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PROCEEDI NGS

(8:29 a.m)

CHAI RMAN KRESS: W Il the neeting pl ease
come to order?

This is a neeting of an ACRS subconmittee
on future plant designs.

| am Thomas Kress. | am Chairman of this
particul ar subconmttee. Menbers in attendance are
practically everyone, which is good because that was
nmy request. They included: George Apostol akis, Peter
Ford, Graham Lietch, Victor Ransom Steve Rosen,
W liam Shack, Jack Sieber, and G aham Wl | ace.

The purpose of this neeting is to discuss
t he advanced CANDU r eact or ACR- 700 desi gn f eat ures and
therel ated pre-applicationreviews. The subcomittee
wi || gather information, analyze rel evant issues and
facts, and fornul at e proposed positions and acti ons as
appropriate for deliberation by the full commttee.

Medhat El-Zeftawy is the designated
federal official for this neeting.

Rul es for participationintoday's neeting
have been announced as part of the notice of this

nmeeting previously published in the Federal Reqgister

on Decenber 22nd, 2003.

Atranscript of the nmeeting is being kept
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and will be nade available as stated in the Federal
Regi ster noti ce. It is requested, therefore, that

speakers, nunber one, identify thensel ves, their nane
and organi zation they're with and speak nostly | oudly
enough that we can all hear, and be sure to use a
m cr ophone.

W have received no witten comments or
requests for tinme to make oral statements from any
menbers of the public regarding today's neeting.

|'d like to point out to the commttee
menbers that this is a briefing and to acquaint us
with the design and safety anal ysis approach of the
ACR-700. W're not yet dealing in severe accident
space at this neeting, and we don't expect to have a
letter on this at this tine.

But I'm sure that the AECL Canadian
representatives would be interested if we have any
early concerns. W could get themby voice here, and
they could be then prepared to address them at sone
| at er neeti ng.

|"m not sure if we have any particular
early concerns. M readi ng of the information we have
so far, whichis pretty extensive -- it took quite a
while -- is sone of the things we need to do is we

need to | ook at the codes that they' ve used and their
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status of validation, what experi nents they have done.

It looks to nme |like they have a good set
of design basis accidents that are equival ent or even
nore stringent than what we have. | like their
defense in depth. It | ooks very goodto ne. It |ooks
like it's as appropriate as ours with the right
di versity and redundancy on key safety tissues.

| like their use of what | call FC curves
for acceptance «criteria, and they look fully
equivalent to sone of our acceptance criteria.
They're nostly in doses and design basis space.

| think we have to look at their PRA
which won't be part of this particular neeting yet,
but maybe in the future. Particularly look to see if
it meets our quality standards for PRAs.

| think their "design to" safety goals
neet the U.S. expectations for higher | evel safety for
advanced reactors. Those are just some of ny early,
early inpressions of thewitten material. Sol'mnot
at all negative about the design. | think there are
sone i ssues that we'll want to discuss and | earn nore
about. Maybe if nenbers have any, they can express
themeither nowor | ater as we go through t he neeti ng.

So do | hear any comrents from other

nmenbers before we get started?
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(No response.)

CHAlI RVAN KRESS: Seeing none, |'Il turnto
our agenda for today, which is long and tight, and
expect | will have to exercise sone control over it
this time. So | hope the nenbers understand if | cut
out sone debate at thistine. | don't want to inhibit
some of our question asking, just sonme of our debate
back and forth. W can do that later. But ask al
t he questions you |iKke.

At this time I'd like to nove to the
second part of our agenda which is the introductory
comments fromthe NRCstaff, and | presune Laura Dudes
will do that.

M5. DUDES: Good nor ni ng. "' m Laura
Dudes. I'mthe Section Chief for the New Reactors
Goup in the Ofice of Nuclear Reactor Regul ation.

We are so pl eased to cone before the ACRS
today to present our approach for the pre-application
review for the ACR-700 reactor design. W consider
this meeting an inportant step in a process that is
going to take us down quite a fewdifferent roads and
chal l enges in the next year.

We intend to discuss today our planned
approach for our technical reviews, our approach to

address regulatory infrastructure needs to a certain
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extent, and policy issues that my need to be
comuni cated to the Conmi ssion.

|'d like to take this tinme to actually
wel come AECL Technologies to this first ACRS neeting
and also to acknow edge nenbers of the Canadian
Nucl ear Safety Commi ssion who are here today to
observe this neeting as part of our ongoing
i nternational collaboration efforts on this project.

Briefly, the pre-applicationreviewbegan
in md-2002 and was divided into two phases. Phase
one was a design fam liarization process in which the
staff participated in several informational neetings
and facility tours in order to gain an understandi ng
of the overall design and operation of the ACR-700.
Phase one conpleted in the sunmer of 2003.

Phase two, which we're in now and which
i ncl udes presentations to the ACRS as we go through
this, includes the nore specific reviewof the design
features of the ACR-700. Phase two, however, w || not
necessarily drawregul atory concl usions on all issues
revi ewed during the pre-application phase.

The key focus topics that will be revi ewed
during phase two have been designated by the
applicant, AECL.

The staff is presently inthe early stages
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of their technical review, and our goals here today
are sinple. AECL will be presenting an overview of
their design, and the staff hopes to discuss their
t echni cal approach to sone of the nore chall enging
i ssues and key focus topics; hopefully call out a
process and a plan that we plan to use to approach
regul atory chal | enges and policy i ssues that may need
to go to the Commission in the future.

Thank you.

CHAI RVAN KRESS: | wonder if we coul d ask
t he Canadi an safety --

M5. DUDES: Menbers to stand up?

CHAI RVAN KRESS: -- nenbers to stand so we
can know who they are.

MS. DUDES: Sur e.

CHAI RMAN  KRESS: ["'m not sure we're
famliar with all of them

Wow, | won't bother to ask you to
i ntroduce yourself. W' re very happy you' re here, and
pl ease feel free to take part in any of the debate or
di scussion if you'd I|ike.

Thank you very nuch

V. DUDES: As you can see, our
i nternational collaborationeffort i s goingquite well

on this project.
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CHAI RVAN KRESS: Thank you, and wi t h t hat,

we'll get started with the neat of this neeting and
turn it over to the AECL representatives for their
i ntroductory remarks.

MR. POLCYN. Good norning. M nane is
John Policy. 1'mthe President of AECL Technol ogi es,
which is the U'S. subsidiary of AECL. So |I'm
responsi bl e for the deploynent of the ACR-700 in the
US., if youwll.

