
thing, there will be sone at the top. But I think the
cal cul ati ons that have been done showt hat nost of the
non- condensabl e remai n above t he acti ve surface of the
CCGCs.

Ther e have been tests done at PSI, ate the
PANDA facility, where the dry well was sinul ated, as
well as the wet well, with connection of these vent
lines between the two, and conditions that were
predi cted to exi st during various design basis events
were sinmulated in that test.

And, yes, the heat transfer can degrade
somewhat. But adequate performnce was denonstrated
inthe test. Each one of these, | think there's four
of these, and each of them has 50 percent of the
requi red design capacity.

So one could have sone degradation,

obvi ously, and heat transfer.
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MEMBER RANSOM Wl |, you have run tests,

then, of that configuration, using nitrogen steam
m xt ur es?

MR, STOUDT: Actually air was used to
simul ate the nitrogen, and heliumwas used to sinmul ate
t he hydrogen. But, yes, those conponents were put
into this test.

MEMBER RANSOM  Well, helium you woul d
worry about the difference in nolecular weight, or
density, between that of nitrogen --

MR. STOUDT: It doesn't quite, the flow
patterns are not quite -- the direction of flow
t hrough the condenser tubes is different. But it is
inadirection that woul d gi ve you | ower performnce
in tests rather than higher perfornmance.

MEMBER ROSEN:  Thi s plant has eight main
recirc punps?

MR STOUDT:  Yes.

MEMBER ROSEN: Where are they? | know
they are not shown in this --

MR, STOUDT: Ri ght here, those are the
recirc punps, right there.

MEMBER ROSEN: Well, they are internal
punps?

MR. STOUDT: Yes, the punps thensel ves are

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

130

internal, and the design is of the wet rotor design,
so there are no seals.

MEMBER WALLI'S: Why do you have so nuch
water, why is it so deep?

MR,  STOUDT: Well, this is a sinple
schematic to represent the different --

MEMBER WALLI'S:  To hel p catch this debris
that is falling down?

MR, STOUDT: | don't think so, | don't
think there is quite that nuch space down there. |If
| had the actual cross section of the design. This

is, you know, |ikew se there seens to be a huge anount

of space around the reactor in the dry well, and the
core flooding pools seemawfully small, and that is
not true.

| nean, thisistoillustrate the various

components and concepts. But | woul d not take this as
t he absolute scale of the various parts.

| would also point out that these
condensers were also tested in the aerosol tests |
nmentioned earlier, where they were subjected to
various particles that were, in turn, deposited on
t hese surfaces.

That i s one of the reasons, of course, the

fins are -- have been renoved, is that the fins seem

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

131

to be a good accumul at or of debris. Wthout themt hat
won't happen.

And | think under those conditions the
heat transfer degraded by about 20 or 25 percent, but
there was nore than enough excess capacity to
conpensate for that degradation.

MEMBER RANSOM  Just one further questi on.
This is a lot of simlarities to the ESPWR " m
wondering what is the advantage of retaining the
punps?

MR, STOUDT: Well, from ny perspective,
t he advantage is an operational advantage, changing
t he power relatively rapidly, particularly between 60
and 100 percent, and that is why it was -- that is why
t hey were retained.

|"mquite sure you can get it to work the
ot her way.

MEMBER WALLIS: | think you're, talking
about the passive outflowreducer, to showa bit nore
what is happening, in order to nake it clear why it
wor Kks.

MR. STOUDT: Onh, okay.

MEMBER WALLI S: "' m not asking you to
explain it, this is not a very good expl anati on.

MR. STOUDT: Not a very good -- well, we
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will see if we can inprove it. | think the centra
issue is sinply the rotation inpart to the flow in
each direction.

In this direction there is very little
rotation, and the flow can --

MEMBER WALLIS: So what does that do? |
nmean, the maximum loss is still the sanme, there is
nozzl es at the top.

MR STOUDT: Well, it nakes it easier
there is a nore direct path, and there is |less flow
change.

MEMBER WALLI S:  There nust be centri fugal
force, there nust be focusing of the vortex, as you
make the radius smaller. There is a lot of things
going on that aren't indicated here at all.

MR STOUDT: Yes.

MEMBER WALLIS: | don't ask you to explain

MR STOUDT: | do knowthat |I have seen --

MEMBER WALLI S: But they do work, they do
wor k?

MR. STOUDT: Yes. And |'ve seen the flow,
the curves that illustrate formloss as a function of
flow. And, yes indeed, they do increase the forml oss

significantly; two orders of magnitude, in fact.
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Test dat a has been obt ai ned, they do wor k.
It is sort of the pragmatic engineering --

MEMBER WALLIS: They are called vortex
val ves, aren't they?

MR. STOUDT: Well, | don't know, these are
cal l ed passive flow reducers. | have seen all sorts
of different arrangenents, and |' ve al ways t hought of
themas fluidic di odes, but whatever they are call ed.

If there is no questions | will sit down
and concentrate on the core nelt issue.

MEMBER KRESS: You are on, please
i ntroduce yourself.

MR SNELL: Good norni ng. My nane is
Victor Snell, I'mdirector of safety and |icensing for
ACR | would |like to introduce, also, two col |l eagues
sitting towards the back there, M. Vince Lyman, who
is the manager of licensing for the U S. application
of ACR  And next we have M. Cal Reed, who is giving
us the specialist licensing expertise up at Bechtel.

MEMBER KRESS: Does Snell nean you are a
fast person?

MR. SNELL: Yes, that istheroot. Inthe
next short while I'm going to cover seven topics,
which | believeis the comrittee' s request to us; what

is the ACR a rather short presentation on the main
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drive report, which was nmeeting customner requirenments.

Most of the discussion wll be on
t echni cal summary, including safety i nprovenents, and
t he t echnol ogy base. A brief coment on where we are,
as a status. An issue which may be of interest to the
Committee on what | call |icensing opportunities, and
then a sunmary of concl usi ons.

So what is the ACR? Advanced CANDU
reactor, is the acronym 700 stands for the power
level. It is an evol utionary extension of the proven
CANDU 6. CANDU 6 is our main single unit design of
CANDU.

There is 8 units in operationright nowin
four continents, two wunits are currently under
constructing. And |I'm pleased to report that the
first unit in Xinjiang in China went critical |ast
nont h.

The picture here shows the four CANDU 6
units operating at the Walsing site in South Korea.

MEMBER WALLI S: VWhich is the fourth
conti nent ?

MR. SNELL: South Anerica, North Ameri ca.

MEMBER WALLI S: Ch, those are two
conti nents?

MR SNELL: Last tinme | checked. The main
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drivers for the evolution has been to neet custoner
requi renents. W are aimng, at a specific overnight
capital cost onthe fifth design of 1,000 dollars U.S.
per kilowatt.

Qur construction schedule is 36 nonths,
and you can see 30 dollars per negawatt hour, a
capacity factor in excess of 90 percent, and a pl ant
operating life of 60 years.

We are reasonably confident that we can
nmeet thi ngs such as t he constructi on schedul e, because
of the recent experience we have had building in both
Wal seng and Xinjiang, where -- particularly in
Xinjiang both the schedul es were net.

However, when you say to achieve |ow
capital costs, you have to make sone evol utionary
nodi fications to current operating CANDUs, and that
has driven sone of the design changes that | will be
sunmari zi ng.

Current operating CANDUs, as you know,
natural uraniumfuel, use a heavy-water cool ant, and
a heavy-wat er noderator. On ACR mmj or changes to
rel ax the constraint of natural uraniumfuel --

MEMBER KRESS: Does that nean you are
going to use five percent?

MR SNELL: Bear with me for a m nute.
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MEMBER KRESS: Oh, sorry.

MR. SNELL: | nean, the answer is no, it
is actually much sl ower than that. Once you do that,
you have a | ot of freedomwhich you don't have on the
exi sting operating CANDUSs.

So the first thing you can do is use
i ght-water coolant, and that neans you can repl ace
all of the expensive heavy water with light water.
You can then reduce the core size, because current
CANDUs are sonewhat over-noderated, and then reduce
t he anount of heavy wat er noderator, as well as reduce
t he anmount of heavy water cool ant.

Because you have a f ewexcess neutrons you
canincrease the pressure tube thi ckness, which al |l ows
you to raise the reactor coolant system pressure,
hence the thermal efficiency.

Havi ng sai d t hat, we have retai ned all the
other intrinsic proven CANDU features, which is why
this is an evolutionary design. So that one change
has allowed us to develop a nunber of benefits in
terms of econom c optimzation

I"m now going to start building the
reactor froma sort of the central part out, just go
t hrough, quickly, some of the design features.

The first, the nost inportant part is the
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fuel, it is a short bundle, it is only about that
| ong. There is a real one behind the very back of the
room full length. You can see the shiny thing near
the light switch, and that is a real CANFLEX fuel
bundle, full size. It is about 1.6 feet |ong.

As with other CANDUs, we do on-power
refueling. This design, the CANFLEX refers to the
geonetry. There are 43 fuel rods in this bundle, and
t o answer your question, the enrichnent is relatively
nodest, it is 2 percent SEUin 42 of them and natural
urani um pl us 4 percent dysprosiumin the center one,
and I will conme back to that in a second.

MEMBER KRESS: Now, you stack these?

MR. SNELL: They are stacked 12 in a row,
yes, on end, so they nmake up a string.

Fuel burn-up is very nodest conpared to
light-water reactors. W are not pushing it at this
point. We think we can get a |lot nore out of it than
the current targets, 20,500 MN days per netric ton.

It is a little higher than the CANDU
average. W have achi eved that i n sone sel ective cases
in Canada, but it is higher than the average. It is
quite nodest with respect tolight-water reactors. W
t hink that as a future product devel opment we can push

t hat hi gher.
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We have nanaged to get both hi gher bundl e
power, and | ower rod rating, because of the change in
bundl e geonetry.

MEMBER KRESS: Now, that central rod, is
t hat a burnabl e poison, is that --

MR. SNELL: Yes. So here is a schematic
di agram of current CANDUs versus the ACR. A current
CANDU on ny |l eft, your left as well, | guess, is a 37-
rod natural uraniumfuel. You are |ooking at a cross
section, you are |looking at it end-on, that is
surrounded by a Zr niobium pressure tube, there's a
little gas gap, about that rmnuch.

And then there is a thin Zr-2 calandria
tube. The changes to ACR, the pressure tube dianeter
i s the same, inside dianmeter is the same. This is the
CANFLEX fuel bundle. The different colors actually
represent different sizes of pins. There is a slight
increase in sizeinthe central ring, conpared to the
outer pins, that is for bal ancing the thernohydraulic
performance in it, there is and, again dysprosiumin
t he center pin.

The pressure tube is slightly thicker, so
you can punp up the coolant pressure a little bit.

MEMBER KRESS: How are they supported on

t he i nner pressure tube?
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MR SNELL: Yes. It is not shown in the

di agram but the bottomel enents have little bunps on
themcal |l ed bearing pads, and this lifts themoff the
pressure tube.

You can see it in the nodel, actually,
afterwards. And, by the way, the nodel is at NRCif
anybody wants to look at it.

The gap, and | will cone to this in a
m nute, why we do this, but the gap is | arger between
the pressure tube and cal andria tube. W had to
change the material on the calandriatubeto Zr-4. It
is al so sonewhat stronger

So that is the fuel channel. That is the
end of pretty pictures. The pictures | will show you
now are actually fromthe 3D cads design. So we have
left the artist's conception, and we are actually
pulling material off the plant design.

This is the reactor itself. | wll take
alittle bit --

MEMBER POVNERS: Can | ask you a question
about the previous slide?

MR, SNELL: Sure.

MEMBER PONERS:. You get el ectrochem ca
potential between the tin all oy and t he ni obi umall oy

on the calandria and the pressure tube?
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MR. SNELL: Electrochem cal --

MEMBER PONERS: Potential difference?

MR. SNELL: No, not that |I'maware of. |
nmean, there is a mechani smfor highdrive mgrationif
you are not careful. But thereis no-- I'mnot aware
of any el ectrochem cal interaction.

MEMBER POVERS: Vell, there are two
different materials.

MR. SNELL: You nean Zr-4 and ni obi un®

MEMBER POWERS: Yes.

MR. SNELL: They actually don't touch
t hey are separated.

MEMBER PONERS: They don't have to.

VR, SNELL: "' m not aware of anything.
We' ve had various types of zirc in CANDUs i n t he past,
and |'ve not seen anything like that.

MR. LANGDON: My nane is Vince Langdon,
and as Victor said, |"'mthe |icensing manager, | al so
happen to be a fuel and fuel channel guy in ny
previous lives.

We have about a half a mllion pressure
tube years of experience. W' ve never seen that kind
of thing.

MR. SNELL: This is the reactor assenbly,

it is not a vessel. So we will start, again. These
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are the fuel channels, the horizontal fuel channels.
And you can't see it inthis diagram but if you think
of this vessel as a cylinder, this vessel constitutes
what is called the cal andri a.

It issteel, it contains thelowpressure,
| ow tenperature noderator, noderator runs 60 to 70
degrees centigrade, and supports the fuel channels.
The fuel channels are supported at either end.

Surroundi ng t he cal andri a we have anot her
thin vessel called the shield tank, and it is sinply
there to provide biological shielding, and it is
filled with light water, which provides thermal and
bi ol ogi cal shi el d.

The reactivity nechanisns cone in two
ways, nost of themcome in fromthe top, and go from
t hi s deck up here, and they go i nto t he noderator, not
into the coolant. So they act in the |ow pressure
envi ronment of the noderator.

We do have sone detectors, and sonme units
for the second shutdown system which conme in
hori zontal Iy, through the shield tank, and againinto
the calandria, into the noderator.

So all the devices act in the noderator
itself.

MEMBER KRESS: s your two percent
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enri chment enough to get rid of your positive void
coefficient?

MR. SNELL: Yes. Reactor cool ant system
if youlook at it fromthis | evel upwards, it is very
simlar to a PWR Basically you have two steam
generators and four punps.

If you look at it from that |eve
downwards, then it becones |ike a conventi onal CANDU.
| f you, again, each of theselittle dots is a channel,
each channel is connected by a feeder pi pe which goes
up heretothe things inred, which are coll ectors, or
header s.

The headers then connect up, if they are
inlet header, it connects fromthe punp. If it is an
outl et header it connects to the steamgenerator. So
they are just |arge pipes above the core. There are
no |large pipes at or below core | evel.

The parallel arrangenment of the punps
nmeans you can tolerate punp seizure, single punp
seizure. And because of the elevation of the steam
generators, with respect to the core, you can -- you
do have natural circulation, and even with sonme void
in the system

MEMBER WALLI S:  Your noderator is really

col d.
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MR. SNELL: Yes.

MEMBER WALLIS: And it is very close to
the hot water that is cooling the --

MR. SNELL: Yes. And if you recall that
at the cross section of the channel is a gap between
t he pressure tube and the --

MEMBER WALLI' S: That is all that insul ates
one fromthe other?

MR. SNELL: Yes. Youlose afewnegawatts
of heat -- the normal heat | oad to the noderator isin
t he order of 100 negawatts in thermal. So you do | ose
sone heat.

MEMBER SHACK: Then all the feeder
materials, are they still carbon steel, or have you - -

MR. SNELL: No, because of some experience
that we've had in Canada, and al so because of the
hi gher fl owvel ocities, the bottomhal f of the feeders
is all stainless steel in the ACR

MEMBER SHACK: And what is the top half?

MR SNELL: The top half, | believe, is
still carbon, it is a transition joint.

MEMBER ROSEN: So you have a noderated
cooling systemin place?

MR. SNELL: Yes. It is not showmn in this

di agram but basically thereis inlet and outl et pipes
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near the top part of the vessel here, and they go to
heat exchangers and punps down here.

MEMBER RANSOM So the flow through the
coreis countercurrents, sone channel s go one way, and
t he others go the other way.

VR, SNELL: Yes. Every channel is --
every adjacent channel goes the opposite direction.

Safety systems, nothing very different
here fromcurrent CANDU practice. This is a cutaway
of the same di agramyou saw before. Thereis actually
two i ndependent shut down systens, in additionto the
control system

So there are actually three independent
ways of shutting the reactor down, two of which are --
they are all for design basis accidents. W have a
nunber of shutoff rods, whichdropinthe gravity into
the noderator, that is our first shut down system

MEMBER POVNERS: \What are those rods made
of ?

MR, SNELL: | think cadmium | believe it
is cadm um

MEMBER POVERS: Just cadm unf?

MR SNELL: No, it is clad, cadmum
cl added steel, | believe.

VEMBER POWNERS: Cadmi um cl added steel ?
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MR SNELL: Yes, |'m not one hundred

percent sure, but | believe that is correct.