Echoing Laura's words, I'dreally liketo
t hank you for the opportunity to come before you this
norni ng and to tal k about the ACR-700 and provi de you
an overview,

| want to acknow edge, too, Ji mLyons and
Bel kys Sosa on the NRC staff and project nanagenent
for being so cooperative, so open with us. In terns
of collaboration, we've had a lot of interaction
W've had visits by staff to our Chalk River
| aboratory and our White Shell facility.

One t hing about the ACR-700. It is based
on proven technology, on the CANDU technol ogy.
There's 34 plants operating, units operating
t hroughout the world, 22 of which are just north of
t he border.

| want to acknowl edge CNSC as well. W're
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ki nd of running a parallel path right now W do have
a high level of interest in Ontario for new nucl ear
generation. Sol thinkit's very inportant that we do
wor k col | aboratively.

Relativetothe U S., | will tell you that
we do have a couple of very serious custonmers. So
goi ng back to what Tomsaid, it's very inportant that
we understand what issues you have and get those on
t he tabl e and di scuss themand cone to -- you know, at
| east develop a road map for resolution of those
i ssues.

We feel |like we owe that to our custoners
because we certainly don't want to inpact their
schedul es. W have been included in the envel ope of
the three early site permts that have been fil ed by
Exel on, Intergy, and Dom nion, and al so continue to
work with other utilities as well that have shown an
interest in the ACR-700.

| will tell you that we feel like we're a
little bit unique. W' re very open. W have not hing
to hide. W don't have all the answers. W want to
work with you in a very collaborative, open basis,
have a |l ot of interaction sothat we do understand the
i ssues and concerns and questions so that we can

respond to them or cone back to you wth the
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appropriate answer and with the right people.

Wth that, what I'd like to do is just
t ake a coupl e of m nutes and i ntroduce our techni cal
experts that we brought with us today, and | woul d ask
them to stand so that you can see them so that we
don't have to do a jack-in-the-box and i ntroduce each
one individually as they conme up.

"1l be turning this over to Stephen Yu,
who's our program nmanager for the ACR product
devel opnent. He's going to provide an overvi ew of the
ACR and its key features.

Fol | owi ng Stephen will be Vince Langman.
Vince is our ACRdesigncertification programmanager.
He' || review our pre-application scope and
expectations from the staff and talk about the
f eedback fromt he pre-application programwhichis key
to the continuation of our certification and future
I i censing resource expenditures here in the U S

Vince will be followed by Mr, Leger,
who's the Director of Materials Engineering. He'l
di scuss the uni que design of the ACR pressure tubes
and fuel channels, and when | say unique, you'll see
design features that are not incorporated into any
PWRs or BWRs, but they're absolutely integral to the

hori zontal core and operational phil osophy.
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And | will remnd everybody that we do
consider the ACR-700 as a light water reactor that
happens to use heavy water sinply for noderation.

Fol  owi ng Mark wi || be Dave Ri chards, who
is the manager of AECL Code Center and Software
Per f or mance. He'll discuss our conputer code
devel opnent and qualification, and as you'll hear in
Vince's presentation, AECL has acknow edged t hat our
comput er software quality will be one of the key focus
topics fromthe staff's review So Dave will be able
to address those concerns, those questions.

Following Dave will be Jullian M1l ard.
He' s our manager of ACR reactor and fuel handling who
wi Il discuss our on power fueling. This is another
feature that's absolutely integral to the ACR, and
that it makes possible the use of SEU and all ows us to
reach the high capacity fractures that our U S.
utility custonmers and worl dw de custoners have made
t he requirenent.

Following Jullian will be Peter Chan.
Peter is our team | eader for ACR physics and fuel.
He' Il discuss a topic that has been of high interest
to everyone, and that's negative void coefficient.
That was the subject of much interest in the CANDU- 3

days.
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Following Peter wll be Peter Boczar.
Peter is our Director of Reactor Core Technol ogy, and
he wi || provide a nore detail ed description of the ACR
fuel design, and ACRfuel bei ng anot her design feature
t hat substantially departs fromPWR and BWR concepts
here in the U S

And then lastly, Raj Jaitly, who's our
manager of PSA and safety design, will discuss AECL's
PRA net hodol ogy that we intend to use to design and
eval uate the ACR on an ongoi ng basis.

And with that, 1'll turn the programover
to Stephen Yu, who will give you a desi gn overvi ew of
t he ACR

Thank you.

MR YU | guess | will first sit down so
t hat you can see the screen.

DR WALLIS: That's the first test.

MR YU That's the first one.

CHAI RVAN KRESS: Why don't you hook up t he
portable one to hinf

MR YU  Good norning. |In ternms of the
initial talk, it's to give an overview so that |ater
on i n the norni ng when t hey provi de the di scuss on the
focus topic so that you know in what relationship to

the rest of the main features of the ACR design.
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| amin charge of a team that has been
working onthis for the last two and a hal f years now.
The teamis made up of NSPHN group (phonetic), plus
the safety and licensing group, and so we have
proceeded and defined the concept. W' re now very
much working plus the detail so that we will be able
to put together a design control docunent for |ater
subm ssion on design certification.

So our work is nowhere conplete, but we
certainly have defined a | ot of the design features
that we are going to use. So there's still some
optim zation that's goi ng on, whi ch when we del ve into
details, sone of the design details are being evol ved
taking into consideration of some of the initial
feedback from the review as well as from
constructability, operational feedback. W are
i ncorporating sone further design changes into them

So the other iteminmy talk is mainly on
t he general design features |ike the fuel, which you
wi |l hear nore about.

DR. WALLIS: [I'minterested. How do you
optim ze the design? You' ve got various criteria for
optim zation, one of which is econom cs and one of
which is safety. How do you trade these off in an

optim zation of a design?
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MR YU Certainly the basic safety

principles of ACRis inherentlyinthetraditional way
that we have done our safety criteria. W are
following the regulatory guide that has been
establ i shed for the design principles.

Certainly when you are tradi ng of f CANDU
desi gn features which are operational features, that's
no different than what we have al ways been doi ng as
to, you know, how rmuch conplexity do you introduce
versus, you know, that howto sinplify the design so
that it's easier for it to operate.

Cost is certainly a consideration. Al ot
of themthat we are | ooking at a specific cost target.
O her pieces in the different parts of the plant.
Certainly safety is paramount. W need to be able to
make sure that we neet the safety acceptance criteria
wi th margi ns.

DR, WALLI S: So they're a constraint.
They' re not part of the optim zation costs?

MR. YU. They are the constraints that we
need to neet, yes.

DR. APOSTOLAKI S: Didyou al soinclude, in
addition to cost and safety, any of the other
objectives that have been articulated by the

Depart nent of Energy for future reactors or you don't

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

17

consider this a future reactor, |ike sustainability,
security, and so on?

MR YU W look at in the GEN4
studies --

DR APOSTOLAKI S:  Yes.

MR YU -- essentially we are | ooki ng at
accessibility internms of fuel cycles, interns of the
ability of CANDU to be able to burn different
materials, and certainly we are |ooking at our
features so to make sure that it's able to carry
t hr ough.

| think certainly our change to I|ight
wat er coolant, as well as certain enriched uranium
fuel, which is really a step in the direction that
we'll be able to use MOX fuel and other fuel cycles.
And that, in terns of your end utilization and so on,
t hat woul d be an objective in the very begi nning set
in the concept.

But the details is really we take an
evolutionary step, making sonme radical changes
initially for the design concept, and then stick with
that and proceed with the design by itself.

DR.  APCSTOLAKI S: So these other
obj ectives are sort of secondary here?

MR YU We want to neke sure that we can
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nove in that direction, but not essentially tryingto
optimze it for that at this point intinme, but we are
| ooking at mmjor obstacles that mght prevent us.
Then we will | ook again.

So on to highlight some of the engi neering
saf ety features because that will be a key el enent of
the safety design. | want to give a brief
introduction of an approach in the severe accident
features and the mtigation. This is a big subject.
So I'"monly touching the surface inthis overview, and
al so some of the operational features in the design
itself.

Interns of ACRS, | mentioned that we are
doi ng an evol uti onary extensi on of our CANDU 6 pl ant .
The picture that you see are the two 600 nmegawatt
design that's now operating in China, which is the
| at est version of the CANDU 6 design that we have.

We still have one unit under construction
i n Ronmani a.

When we tal k about the core of the design,
this is the calandria, which is the equivalent of the
reactor core vessel, but the calandriaisreally alow
pressure vessel, and it contains the noderator, while
you see the entity conmng off on the ends. This is

really the connection to the pressure tube within the
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reactor itself, and that's where the other connecti ons
to the reactor cooling system

CHAl RVAN KRESS: | woul d have call ed the
calandria -- | wouldn't have called it part of the
reactor cool ant pressure equival ent. | woul d have
called the pressure tubes the equivalent of the
reactor vessel.

MR. YU The pressure tube would be the
equi val ent of the reactor vessel

CHAI RMAN KRESS: Yeah, | thought you said
t he cal andria was. | wouldn't have said that | don't
bel i eve

MR. YU Thank you.

CHAI RVAN KRESS: So are we | ooking at the
ends that woul d be connected to the refueling machi ne
when we | ook at that picture?

MR. YU Yes. As you can see here that
t he fueling machi ne woul d be connected to the ends of
the fuel channel where the inputting and then
connected to the pressure tube.

DR. ROSEN: The cal andri a oper at es at what
pressure normally?

MR YU It operates at around 30 PSI.

CHAI RVAN KRESS: The refuel i ng machi nes on

each end becone part of the reactor cool ant system
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MR YU When it is connected to the
react or cool ant system yes, it fornms the extensionto
t he reactor cooling pressure.

MR SIEBER: And the pressure there is
about 2,000 pounds per square inch.

MR. YU That is government (phonetic).

MR SIEBER  Roughly, yeah

DR. ROSEN: And you analyze |oss of
cool ant accidents with the refueling machi ne i n pl ace
and wi t hout ?

MR YU  The additional volunmes in the
refueling machine is such a small volunme. Soin terns
of sterilize safety analysis, | don't thinkit's going
to inpact it.

Wul d they be assessed, Victor?

MR. SNELL: You anal yze breaks in every --
l"msorry. I'mVictor Snell, Director of Safety and
Li censing for the ACR Project.

W anal yze breaks in every pipe in the
reactor cool ant system W anal yze breaks which are
initiated by the fueling machine, but if the fuel
mssion is on reactor and a break in another pipe
occurs, as Stephen says, that role is not very
important. \What is inmportant is whether the fueling

machine actually can initiate a breach in the
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boundary, and that's part of the design basis. Wat
is inmportant is whether the fueling machine actually
caninitiate a breach in the boundary, and that's part
of the design basis.

DR.  ROSEN: Vell, | was thinking nore
about whet her the fueling machine can interact with a
tube that fails while it happens to be on that tube
and whether the effects of that interaction during a
failure of the pressure tube or perhaps the end
fitting has been anal yzed.

MR. SNELL: We bound that by assunm ng one
of the design basis accidents, assum ng the fueling
machi ne for sone reasons backs of f t he channel w t hout
closing it.

DR ROSEN: But thenit wouldrestrict the
fl ow sonewhat .

MR. SNELL: Well, the ejected contai nment.

CHAI RVAN KRESS: | n your safety anal ysi s,
do you assune nore than one pressure tube fails at a
given tinme?

MR. SNELL: No. Infact, it's fundanent al
to the design that the pressure fuel failure nust not
propagat e. It's fundanmental to the pressure tube
desi gn.

CHAI RVAN  KRESS: That's a design

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

22

obj ecti ve.

MR SNELL: It's a design requiremnent.

CHAI RVAN KRESS: It's not the bi ggest pi pe
anyway, is it? Your headers are bigger.

MR. SNELL: Yeah, the pressure tube is
about that big around.

CHAl RVAN KRESS: And the headers are --

MR. SNELL: The headers are about eight

i nches.

CHAI RVAN KRESS: Ckay.

MR. YU Theinlet, 20 inches; the outlet,
22 inches in dianeter. So that really fornms the

bi ggest piping in the reactor coolant system

DR. WALLIS: It |ooks beautifully sinple
until you put in all of the feeder tubes.

MR. SI EBER:  Yeah.

(Laughter.)

MR YU Well, we do have quite a bit of
connecti ons.

So that's part of the optim zation | did
tal k about. A change fromnatural uraniumfuel with
heavy water coolant and heavy water noderator in
previ ous operating CANDU reactors to the use of |ight
wat er as the coolant; | guess by virtue of that and

t he use of the enriched uraniumthat give us nore fuel
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cycle flexibility, and also it does change the core
size so that you can nake it nore conpact, and the
others that we are looking at simlar designs,
especially in the reactor coolant system that are
operating at higher pressures and tenperatures that
give us a better efficiency.

And so that's what we have foll owed, the
trend. And | think our operating pressures and
tenperature are still lower than the PWR but the
rest of the intrinsic CANDU features are retained.