The ot her system consists of perforated
tubes. They start perforating once they enter the
cal andria. These are connected to a pressurized tank
filled with gadoliniumnitrate. And on a signal the
tank, the val ves and tank open, and inject the liquid
poi son into the noderator itself, actually into the
reflector, thereflector and the noderator are sharing
t he sane vessel

In addition we do have four control
absorbers, which are part of the control system which
can al so shut down the reactor for nost accidents.

Emer gency core cooling systemis, again,
nothing very different. W have, | think -- we have
initial injection fromhigh pressure water tanks, and
in the long termyou have punp recovery.

MEMBER WALLIS: So you inject into the
reflector, but it nostly goes into the noderator?

MR, SNELL: That is right, yes.

MEMBER KRESS: Do you put boric acid in
your cool ant?

MR. SNELL: No. W don't need, we don't
need any reactivity control in the cool ant.

MEMBER KRESS: You use burnabl e poi sons?
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MR.  SNELL: In the ACR design we have

burnabl e poison in the central fuel pin.

MEMBER S| EBER: Is it a sinple, or an
expensive process to clean up the noderator after
you've injected into it?

MR. SNELL: It takes about 36 hours, you
have to circul ate the noderator through i on exchange
colums. So it is expensive because you | ose 36 hours
of production tinme.

MEMBER S| EBER: It is not so expensive
that it woul d beconme a psychol ogi cal i npedi ment for an
operator to --

MR, SNELL: No. Cont ai nnent, |'m not
going to spend nuch tinme on. It is basically a steel
lined dry pressure containnent. It isverysimlar to
a PWR-type containnment. It is nothing unusual about
t hat .

This is a-- infact | msled you. This
is a schematic, just so you can see it. This is a
cross-section of the containnment. And it shows
somet hi ng we devel oped initially on CANDU 6, and it
evol ved through a design we call CANDU 9, and intend
to apply here.

This i s an evol uti onary desi gn, but it has

sone passive features. One of the passive featuresis
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an el evated reserve water tank high in the buil ding.
This is an outgromh of the, what is called the
dousing tank in CANDU 6, and it provides water under
gravity head, for a nunber of different sources,
nanely you do have a direct connection to the reactor
cool ant system w th nore val ves than you see in that
pi cture.

W can also add water to the steam
generators under gravity, and to the noderator and t he
shield tank. And the second, but maybe not obvi ous,
why you woul d want to do that. |If you have a reactor
t hat shut down, and there is no water in the channels,
you can take away heat to the noderator w thout
melting the UO2. Down to the fuel, but you woul d not
melt the UQ2.

And that is fine if the noderator, heat
exchanger and punps are worKking. If they are not
working we can back that up by topping up the
noder at or for about two days. So we have provided
makeup capability to the noderator, so that if we do
get into LOCA, plus loss of ECC, plus loss of
noder at ed heat renpval, we have a passive backup make
up system

W can also add it to the shield tank.

That is sonmewhat of a |l ast resort, but because that
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surrounds the noderator, it has the potential for
either slowi ng down or arresting relative slow core
damage progressi on

MEMBER WALLI S: Gaceful isn't the
technical termthat is used by the NRC

MR. SNELL: Yes. The reason I'musing it
is because the collapse of the core in a CANDU is
relative incoherent. You start off as you boil down
the water, you will start form ng a debris bed, which
gradually collapses. It is not likein a Canley. So
it takes some tine.

This is a highlight of the safety
i nprovenents relative to operating CANDU. As one of
you al ready nentioned we have designed it to have a
smal | negative void coefficient. You can place the
enphasi s where you |ike.

To me t he nost inportant thingis the word
snal | . I'"'m sure down here the word negative is
equally as inmportant. Both give you relatively mld
transients on the | oss of cool ant.

Infact, if you have a | oss of cool ant you
have a sl owrundown i n power, w t hout dependi ng on t he
shut down systens. W do need t he shut down systens for
shut down, but we don't need them as fast.

Once you have a negative voi d coeffici ent
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you do end up, then, increasing the power coefficient
in the operating range. Current CANDUs, the power
coefficient is about zero, and t hey operate just fine.

A nore negative power coefficient means
there is less duty cycle on the control system
CANFLEX fuel is a thermal optim zation of our current
fuel. So one does get |arger thernmal margins. So the
actual margin to critical channel power in ACR is
about ten percent higher.

Current CANDUs, if you have, for sone
reason, a pressure tube failure, say to an undetected
drawi ng defect, which | eaks and you let it go, it may
or may not be contained within the surrounding
cal andri a tube.

And the design basis for CANDU is, in
fact, failure of both the pressure tube and the
cal andria tube. But with the stronger cal andri a tube
that is much less likely to happen, and we believe
under al nost all circunstances, a spontaneous pressure
tube failure would actually be contained within the
cal andri a tube.

That is of economic interest to the
utility, that is also an aspect of defense-in-depth.
Not wi t hst andi ng t hat spont aneous failure, bothw Il be

in the design basis.
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VMEMBER SHACK: Wuld | have a |eak

detection systemin that space?

MR. SNELL: Yes, exactly correct. It is
enpl oying a gas system and you detect npisture in
t hat .

MEMBER KRESS: And | know it by pressure
t ube that --

MR, SNELL: Wth some you can narrow it
down very quickly to a small group of pressure tubes,
and then you can narrow it down further. Once an
operator picks up aleak, though, his instructions are
to shut down and depressurize, then look for it. You
have a lot of tine, but that is the instructions.

| mproved heat sink reliability, | wll
cover it very briefly. 1 won't spend too nuch tinme on
that. The ACR 700 is being designed as a twin unit
pl ant, and we have, rather carefully, put in inter-
unit ties of sonme of the safety support systens to
enhance their reliability.

This has been done in CANDU, actually,
with a ot of success on the multi-unit plants, so
t here has been a fair ampbunt of experience on that.

A single channel failure, because we are
using light water, and the heavy water noderator, if

you do have a failure of both the pressure tube and
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the calandria tube, the reactor will tend to shut
down, as you displace heavy water with |ight water.

Cont ai nnent |'ve nentioned. We have
extended the seismc qualification relative existing
CANDUs. So, for exanple, a main control roomdoes not
have, is fully functional for safety reasons after an
eart hquake.

MEMBER KRESS: How do you di spl ace heavy
water with [ight water? They are just conm ngl ed and
the light water floats up on top?

MR SNELL: Well, you've got a channel
sitting at about 12 -- | think it is about 1,800 PSI,
if I doit quickly inny head. And so if the channel
breaks you have a very large pressure differential
blowing Iight water into the heavy water noderator.

MEMBER KRESS: And where does the heavy
wat er go?

MR, SNELL: Well, it m xes |like crazy, and
then it will rise up. There are rupture disks on top
of the --

MEMBER KRESS: Oh, thereis rupture disks.
Ckay, that is what | was |ooking for, okay.

MR, SNELL: Severe accident prevention
mtigation | did cover, with the reserve water tank.

We have done, it is called a generic CANDU PRA, it is
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actual ly a focus PRA on CANDU6. It was ai ned at sort
of picking up the high risk areas and saying,
identifying them and is there anything we can do
about themin ternms of dom nant ri sks.

W have obt ai ned sone desi gn i nsi ghts from
t hat generic PRA, and are using that in ACR And as
the ACR design is progressing we are doing a sort of
desi gn assist PRA, along with the design.

Technol ogy base, we've been operating
CANDU reactors since the early 1970s. This is an
evol utionary version of an operating CANDU. ACL and
the CANDUutilities are responsi bl e for devel opi ng and
mai nt ai ni ng that technol ogy base. Unlike in the U S.
where a lot of the research is done by the NRC, in
Canada nost of the research, not all, is done by ACL.

We have 2000 people at Chalk River
Laboratories involved in various aspects of CANDU
technol ogy. The picture here shows one of our main
work horses, it is the NRU reactor, which you can't
see too well.

This is the top of the reactor there, and

the reactor itself is below them It is a large
reactor, physically. It is used for fuel materials
and safety tests, will be used for testing the ACR
fuel .
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The ACR R&D i s antici patory, which neans

t hat we expect to focus on a fairly nodest extension
of the data bases, slightly higher cool ant pressure,
slightly thicker channel materials, slightly higher
t enper at ur es.

Certainly there will be sone conponent
testing. W have sinplified the fueling machi ne, we
will be testing that quite extensively. The other
thingis to confirmthe code validity of our existing
comput er codes under extended ACR conditions.

MEMBER KRESS: Do you have an irradi ation
enbrittlenent issue with the pressure tubes, or the
cal andri a tubes?

MR SNELL: There is a lifetine issue.

MEMBER KRESS: That is what | neant.

MR, SNELL: And that is an early R&D
thing, where you take sanples and try accel erated
radi ati on, yes.

These are just two exanpl es, |' mnot going
to go through theminthe tinme renmaining. But the R&D
i s focused on t he obvi ous things, fuel, fuel channel,
fuel handling, online refueling.

Certain conponents we've inproved, and
saf ety code qualification. Andthese are two exanples

of sonme of the test results. This is a zero energy
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reactor called ZED-2, very long history. It is a
reactor kit, you can change lattice, do whatever you
like with it, and that will be used for fundanental
physi cs neasurenents on the fuel, and on the ACR
|attice array.

This is a noderated test facility. This
is set up for a design we call CANDU 9, it wll be
reconfigured for ACR which is slightly tighter
packing of the channels, and wll wvalidate the
conput er codes whi ch predi ct noderating tenperatures.

It is a fairly sophisticated thing. It
doesn't | ook sophisticated, but it is. You can
nmeasure three dinensional velocities through the
entire vessel, using laser belt nmonitoring, and you
can al so nmeasure three-di mensional tenperatures.

So you get pretty good information in
terms the way your noderator is --

MEMBER WALLI S: Do you use CFD in the
noder at or ?

MR.  SNELL: Yes, it is based on a 3-D
wat er code.

VWhere we are, we' ve conpl eted t he concept.
The ACR 700 is our reference design. W are al so
| ooki ng at ACR 1000. The deci sion between those two

will be driven by our custoner needs.
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We expect to have the non-site-specific
engi neering conplete in 2005. A conpany called
Hitachi is investing in BOP -- bal ance-of-plant --
optim zation, and pl ant-w de nodul ari zati on. W have
defined t he construction strategy and schedul e, and we
are working with Canadian, U. S., and U. K. utilitiesto
bring ACR to comerci al i zati on.

VWhich leads to the next point, we have
started a pre-application review with US NRC staff.
We expect about two years, sonewhere between 18 nont hs
and two years. And that would be followed either by
an application for standard design certification
and/ or conbi ned |icense, or both.

And | thinkit is abit early to see which
direction utilities will want to go at this point.
W' ve also started, in parallel, what we call in
Canada pre-licensingreview It isverysimlar to--
itisalittle norethan a pre-applicationreview, and
alittle less than standard design certification.

It has the sane objective, which is to
assure utility of low licensing risk before they
coomit to a plant. We have done that before, in
Canada. The is a history of it. W've started it
again, and that would confirmlicense ability on the

Canadi an regul ati ons, the thinkingbeingthat it would
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certainly reassure peopl e outsi de of Canada, that the
plant was |icensed within country of origin.

There is apossibility of pre-licensingin
the UK. As npost of you knowthere is, what is call ed,
a white paper due in early 2003, which will set a
direction for the nuclear power programin the UK

And | think until that white paper cones
out it is not very clear which way the UK wi || head.

MEMBER WALLI S: | thought they were goi ng
out of business?

MR. SNELL: British Energy is, for other
reasons, because of the privatization of existing
market, is in sone difficulty right now. But that
won't affect the long termneed for nuclear inthe UK
That will be done by the white paper.

So |l think that is going to have to settle
down before we see where that is heading. Certainly
British Energy isinterested in that as a repl acenent
of the advance gas cool er reactors.

Li censing opportunities, thisisalittle
different from some of the concepts you nay have
heard. It is a mature technol ogy, and one of the, |
think, interesting challenges inlicensing it inthe
US is to what extent, and the nethod to use to use

the extensive Canadian regulatory and R& and
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operati ng experience, in the NRC revi ew.

Very clearly NRCwill have to license it
inthe US., by itself. It is the legal entity here
to do so. Sotheissueis not that. The issueis to
what extent can they incorporate and use t he Canadi an
experience, but wthout repeating it.

And what t he sub-bul |l et here says, howcan
NRC put a program in place for acceptance of
equi val ence in neeting safety requirenents?

VMEMBER WALLI S: Do you have a risk-
i nformed regul atory process?

MR. SNELL: The Canadi an process has been
risk -- it has been very heavily influenced by risk in
the early days. It has becone a little nore
prescriptive, actually, as tine goes on. But if you
| ook carefully you can see the risk groups, and the
way the accent class is set up.

We al so were doing PRAs 15 years ago, soO
there is a heavier risk conponent in the design, in
t he way you approach design. It is not quite the sane
as risk informed here, but the basic ideais the sane.

Sothisis the challenge, | think, canthe
NRC requirements be made flexible enough to
accommodat e a technol ogy which is both simlar to and

different fromlight water reactors?
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Simlar to, we use pressurized water as a
fluid. A lot of the components | ook the sane. It is
di fferent when you get to the core level. Cooperation
with parallel regulatory views i n Canada, and possi bly
the UK is, I think, a key aspect of this.

Sone of that is about to start. There are
-- regulators are starting tal king to each other. And
we hope that they will focus on the extent to which
there i s cormon ground, and the extent to which these
reviews can be made consi stent.

Conclusions, and |I'm sure glad to hear
that this is the l ast slide before, the second to the
| ast slide before lunch. It is an evol ution design,
bui | di ng on proving CANDU 6 design operation. It is
driven by a neets the market econoni c, schedul e and
ri sk requirenents.

A use of CANFLEX fuel geonetry wth
slightly enriched uraniumcontributes to i nprovenents
of bot h econom cs and safety. That is our big change.
The R&D in our view, is anticipatory, and it is a
nodest extension of conditions and components.

NRC review requirenments and processes
could take advantage of prior CANDU |icensing
experience, alongw th parallel reviews in Canada, and

possi bly the UK
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That was the | ast slide. Thank you very
much, gentlenmen, |' mvery happy to t ake any questi ons.

MEMBER RANSOM Do you still use CANDU f or
the -- | nmean CATHENA for system acci dent anal ysis?

MR. SNELL: You didn't miss it, and the
answer is yes, we still do. | didn't nention it but,
in fact, yes it is our main line for the hydraulics
codes.

MEMBER KRESS: Di d you say you were goi ng
to maybe have ten of these units on a site?

MR. SNELL: The designis for twinunits,
twin units on the side.

MEMBER KRESS: You said tw n?

MR, SNELL: Yes, sorry.

MEMBER KRESS: Any ot her -- do you want to
make sonme -- well, | certainly want to thank all the
speakers. |'msure this will be highly useful to both
the Staff and the ACRS, when they get around to
actually reviewing the certification process.

So thank every speaker very nmuch. 1t has
been very enlightening.

CHAI RVAN APOSTOLAKI S: Ckay, we wi | | break
for lunch until 1:30.

(Whereupon, at 12:28 p.m the above-

entitled mtter was recessed for |unch.)
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AAF-T-EERNOON S-E-S-S1-ON
1:31 p.m

CHAl RMAN APOSTCOLAKI S: W are back in
sessi on. The next subject is the license renewal
appl i cati on of Catawba and McCGuire. Dr. Bonaca, it is
yours.

MEMBER BONACA: There has been quite a bit
of tinme allocated to this but, inreality, all | need
is about 20 minutes to give you a briefing on what
t ook place on the subcommittee | ast Tuesday.

At that subconmittee nmeeting we revi ewed
t he application, and the SER, and we al so cane to the
concl usion that we did not need aninterimletter, and
also we do not need a full presentation to the full
Commttee fromthe Staff and the Applicant.

Sol will give you a brief report on what
took place. Again, we net on Cctober 8th, with the
St aff and Duke personnel to reviewthe |license renewal
appl i cation, and associated SERfor the McGuire 1 and
2 and Catawba 1 and 2 nucl ear plants.

These four units are all Westi nghouse PWRs
inice condenser contai nnent, and they are pretty nuch
identical, with the exception of some conponents. For
exanpl e, vessels are fabricated by tw different

manuf act urers.
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The four units are rated at 3,400 and 11
nmegawatt thermal, for approximately 1,150 negawatt
electric. And their current |icenses expire between
June 12t h, 2021 for McCGuire 1, and 2026 for t he newest
of the four plants.

So only Mc@uire unit 1 qualifies for
| icense renewal consideration because the -- having
operated for 20 years already. The NRC had t o approve
an exenption request.

And the basis for the exenption request
was that the other units are simlar, and there was a
comon application being submtted for all four units.
The reason why | bring this upis that there have been
two intervenors on this application. And one of the
i ssues they raised was this one.

| believe that right nowthe issue is not
any nore under consideration by the Conmm ssion. The
only remai ni ng contenti on, under consi deration by the
ESOB, is the severe accident mitigation analysis for
station bl ackout.