So in terns of design features, Peter
Boczar will give you nore details on the fuel, but I
t hi nk the characteristics of our fuel design has been,
you know the half a neter |ong bundle and al so our
ability to change the fuel on power so that the two
fueling machines are there to replace the fuel when
the rich is burned up.

CHAlI RVAN KRESS: You have several of these
1.6 foot long bundles in a tube. \When they neet up
with each other, is there any requirenment that they
neet up in a certain way?

MR. YU. No, because we have done all of
our pressure job correlations, bothtotallyinline as
well as --

CHAI RMAN KRESS: As nmuch off line as you
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can get?

MR YU  Yes.

CHAI RVAN KRESS: Ckay.

MR YU So --

CHAI RVAN KRESS: So it doesn't matter how
t hey neet.

MR YU That's right.

CHAI RVAN KRESS: Thi s going to |ight water
cool ant and the increasing enrichnment is an effective
way, in my mnd, to get rid of the negative void
coefficient, the positive void coefficient. Did you
get of it altogether?

MR. YU Yes. That's one of our design
requi renments, isto havethe negative voidreactivity.

CHAlI RVAN KRESS: Dyspr osi umi n your second
bull et there, is that a burnabl e poison?

MR YU It is a burnable poison, yes.
It's one that we have quite a bit of experiencein, in
both using NRU and in some of the other experinental
fuel s that we have.

DR. ROSEN: Can you conpare it for me with
samari unf®

MR. YU | have to ask Peter to help ne.

Pet er Boczar.

MR. BOCZAR: Pet er Boczar, ACL.
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We chose dysprosium because its burnout
characteristics matched the reactivity characteristics
that were required for the ACR, and it was a naturally
occurring fission product. Soit turns out it is very
conpatible with the fuel.

DR. ROSEN: But samariumis nore typically
used t han burnabl e poi son, and so |I'mjust wondering
why.

MR. BOCZAR: W consi dered a whol e range
of burnabl e poi son, samari um gadolinium erbium and
this was the one that best matched the reactivity
characteristics we needed for the ACR

DR WALLI S: You have no boron in the
cool ant ?

MR YU  No.

DR. WALLI S: So it's harder to detect
| eaks then?

(Laughter.)

CHAI RMAN KRESS: That's an inside thing.

MR. SIEBER. That's sort of a relative
t hi ng.

MR. YU So further on the fuel, burn-up
is around 21,000 negawatt days per ton. This is
certainly about three tinmes our current net uranium

fuel burned up, although it's still nuch |ower than
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t he PWR fuel burn-up.

CHAI RVAN KRESS: Is there any limt in
terns of core neutronics on what burn-up you coul d go
to?

MR YU | don't think there's any limt
interns of core neutronics' viewpoint. | think, you
know, that we want to have the nore optim zed urani um
utilization, and that's how we arrived at it.
Certainly it is the thoughts for the future we will be
abl e to increase the burn-up of the fuel by adjusting
the enrichment grading in the fuel bundles itself.

So this would allow al so to get to, say,
hi gher bundl e power and | ower rating than the current
CANDUS .

MR, LEITCH Did | understand you to say
that there were 12 fuel bundles in a pressure tube; is
t hat correct?

MR YU. There are 12 fuel bundl es in each
channel , vyes.

MR LEITCH Then | don't know if later
we're going to discuss the fuel cycle. I n ot her
words, my question, when you get to the on-line
refueling, do you change out all 12 or is there sone
kind of a stagger that is in effect there?

MR. YU Certainly, you know, we will be
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giving nore details on that.

MR LEITCH  Ckay.

MR YU But we will be changing, you
know, the two bundles fromthe front end, and then it
will be noving progressively downward. So we're

taking it fromone end and putting the fuel bundl es on

one end.

MR LEITCH Ckay. Thank you.

MR YU We have been |ooking at, you
know, the different fuel replacement in the

traditional operating CANDU. W have four bundle
chips as well as eight bundle chips for the actua
urani um but for here, given the | onger burn-up, so we
are reducing the nunmber of bundles that we need to
repl ace each ti me because therest intine inthe core
can be | onger

CHAl RVAN KRESS: Your clad, is it Zrlo?

MR. YU. The clad is Zircal oy, yes.

MR. LEI TCH: So you're |ooking at two
bundl e shifts now?

MR, YU Current reference, yes.

MR LEITCH Sol think that's the direct
answer to your questi on.

MR. YU  Two bundl es, vyes.

MR. LEITCH  Technically two of the 12
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woul d be noved out.

MR. YU Yes, that's right. W noved the
hi gher burn-up one fromthe i nner channel and t hen put
new fuel in the front.

MR. SIEBER: That gives you a power peak
toward one end of the reactor.

MR YU No, because our channels are
oriented such so that one-half the core on alternate
channel . You have the inlet going on one end, and t he
addi tion channel is at the outlet on the other end.
So it does bal ance out.

MR. SI EBER: So each refuel i ng machi ne can
operate either as an inlet or an outlet nmachine?

MR. YU, That's correct, yes.

MR SIEBER Al right.

MR YU It hasthe flexibility to be able
to do that.

CHAI RVAN KRESS: How do you know? How are
you abl e to deci de whi ch one of your fuel elenents is
defective if you're | eaking fission products?

MR YU  There is an overall detection
knowi ng that there will be activity in the core, and
t hen the fueling machi ne woul d be able to be | ocated
on the channels. It would be able to sanple --

CHAI RVAN KRESS: Onh, you can sanple from
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any channel ?

MR YU -- groups of channels or
i ndi vi dual channels so that where --

CHAI RMAN KRESS: And so you can then
narrow it down.

MR YU  You narrow it down.

DR. ROSEN: Sanpl e t he cool ant fl ow, yeah?

MR YU Sanple the cool ant flow.

DR ROSEN:. The outlet cool ant fl ow.

MR YU  Yes.

DR. FORD: In one of the articles | was
readi ng, you would know this within two m nutes, was
the netric | heard. You can do this all in two
m nut es? Determ ne whet her you have a | eak in a tube
within two m nutes?

MR. SI EBER:  Yeah.

DR. FORD: Is that right?

MR YU The leak in the tube, that's
different fromthe fuel detection.

MR. SIEBER Right.

MR. YU And, yes, | think we're tal king
about a feature where we nonitor the gas space in
bet ween the pressure tube and the cal andria tube. |
think I will be nmoving towards that.

By nonitoring the gas space to detect
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noi sture, we'll be able to know whether there's any
| eak started in any of the --

DR FORD: Ckay.

MR. YU So starting with shorter bundl es
it limts the anpbunt of activity that contains noble
gas within the bundles itself, and the clad of
col | apsi bl e under the pressure of the reactor cool ant
system so as to enhance the heat transfer.

Al so, because of the relatively | ow burn-
up, obviously the internal pressure period should be
smal |, and on the other hand, the fuel design is such
that you | ook at the gas space all owance fromwthin
the pallet itself, between the clad and the pellet.

CHAl RVAN KRESS: How thick is your clad?

MR YU The clad? Peter? |

| don't know.

MR. BOCZAR: 1'Ill| give the answer when I
give ny presentation.

MR. LANGVAN:.  Vince Langman. It's the
thicker clad, right? Yeah, | take it back.

CHAI RVAN KRESS: One reason for the
guestion is | was wondering when you get the design
basis space you have this requirement in our
regul ati ons that you can only oxidize a certain depth

of the clad, but that's the U S. fuel, and with its
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clad thickness and its type of clad, and I was just
wondering how you'd -- | guess we'll get to that
| ater, but how you deal with that issue if you have a
different kind of clad thickness.

MR LANGVAN:  Ri ght.

DR. SHACK: Have you changed cl addi ng as
you' ve changed cl addi ng as you' ve gone fromthe CANDU
6 to the ACR?

MR YU No, it's inmmaterial.

DR SHACK: It's Zirc-4 in both of them
for the fuel clad?

MR YU  Yes.

In the fewchannel design, it's where you
can see this is the exact di nensions of a scal e node
of the pressure tube, which is the reactor cool ant
pressure boundary within the core and the cal andri a
t ube. The inner scarce space is where we nonitor
noi sture. Normal |y we circul ate through them

CHAI RVAN KRESS: How di d you deci de on CO,
in there? | was wondering perhaps why not --

MR YU Well, in earlier reactor design
we had gone for nitrogen, but | think the isotopes
t hat came out is not good. So com ng to outside give
us the best response. In terms of inner gas for

i nsul ation --
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CHAI RVAN KRESS: Well, | guess helium

woul d have a bad isotope, too, that you couldn't
foll ow.

MR. SI EBER:  Yeah.

CHAI RVAN KRESS: Ckay.

DR. FORD: There's a whole range of
materi al s degradati on nodes inherent in this graph,
and this very sort of qualitative statenents that have
been made here, will those be covered |l ater on as to
t he quantification of some of these itens here and how
that affects the kinetics of materials degradation?

MR YU Mark, can you answer whether
they' re going to be addressed further?

MR LEGER: Mark Leger.

W wll be addressing sonme of those
degradati on i ssues i nthe pressure tube presentation.

DR. FORD: Good.

CHAI RMAN KRESS: The only one you've
observed so far has been erosion-corrosion?

MR. LEGER No, in pressure tubes we don't
see any erosion-corrosion.

CHAl RVAN KRESS: At the inlets?

MR LEGER At either end.

CHAI RVAN KRESS: Either end? 1 thought I

read t hat sonewhere.
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MR LEGER. W have had fl ow accel er at ed

corrosion in --

CHAI RVMAN KRESS: That's what | ready.

MR LEGER -- in other parts of the
system

CHAI RMAN  KRESS: Yeah. Are these
calandria in pressure tubes -- they're in a pretty
high neutron fluence field. Are they subject to

imbrittlement or will we discuss that later?

MR YU That wll be part of the
envi ronnent operating, yes, described further.

MR. SIEBER: | take the repl acenment tubes
are repl aceabl e then

MR YU That's correct.

MR SIEBER Al right.

MR, YU. And actually incurrent operating
reactors, we have also replaced in some of the
refurbi shment projects we are also planning in sone
cases being able to repl ace the cal andri a t ube as wel |
if it needs be. But those are operating under |ow
pressures anyway.

That is the relative conparison of the
ki nd of changes that we have made and al so t he CANFLEX
bundle with two different pin sizes. The bigger pin

sizeis simlar to what we have used before, but this
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is asmller pin size which contains two rings inthe
CANFLEX bundl e. This is what we have used i n the ACR

These fuel bundles have gone through
reactor irradiationin one of the CANDUG6, despite the
fact that it was using | esser uranium but a |ot of
the elements have gone through lots of research
environnents to look at its performance and its
behavi or under different operating conditions.

CHAI RVAN KRESS: Have you subj ected t hese
to heat transfer tests to look at distribution of
t enmperatures around the --

MR. YU  Yes, very much so.

CHAI RMVAN KRESS: W ought to hear about
that | ater nmaybe?

MR YU  Yes.

CHAI RVAN KRESS: Maybe not this neeting
but later-later naybe?

MR YU | think it will give you sone
hi gh I evel view even at this neeting in terns of the
nmeasurements under, you know, the transient
conditions. So the gap that | tal k about, this | arger
gap as well.

DR. RANSOM \What is the pressure in the
gap, the CO,?

MR YU The pressure in the gap is
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typically we just press around 30 psi as well, the
celul or (phonetic). W just have it enough so that
you would be able to circulate it using conpressors
around the different ends.

DR RANSOM So it's about the sane
pressure as the calandria then?

MR. YU. Yes. The operating pressure is
about 10 psi. So it is within that design envel ope,
yes.

DR. ROSEN: And the eight internal rods
are the only ones that contain the burnabl e poison; is
that correct?

MR. YU That's correct. The center rod
is the only one that contained it.

DR. ROSEN: Only the center rod?

MR YU Only the center rod.

DR. ROCSEN: Not the others of the -- any
other rod in the bundle.

MR YU No. Only the center rod has the
bur nabl e poi son. All the others just have the
enri ched urani um

That gives you the range of operating
pressures and tenperature that we use in ACR As |
i ndi cated, we extended our operating range to study

hi gher, between 13.2 negapascal in the inlets of the
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pressure tube, while it's around 12 negapascal at the
outlet pressure tube. Certainly when you have this
(unintelligible) dependi ng on where the pressure tube
is | ocated between the region.

Core (unintelligible) is around 2.5
mllineters thick. The diameter is around six i nches.

MR. S| EBER: What is the peak clad
tenperature in normal operation at 100 percent power
under these hydraulic paraneters?

MR YU Normal operating peak clad
tenperature. Peter, can you pl ease answer?

MR. BOCZAR Peak cl ad tenperature woul d
be slightly above the cool ant tenperature.

MR. SI EBER Ckay. But we're really
tal king just a few degrees, right?

MR. YU Yeah, normally it would be just
a few degrees.

MR BOCZAR  Yeah, Peter Boczar, ACL.

Peak cl ad tenperature woul d normal |y be a
f ew degrees hi gher than t he peak cool ant tenperature.