And the concern is the loss of igniters
during station blackout would | ead to a contai nnent
chal | enge. Now, this issue, we felt, is with the
current licensing basis of the plant, it doesn't have

to do anything with the license renewal, it is being

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

162

eval uated on a separate track.

We di scussed it but, essentially, it is
not an obstacle to our review at this stage, nor to
granting the license renewal to these four units.

Now, the subcommittee, at the end of the
presentations, concluded that the license renewal
application is well organized, incorporates Cconee
appl i cati on experience, but al so onething we notedis
that it is quite concise, and we've gone, now, from
the original two volunmes plus we had for the other
pl ants, to just one condensed vol ume. Well organi zed.

But together with that we al so not ed t hat
this application required 273 formal RAIs in order to
conplete this review. So, you know, the Comm ssion
asked us, specifically, to comrent on the efficiency
and effectiveness of the process.

You know, | think we asked the Staff to
| et us know what they think about, you know, how far
shoul d the application go in being concise, and then
when woul d that becone ineffective, or inefficient,
given that at sonme point that requires so nuch
additional information being pulled out of the
Li censee. It doesn't speak of the quality, it speaks
of the conplexity of review ng the whol e applicati on.

The SER came to us with 42 open itens
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still unresolved. And that is the reason why it was
decided to put on the agenda a significant tine,
because we thought naybe because there would be
contentions, we may need to wite a letter.

Now, a nonth | ater, when we net to review,
in the subconmm ttee neeting, the nunber of open itens
was reduced to eleven open itens, only. That is
apparent that probably the SER cane to us too soon.

And so one question was, shoul d we set the
criteria for the nunber of open itens addressed on an
application before it comes to us? Because we spent
a lot of time reviewing the open itens, and by the
time we came to the subcommittee nmeeting, there were
just a few left.

MEMBER SHACK: Di dthey resolvethe small -
bore piping issue?

MEMBER BONACA: That is not resol ved yet,
and that will be brought up later on. And it is
interesting, on that issue, the programthat Catawba
and McQuire have is one where they have, under the
service inspection, the inspection of piping, small
bore piping, but only in risk-significant |ocations.

The Staff is | ooking noretounderstandif
smal | -bore pipingis, infact, a concern at all. And

fromthat perspective you want to | ook at susceptible
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| ocation. | think they are |looking for a one-tine
i nspection of susceptiblelocation. Correct meif I'm
wr ong.

PARTI CI PANT: | don't know that it is a
one-time inspection. |t may be ongoi ng i nspecti ons.
But the Staff is looking to confirm that the risk
i nformed process accounts both for susceptibility, and
for consequence.

Once we determine that then we will know
t hat t he sanpl e i ncl ude suscepti bl e | ocati ons, and the
Staff will be satisfied with that.

MEMBER SHACK: But, | nean, the | ast
license renewal we | ooked at they got through their
smal | bore piping because they, at |east, they had a

formal risk inforned inspection with respect to the

pi pi ng.
So this is an informal risk infornmed --
VMEMBER BONACA: Wll, they also had
identified, if | remenber, a nunber of susceptible

limtations in the nuclear --

PARTI Cl PANT: M understandingis that for
McGuire unit 1 they did propose a risk inforned
process in accordance with the WCAPs. So it shoul d be
a fairly formalized process.

What the Staff is |ooking at its own SER
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and perhaps the WCAP as well to meke sure that
susceptible locations are part of that risk
i nformation, not just consequence of a crack failure.

Does that answer your question?

MEMBER SHACK: Well, | guess | have to go
back and | ook and see what the basis for acceptingthe
| ast small bore inspection piping plan was in the
license renewal process. Just an apparent
i nconsi stency, but that nay be nmy nenory.

VEMBER BONACA: I t hought t he
susceptibility was always the --

MEMBER SHACK: Vel l, susceptibility is
al ways part of the risk informed WCAP.

MEMBER ROSEN:  West i nghouse appr oach | ooks
at susceptibility, what are the active mechani sns of
degradation, and then do they occur, and in what
| ocati ons, consequence.

MEMBER BONACA: Yes, looking at the
previ ous applicationinconsistency you shoul d | ook at.
In fact, you know, just continuing, it is interesting
that one of the reasons for these open itens is that
Duke proposed that fan and danper housing -- and there
was an agreenent with the i ndustry, because they want
to rely on loss of function rather than degraded

conditions for that verification. | will di scuss that

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166

briefly inalittle while.

Now, the residual open itens that there
are, about el even, don't appear to be an i npedi nent to
the projected final SER for January 6, 2003. | think
there are, in general, good technical reasons for the
di fference between them

Now we, as a subconmittee, felt that the
SER was excellent. It was a true i nprovenent over the
previ ous one that we reviewed, and so was the staff
presentation to the subconmttee, and we felt that it
should be used alnbst as a tenplate for future
presentations to the subconmttee.

Both the application and the Staff
eval uati on provided adequate technical information
this time, and the subcommttee could really forman
opi ni on on the adequacy of progranms and nonitorings
and PRAs.

Now, the subcommittee questioned the
presence of sone equipnent out of scope. The
responses could be alittle better. A nenber of the
subconmmi tt ee questioned the use of PNIBonly to bridge
t he net hodology to the list of conponents that have
been identified, and they understand the draw ngs,
they identify |ines and piping and so on and so forth

and goes down the list of conponents that belong in
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t he scope.

The point that Steve nmade was that there
are ot her drawi ngs that identify additional conponents
such as supports. Now, the inspector that came here
to give us a presentation on the subject pointed out
t hat they believed that they have all the additional
el enents are captured by comm tnents.

Still, I think, Steve has a good
suggesti on.

Again, as | nmentioned, there are five
i ssues on scope that are contested, one is the fan
housi ngs, danper housi ngs, and you can see once agai n
that the position of Duke is that failures should be
identified by functional failure in the housing or in
t he conponent. The Staff feels that the components
that could affect pressure boundaries should be in
scope, just asitens inthe statenent of consideration
that indicates the casings of punps are in scope.

You cannot wait until you have casing
failure to identify the problem That is really not
sonething that plants like to do.

The other issue was on fire protection.
There were a nunber of issues on fire protection; nost
of them were closed. Steel jockey punps and the

manual suppression in potential fire exposure areas
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are not in scope, but they are being debated.

MEMBER ROSEN: | think we had a resol ution
on the jockey punps.

VEMBER BONACA: Jockey punps is already
i n scope for your performance, | understand. So there
is no precedent on that. | believe that we have
solved the issue on that. On the issue of
surveillance, the issue was raised by a nunber of
menbers regardi ng the cul ture, we got an i ndi cati on of
safety culture, and you know, there was no clear
answer provided except, "Yes, and indication is
provided by this kind of performance."

On the other hand we al so consi dered the
fact that indication of culture or behavior today does
not say nmuch about what it will be tonorrow, but it
tell s about the inportance of focusing on the issues.

Just as part of this presentation, we had
di scussed description of the currently existing
prograns -- five augnented progranms and fifteen new
prograns, in which eight are one-tinme i nspections. A
detail ed revi ewof these progranms shows that there are
alot of commtnents, not hard data. For exanple, you
know, subject criteria are prom sed, but they are not
there yet. You will have comm tnments over the next

twenty years.
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So the Conmittee noted that, you know, by
the time you get closer to the license renewals for
t hese plants, there will be a bowwave of work for the
NRC.

These are a | ot of plants schedul ed to go
tolicense renewal about the sanetine, andit will be
an enornous anount of information that will go into
t hose docunents; it has to be tracked, it has to be
verified by the NRC, inspected probably.

And we may want to point that out, as a
conment, we are responsible to the Staff requirenent
com ng back fromthe Comm ssion, that they have to be
answered to by sone tinme, probably, next spring.

Because | believe it's going to be
significant |oad for the NRC

MEMBER ROSEN: It is alnost |ike, excuse
me, Mario. It is alnpst like the startup test
program you know, where the NRC cones in to verify
the startup test program Al those plants will be
entering a new |licensing environment --

MEMBER BONACA: In a very --

MEMBER ROSEN:  -- and the NRC wi |l have a
burden trying to -- being required to say, "They are
ready, they nmet all the commtnents they made during

the licensing."
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VEMBER BONACA: Now the Staff is

devel oping a procedure that they will use to track
these commtnents. They also have devel oped a new
i censing process to help future reviews.

We asked a nunber of questions about the
progranms. Concerns were expressed that they have to
invest in an internal inspection program proposed by
t he applicant, that would only rely on the Ccconee |
i nspecti ons. And there was no basis for MCQuire
com ng over the boundary. To that, we would answer
that the Staff have al ready consi dered that, and they
-- Duke has commtted to specific inspections every
time at both McGuire and Catawba. So that is an issue
that is resolved.

Again, the reactor vessel inspection
program shoul d i ncl ude al so susceptible |ocation of
smal | -bore piping, and that issue, actually the in-
service and safety inspection, that issue is not
closed yet. It will be closed when we hear about it
in January.

Resi dual open itenms don't seemto be an
obstacle to, again, to having this SERdelivered to us
in January. So they are planning on it in the
February neeti ng.

One l|last note about tine wutilization
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analysis. W felt that the information provi ded was
quite extensive. W got detailed data regarding
enbrittl ement margins.

PARTI ClI PANT: Oh, you are planning on
doing it? Ckay.

MEMBER BONACA: Yes. So there is
sufficient margin. Remai ning open itens include
eval uati on of pressurizer subconponents, surge nozzl es
subjected to outsurge and usage factors being
noni t or ed, envi ronment al procedure specs, and
undercl ad, cracking concerns with MGQuire 2 due to
| ack of depth for this plant.

At the end of the neeting the subconmittee
menbers provided the foll ow ng observations -- these
are observations by one or nore of the nenbers. First
of al |, agai n, an excell ent SER, excel | ent
presentation, and we woul d hope to have this format of
information as a tenplate for future presentation.
| ndi vi dual concerns again were fire protection, this
i ssue of the culture, heightening surveillances, the
conplexity of the whole fire protection issue, the
i nportance of the sites to be addressed in fire
i ssues. There was concern that groundwater is --
essentially, they found groundwater not to be

aggressive at this stage; but the feeling that Steve

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

172

has i s that nonitoring groundwater i s not such a pain,
and woul d be an i nprovenent.

Again, concern with the bow wave of
conmtrments that will comewith all these units at the
sane time; not so nmuch concern with the plants -- |
nmean, they have their own plants and they can take
care of thenselves -- but concern about the Staff,
handl i ng so many plants in a reasonably short period
of tine.

And finally a concern, a lot of it
expressed by Dana, with the breaki ng down of systens
into active and passive conponents. W had different
opi ni ons on that.

MEMBER ROSEN: We don't have to resolve
t hese things until February, right?

MEMBER BONACA: Well, they will have to
come up with the solution

VMEMBER ROSEN: But we don't take any
position now?

MEMBER BONACA: One comment that --

MEMBER SHACK: the |icensee chooses to
include it.

MEMBER BONACA: But there has been sone
debate on specific generic issues, as they call them

and closure that really were understood to be pretty
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much acceptable for the industry. Hopefully there
will not be -- in this case there were reasons for
reopeni ng because in sonme cases they thought that
Oconee, | nmean, they filed them in Cctober. They
started the preparation of the application before
t her e was general gui dance. So you understand why the
di screpancy is there.

Anyway, the bottom line is that truly,
there was no intent that the report should be witten,
in particul ar because since we are not doing it nowon
Oconee, any tinme we wite a witten report we send a
nessage to the staff. And there is no nessage to be
sent right now

Wth that, 1'Il conclude ny presentation.
| don't' know if any of the nenbers --

MEMBER POVERS: Mario, there was a
question that arose during the discussions of the
subconmi ttee about the jockey punps?

MEMBER BONACA:  Yes.

VMEMBER POVNERS: | woul d just conmment t hat
| checked with sonme of ny fire protection buddi es, and
asked them a question about prejudice, one way or
another. And w thout even thinking, they said, "O
course there is.”

PARTI Cl PANT: There was a little bit of a
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di sagreement between the Staff and the Applicant on
this issue, and Tuesday, when | presented to the
subcommittee | indicated that previous Applicants for
i cense renewal had included the jockey punps, or if
there was a tank that maintai ned pressure on the main
fire header that they woul dinclude that, even Cconee.

And M. Geg Robeson of Duke's staff
chimed in and indicated that at Oconee they did not
i nclude the jockey punps. And | renenber | ooking at
this, and | renenber talking with the Duke folks
before Tuesday's neeting, and distinctly renenber
seeing the PNID that indicated that they were in
scope.

So | just wanted to report to the ful
conmittee that |1've done the research, going back to
the Cconee application, and the drawi ng, and the
j ockey punps for Oconee fire protection systemwere in
scope. Thank you.

MEMBER BONACA: Are there comments from

menbers, or questions from nenmbers that were not

t here?
CHAI RMVAN APOSTOLAKI S: Thank you, Mari o.
(OFf the record discussion.)
MR. KING For the record ny nane is Tom
King, I"'mwith the Ofice of Research. |'mcalled a
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consultant now, but 1'm sort of an NRC special
enpl oyee, and | report to M. Tadani, and | have
assignments in the advanced reactor area, sone
i nternational stuff.

| have been working on policy issues
associ ated with advanced reactors, focusing on non-
light water reactors. As Dr. Kress nentioned, there
was a SECY paper that went up, back in July, to the
Comm ssi on, that you have been briefed on, and then
sent a letter on, SECY 020139.

W are not quite as far along as your
comment s suggested, the opening comments suggested,
Dr. Kress. |I'mhere today as a status report. The
paper is due to the Conmi ssion the end of Decenber

W are in the process of gathering
information right nowin terns of what are the options
for resol ving these i ssues, what are t he pros and cons
of the various options.

And what |'m here today to talk to the
Conmittee about is where we stand in terns of
identifying options, and pros and cons. W are not
asking for aletter at this point, but we would |ike
any verbal feedback we get regarding those options.

We al so are conducting a public workshop

Cctober 22nd and 23rd, it is going to be at the
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Doubl etree hotel up the street, to get input from
ot her stakehol ders on the options, and the pros and
cons.

After that thenwe will start tofornul ate
recommendat i ons, and maybe at the end of the briefing
we can conme back and tal k about future interactions
with this Conmttee, where we can start tal ki ng about
recommendati ons | eadi ng up to the paper in Decenber.

We woul d, probably, request aletter from
the commttee in Decenber. | would hope we coul d get
on your Decenber full Committee agenda, give you a
draft paper in advance of that, where we would talk
recommendat i ons, and then get your formal input prior
to that paper going to the Conm ssion.

MEMBER KRESS: When did you say your
wor kshop was?

MR. KING The workshop is October 22nd
and 23rd. On the 22nd it begins at 1:00 in the
afternoon. There is a Federal Register notice out
t hat gives the agenda.

Advance reactors are still alive and wel |
at NRC. There are, right now, five advance |ight
wat er reactors in various stages of either review, or
pl anning for review

There are three non-light water reactor
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activities which are really the focus of nost of what
' mgoing to tal k about today. Those are the GIMHR
the Pebble Bed is still alive, although we are not
actively reviewingit right now, there are di scussions
t aki ng pl ace regardi ng the resunption of that review

And then there i s t he Departnment of Energy
Generation 4 activity, which is |ooking at various
non-1ight water reactor concepts. There are al so
three yearly site permt applications expected next
year. \Wich, to sone extent, have a bearing on some
of what we are going to tal k about today.

Just quickly, by the way of background,
you are probably all famliar with this, the current
regul ations really are a conbi nati on of generic and
light water reactor oriented regul ations.

| f you |l ook at non-1light water reactors in
t he past we've done it on a case by case basis. | was
involved in the Cinch R ver review, where we had to
go through all the regulations, identify which ones
applied, which ones didn't, and what additional
requi renments, or license conditions had to be added to
deal with the fact that it was a sodi umreactor.

W also had to conb through all the
generic safety issues that had been identified for

I ight water reactors and i dentify whi ch ones appli ed,
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and which ones didn't.

MEMBER KRESS: Did this process al so take
pl ace for the dinch River breeder reactor?

MR KI NG Yes. I"m using that as an
exanpl e, since | was personally involved in that.

MEMBER KRESS: You also did it for the
earlier MHTGR

MR.  KI NG For MHTGR we did sonething
simlar at the pre-application stage, and | imagi ne
Fort St. Vrain, probably, went through a sinmlar
process.

And all of that is subject to litigation
on a case by case basis. So, you know, there is sone
el ement of duplication that you have to go t hrough on
a case by case basis. There is some potential for
i nconsi stency inthe way things are interpreted as you
go through each of those reviews case by case.

Back i n ' 86 the Comm ssion issued a policy
statement on advance reactors encouragi ng these pre-
applications --

MEMBER ROSEN: Fort St. Vrain was the only
one we actually issued the |icense to.