MR. SIEBER  And you don't operate in a
boiling position at all, right, or do you allow
nucl eat e boiling?

MR YU W do allow boiling towards the

end of the term
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MR. SIEBER.  (kay.

MR YU And actually, our design
conditionis to have two percent quality at the outl et
header, and so at the end of the channel, the | ast
bundl e, maybe a bundl e and a hal f dependi ng on channel
power, woul d have sone nucl eate boiling.

DR. WALLI'S: Howis the power distribution
across the channel ? When you have this noderator on
t he out si de and then you have sl ow neutrons com ng in
from the noderator, what's the difference between,
say, the power per unit length of the center rod and
t he peripheral rods?

MR. YU | think you can see a | ot nore of
the details in the --

DR WALLIS: We're goingto seethat |ater

on?
MR. YU -- in subsequent presentations
DR FORD: You said at the end of the
channel you do have sone boiling. Qbvi ously you

haven't tal ked about the chemi stry of the primary side
here yet. We'Il be discussing that and t he i npact of
that if you have boiling?

Do you understand the question?

MR. YU Yes, | understand the question.

| think we didn't plan to get into the chem stry, in
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fact, for the reactor cooling system but certainly
the boiling inpact on the fuel design on the heat
transfer on the CHF, yes, it would be addressed.

DR FORD: Ckay.

DR. ROSEN. And the safety inpact of the
col | apse of those voids under certain circunstances?

MR. YU That's taking into consideration
in the safety anal ysis.

DR. ROSEN: We'l|l hear nore about that,

t 00?

MR YU Victor, can you cone?

MR. SNELL: |'mnot sure you'll hear nore
about it -- this is Victor Snell -- 1'm not sure
you'll hear nore about it at this neeting, but |'l

gi ve you a t hunbnail answer, which is that we' ve kept

t he negative void reactivity fairly small in absolute
terns for safety reasons. So actually the design
center value is mnus seven mlli-K

The anopunt of voiceinnornmal operationis
a very small fraction of that. There's not nuch
boiling in the channels. So collapse of void in al
operation has relatively small effect.

DR ROSEN: Relative to the 7 MK?

MR SNELL: Yes.

DR ROSEN: What woul d you say? One
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percent, ten percent?

MR. SNELL: | think it's about a mlli-K
or sonething to that. At nost a mlli-K Peter?

Yeah, Peter is nodding. Soit's about --

DR ROSEN: So that would result in a
positive reactivity insertion on void collapse of
about one mlli-K

MR SNELL: That's correct.

MR YU In ternms of fuel channel, this
gi ves you sonme nore details of the end of the fuel
channel itself. This is where the pressure tube rode
(phonetic) intothe end fitting, and we have two tube
sheets in between. That's where the shooting for the
end SEU (phonetic), and shooting for the surroundi ng
i s done by shooting water itself. So the end fitting
i s ki nd of anchored down onto the tube sheet using the
positioning assenbly.

In order to give the flexibility, the
endl ess bell ows i s one that contai ns the gas boundary
so that we woul d be able to giveit the flexibility on
rel ative thermal expansion, as well.

The connection to the reactor cool ant
system is through the what we call a feeder
connection. Each of the piping that connects to the

end fittingis onthe side. It's not through the end.
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The end i s reserved for the fuel i ng machi ne connecti on
so that we have a channel closure that normally seals
t he react or cool ant boundary, and t he fueling nachi ne
woul d be sequenced to take out the channel closure
bef ore and al so take out the seal plug, which is the
shooti ng (phonetic) at the end of the channel, and
then the refueling action can take place after these
two internals are renoved.

So you will hear nore details regarding
t he on-1inerefueling operation, but that is the basic
sequence and the interfaces.

So the feeder connections are all
identical at theentityitself, but the feeder routing
at the reactor phase would be according to the
rel ati ve where they were on the reactor phase itself.

DR. ROSEN: Before you get off this, |
think that first bullet deserves some comment. This
is a leak before break philosophy for the pressure
tubes, wusually before break, before piping, under
certain cases as well, but we also include in the
desi gn basis space the instantaneous failure of the
| argest pipe in the system

So do you take i nto account i n safety case
anal ysis a nore stringent case than this?

MR, YU: Yes.
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DR. ROSEN:. The instantaneous failure of
a pressure tube?

MR. YU Yes. In the safety case, we do
anal yze t he i nst ant aneous rupt ure of the pressure tube
and its effect ontheinjectioninto the calandria and
al so we even have to do a what if situationif it does
break the cal andri a tube as wel |, although the design
is such so that the nmonent is designed to contain the
pressure tube rupture, but in the safety case we do
anal yze the ot her.

DR ROSEN: The instantaneous case is
anal yzed in the safety case.

MR. YU  That's right.

DR. SHACK: Is this figure roughly to
scale? 1Is the end fitting that |ong?

MR YU It is roughly. It is to scale.

DR. SHACK: To scale. kay. Yeah, your
drawi ng i n your booklet isn't to scale, and I' mhavi ng
a hard tinme reconciling the two.

MR. YU. | think what you see in the other
case picture is fromthis tube sheet onwards because
| think that, you know, you' ve got the two tube
sheets. The only outer tube sheets can be seen.

DR. SHACK: (kay.

MR. YU In normal operation, you know,

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

42

all of these would be inside a feeder cabi net as well
so that when you | ook at the ol d review, you woul d not
be able to see all of the details. So, yeah, Pis a
little bit shorter, especially the first picture you
saw. It has, you know, the cover of the insulation.

So | think one thing | want to highlight
is all our reactivity nechanisnms, including the
shutof f rods and al so the poi son injection, the past
poi son i njection system are all going into, they are
| ocated within the noderator space. So they are not
in the high pressure systemat all. So they go in
between the lattice, outside of the calandria tube.

CHAI RVAN KRESS: | found it interesting
t hat your control rods are separate fromyour shut down
scram rods, and you have, in addition to the scram
rods, you have a separate boron injection systemt hat
wi Il shut down the reactor.

MR. YU W have a gadoliniuminjection
system

CHAI RMAN KRESS: Gadol i ni um gadol i ni um
okay. So it's pretty good defense in depth, in ny
m nd, from the standpoint of one of the key safety
i ssues, and that is shutting off the reactor.

MR. YU. Yeah, we do have two safety grade

fast shutdown systens, and i n addi ti on we do have, for
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normal power control, we have the additional rods so
that we can have fast step-back, even to avoid the
shutdown systemto cone in.

So that practically we do have the three
means of shutting down.

DR. ROSEN:. Wy di d you choose gadol i ni um
for the injection systemrather than boron?

MR YU Victor, can you?

MR, SNELL: |'mnot 100 percent sure. My
understanding is it's a lot easier to get out of the
system once you put it in and that you' Il gradually
burn out as well, but | nmean, that choice has gone
back to the very early days of CANDU, and | think it

was a matter once you get boron in the noderator, it's
hard to get out again.

DR WALLIS: So the thermal expansion of
these tubes is quite a lot, isn't it? The pillars
have to take up a | ot of expansion.

MR YU vyes.

DR. WALLIS: Howmuchis that? It's quite
alot, isnt it?

MR YU. Four inches?

DR. WALLIS: Four inches. It's quite --

well, that seens a lot to ne.

MR. YU. Can you explain, please? Sorry.

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

44

Mar K.

MR LEGER. Mark, yeah.

The t her mal expansionisn't very nuch, but
there i s some channel elongation that |I'Il be tal ki ng
about .

DR WALLI S: The elongation is due to
neutronic effects?

MR YU Due to flux, yes.

DR WALLI S: Change in the materi al
itself.

MR. YU Duetoirradiation, it does creep
withtinme. Sol thinkinto bellows they' re to take up
time.

DR ROSEN: And that's a percent of the
total elongation would you say that the neutron
| engt hening i s 90 percent of 95 percent of the anount
of | engthening you have to accommpdate versus the
t hermal growt h?

MR. YU. Thermal, thermal is very small in
conmparison. Sol think certainly it will be five, ten
percent at right range.

MR,  LEGER: It's a relatively smal
fraction. | can work it out. | don't have it in ny
head.

DR. WALLIS: So the tubes, when they're
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subject to all of this radiation decide to grow
| engt hwi se rather than sag?

MR. YU. One thing that m ght be too snal
in here to show, we do have spaces. There are four
spaces in the gap. W supported along the | ength, and
they're fixing in place so that you do have
i nt er spacer smal | sag. That happens, and
diametrically it will also creep

DR. WALLIS: Don't spacers slide alongthe
cal andri a tube?

MR. YU  Yeah, the spacers would slide
along the calandria tube. It's tight around the
pressure tube.

CHAl RVAN KRESS: The cal andri a tubes on
t he outside are not spaced. They can sag.

MR. YU But thecalandriatubeis-- it's
operating at a nuch | ower tenperature as well. So it
hasn't got the pressure init sothat interns of the
formation, it would be nmuch smaller.

DR. ROSEN. Well, does it growl engthw se
as well?

MR YU  Mark?

MR, LECGER It's not part of ny
presentation, but the calandria tubes don't change

di mensi on very nmuch in the reactor.
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DR. ROSEN: Wiy is that? They' re nmade of

t he sane material .

MR. LEGER. No. The pressure tubeis cold
wor ked zirc-niobium and the calandria tubes are
anneal ed, stress relieved Zrcal oy-4.

VR. YU I think the operating
tenperature, as well as the pressure is subject to
within the reactor cool ant system woul d t hus create,
you know, high stresses in naking the creep bigger.

So in terns of core design, the on power
refueling is also part for the long-termreactivity
contr ol because, you know, the channel fuel
repl acenent would dictate how the core reactivity
change would be. Typically a total of 9 mlIli-Kin
the control devices, and we have additional what we
call control absorbers. They are used for fast power
changes. If we need to step back to avoid the
shut down systemfromcom ng in, we don't need boron,
as mentioned before in the reactor coolant itself.

The control rod ejectionis not one of the
anal ysis case that we need to | ook at because of the
| ow pressure environnment that it offered in, and it
does not interact with the few.

DR. ROSEN: Now, if you have a pressure

tube failure, clearly the calandria will go to a
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hi gher pressure.

MR YU  Yes.

DR, ROSEN: But what is that higher
pressure? Typically it operates at 30 psi, | think
you sai d.

MR. YU. Yeah, roughly it is at the top of
the calandria so that it would below at the design
pressure itself.

DR ROSEN: Wiich is?

MR. YU. Wiichis around the 30 psi. It's
operating around ten.

DR. ROSEN: Onh, operating is ten?

MR YU Ten, 15, in that region.

DR. ROSEN: So if you lose a pressure
tube, it will go to 30, and then the rupture disks
will relieve.

MR. YU. Yeah. Tenporarily it m ght be
subj ected to, you know, the pul se pressure, but then
as soon as it's relieved --

CHAI RMAN KRESS: Where is it relieved
into?

MR YU It is relieving into the vault
(phonetic) itself, the reactor, the reactor buil di ng.

So this gives you --

DR ROSEN. | nean, is that expected if
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you have a pressure tube failure on the cal andria?

MR. YU No. | think, you know, that the
expectation would be that it would pressurize the
endl ess space between the calandria tube and the
pressure tube, and then you woul d see possibly sl ow
| eaks through those small tubings were the gas
normal Iy circul ates.

DR. ROSEN. Ckay. So you don't expect the
pressure -- calandria tube failure on a pressure tube
failure?

MR YU Not normally, even though in
anal ysis you assunme that it mght cause failure.

MR. S| EBER Wll, that's where the
ballast is. Wuld it not --

MR YU The ballast would deform

MR. SIEBER Yeah, it would rupture that
before it would rupture the tube, calandria tube?

MR YU It's possible, but | think, you
know, that in terns of deformation pressure, you can
take a lot nore.

MR, SIEBER. Ckay.

DR. WALLIS: So all of these tubes are
unsupported over their length and the control system
slides in between thenf

MR YU The cal andria tubes are not
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supported along the length, no. It is relying on the
two end tubes.

DR. WALLIS: So they nmust remai n strai ght
t hen. If they buckled in any way, they would
interfere with your reactivity control devices.

MR. YU That's correct. | think from
operational reactivity viewpoint, sonme may say it
woul d tie (phonetic), but that is snmall.

In terms of the reactivity nmechanisns,
they are all in the interspace between the lattice.
So that's why, you know, in a gravity operation it
woul d not interfere with the control nechanisns.

So certainly as part of the safety
eval uation, you do assunme the shutdown devices
adjacent to the first pressure tube to be disabl ed.
So it is apart of the analysis assunption that you
assune that they are not affected.

DR. WALLIS: You're assumingthat thereis
not hi ng to nove themhorizontally, but presumably if
there is a flux distribution, they could have
different irradi ati on on one side than the other, and
if there are neutron effects changing the naterial s,
this could lead to a change in the geonetry of the
t ube.