MR, KI NG Yes, Fort St. Vrain was --
wel |, there was Peach Bottom 1l before that, that was

really early in the game, and that was sort of a
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denonstration plant. Yes, Fort St. Vrain actual ly got
licensed. dinch River was probably a few weeks away
fromgetting its CP.

MEMBER SHACK: How about Ferm ?

MR KING Ferm 1, yes, that was also a
denmonstration plant too, as | renenber. FFTF got a
safety review, did not get a license, and it was
reviewed only on the design, the site was not | ooked
at, emergency planning was not |ooked at, only the
desi gn.

MEMBER ROSEN:  What i s the significance of
seeing a denonstration plant, is that |icensed under
103 i nstead of 1047

MR. KING |1'mnot sure. Those were back
in the '60s, and back under the AEC, and | can't
really talk to the di fferences of what was done t hen,
versus what i s done now

MEMBER PONERS: You ar e absol utely correct

about the licenses, the clause in the Atom c Energy

Act that you get licensed wunder, there is a
difference, | don't know what el se that neans.
| knowthat it's significant, | nmean this

i cense by test concept, but I don't understand al
the ins and outs of it.

VMEMBER RANSOM Tom the DOE reactors are
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not licensed by the NRC, is that right? Like the
production reactors?

MR KI NG Production reactors are not
licensed, and | nentioned FFTF got a safety review,
but it did not get a license.

MEMBER POVNERS: That was j ust because DOE
was asking NRCto do it, not doing it because they are
required to do it?

MEMBER RANSOM That i s ny under st andi ng,
they were not required to do it.

MR,  KI NG Fort St. Vrain had a pre-

stressed concrete reactor vessel with a steel I|iner,
which was really treated, inthe safety anal ysis, |ike
a container. | just went through the Staff SER on

Fort St. Vrain.

And t hen t hey had t he confi nenment bui |l di ng
around that, with no pressure-retaining capabilities.
So dependi ng on how you | ook at Fort St. Vrain you can
say it had a containment, or it didn't have a
cont ai nnent .

MEMBER PONERS: But there are good things
to be said about confinenents.

MEMBER RANSOM | think one of the design
basi s accidents on Fort St. Vrain was | oss of cl osure,

you could flow out the bottom closure and -- |
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remenber | was asked one tine to see if it would take
off like a rocket.

MR. KING Yes. | don't recall what the
desi gn basis accident -- they had a depressuri zation
as a design basis accident, but |I don't renenber --

MEMBER RANSOM They called it the | oss of
cl osure, which was the main closure on the bottom of
t he reactor.

MR KI NG Il will go look at the SER
again, but | don't renmenber seeing that in the SER

Anyway, the Conm ssion had i ssued a policy
statement back in '86 encouraging activities at the
pre-application stage to settle sone of these major
desi gn and policy i ssues associ ated with these pl ants.

And that is really what we are into now
with the pebble bed, and the GTMHR, and we' ve gotten
far enough where we felt it was tine to go to the
Conmmi ssion with sone of these issues, and try and get
sone feedback, and that was the SECY paper that went
up in July.

The scope of the issues really deal with
react or desi gn and operation. W are not dealing with
fuel cycle issues at this point, nor security issues.
That will be dealt with separately.

| mentionedthe schedul e al ready. W wil |
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cone back after this and talk a little bit about,
maybe, future interactions with the conmttee.

Now what | would like to do is tal k about
each of the seven issues that were in the SECY paper.
The first three are really what we call overarching
i ssues. They have the potential to inmpact all the
ot her issues, and have a broader scope than the | ast
four issues.

And the first one of those, in the paper,
is what we call expectations for enhanced safety. |If
you recall, inthe Comm ssion's advance react or policy
statenent, they encouraged -- actually they said they
expect ed advance reactors to have enhanced mar gi ns of
safety.

They said as a mninum though, that the
plants had to neet the same |level of safety as
currently operating plants. The severe accident
policy statenment, which actual |y preceded t he advance
reactor policy statenment, said that they expected
pl ants t o have an enhanced performance sever e acci dent
per f or mance.

And t hen the safety bill policy was i ssued
in '96, and when the Conm ssion issued their SRN in
1990 on the safety bill policy, the Staff had

reconmended a nore stringent core damage frequency
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goal for future plants. The Comm ssion turned that
down in 1990 and said they expected the industry to
devel op designs with enhanced safety, but they are not
going to take those i ndustry goals and turn theminto
regul ati ons.

MEMBER KRESS: \What does CDF nean for a
gas cool ed reactor?

MR, KI NG | think you can define it
vari ous ways. You can define it on the basis of fuel
tenperature, you could define it on the basis of the
nunber of expected particle failures, you coul d define
it on sone anmount of air that would get in there.

CHAI RMVAN APOSTOLAKI' S: But can you defi ne
core damage i n di fferent ways, for different reactors,
and still have the sane goal s?

MR. KING The same goal s?

CHAl RVAN  APOSTOLAKI S: Vel |, t he
Commi ssion is 10 to the minus 4, | mean, that's what
t he Conmmi ssion has at this tinme?

MR KING Yes, | think we can. | don't
t hi nk defining core danage frequency in gas reactors
is a major obstacle, it is just a matter of sitting
down and deci ding --

CHAI RVAN APOSTOLAKI S: Wl |, there shoul d

be sonme consistency, | think, for the --
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MEMBER KRESS: | think the consistency will

come - -

CHAI RVAN APOSTOLAKI S: Isn't it 10 percent
of the nobl e gases -- release of 10 percent? | think
that is what the definition is.

MR. KING Yes, | don't recall exactly.
But you can cone up with sone equivalents. | don't
think that is a big issue.

MEMBER WALLIS: Whuldn't you have sone
troubl e defining what current |evel of safety is?

MR,  KI NG | think you have certain
netrics that you can use, core damage frequencies --

MEMBER WALLI S: Are you goi ng to take sone
average of that, or are you going to take the current
| evel of safety?

MEMBER ROSEN: 103 plants, we add up all
t he CDFs, and divide by 103.

MEMBER WALLI'S: But are you going to take
t he maxi mum or some goal |evel of safety?

MEMBER KRESS: Well, you have to take the
maxi num

MR KING | would take the safety goal
subsi di ary objectives. That is what we are shooting
for, for the current fleet of plants.

VEMBER WALLI S: That is not the current
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| evel of safety. It's a goal, but it is not the
reality.

MR KING It is not reality, but I don't
t hi nk we have any really good nmeasure of reality. W
have the IPs that |ook at internal events, and
external events. W don't have --

MEMBER WALLI S: Isn't that the whole
probl en? Unl ess you have a base of current | evel, you
can't really say what's being advanced, what's not
bei ng advanced.

MEMBER KRESS: | woul d, personal ly, think
this would be an opportunity to make 10* a nati onal
requirement. | nean, rather than a goal

MEMBER ROSEN: Ten to the minus four is
not the goal, because if new plants were desi gned ten
to the mnus four, that would result in a reduction
a deduction in safety, conpared to the last plants
that were |icensed.

MEMBER KRESS: Yes, but | think that the
first sub-bullet is probably a reality. And if you
woul d requiretento the mnus four, with expectations
t hat the Applicant would cone in with a better number

MEMBER WALLI'S: | don't think you should

have any expectati ons above the requirenment, it i s not
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in the requirement, | wouldn't expect anything.
MEMBER KRESS: W don't have any
requirenents --
CHAI RVAN APCOSTOLAKI S: What woul d you

include in the ten to the m nus four?

VEMBER ROSEN: If it is only internal
events, | mght be abletolivewiththat. But if it
is-- it really ought to be, whatever nunber you pi ck,
it ought to include all nopdes of operation and

internal and external.

MEMBER BONACA: If you do that you go
beyond whatever we have right here.

CHAl RVAN APOSTOLAKI S:  There is another
i ssue here. | don't knowwhat t he Conm ssi on neans by
enhanced safety. Wat exactly does that mean?

MR. KING 1In the advanced reactor policy
statenent they tal k about usi ng passi ve systens, |ess
reliance on operator action, those ki nds of things, to
achi eve enhanced safety. They haven't quantifiedit,
the nmeans for achieving it.

CHAI RVAN APOSTOLAKI S:  Because the thing
that comes tony mindis, you know, you can tal k about
an individual reactor being safer than an indivi dual
existing reactor. But also you can tal k about the

fleet, and so far our goals, and subsidiary goals are

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

187

determned in ternms of a reactor review.

And it is different, it seenms to nme, if
you have 103 units. \Wen you have 103 units it is
di fferent fromhavi ng, say, 500. Shouldn't the nunber
of anticipated units play a role sonme place here?

MR KING Leading into ny next slide.

CHAl RVAN  APOSTOLAKI S: You see, |I'm
setting it up

MEMBER KRESS: Yes, but the difference
bet ween 300 units and 100 units, and 500 units, is
hardly discernible in the PRA space.

CHAI RVAN APOSTOLAKI S: No, because if you
have 5 ten to the mnus four, three, five, | thinkit
was a spectrum It is different if you multiply by
three or four tinmes. | think you are getting --

MEMBER KRESS: That is beyond the
capability of --

CHAI RVAN APOSTOLAKI'S: | understand --

VEMBER POWERS: Explain to ne, |'m not
very bright, | guess. |If | aman individual and |ive
2700 feet --

CHAI RVAN APOCSTOLAKI S: For i ndi vi dual ri sk
it doesn't matter, you are right. For societal risk
it does.

MEMBER KRESS: For both of the safety
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goals you have, it doesn't matter, because they are
individuals. But | really think, deep down i nside, we
have inplied sone societal goals. | think we worry
about total events.

MR, KING But it does matter. If you
have ten plants on a site versus one plant on a site,
your individual risk changes.

MEMBER KRESS: It certainly does.

MEMBER POVERS: |t seens to nme that by the
time you got to the 500-plant fleet, you would have
some subset of individuals that you exposed severa
times. And there | can see that you m ght do sone
mul tiplication.

But | don't think you ever do a
mul tiplication by 103, or 500.

CHAI RVAN APOSTOLAKIS: No, no, thisisif
you want to get the societal issues. Which we don't.

MEMBER PONERS: | would be very carefu
about driving societal goals which is you get these
peculiarities of one gram of plutonium --

CHAI RVAN APOSTOLAKI' S: The ot her t hi ng you
have individual risk, |I think it depends on how you
phrase it, now|'mthinking out | oud, which | knowis
danger ous.

But if the Commission's goal is for a
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specific individual, then it doesn't matter. If the
Conmission's goal is any individual in the United
States, then probably it does matter.

MEMBER POVNERS: But | don't think you ever
mul tiply by 103 or 500.

CHAI RVAN APCSTOLAKI S: They are rel ati vel y
nmut ual Iy exclusive. Not 100 because you have fewer
sites. But within the sites you may have t he probl em
Tom nent i oned.

MEMBER POAERS: You may multiply by --
there may be a necessity to multiply by 10, or 2, or
3, or sonmething like that, but never 100.

CHAI RMAN APOSTOLAKI S: | think you do.
What if you have -- right now we have, what, sixty
sites? So if | want to know the individual risk for

any individual in the United States will die because

of that, | have to multiply by 60, don't |1? Because
any one can happen, | have 60 opportunities. Any one
can die.

| f you say a given individual, then you
don't multiply. But if you say any individual, you
mul tiply.

MEMBER VALLIS: | think you' re way off the
point. The point is how are they going to explain

whet her or not the safety is being enhanced?
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MR. KING W can go back and tal k about

t hat . W don't have a good neasure, quantitative
nmeasure, of the safety |level of plants. The best we
have is the IP --

CHAI RVAN APOSTOLAKIS: Al I'msaying is
that if you do that thinking, take into account the
possibility of having to multiply by the nunber of
sites, and so on, and see what you get.

| ' mnot saying that you have to, but this
is sonething that I"'msure will cone up

MR KING In fact, if you look at the
Conmi ssion's strategic plan, and you | ook at -- they
have four performance goals, one is maintain safety,
and those are the nmeasures of how they are going to
nmeasur e whet her they are doing that or not.

Most of those are dependent upon the
nunber of plants, total nunber of plants in the
country, not on a site basis, they are on a nati onw de
basis. And that is an issue that has to be addressed.

MEMBER KRESS: | think in practical
reality, though, the chances of us getting so many
plants in this country to have to worry about that, is
pretty small.

CHAI RVAN APOSTOLAKI S:  So now we have a

probability goal, based on a probabilistic argunent,
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that the chances of having so many plants is |ow
Ckay.

MR. KING Maybe that is the answer, that
this wll happen.

MEMBER KRESS: It could be, it could be.

CHAI RVAN APOCSTOLAKI'S: By the way --

MR. KING But | think we are obligatedto
poi nt out the question.

CHAI RVAN APOSTOLAKI S: By the way, before
you go on, did you tell the Comrittee why you are
sitting there?

MR. KING Yes, | did, you weren't here.

MEMBER KRESS: He hasn't told us why heis

qgual i fi ed.

CHAl RMAN APOSTOLAKI S: That is what |
nmeant. |s he qualified? A consultant.

MR. KING Automatic qualification, isn't
it?

MEMBER WALLI S: Whet her heis qualified or
not it is his job.

CHAI RVAN APOSTOLAKI S: But you have not
been el evated to the exalted | evel of advisor.

MR. KING Not yet. Let nme go back to
your question.

MEMBER WALLIS: | think we will deterni ne
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if you are qualified after we' ve reviewed your
presentation.

MR KING | don't want the answer.

CHAI RMAN APOSTOLAKI S Woul d t hat st op us?

MR, KI NG W regulate, we decide on
whet her we need new regul ati ons based upon certain
quantitative measures that are laid out on the reg
analysis guidelines that deal wth core danmage
frequency, condi ti onal cont ai nnment failure
probability, thereis acost-benefit test inthere for
certain things.

If you look at option three, we were
looking at risk informng Part 50, there are
quantitative neasures in there. To ne, that sort of
represents the current | evel of safety, that is what
we are striving to achi eve, that is where we woul d add
regulations if we feel we are not achieving that.

W have the revised reactor oversight
process, which is taking quantitative neasures with
performance indicators to see how well we are
achi eving that.

When | talk about this first option,
required current |evel of safety, |'m thinking of
those types of nmeasures being applied for future

plants, as well as today's plants.
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VWen | go to the second option I'm
t hinking of making those nmeasures a little nore
stringent, and appl yi ng t hose, and seei ng what ki nd of
regul ati ons and i nspecti on program oversi ght program

MEMBER WALLIS: So what you are really
saying is your current level of regulations, or
enhanced | evel of regul ations?

MR KING Yes, you can call it that.

VMEMBER POVERS: Dr. Kress, if you are
going to | ook upon this as an opportunity to codify
CDF, are you going to look at it as an opportunity to
i nclude a requirenment on ground contam nati on?

MEMBER KRESS: Yes, but ny CDF, or ny LRF
whatever | come up wth, wll include ground
contam nation. But that is another issue.

MR.  KI NG The other two options that
we' re tal king about, the third one we call an enhanced
| evel of confidence, and that is keep the sane goal s,
CDF and so forth, as you have today, but you would
apply sone additional testing requirenents, sone
addi ti onal oversight, maybe sone additional analysis
to really have a nmuch -- try to inprove your
confi dence that those goal s are going to be nmet, given

the fact that these desi gns have | ess experience, and
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have probably larger uncertainties associated wth
t hem The fourth one is one where you go to the
i ndustry and you say, hey, our policy statenent
expects you to achi eve enhanced safety, tell us how
you are going to do it.

Remenber the old EPRI ALWR requirenments
docunment? Well, they came in and had a ten to the
mnus fifth CDF, and they had sonme severe acci dent
features on the plants, and so forth.

That could be, to ne, a viable option.
Say, okay, we are going to keep CDF ten to the m nus
four, and so forth, but we expect you to do better,
show us how you are going to do that.

CHAI RVAN APOSTOLAKI S:  The i ssue came up
when the new production reactor was designed, and
there was a nunber of interpretations. And finally
they said, well gee, maybe it is only one reactor, a
production reactor. W want it to be safer, they
said, than the |light water reactors.

So the interpretation was, safer than the
safest LWR  And then they realized hownuch it would
cost them They just said, well, maybe that is not
the interpretation of enhanced safety that we shoul d
adopt .

So | think, you know, you can interpret

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

195

this in a nunber of ways.

MEMBER KRESS: This Comm ttee, nornally,
doesn't |ike these | oose, vague things |ike, we are
going to require the current |level of safety, but we
really expect you to have a higher |evel of safety,
and you tell us howyou do that. It just |eaves the
t hing so wi shy washy, and vague, that this Conmittee
normal |y doesn't |ike that sort of stuff.

If we weretowite aletter and say don't
do that, pick out sone | evel and say, that is what we
are going to require.

MR. KING The things that could drive
this decision, one way or the other, | call themkey
considerations. The first oneis the issue | already
t al ked about, additional reactors.

As | nmentioned, if you look at the
strategic plan, the performance neasures under there
are real | y dependent upon the total nunber of reactors
nati onw de.

You al so have the issue of reactors per
site. It is my understanding that what is being
di scussed for the early site permt applications that
are expected next year are, all three that are
expected will be witten around existing sites, so

they will bewittento add newreactors to sites that
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al ready have reactors on them

And they will bewittentoallownultiple
newreactors on those sites, not just one newreactor.
So the issue of reactors per site | think is one that
has to be addressed.

Go read the safety goal policy and say,
what does it apply to, isit witten on a per-plant or
per-site basis? Dependi ng on what paragraph you read
you can go one way or the other.

MEMBER KRESS: But clearly, to ne, a LRF

criteria, if you had one, like the pronpt fatality
safety goal surrogate LRF criteria, is a site
criteria. It is the site that has to neet that.

MR. KING If you read the safety goal
policy in the paragraphs that tal k about the one m |l es
and the ten mles, it tal ks about people around the
site, not people around the plant.

MEMBER KRESS: It is a site criteria. |
don't think there is any doubt about it.

MEMBER ROSEN: So in principle, if you
have two reactors on site, and they' ve used up all the
wor k, you are saying that you couldn't put another
one?

MEMBER KRESS: That is exactly what you

shoul d say.
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MEMBER ROSEN. O you coul d say nmaybe we

woul d have to have sone additional neasures for the
ot her two reactors.

MEMBER KRESS: That is exactly what you
woul d say.

MR. KING O you could say the next one
has to be nmuch safer, so that it is basically a
negligible risk, just like in reg guide 117, where we
defi ne sonme, you know, small and very snall

You know, it could go different ways. But
| think to ne a fundanental question to go to the
Conmmi ssion is, how do you interpret your safety goal
policy, per-site, per-plant?

CHAI RVMAN APOSTOLAKI' S: Actual ly I thinkit
was Commi ssi oner Bradford that had t hat comment, that
two can play that game, that this is the goal of the
policy reactor, this is the goal of -- naybe we shoul d
review it.

MR KING He did it on core danage.

CHAl RVAN APOCSTOLAKI S: Yes. But anyway,
that's the kind of thing we have to revisit.

MR. KING  Another issue is the fourth
item down. The fact that these are new plants, we
don't have a lot of operating experience. And

probably the [ argest uncertainties are in the area of
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severe acci dents.

Wuld it make sense to require enhanced
accident prevention to help conpensate for those
uncertainties in severe accident space, so that you
have a much | ower |i kel i hood of ever getting to severe
acci dents and, therefore, the uncertainties associ ated
with that don't have the prom nence that they m ght
for a --

CHAI RVAN APOSTOLAKI S: Do the designers
agree that the term nol ogy "severe acci dents" applies?

MR. KING Do they agree what, excuse me?

CHAI RVAN APCSTOLAKI S: " Sever e acci dents, "
t he term nol ogy --

MR KING Well, in discussions with the
pebbl e bed folks, they do not use the term severe
acci dents. | use it because it is sort of in our
lingo, and it really means sonet hing with substanti al
core damage.

It may not be a core nelt in the case of
the HTGR

MEMBER KRESS: Anot her way tointerpret to
me, that bullet, maybe we ought to require a really
good quantification of the wuncertainties and
confidence |levels on our requirenents. M ght be

anot her way to do that.
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MEMBER PONERS: That's a surprise.

MR KING Yes. Confi dence |evel
certainly is an issue that, | think, is inportant in
a nunber of these issues we are going to tal k about,
it is not just on this issue.

CHAI RMAN APOSTOLAKI S: But al ready, |
mean, if you | ook at the goals it seens to ne that we
are saying that accident prevention is a thousand
times nore inportant than mtigation, because you are
saying 10* -- can you really do that? That's nore of
afeasibility issue; you can put even nore enphasi s on
that side. | don't know how high, but it's pretty
hi gh, you know? It seens to nme it would be easier to
do nore on the other side to nmake sure that mtigation
is better than 0.1.

MR KING | think we can do better. |
mean, what is the right ratio--

CHAI RVAN APOSTOLAKI'S: Wel |, inthe sense
of -- if there is such a thing as a severe acci dent,
t hen we can containit, findit, with the probability,
the condition probability of better than .1. It is
fairly nore feasibl e than working the prevention side.

But this is clearly a defense in depth
i ssue which nmeans a matter of uncertainty.

MEMBER BONACA: Al t hough by designing t he
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passive features, you are enhanci ng prevention.

CHAI RVAN APOCSTOLAKI S: Actual |y ny bi ggest
uncertainties are on that side. | nean, even the
AP600 reported sonmething like a few 10 to the m nus 7
for core damage frequency. | think there are
uncertainties there. | nean, | couldn't find themat
the tinme, but if you put yourself |ight water reactor
hi story 30 years ago, there are a | ot of things have
happened since then, that we could not imagine. So
the 10 to the mnus 7 nunber is nore suspect in ny
mnd --

MR. KING You are raising an interesting
argunment in terms of should we consider what is the
bal ance, should we put aratioto sonehowquantify the
bal ance for prevention and mtigation?

MEMBER BONACA:  You know, if | could, the
safety goal policy |I was thinking about, actually, if
you t hi nk about additional reactors and remenber, we
t al ked about four or five hundred, really, you have a
viability of the industry objective that goes beyond
t he safety goal policy. | nean, that is not adequate
any nore.

CHAI RMAN APOSTOLAKI'S:  Yes, that is the
whol e poi nt.

VEMBER BONACA: It would be nore of an
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i ndustry issue.

CHAI RVAN APOSTOLAKI S:  That brings up an
interesting point. You know, people have been
conmpl aining from the beginning -- you should never
have goals in ternms of rates, because you run into
t hese i ssues at some point. Per-year, per-whatever.

It has worked very well for us because we
haven't built any nore plants, but now maybe it is
time to reconsider.

MEMBER KRESS: | hope we don't get tied up
on this bal ance issue, because our real goal is to
ensure the risk is not an undue risk. \Whether it's
achieved by a really good design that stops it from
occurring or nmaybe not so good a design but has an
extremely good containnent. | don't think we should
get tied up on that.

| think we should be interested in the
overall nunmber, and you need to worry about the
uncertainties.

MEMBER ROSEN:  What happened to defense in
dept h?

MEMBER KRESS: It is comng up

CHAl RMAN APOSTCOLAKI S:  There are two or
three slides in the presentation --

MEMBER ROSEN: But if you are saying we
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shoul d just be worried about the final nunber --

MEMBER KRESS: You heard nme say, yes, |'d
worry about the uncertainty in the determ nation, and
t hat ought to be a consideration in how you do it.
But | really think that is the risk that you shoul d be
worri ed about.

MEMBER ROSEN: | agree.

MR, KI NG And that is your ultimte
nmeasure. But | still, I would give a |lot nore weight
to prevention than mtigation.

CHAI RMVAN APOSTOLAKI'S: W al ready do.

MR. KING And we already do. But is that
good enough, or do we want to go further? The only
other thing I want to point out --

MEMBER PONERS: My point was, | wouldn't
say well, | got tentothe mnus 7, but we're goingto
stick a .01 containment onit, too. That's what | was
argui ng agai nst, the other direction. | think if you
got good enough at the prevention end, you shoul dn't
get tied up on this bal ance.

MR. KING You could carry that to the
extrene and say all you need is prevention, you don't
need - -

MEMBER KRESS: And that is what |I'm

saying, you very well could get by with that in
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regul atory specs. As long as the uncertainties are
not killers.

MEMBER ROSEN:. But we are tal ki ng about a
new reactors where the uncertainties are going to be
| ar ge.

MEMBER KRESS: | say we've got to give
sone estimate.

MR. KING The other thing | want to point
out onthis slideis the bottomitem inplications for
future LWRs. Most of these key considerations,
dependi ng on howthey -- yes, whatever the outcone is
for non-1ight water reactors, | think is goingto have
a bearing on the future of light water reactors. So
that has to be kept in mnd when you go to the
Conmmi ssion with a recomendati on.

Defense in depth, that is the second
overarching issue. | think the Commttee was right in
its letter of last July, in saying that is an
overarchi ng i ssue, not a sub-i ssue under sone of these
ot her t hi ngs.

Ri ght now, we tal k about defense in depth
in alot of places, but we really don't have a good
definition of what it is. It is not mentioned in the
regul ations. We have the 1999 white paper on risk-

i nfornmed performance-based regulation that has a
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definition, but it reads nore |ike a goal.

MEMBER POAERS: In truth, it is nentioned
in the regulations, 50.48, and appendix R, both
mention explicitly defense in depth.

MR KI NG Okay; |'m going to | ook at

those. | don't remenber seeing that in there.
MEMBER POVWERS: Those are all fire

protection regul ations. The basic principle is

prevention, suppr essi on, and mtigation of

consequences. And if you are desperate to find a
definition of defense in depth, that is not a bad one.
| f you are | ooking for this rationalist bal oney about
conmpensating for uncertainties that we can't quantify
or even articul ate, you know, you're i n nore desperate
shape. But | don't want to prejudice you with that
poi nt of view I"'m totally open-mnded on this
subj ect .
(Laughter.)

CHAI RMAN APOSTOLAKI S: O course, when
they nention fire protection and suppressi on, you know
t here was sonme sort of uncertainty advanced in their
m nds, because they don't do that for all fires. For
some of them they say that they are so |ow

probability -- you don't do it for every single fire
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MEMBER PONERS: |'mreally struggling to

remenber any of that, in 5048, or --

CHAI RVAN APOSTCLAKI S: It may not say it,
whet her you do the eval uation.

MEMBER POAERS: But when you are tal king
about the way the anal ysis i s goi ng back, | nean, yes,
it is true that the approach to defense in depth is
borne of uncertainty. But they circunvent the needto
quantify them because in the end they are saying,
"What if I'mwong about all the anal yses, including
nmy anal yses for ny uncertainties?"

CHAI RVAN APOSTOLAKI' S: Now t hey wer e wr ong
i n Appendi x R, when they demanded t hat thi ngs be near
the ceiling, 20 feet above -- but as | ong you have 20
feet separation horizontally, it was okay. And then
there was a search that showed that if you had a fire
there was a hot plume that drives the gases up, and
then you have a hot gas |layer. So whether you have
twenty feet or thirty feet, it really doesn't matter;
because all of themare i Mmersed in the hot gas | ayer.

Nobody asked, "Wat if we're all wong?" And
t hey were. So you know, there arelimtations to that
rational i st approach, too. In the scenario approach,
it came out. Inthe scenario approach they identified

t he hot gas | ayer, and they said, "Gee, the horizontal
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di stances don't really matter." Therearelimtations
to bot h approaches.

MEMBER PONERS: | think you see what the
prejudice was in setting this up. Yes, they took a

conventional w sdomat the time and argued about 20

feet based on the radiation argunment and not on hot

gas.

But, you see the defense in depth says,
first of all, you prevent that fire from ever
occurring. Second of all, if that fails, youtry to

detect and suppress that fire. Now, the 20 feet was
infact and i npl enentation of mtigating consequences.

CHAI RVAN APOSTOLAKI S: Wel |, but it could
be prevented, depends on what you are trying to
prevent. But you are saying prevention refers to the
fire itself. But if you say "I'mtrying to prevent
core damage, then failed is a --

MEMBER POAERS: It is preventing danage to
safety-rel ated equi pnment, was the objective in that
24th thing there. But | mean that is conpounding a
| ot of what fails on top of each other before you get
t here.

CHAl RVAN APOSTOLAKI S: The point |I'm
making i s that just as you can criticize the argunent

that you should quantify your uncertainties and be
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rationalist, youcancriticizetheargunent, | will be
asking nyself, "Wat if | am wong?" because we nay
not ask that question at sone crucial point, because
you don't know. You don't ask, "what if |I'm w ong"
every single step of the way.

So maybe theoretically you can quantify
the uncertainties |ike what the press wants, but
t heoretically, also, you can ask you know, "What if
|"mwong." But in both cases there are holes. That

is why it should be risk-inforned.

MEMBER KRESS: | think we ought to nove
on.

MEMBER POVNERS: M only point was to say
that it's not -- in the regulations, | nmean, it is

true in the sense that they don't speak of defense in
depth for the bul k of the regul ations, but thereis an
explicit nmention defense in depth in connection with
fire protection. And it is not a half-bad definition
of a structuralist view toward defense in depth.

MR KING | will golook at that. There
have been peopl e that have tried to define defense in
depth. | AEA and I NSC are two of the npst promnent in
my m nd, where they defined five |levels that include
design el enents, as well as programmatic elenents in

fairly multi-paged docunents that issued, that put

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

208

t hose descri ptions out.

| sawthree optionsintryingtogotothe
Commi ssion on this issue. One is we could just
continue or previous practice of doing case by case
reviews, and maki ng judgenents that defense in depth
isincorporated into the design before we licenseit.

You know, that is a potential for sone
i nconsi stency, and it certainly has a |l|ack of
transparency i n howthose deci si ons were made, or has
a potential for a lack of transparency.

We can try to devel op a description or a
policy statement on defense in depth that the
Conmi ssion coul d i ssue that could try and defi ne what
t hose el enents are.

We could, maybe, view it as trying to
i mpl enent the definitionthat isinthe risk informed
performance based white paper, which | viewnore as a
goal. Andit could have structural el enents, rational
el ements, it could have quantificationonit, it could
have any | evel of detail you want.

MEMBER PONERS: It was the case by case
process of this commttee to conduct afairly thorough
i nvestigation of what it thought about defense in
depth, and why the ability to do quantitative risk

assessnent.
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And t he probl emwe sawwas t hat defense in
depth was being used to underm ne the use of risk
information in the regul atory process, because it was
al ways trunped by elimnating defense in depth over
t he years.

And so | guess | woul d | ook, nmy suggesti on
to you is don't present that, just that case by case
t hi ng, but you m ght want to consi der anot her opti on,
whi ch says that in those cases where, at afairly high
| evel in the system and not in the areas where there
isquantitative risk analysis is actually pretty good
for evaluating the systens, and what not.

In other words, | think there is nore to
t his case by case t han just | ooki ng at each subsystem
and what not. Because that is denying that you have
this capability to ook at a plant in an overall
sense.

And | don't think you want to do that at
this point.

CHAl RVAN APOSTOLAKI S: This is the so-
called pragmatic approach in our paper. And |
thought, I'malittle surprisedthat youdon't nmention
option 3 here, because those guys have done a | ot of
t hi nki ng about it. And they did try to inplenent, as

| recall, this pragmatic approach.
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Because, you know, in our paper, between
rationalist and structuralist we figure that neither
one is really perfect, and you need this conbination
t hat Dana just descri bed.

And havi ng def ense i n dept h of t he hi ghest
| evel , without even questioningit, isagoodthingto
dowithinternational mtigation. So | would suggest
that we | ook at the option 3 docunents, because they
have done thinki ng about this.

MR. KING 1've |looked at the option 3
docunents and the discussion in REG guide 1174, |
t hi nk that phil osophy coul d be i nhedded i n t hat second
option, if that is the way we decide to go.

CHAI RMAN APOSTOLAKI'S:  That is right.

MEMBER KRESS: But it rai ses the question,
and I'mnot the right person to raise this question,
actually the Chairman is the one that shoul d rai sethe
guestion, but I will encourage himto raise it.

You sai d def ense i n dept h up here, and not
defense in depth philosophy. And maybe that
distinction that we tried desperately todrawin 1.174
ultimately failing mserably, but that nay be t he way
to ask the question, rather than casting it as
strictly defense in depth.

CHAI RVAN APOSTOLAKI S: | agree.
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MEMBER KRESS: |'mthe ultra-rationali st

inthe cromd, and in defense in depth. So |let nme make
a conmment.

| think if you go to the option 3 concept
you're stuck in this quagmre of prevention and
mtigation, alongw th, perhaps, |ooking at individual
sequence contributions, and not letting any one of
t hem be too nuch.

But | think that is a problem and what |
t hi nk def ense i n dept h ought to be, inthe rationalist
sense is, let's presume we have good PR risk
assessnments wi th uncertainty, and have goal s on ri sk,
not goal s, you have acceptance criteria on risk, that
are appropriate for the whole range of regulatory
obj ecti ves.

And defense in depth ought to be focused
on how t hese goals, howthis thingis nmet. Is it net
by a single elenent of design, or is it net by
redundant systens, andisit net by reliabilitiesthat
are highly uncertain, or --

| think you ought to think along those
lines for defense in depth. And then, maybe, you can
factor into that the uncertainties associated wth
each element of how it is achieved.

And then say, well, there is too nuch
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uncertainty here, we have to do sonething.

MEMBER BONACA: But | think, though, you
can conbine disciplines with what Dana has been
saying, by sinply calling it defense in depth
phi | osophy.

I n ot her words, you are pointing out that
you have to worry about conventional mtigation. At
the sane tinme you are saying look at the
uncertainties.

MEMBER KRESS: | was arguing against
defense in depth phil osophy being prevention --

CHAI RVAN APOSTOLAKIS:  Well, | think it
woul d be useful to give guidance how to do what --

MEMBER ROSEN: For exanple, | disagree,
don't like the inside approach, | can tell you that.
Because by trying to define what it is, it really
weakens the philosophy itself, that has been
inmplemented in so many different forns, so many
di fferent judgenents and areas, that -- and nowif |
caninplenent it withinsights fromPRA, clearly, then
| can have a better defense in depth.

MEMBER KRESS: | really think if you | ook
at the white paper definition, it is pretty good, it
doesn't say prevention and mtigation, it says sone --

yes, it doesn't say nmultiple barriers, it isnmltiple
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compensati on.

And, you know, | think you can build a
defense in depth on that.

MR, KI NG | don't even think it says
multiple. | will readit. It says: Defense in depth
is an element of NRC safety philosophy. It enploys
successi ve conmpensat ory nmeasures to prevent acci dents
and mtigate danage i f an acci dent or natural |y caused
event occurred with a nuclear facility.

Def ense i n depth phil osophy ensures that
safety will not be wholly dependent on any single
el enent of the design, construction, maintenance, or
operation of the nuclear facility.

The net effect of i ncorporating defensein
depth in the design, construction, mintenance, and
operation is that the facility or systemin question
tends to be nore tolerant of failures and external
chal | enges.

That is it.

MEMBER KRESS: That is a pretty good
definition. And it doesn't really say anything about
t he bal ance between preventive and mtigation.

MR KING To ne it says that is the goal
of defense in depth, | have no quarrel with that. But

if I was the designer I'mnot sure howthat would help
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me, other than, you know, you want to make sure you
don't put --

MEMBER POWERS: Explain to nme why it
woul dn't help you. | nmean, it seens to ne that it is
pretty explicit, it is not going to be dependent on
the single element. So that tells ne that | can't be
absol ut el y dependent on passi ve natural circulationto
keep ny core cool.

MEMBER KRESS: And does it also tell you
you can't be absol utely dependent on the fuel pellet?

MR KING Yes.

MEMBER BONACA: ldeally | think the
rationalist approach nmakes sense.

MEMBER KRESS: Frankly | don't think we
are well enough in technol ogy, PRA technol ogy and
uncertainty to really inplenment the --

MEMBER BONACA: That is exactly the

probl em

MEMBER ROSEN:  Wel |, even though | think
PRA is near perfect now |l would still say there is
still the question of what we don't know, there is

this inconpl eteness uncertainty. Which by its very
nature says, if you don't knowit, you don't knowit.
So you don't know howto quantify it. So

because of that, even though of the near perfectionin

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

215

some PRAs, you still have to --

CHAI RMAN APOSTOLAKI'S:  This conmttee --

MEMBER ROSEN:  -- back those new --

CHAI RMAN APOSTCOLAKI S: Thi s commi tt ee asks
Joe to tell himwhat she doesn't know.

(Laughter.)

VEMBER ROSEN: | was thinking that Joe
would tell us. He would be the only one who could
nmeet on non-negoti abl e demands.

CHAI RVAN APOSTOLAKI S: Per haps we have
exhausted the --

MR. KING Let nme just talk about this
third option. The difference |l see between t he second
option, that is one where you would specify certain
structuralist elenments in defense in depth.

And you can have sone rati onal i st el enents
in there, as well. But the third option, to me, is
strictly a process that would sort of be a way --
describe a way to treat uncertainties, if that is how
you view defense in depth, it would not have any
structuralist elenents in it.

So that is the difference between the
second and the third. The key factors that affect the
reconmendation onthis, certainlythe scope of defense

in depth, what we've been tal ki ng about all al ong.
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Structuralist versusrationalists, should
it include things, progranmmatic type things |ike QA
and EQ trains.

CHAI RVAN APOSTOLAKI S:  But t he reason why
you nmake this distinctionis the uncertainty, because
t he uncertainti es have got the performance of physi cal
el ement s, are smaller in general, than the
uncertainties regardi ng the probl ens.

So this is, really, saying -- | would
rat her see sonething physical that |I can touch, as a
barrier, than have sonebody tell ne, nake sure --
because that is nore uncertain.

MR, KI NG That is why we make the
di stinction.

CHAl RVAN APOSTOLAKI S: Because we have
faced that before with, you know, reduce the risks.
So sone peopl e say, okay, we wi || have better prograns
to nmake sure that the transient fuel is not comng to
the room And peopl e saying, gee, we are already
supposed to have those, | don't believe that.

Then sonebody el se says, well, you have
these two trains, why don't we erect a barrier between
then? And everybody goes, yes. The uncertainty now
went down, this is physical.

MR KI NG But the counter argunent to
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that is you can put a barrier in, but if that barrier
i s poorly designed, and poorly constructed, and poorly
mai nt ai ned, what good is it?

CHAI RVAN APOSTOLAKI'S:  But still 1 think
that the main difference between these, where you say
versus, | think, is the Ievel of confidence that we
have, that one will work versus the other.

MEMBER KRESS: Well, | think thereis also
a difference, there, and some t hi ngs can be handl ed by
PRA, and also determi nistic analysis, where others
can't. Like QA inspection, passive, all those are
not well suited for PRA

So you maybe just say, well, we are going
torequire QA, just Iike we now do, we are going to,
for safety systens, we are going to require training,
we are going torequireinspection, testing, all those
things are not quantified, we just require them

MR. KING But don't call themdefense in
dept h, you nean?

MEMBER KRESS: Well, | would call them
defense in depth. | would tell them | would --

MR. KING There is probably a whol e set
of those things, you call them good engineering
practices, or sonething.

MEMBER KRESS:. Yes, nmybe do that.
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CHAI RVAN APOSTCLAKI' S: | think the | atest

insert to defense in depth -- good engineering
practices is part of defense in depth. That is why I
think it is inportant to say phil osophy, rather than
just defense in depth.

MEMBER KRESS: And | think the issue of
redundancy and diversity is definitely defense in
depth. And | woul d say there is sonme things where you
ought to require redundancy.

Li ke, for instance, | think there is key
saf ety functions that are reactor design i ndependent.
Li ke being able to scramthe reactor.

MR.  KI NG Two i ndependent shut down

systens?

MEMBER KRESS: Two i ndependent shut down
syst ens.

MR KI NG | don't care what your PRA
says, it --

MEMBER KRESS: -- |ike being able to have

| ong termdecay heat renoval. You know, | think there
are things |i ke that that you can just say, redundancy
and diversity is defense in depth, and we will require
it.

Now, that begs the question of how

reliable each one should be, and that is another
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i Ssue.

MR.  KI NG You are arguing for putting
t oget her sone sort of highlevel definition of defense
i n depth that says, these are the features that future
pl ant has to have?

MEMBER KRESS: Yes, that woul d be part of
nmy definition.

VEMBER BONACA: By the way, the first
bull et on programmatic, it is -- | mean, try to
replace an area, talk about the actuary. And that
really has a foundation into a lot of operating
experi ence.

MR. KING |If we do go and try and defi ne
defense in depth what is the approach we shoul d t ake?
Real i ze react or oversi ght process cornerstones are one
structure you could follow, if you want to try and
write sonething down.

That brings in, potentially, things |like
security, security an elenent of defense in depth.

MEMBER ROSEN:. It shoul d be. Challenges
from internal and external threats to the safety
systens in the plant.

MR KING If you read the definition in
the white paper it tal ks about external threats, that

is true.
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I f you would wite, try and devel op such
a definition of defense in depth, it could formthe
foundation for future |icensing framework, the thing
that Mary and her fol ks are going to be working on,
m ght provide a nice skeleton, a structure fromwhich
to step forward and try and wite that.

It could also be useful in other areas,
like reg analysis guidelines, which don't say nuch
about defense in depth. And you factor that into your
reg anal ysi s deci sions.

Again, there is inplications for future
light water reactors, and there is the issue of
coordi nation with non-reactor activities. You know,
NMSS struggles with the issue of defense in depth,
too, and you have to consider, do we want to wite
sonmething that is strictly for reactors, or do we want
to wite sonething broader for the Agency?

MEMBER KRESS: | don't think we have
anyt hi ng el se on the agenda, so we can -- | think this
is an inportant issue, so we shouldn't give it short
shrift.

CHAI RMAN APOSTOLAKI S: So you will not
complain if we stay here until 7 o'clock? Tom you
have an open house here.

MR KING | will stop when you want ne to
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st op.

CHAI RVAN APOSTOLAKI S:  Let's take a break
now for 11 m nutes.

(Whereupon, the above-entitled matter

went off the record at 3:45 p.m and

went back on the record at 3:57 p.m)

CHAl RVAN APCSTOLAKI S:  Let's go on, Tom

MR KING W will nove onto the third
issue, which is called international codes and
standards. To ne the real issue here is, when you
| ook at the future of design efforts, nost of those
are international efforts, in ternms of consortium of
or gani zati ons.

And the question is, and they are using
i nternational codes and standards i n a nunber of them
intheir design work. Shouldwe actively get invol ved
i nlooking at endorsing and using i nternational codes
and standards?

MEMBER KRESS: Things like I SO and --

MR. KING Yes, those kinds of things.

MEMBER VALLIS: | was thinkingif you |l ook
at current U S. policy, --

MR, KING Current U. S. policy is we
shoul d, yes.

CHAI RVAN APOSTOLAKI'S: W shoul d --
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MEMBER PONERS: There is al ot of pressure

to go to |1 SC2000.

MR. KING And trust nme, if you read NRC
managenent directive 6.5, which is titled: NRC
Participation in the Devel opnent and Use of Consensus
Standards, it says that we should, as a first step,
see if there are consensus standards out there were
used before we devel op our own standard.

And it al so says it makes no distinction
bet ween donestic and international standards. So to
me t he managenent directive is pretty clear, we ought
to be doing that.

It takes resources to do that, it takes a
comm tment - -

CHAI RMAN  APCSTOLAKI S: There is a
di fference, though, between what you say now, and what
you said in the previous slide. Standards, okay, you
can look at them it is international, maybe carry
some wei ght.

But you say revi ewi ng t hose exi sti ng codes
and st andards were never practical. And you are going
to go now and get the various codes that the European
Union has devel oped, and France, and Germany,
separately, and try to, without themcomng to you?

Because typically in the United States
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t hat i s what happens, right? The Licensee cones to us
first proposes sonething.

MR. KING That is option one. W could
sit back and when an application cones in, or pre-
application, we can see, okay, what international
standards are they using, and then we get involved in

review ng them and endorsing them if it makes sense

to do that.

That is one way to do it.

CHAl RVAN APOSTOLAKI S: - - maj or
undertaking to do that? | mean, reviewing the

t her nohydraulic code is a --

MR, KI NG No, |'m not talking about
t her nrohydraul i ¢ codes, |I'mtal ki ng about things |ike
the ASME Board, and pressure vessel code, |S0000,
desi gn codes and safety standards, basically is what
' mtal ki ng about, not anal ytical codes.

CHAl RVAN APOSTOLAKI S: That nakes nore
sense.

MR. KING Again, thefirst optionis just
sit back and wait. Sonebody cones in and says, we are
using this, we will look at it.

VEMBER RANSOM | have a question. I
never really heard nuch in nuclear safety with the

concept of fail safe, fail operational type design
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phi | osophi es.

Is there a reason for that, or is that
just inherent in what people do? These are concepts
t hat were used i n t he aerospace program and t hey were
very successful. It enters into the basic design

CHAl RVAN APOSTOLAKIS: W are trying to
prevent fail dangers, we don't care about fail safe.
That is the utility's job.

MEMBER RANSOM  That is an interesting
concept .

CHAl RMVAN APOSTOLAKI S: Because that
creates unnecessary shutdowns.

MEMBER RANSOM Because, for exanple, if
you put a contai nnent on sonething, there i s nowhere
for it to fail safe. It fails -- so maybe a
contai nnent isn't good for that.

MR KING It could fail open, you know,
that is not fail safe. You know, vyour isolation
valves don't close, it doesn't fail like a bonb, it
just has a hole init.

CHAI RVAN APOSTOLAKI S: And we real |y worry
about that.

MEMBER RANSOM  But sone of these recent
designs, like the gravity driven cooling systens, you

know, basically if they fail, they sinply dunp nore
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water in the core. So that is kind of a fail safe
concept .

And it can be carried further. But | was
just curious.

CHAI RVAN APOSTOLAKIS: | think it is the
term nol ogy that is not being used, but the concept
is. But the enphasis is always on dangerous fail ures,
by the nature of the agency. W are not really
designed the articles for operation, we make sure t hey
are safe. 1t is sonebody el se's job to make sure t hat
there are --

MEMBER ROSEN:  The peopl e who do designit
can run it in a safe fashion.

MEMBER RANSOM However, by specifying
defense in depth, you know, in effect you are telling
peopl e how t hey have to be desi gned.

CHAI RMAN APOSTOLAKI' S:  To be safe.

MEMBER RANSOM  Not specifically, but at
least as far as the overarching concepts are
concerned, in order to be safe or |icensed.

MR. KING It should have certain features
in it, for exanple. Maybe | can talk about the
opti ons.

Like | said, the first one is we sit and

wait, we review what we are asked to review The
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second one is to go out and try to take a | ook at what
is out there, in terns of existing codes and
standards, and antici pate maybe this is something we
can use.

Now, when it says whenever practical, |
really had non-LWRs in mnd, in the sense that you
take HTGRs, we don't have reg guides, or design
standards for HTGRs. But perhaps maybe the Ger mans,
or the Japanese, or sonebody do.

Maybe it woul d nmake sense to go target
those areas where we don't really have an
infrastructure, and go do that. The sanme thing onthe
third option, which is nore than review what is out
there, we would actually participate in the
devel opnent of what is needed.

Because there are developnent efforts
under way in sone of these areas. Should we junp in
and participate in those?

And then the fourth one is, going even
further, and that is trying to harnonize with other
regul atory bodies in ternms of what the requirenents
ought to be, at |east the standards that should be
used.

So that is sort of the range of options.

As | said, the managenent directive 6.5 is pretty
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cl ear that we ought to try and use international, or
donestic and i nternati onal standards wherever we can.

As | said, that does, if we are going to
do that, that does require resources, and comm t nment
of some stability. You can't just junp in and out of
t hat ki nd of thing.

If we did that it m ght have sonme public
confi dence type aspects toit. W could say, hey, we
are using international standards, you know, all the
other major countries are using the sanme standards.

To nme that m ght have some influence on
public confidence. And | think if we didthat it could
be useful, an efficient and effective way of beefing
up our infrastructure where we don't have it,
particularly in these non-LWRs.

So those are the considerations for
dealing with that.

MEMBER WALLIS: Well, if you |l ook at our
reaction to environmental standards worl d-w de, or
somet hi ng, we always seem to say we do whatever we
like. And | think that is what we do here.

| f the standards, internationally, get too
strict, we will wthdraw.

MR. KING That is always a possibility.

But when | read the managenent directive it is pretty
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clear to me that we are to get engaged in that kind of
t hi ng.

MEMBER KRESS: Well, | think you are
likely to cone in to some foreign reactors wth
designed to certain code and standards, and you w ||
have to know what those are, to see whether they are
acceptable to you. So | think it is nore --

MEMBER WALLI S: Wll, you don't nean
sonething |i ke a CDF or --

MEMBER KRESS: No, that is --

CHAI RMAN APOSTOLAKI S: Wl |, infact, this
nor ni ng, because now from ACL, suggested that maybe
since the ACR 700 is being reviewed by the Canadian
authorities, and possibly by the UKauthorities, that
the NRC may want to take advantage of that, and not
repeat the work.

So sone of the foreign designers are, in
fact, urging us to start doing that. So hopefully we
will accelerate the process.

MEMBER KRESS: Yes, and it might even go
further, for exanple, if youl ook at the UK accept ance
criteria for things like safety, they are probably
di fferent than ours. But you m ght be able to | ook at
t hemand say, okay, if they neet these, they very well

nmeet ours also, or sonmething like this.
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So it would be kind of -- for that case,
it mght be well worth your while to check and see
what they are doing.

MEMBER ROSEN: Well, as amninum if they
are licensing, for instance, the ACR700 in UK, one
couldclearlyreadthe Britishlicensingdocunents and
see whet her or not they go to reduci ng t he workl oad on
the Staff, sinply by saying, okay, these are
reasonabl e anal ysis and we wil| accept them use them
in part for the basis of our work.

MEMBER KRESS: So | think we are
supporting some sort of activity.

MR. KING Again, the paper in Decenber is
not going to go to the Comm ssion and say, well, we
ought to work on t hese ten standards, or whatever. It
is nore to get the direction to then go explore, work
out the deals.

Fourth i ssue, events, what we call event
sel ecti on.

MEMBER KRESS: Design basis events?

MR KI NG And events for energency
pl anni ng purposes. The MHTGR 10, 15 years, cane in
with a scheme that defined events using sone
probabilistic criteria, and then depending on the

event category there were acceptance criteria.
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Those related acceptance criteria that
went along with it. The pebble bed folks pretty nuch
pi cked up that same concept, and | understand that
GIMHR i s doi ng the sane thing.

It is pretty nuch a probabilistic-based
approach. W had | ooked at that, back in the WVHTGR
days, and went to the Comm ssion with the position, a
recommendati on on how to deal with that.

There was a SECY paper issued back in
1993, '93 or '92, and the Comm ssion issued an SRM
And t he Commi ssi on basically back then said, let's use
a determ ni stic approach for the VHTGR, but suppl enent
it with PRA insights.

Which, to ne, basically said let's pick
our design basis accidents determnistically, then
| ook at the PRA and see if there is anything el se we
want to add in there, because the PRA --

MEMBER POVERS: Wy do you have to have a
desi gn basis accident?

MR. KING Wy do you have to have one?

MEMBER POWERS: Yes.

MR. KING \What are you going to design
the plant for? At some point --

MEMBER PONERS: |'mnot going to design a

pl ant, are you?
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MR KING |I'mnot going to design the
pl ant, but sonebody is going to design the plant.

MEMBER POAERS: That is fine, let them
design it. Wat you are concerned about is what the
risk istothe public. You are not concerned, at all,
about accidents that, by design, have extraordinarily
| ow probabilities.

You are worried about the accidents that
wi |l occur, that have a reasonabl e probability. You
may find those out with a PRA approach.

MR.  KI NG How do you decide, as a
regul ator, where you draw the line? | want themto
consider these, and | don't want them to consider
t hose? At sone points you are going to have to --

MEMBER PONERS: | want them to consider
anyt hing that can happen.

MR. KING Anything that can happen, but?

CHAI RVAN APOSTCOLAKI S: Let nme phrase it in
a different way, because there i s a di sagreenment here.

After I do ny PRA, and | do everything
Dana wants, then | say, a design that results inthis
risk to the public health and safety is acceptable.
It seens to me the next charge to us is to nmake sure
that the review process of the application is

efficient.
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So after | do the PRA and identify these

t hi ngs, |' msayi ng now, now designer, if you do this,
and this, and this, and that, then we wll review
t hese el enents, and then you have net the goals.

I n ot her words, the design basis envel ope
here will bereally aneans to facilitate the review,
which is what you said, what do you design for? |
think it is the same question put in a different way.

But it wll not be a determnistic
approach where you define the envel ope, and then you
postulate that anything else that may happen is
covered by the envel ope, because you are doi ng your
PRA first.

You i denti fy t he sequences, and so on, and
then after everything is settled, you say, now!| need
to define a nunber of events that | will call design
basis. So that when they come to ne | wll tell ny
peopl e what to | ook for.

MEMBER ROSEN: What you do is you tell the
desi gner that below a certain frequency we are going
to have this kind of treatnment for your systens, and
above this frequency there will be another kind. O
maybe there will be three, |I'mnot sure.

And t hen he goes and desi gns t he pl ant and

does the calculation, | have this design, | have too
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much stuff in the high frequency category. | want to
do sonmethingalittle different sothat | can get |ess
regul atory oversight, so I'mgoing to put some nore
barriers here, or sone nore robustness here or there.

Soit is-- the PRA becones a design tool,
it could be used inlots, and |l ots of different ways.
And then the regul ator cones, when he is all done,
t hen the regul ator conmes in and does exactly what he
told the designer ahead of tine.

He verifies, of course, that the PRA is
adequat e and correct, and then he applies aregul atory
controls to the things that, as Dana sai d, can happen
and have consequences. |n other words, have frequency
t hat are reasonably hi gh, and have sone consequences.

By the way, that is risk --

MEMBER KRESS: Let's look at this in
anot her point of view. You are allowed to have these
reactors come to you, already with a conceptual,
pretty good conceptual design. And they all have a
good idea of what accidents are likely to happen
events, and how t hey can go.

And what they are going to say to you is,
hey, | want to consi der these in ny design basis, pick
some of themand say, we are going to try to conform

to your chapter 15 with these.
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And you are going to be faced, then, with
sayi ng are those the ri ght ones for the tubes, and how
are we going to choose them and how are we going to
decide whether those are the right design basis
acci dents?

And they m ght have picked them on sone
basis of frequency like the PBVR did. And I think
your only option here is to start and say, well our
purpose is just what Dana said, we want to have a
design that has acceptable risk, and has maybe sone
acceptabl e depths in terns of whatever that neans.

But we would like to have design basis
acci dent because it gives themsonething to designto,
and determnes their design licensing basis. And it
islike George said, it facilitates the reviewfor any
future plant, and things of that nature.

So what | woul d suggest you have to do is
you say, all right, we will, tentatively, we will |et
you use those that you choose for the design basis
events. But after you give ne a design that is based
on those, you are also going to give ne a PRA

And you are going to show ne t hat you neet
ny risk acceptance criteria. But you have to have
t hese ri sk acceptance criteria, and they can't just be

CDF and - -

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

235
MEMBER WALLI'S: | don't agree with that.

MEMBER KRESS: And then you tell them if
you don't neet ny criteria, you have to include

sonething else in the design basis.

MEMBER WALLIS: | don't agree with that
for this reason. It is a perfectly logical way to go
until you start saying, now those are your design

basi s events. To nme that says that is basing a whol e,
sonething foreign onto this analysis.

You' ve got an anal ysis that ranks all the
sequences, and all the events. And now to say, well
t hese are design basis doesn't make any sense. It is
anachronistic, it is going back to the way that we
used to do things, and trying to paste it on a new - -

CHAI RVAN APOSTOLAKI S: No, that is not the
way we used to do things. W selected the design
basis events first, and that nmakes a big difference,
t hat makes a huge difference.

Let's not forget that there will be a
nunber of reactors, we hope, applications of a
particul ar type. Let's say the ACR700. After you have
gone through your PRA, and you have reviewed it
exhaustively with the Staff and so on, why is it
i nconcei vabl e that the |li censee and t he agency say, in

order now to achieve these goals that you and Dana
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have identified, nmake sure that the risk is so | ow,
and so on, you have to do A, B, C D

And the benefit of that is that you are
renovi ng t he burden of confirm ng the PRA and wor ki ng
inuncertainty, fromthe | ower | evel engi neers who run
t he reviews.

O herwise you are going to have
i nterm nabl e di scussions regardi ngthe validity of the
PRA, what do we do here and there. That will be done,
once and for all, by senior staff, and the Appli cant,
and then they agree that this wll be the design
envel ope for this plant.

And i f you do these determ nistic things
you have net the probabilistic goal

MEMBER BONACA: At some point there wll
have to be an agreenent between the regul ator and the
desi gner of which transients, or whatever are goingto
be consi dered, and -- because it is very unlikely that
all the consequences are -- or whatever

CHAI RVAN APOSTOLAKI S: It facilitates the
revi ew.

MEMBER ROSEN: Well, if you put all these
sequences and events down, and --

MEMBER BONACA: |'mnot going to call it

design basis, so | --
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MEMBER ROSEN: -- down and, say, CFR

order, or nost -- but at sone point, | agree, that
soneone draws a |ine that says, above these you have
to consider them below these you don't.

But thereis an alternative to even that.
| f someone draws a |ine and says above this you have
to apply all of the standards in 10CFR, whatever
belowthis line you can do it selectively, or you can
do it in sone reduced or graded nanner.

So at no point in that discussion do you
say design basis.

MEMBER KRESS: You guys are presupposing
a whol e new regul atory system | think these things
are going to have fit into what we have. And what we
have is design basis events, we have conservative
speci fications on how you neet them

We have figures of nerit they have to
neet. And | think they are going to have to fit into
t hat .

MEMBER ROSEN: You are right, 1'm
presupposing a different way of doing business.

MEMBER KRESS: (kay, but | think when we
worry about recent certifications that are going to
come in, we are going to have to fit theminto what we

have.
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And we are going to have to choose design
basis events, and they are going to have to be
cal cul ated wi th t hernohydraul i c codes, and fi gures of
merit --

MEMBER ROSEN: Now, | ask Tom is that
correct? Is it true that we will have to pick design
basis events? Because if so there is no point
di scussing this.

MR. KING The options |I'mtal ki ng about
are, do we want to revisit the Conm ssion deci sion of
ten years ago that said for MHTGR pi ck t he events t hat
the plant is to be designed for in a determnistic
basi s, | ook at the PRA and see if you m ssed anyt hi ng,
and fill in the gaps.

What |' msuggesting is, going back to the
Conmi ssion, and if we agree that doesn't nake sense
any nore, because we are nore of a risk inforned
agency, maybe we want to start with the PRA, and
defi ne sonme probabilisticcriteria, sonehowwe haveto
figure out how we are going to take that PRA and give
guidance to a designer so that he can go do the
desi gn.

MEMBER ROSEN: | think what you said is
exactly right. You have three options up there. The

first oneis the way we are doi ng business nowin the

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

239

-- we are usi ng determ ni stic approach suppl enent ed by
PRA, that is what south Texas did in the risk inforned
wor | d.

The third option is what | think I'm
arguing for, and | want to speak to Dana, but | think
that is what | hear from him too. Is to use a
probabilistic approach, and you supplement it with
engi neeri ng judgenent.

CHAI RVAN APOSTOLAKI S:  But at sone point
you have to define sone determnistic criteria that
wi Il guarantee that the probabilistic --

MEMBER PONERS: | think we are not -- from
a point of viewl think we are very consistent. Wat
you are tal king about is the next step. It is having
done the PRA, and said gee, it looks |like you are
getting very sensitive station bl ackout.

So when you build your plant you want to
make sure that your diesel generators are in good
shape, okay? And whatever it takes to do that. And
| don't think | have any objections to that.

CHAI RVAN APOSTOLAKI S: And t he formof the
desi gn basi s acci dent doesn't have to be the sanme as
it is now, because |I think that bothers sone people.
We can formulate themin a different way.

MEMBER POVNERS: The fundanmental probleml
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have is that we spent an entire day yesterday tal ki ng
about behavi or under desi gn basi s acci dent condi ti ons.
And those accidents pose very, very little risk.

CHAI RMAN APOSTOLAKI S: | agree.

MEMBER PONERS: And we ar e spendi ng a huge
amount of noney on it.

CHAI RVAN APOSTOLAKI' S: | want to sensitize
the commttee to the issue of doing sonmething in
relatively | arge scale. And an analogy i s -- the nost
successful one is, this thing that the Suprene Court
has asked police officers to read the rights to a
suspect .

The obj ective is to make sure that the guy
knows his rights. And that is all that the Suprene
Court says. |If you don't read his rights the guy is
free, even if he is guilty.

That isadetermnisticcriteria. Because
t he police cannot go and say, but he is a | awyer, he
knows his rights. The Court says, no, you didn't read
t hem he wal ks.

Wiy do they say that? Because you apply
this principle to a country of 260 m|lion. You can't
rely on every police officer, everywhere, to nmake a
j udgenment whet her the guy knows his rights.

So they inpose a strict determnistic
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criteria. Andit seens to nme that if you are pl anning
to |license nore than one reactor, you have to have
deterministic criteria. You can't expect all these
peopl e who get involved in the |licensing process to
make j udgenent s whet her the probabilities arel ow, and
SO on.

That judgnent has to be made once and for
all by a select group of people that says, yes, for
this type of reactor if you nmeet these criteria, then
the risks are | ow.

MEMBER ROSEN. W are not as far apart as
we may have seened. Because |'marguing exactly for
that, using the PRA approach -- use the PRA approach,
have a sel ect group of people inthe licensing process
make that determnation, codify it in a way that
everybody in the design group, and the nmaintenance
group, and the construction group can understand it.

You don't -- in South Texas they didn't
give out the PRA to everybody and say, go out there
and get your special treatnment. The derivative of the
PRA is sonmething that they use every day.

CHAI RVAN APOSTCOLAKIS:  So | think we are
al nrost in agreenent. The nore we talk, the nore we
agr ee.

VMEMBER BONACA: | had noticed, about ten
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m nut es ago, that you guys were all in agreenent.
MEMBER KRESS: W are all in agreenent
except one of us.

MEMBER ROSEN:  And you know who that one

CHAl RVAN APCSTOLAKI S:  Let's nopve on

MR KING Al right. If you take the
probabilistic approach it can apply to nore t han event
selection. 1t can apply to classification equipnent,
it canreplacethe single failurecriteria. These are
things that are being | ooked at under risk inform ng
option 3, to various aspects.

And it woul d seem reasonable to | ook at
t hemunder a ri sk i nformed approach to non-1ight water
reactor future plant licensing. So those are caught
up in this issue, as well.

Certainly the nore you use PRA you get
into issues of PRA quality, conpleteness, docunent
control, perhaps bringing the PRAinto the |icensing
basis. And you have to deal with issues of |evel of
confi dence.

MEMBER POAERS: That | evel of confidence
is the one that continues to irk. And | nean maybe
diverting us from the main topic here. But we

continue to see people cone in and present
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probabilistic assessnments for all point val ues.

And we absolutely cannot judge |evel of
confidence. | have not seen a PRA yet that we can
j udge | evel of confidence on.

Now, |'m not even sure how you go about
doing it.

MR. KING Because it is inconplete, you
mean?

MEMBER PONERS: No, let's -- if we
stipul ate that whatever PRA they have for operati onal
events is conplete, just for the sake of argunent, we
don't ever get anything that allows us to judge the
| evel of confidence on that.

Peopl e conme i n and say we' ve gone t hrough
t he peer reviewprocess and so it is good. | nean, it
is a good quality. But they give you a nunber, and
you just have no idea what to do with that nunber,
because you don't knowwhether it is a mean, a nedi an,
or an accident, or what.

Because there i s nothingtojudge | evel of
confi dence from

MEMBER ROSEN: But you can force that. |If
you just tell someone to go back home and conme back
with that, they will. They are getting away w t h not

telling you that nunber. But if forced they can give
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you the nunber, they just don't want to.

Because, typically, it is going to be in
order of magnitude around the val ue they gave you.

MEMBER POVERS: On this pressurized
t hermal shock we wer e beating t he peopl e over the head
over what they nmeant by their distribution. It turns
out conputer code cal cul ates out exactly what | was
after. Al they had to do is wite it down.

MEMBER ROSEN: That is right, and George
knows that, and | knowthat. The only questionis we
haven't forced them to give you that. It is
enbarrassi ng, because when you conme back and | tel
you that the nunbers weren't even -- | have to tel
you it is really 5 --

(O f the record discussion.)

MEMBER ROSEN: |f sonebody tells ne | ess
than that | would be interest in having a | ook at how
t hey got --

MEMBER SI EBER: | thi nk your confidence in
t he answer for an advanced reactor -- so it is going
to be hard to apply the principles where you rely on
the PRA first, wthout putting sone determnistic
overlay on top.

MEMBER ROSEN:  You are absolutely right.

Whi ch means that once you have that understanding,
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t hen you have to say, okay, where does the defense in
depth go to help you with --

MEMBER SIEBER: |If you don't have a good
PRA t hen you are picking up the determnisticcriteria
that is pretty arbitrary, too.

MEMBER WALLI S: It is going to be
arbitrary --

MEMBER S| EBER:  Just because it isasolid
naught, because it is a nunber doesn't neanthat it is
better. On the other hand, you know, you could come
up with a -- because the nunbers are really great from
a PRA standpoi nt, and you can concl ude you don't need
a contai nment .

So thereis an el enment in defense in depth
t hat di sappears. It is not engineering judgenent --

MEMBER WALLI'S: Not if the structuralists
have their way.

MEMBER S| EBER: O course you put the
cont ai nnent there.

CHAI RVAN APOSTOLAKI S: | even asked that
qguestion at the PSA conference this week. A fellow
stood up and asked the NRC fol ks present, on what
basis did you decide to force the AP600 desi gn when
the PRA results show that we don't need it? And the

answer was defense in depth.
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MEMBER POVERS: But that was an erroneous

answer .

CHAI RVAN APOSTOLAKI S Why?

MEMBER POVERS: It was a question of
confi dence.

CHAl RVAN  APOSTOLAKI S: -- defense in
depth? | asked nyself, what if |I'mwong?

MR. KING Fifthissue, sourceterm Back
when we were | ooki ng at the MHTGR Dave proposed usi ng
a scenario specific source term not taking a source
termrepresentative of a core nelt, or a sever core
damage accident, and using that for the purposes of
citing under chapter 15 anal ysis.

The Conmmi ssi on accepted t hat position back
intheir SRN of July of '93, basically said, that is
okay provided we have sufficient know edge of the
behavi or of the plant, and the behavior of the fuel.

VWhich inplied that there had to be a | ot
of work to make sure we had the confidence to be able
to do that. That is different than what Fort St.
Veraine did. Fort St. Veraine basically assuned an
uncontroll ed core heat-up, and had, other than the
timng, had releases simlar to the TIB source term

Fort St. Veraine didn't have passive heat

removal, and so forth, it needed active systens.
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Really we are revisiting this issue wth the
Commi ssion to see if they still accept that position.
To me the fundamental policy shift is one
of -- it really departs frompast practi ce where we' ve
used source termrepresentati ve of severe core damage
accident for licensing, including Fort St. Veraine.

And maybe that is -- should that be
consi dered an el ement of defense in depth? You wl|
assune severe core damage for |icensing purposes, for
citing purposes. That is a question, not a
concl usi on.

Certainly put s nor e bur den on
under st andi ng pl ant behavior. Foll ow sone extensive
research to have the confidence, and maybe sone
extensive nonitoring of the plant, and the fuel
fabrication process over the life of the plant, to
make sure you are getting the quality you need.

So it has sone hooks in it, it is not a
qui ck and easy solution to do that.

MEMBER KRESS: | think this question is
tied to the previous one about event selection. And
in the current systemall we do is we select these
desi gn basis events, and specify how they are to be
dealt with, to sonme extent.

And one of the ways that they are dealt
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withis the sourceterm You assune thereis apretty
severe source term And the reason we do that, in ny
mnd, is that by doing it you are putting enough
conservatismin your cal culations, for these design
basi s events, that you render the plant at acceptable
risk level.

And the only way you know that it is
rendered an acceptable risk level is you go back and
do a PRA with scenario-specific source terms. So we
use, we actually should be using both, in ny mnd.

| f you are goingto go to the design basis
accident concept, | don't care what you use for the
source term as long as what you use renders an
acceptable risk level, and acceptable confidence
| evel .

So, you know, you could use a scenario
specific ones, or you could use a bounding one, and
mght treat them differently in terms of how you
speci fy the design basis.

In ny mind the way we've just selected
desi gn basis events, withthesinglefailurecriteria,
t he specified source terns, and with the figures of
nerit that they have to neet, I|ike peak clad
temperature, and this sort of -- not all those have

source terns in them
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In fact the source termonly shows up in
few of themlike that. | guess it shows up in the
LOCA, reactivity and source events, and it shows up in
cont ai nnent .

MR. KING You know what we have now for
light water reactor, we have a plant that has ECCS
systems to prevent the core from nelting, yet we
assunme the core nelts anyway, when we calculate
cont ai nnent performance. So we have conservati smon
top of conservatism

MEMBER KRESS: | think ny point is that in
order to arrive at bounding source termyou have to
ki nd of know what scenario specific source terns are
in a given reactor design. And the two are tied
toget her, you can't just say option one is bounding,
and option two i s scenario specific. You have to have
both of them and you use one -- it is all right to
use t he boundi ng one if you use the scenario specific
ones to decide what your boundi ng one is.

And the final result is you have to neet
sone sort of risk acceptance criteria at a particular
confi dence | evel.

MEMBER SI EBER:  The Tl B source termi s not
necessarily bound --

MEMBER KRESS: Wel |, boundi nginthe sense
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that if youuse it along with a specified design basis
acci dents, you render the plant to an acceptable
confi dence.

MEMBER Sl EBER: That is right, but it
relies on --

MEMBER KRESS: So it is bounding, in
essence.

MEMBER S| EBER: -- water and partitioning,
and all that.

MEMBER KRESS: That is not all you can get
out. It serves the purpose that you want.

MEMBER S| EBER  For |ight water reactors.

MEMBER KRESS: And | think that is --

MEMBER Sl EBER: On the other hand, a
different kind of fuel is going to have a different
source term it is usually bigger, right?

MR. KING Thisissuew !l certainlydrive
t he contai nment issue, depending on which way this
goes, it is going to drive the contai nnent issue.
That is why the designers are interested init.

They woul d | i ke to not have to i npose this
source term representative of a severe core damage
because they say our plant isn't going to have severe
core damage, or it is such alowprobability, we don't

need to worry about it. And they want us to buy into
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t hat .

MEMBER KRESS: Well, my basic phil osophy
would be, if you are going to use a design basis
concept, and a source termalong with it, choose the
one that lets you have an acceptable risk. You have
to do both, risk and the -- and, you know, it may very
wel | be that an accident involving air ingression in
a PBMR | eaves you a huge source term but it is risk
that m ght still be acceptable if you use a real snall
source term in your design, and your design
accomodates in ternms of frequency, for exanple.

But it doesn't have to use that source
term

MEMBER SIEBER: It doesn't have to. But
if you are engineering *** there isn't all that data
out there, the correlation --

MR KING To ne it gets back to it is a
fundanment al question of defense in depth. Does the
Conmi ssion want to mmintain that policy of saying |
don't care what your design --

MEMBER SIEBER  That is where it cones
down to.

MEMBER BONACA: And the question is, do
you allowthe PRAto derive the el enents of defense in

dept h?
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CHAl RVAN APOSTOLAKI S: But it's not only

whether it's a handicap to design, but | nmean what
does it do for us?

MEMBER KRESS: No, but | don't think --

MEMBER BONACA: But | ook at t he el ement s of
defense in depth, the cumnul ative exanples --

CHAI RVAN APOSTCOLAKI S: Only because it was
interpreted as a single hardware --

MEMBER BONACA: The ot hers, if you | ook at
those, still, clearly they suggest that you can have
separation, you will have no diversity. So to the
degree to which you integrate, you know, sone
prescription of defense in depth based on the size of
your PRA, | think that defense-in-depth ultimtely is
going to be what you will get.

MR. KING What you' rereally argui ng about
is that considering a large source term is an
evol ution, and that that is not the right way to | ook
at it.

MEMBER POAERS: | think that, | mean, |
don't agree with the Conmttee at this |evel, but I
think that the structuralist point of view used the
anal yses that you' ve done, the fl owassessnents you' ve
done. | want to know what happens in this -- what is

contained in the engineering safety systens that
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you' ve got if you put alarge source termback in that
cont ai nnent .

MEMBER KRESS: \What do you nmean by "I arge"?

MEMBER PONERS: That's a big one, yes. |
don't have difficulty with the approach that they've
taken in the devel opment of NUREG 1465, which is not
different in kind fromwhat they did with TID 1434.
They' ve said, okay, here's the kind of source term
t hat you have to deal with. They use those particul ar
source ternms because they're not going to be
applicable to all reactors. For instance, a pebble
bed nodul ated reactor, | think, woul d probably have a
little different-1ooking source termthan | woul d put
inthe -- | like the idea of having both gaseous and
particulate material and debris in there.

| don't know what the exact m x is going to be,

but you have sonet hi ng t hat was never anti ci pat ed t hat
dunps a whole | ot of reactivity into the containnment.

MEMBER  KRESS: I don't t hi nk ' m
di sagreeing with you, but ny point is, that when we
did 1465, what we actually did was we took a set of
scenari o-specific accidents and cal cul ated rel eases,
and then we kind of took a conservative part of those
and said, "Just sit."

| think you could do the sanme think with the
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pebbl e bed nodul ar reactor. |f you had enough
dat abase for the fuel, and you a description of the
accidents it could go through, you coul d CRA-specific
accidents and say, "Here are the source terns | get
out of that." Nowone of the acci dent sequences m ght
be an air-ingression accident. But then you've got to
use judgnent, like we did in 1465. s that an
acci dent sequence we real |y ought to have to deal with
in terns of the specification of the source ternf

MR. KING But all the accident scenarios
that went into maki ng 1465 were core nelt scenari os.

MEMBER KRESS: Yes, they were core nelt,
but they weren't coolant core nelt.

MEMBER POVERS: | think he's hintingat the
probl eml have. You had the advantage for the current
generation of reactors and you could get into simlar
accidents. The people devel oping these gas-cool ed
reactors conme in and say it's not possible. And they
throwup a |l ot of reasons, none of which do | swall ow,
for why they can't. And yet, |I'mdoing this because
| msayi ng, one of these days, nature will prove t hese
guys wr ong.

|"m not sure that | am happy with them goi ng
t hr ough t hei r acci dent sequences and doi ng what we di d

for 1465 because they' || come up with m nuscul e source
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ternms and they' Il sumthemup and take a conservative
[imt on a mnuscule source term and it's still a
m nuscul e source term Yet what |'mworried about is
that all those anal yses are w ong.

| think what we did was just fine for existing
reactors, but | don't think that is the prescription
| woul d put on everybody else. | would say give ne a
decent -si ze source termthat has a m x of particular
gaseous material s and show ne howyou containit. And

| would do that, the guy cane back and said, "Here,

| " ve done this mechanistically, I've | ooked at all ny
reactor accents. | get a pretty healthy source term
on sone of them and it's a mx, and | |ike using
t hat."

He goes through the anal ysis nuch |i ke AP 600 *
did; they didn't think their core was going to nelt
either. They went ahead and cane up with a m x. They
adj usted their ways from 1465 and went ahead and did
t he analysis, and | think we were happy with that. W
didn't I'ike the nunbers they came up with, but clearly
you were happy with that.

If the guy did that, | think | woul d be content.
| wouldn't say, "Oh, well, you didn't get 50% of the
iodine out; | think you' re goingtofail.” That's not

terribly inmportant to ne. It's nore inportant to nme
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that the mx is substantial.

CHAl RVAN  APOSTOLAKI S: I think the
equi val ent of what you are sayingis, as you said, the
m x. At that level, you don't know what your vol une
is, going to a high tenperature. Just to protect
nyself --

MEMBER POVNERS: | give PRA where PRA is
due. There's no strong nunbers up at this level; |
freely admt that sonmeday there will be, but it's not
t here right now.

CHAI RVAN APOSTOLAKI S: | think that's an
i mportant point, and if you put it in that |anguage,
you' ve always tal ked about confidence | anguage. So
what Dana i s saying when it cones to the source term
forget about the nean and the nedian. | don't want
you to go with the 90'" percentile; some sort of a mx
of the very bad case with the standard cases. So you
can al ways play sonething --

MEMBER WALLI'S: You'll be inreal conflict
wi th t he desi gners, because they're goingto conme back
and say, "Qur source termis mnute. That's the whole
i dea of this wonderful reactor is it has a very snall
source term That's why it's so safe and good for the
public."

MEMBER POAERS: That's what they're going
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to say, exactly.

MEMBER WALLI S: They're going to say that.

MEMBER POVERS: And that's just not good
enough for ne.

CHAI RVAN APOSTOLAKI S: No, but if you can
figure out a way to get sonething that is larger --
Dana is allowng for a m x.

MEMBER WALLIS: But you've got to be
realistic. Youcan't just figure out sonethingthat's
absurd; you've still got to be --

CHAI RVAN APOSTOLAKI S: Wl |, that's why
it's not an easy problem But the idea, though, is
not bad, that at sone point you get away fromthe nean
or the best estimates, and say | want higher
confi dence now, because this is the end of the line.
And the other thing is, of course, Tom nentioned
security evaluation; make that part of the whole
process. Then naybe the reason why you need the
containnent is not the source term to keep things
out si de, not i nside.

MR. KING O nmaybe there is a way or a
scenario that PRA isn't anenable to, through the
security concerns at |east.

CHAl RVAN  APOSTOLAKI S: That's right,

that's right, so we have to risk-informthe security
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process.
(Laughter.)

CHAI RVAN APOSTOLAKI S: Well, we gave you
extra time, Tom but cone on.
(Laughter.)

MR. KING You guys are lucky; ny wife's
out of town, so | don't have to be hone at any speci al
time.

Alright, containment, sixth issue, versus
confinenent. This was an issue raised back on the
MVHTCR days. What the Staff recommended and what the
Conmi ssi on endor sed was you coul d have a desi gn, they
didn't say it had to have a containnent -- they said
it must do two things. One, it nust neet the rel ease
limts, whatever they are in the regulations; and it
nmust for 24 hours have a perfornmance t hat you can show
that its |l eak rate, whatever | eak rate you assuned in
the safety analysis, will not be exceeded inthe first
24 hours. So if you' ve got a confinenment, and you can
showthat inthe first 24 hours it's going to work the
way it's supposed to work for a contai nnent, you coul d
make the case for a confinenent.

Again, | thinkthisis afundanmental defense-in-
depth issue. It certainly is dependent upon the event

sel ection and source termissues, how they turn out.
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Some designers will argue that havi ng t he contai nnent
on an HTGR nekes it |ess safe because you nake the
heat renoval nore conplicated. The passive systens
have to be nore conplicated, you have to have active
syst ens.

That' s certainly one argunment that we wi || hear.
Anot her one is that you'll retain that hot heliumand
you'll have a pressurized building and t hat provides
a driving force for any fission products that are in
there. That makes it less safe. There have been
designs approved in other countries wthout
cont ai nnment bui |l di ngs, nost notably Gernmany.

Onthe flip side, | see that containnment is --
can be a way where you don't have to worry so nuch
about fuel performance and heat renoval system
performance. You don't have to worry so much about
air ingress. It can have sone positive aspects. So
| think | ooking at the design both with and w thout
the containnent mght be a reasonable criteria to
i npose to see what are the safety benefits. Does it
really detract from safety or does it really maybe
i nprove safety?

I"m just sort of speaking out |oud here,
t hi nki ng about additional criteriathat we m ght want

to t hi nk about before going forward to t he Conm ssi on.
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Saying, do they want to stick with their 1993
position, or dothey want to enbellishthecriteria or
take a different position?

MEMBER KRESS: This certainly is tied in
with everything that's going on.

MR. KING Yes. If the Comm ssion decides
big source term then | think that settles this one.
| f they deci de scenari o-specific, small sourceterm--
there could be other reasons; public confidence is
probably sonmething they' |l think about.

MEMBER WALLI'S: | wonder if that's right.
| mean |I'm sitting here, you're raising all these
guesti ons. You're sonehow assuming that the
Conmission is magically going to be wi se enough to
make a good choi ce?

MR KI NG Yes.

MEMBER KRESS:. That's their job.

MEMBER WALLIS: No, | don't. | think
you' ve got to lay out the rational e for why t hey ought
to make the various choi ces.

MEMBER KRESS: | thinkit's incunbent upon
t hese guys to give themlots of infornation.

MEMBER WALLI S: And they've got to give a
way of thinking as well as just letting them--

CHAI RVAN APOSTOLAKI S: They usual ly do.
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They usually do. They don't just give themall the
sane arguments.

MR KING Qr plan is to give a
reconmendation. Here are the options we consi dered;
here's the pros and cons. Here's what we reconmend.
Here's why.

CHAI RVAN APOSTCLAKI S: That ' s why you cone
here before us.

MR. KING Yes, that's what | want to talk
about, is the steps to do that. Let ne just touch on
the | ast issue and then we can tal k schedul e.

Emer gency pl anning. Again, the HTGR desi gners

are saying we don't need to have off-site emergency

pl anning --

MEMBER PONERS: What's EAB?

MR. KI NG Excl usion area boundary; that's
the fence around the plant. They say they'll never

exceed one remat the fencepost; therefore, you don't
need t o evacuat e people. This was | ooked at again ten
years ago with the VHTGR. Wat the Comm ssion said
was, they did not agree to making any change to
energency planning at that tinme. They said what they
woul d need before they would make a change to
ener gency pl anni ng was, get some operati ng experience

on these plants to see if all their safety clains
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really, in fact, pan out.

They may want to retain that position today, or
they may want to reconsider. | don't know. W'l |ay
out the options and the pros and cons and see where
they want to go. To sone extent, you coul d consider
this: energency planning is the |l ast |ine of defense-
in-depth, and if you're going to back off in those
ot her areas, maybe you don't want to back off there
until you really do have sonme operating experience.
To nme it's a reasonabl e position.

MEMBER LEITCH As long the only sites
bei ng considered are existing sites, it's kind of a
noot point.

MR. KING For existing sites, it's
probably a noot point; | agree. But again, it's also
somet hi ng where, if you do want to change it |ater,
it's not like you have to change the plant design.
You coul d change the energency planning plans |ater
wi t hout -- you know, put a contai nment on the plant or
somet hi ng

Schedule. W' |l be having this workshop. The
next step after the workshop, in a couple of weeks, is
to then start fornulating recomrendations, draft
recomrendations. | would like to conme back to you --

Subcommittee, Full Committee -- certainly, at the
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| atest, at the Full Comm ttee neeting in Decenber. So
in closing, think about the schedul e, Subconmttee,
Full Committee, leading up to the Decenber Full
Conmittee Meeting. Thank you.

(Wher eupon, the proceedi ngs went off the

record at 4:00 p.m)
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