MR YU | believe this is unlikely,
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but --

DR. WALLIS: Well, presumably you have
experience. | nean, you neasured these things.

MR. YU. But operating experience is such
t hat --

DR. WALLIS: So you don't really take the
tubes every two years or sonething.

MR YU -- we have not observed those.
We have not observed anything |ike that.

DR.  WALLI S: Well, you nmay not have
observed anyt hi ng. You naybe observed sonmething. It
woul d be nice if you had observed sonething and you
coul d bracket it.

MR YU Okay. In ternms of nunbers, we
have a ni ne zone control, whichis really for regional
power adjustment, and we have full control of stubbers
(phonetic). Those are the ones that that are used for
fast power step-back or setback.

Shut down system nunber one, we have 20
shutoff units, and there are six injection nozzles.
In the safety system description I'Il give you nore
details of that.

As al ready ment i oned, t he t ot al
(unintelligible) voidis mnus 7 mllion K

DR. WALLIS: This pronpt neutron lifetine,
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is the lifetinme of a neutron from fission to
absorption its whole lifetine, not just while it's
pronmpt. | nmean it's --

MR. YU Peter, can you clarify?

DR. WALLI S: It rmust be its whole
lifetime.

MR. CHAN: This is Peter Chan fromthe ACL
Physi cs,

| believe our definition is the neutron,
the lifetinme fromfission, fromthe fission born to
bei ng absor bed.

DR. WALLIS: Wiichis the whole lifetine.

MR CHAN:. The whole lifetine.

DR. WALLIS: Soit'stheneutronlifetine.

MR. CHAN:. That's right, but for the plunp
part (phonetic).

DR. WALLI S: Yeah, yeah. There are so few
of the del ayeds.

MR. CHAN:. That's right, yeah

This is the neutron life and fromthe plunp part

of the neutron.

DR. WALLIS: Presumably al so very cl osed
the life of the del ayed fraction as well once they've
been emtted

MR. CHAN. Yeah, | believe so, yeah
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DR. ROSEN: And this total cool ant void

reactivity is if you lose all of the coolant in a
channel; is that correct?

MR. SNELL: Inthecoreitself, theentire
core.

DR. ROSEN:. The whol e core.

MR. SNELL: The whole core. |It's a full
core void reactivity.

DR. ROSEN: All of the pressure tubes go
dry.

MR SNELL: That's correct.

MR. YU Ckay. | already nentioned about
the two percent outlet quality in the reactor cool ant
system towards the other end, and the --

DR WALLI S: Is this the equilibrium
quality? So, in fact, because of subcooling, there
woul d be a higher quality in terms of a fraction of
st eam

MR. YU No, this is the maxi mumquality
that we're expected to operate.

DR WALLI S: Is this the equilibrium
t hernodynamic quality or is it a physical quality
t aki ng account of subcool ant?

MR YU  This is the fraction of steam

wei ght quality in the reactor coolant system under
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steady state operation. | was going to say when the
steamgenerator knewthat it would have far nore heat
transfer, soinitially all of our reactors operate in
subcool conditions.

But this is design conditions, assune t he
design fouling (phonetic) for the steam generators
before you arrive at that, based on operating
experience that would arrive at, you know, at sone
time later, before you need to clean the steam
generators and so on

Sol think this is the reference nmaxi num

DR, WALLI S: So the water |eaving the
tubes is saturated.

MR. YU The water at the outl et header at
saturation where the pressurizer is |ocated, yes.

DR. WALLIS: |I'msaying this because you
know you real i ze t hat they coul d be subcool ed and t hen
it could condense on its way to the header. So |'m
not --

MR YU No. I think in the reference
design conditions, given two percent quality going
into the inlet plenumof the steamgenerators, so we
do have a condensati on zone wi t hin t he st eamgener at or
itself. So --

DR. WALLIS: This is an equilibrium
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MR. YU -- heat transfer --

DR. WALLI S: It's essentially an
equi li briumquality then.

MR YU Yes, yes, yes.

The | ast bullet references the fact that
when you have a postulate to pressure tube and
cal andri a tube rupture, the |light water cool ant woul d
gain to the noderator that the m xing has the effect
of reducing the reactivity. So it does snooth it in
the right direction.

DR. WALLIS: Are the flow fluctuations
with all of these parallel channels in operation?

MR. YU. Not according to our design.

t hi nk, you know, that actually in this diagramif you
| ook at the interconnect between the two reactor
header, its design functionis to nake sure that there
is no channel-to-channel instability. So that's
desi gned such so that you will avoid that.

Because it is a figure of eight |oop, the
reactor cool ant goes through the core twice. Half of
t he channel has the inlet connected to one end. It
comes out, and then it goes though a steam generator
and heat transfer punp. And then it goes through the
other half of the channel in the other direction.

CHAI RMAN KRESS: Now, t hese are staggered
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by the lines. One line would have one direction and
the next line --

MR. YU No. W have alternate channels
bot h above and below. So if you | ook at the di agram
we have one going in the -- one next to it, both
above, on the side, all four channels surrounding it
in the opposite direction.

CHAl RVAN KRESS: Yeah, that's what | was
sayi ng.

MR. YU Yes, that's right. On each rol
that's what it is, and the adj acent roll is staggered.

CHAI RVAN KRESS: It's oneachroll, right.

MR. YU  So the range of sizes that we
have ranges from two inches on the reactor phase
because of the space, and it goes to the three and a
hal f inches for the outlet so as to balance the
pressure drop. So we design each of the channels for
equal pressure drop, sizes and |engths.

CHAI RMAN KRESS: How do you control the
flow? Is it just because your headers are a big
vol ume conpared to the feeder |ines?

MR, YU That's correct. It's really a
header --

CHAI RVAN KRESS: There's no individual

orifice.
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MR. YU | thinkinthe operatingreactors
you do. In this design |I'mnot too sure whether we
need -- | don't think we need any orifices on this
design. W have sinplifiedit, especially the called
profileisrelatively flat for the ACR W don't need
to use orifices, but in CANDU 6 we have, to use for
the outer channel especially. The TOX-4 file
(phonetic) is nore of the (unintelligible) across the
reactor face.

So the parallel series palm (phonetic)
arrangenent, you always have two of these punps
operating in series. So on the prostrate punp issue,
you still have the other punps on the opposite end to
push the cool ant through the core.

These things are above the core so that
when we analyze header breaks, that the remaining
channels would still be refueled. Certainly after
LOCA there's no preferred direction for the channel
flowin the | ong termbecause the | ong-termcooling,
which is the equival ent of the residual heat renova
system would be circulating the water through the
header into each of the channel s dependi ng on where
t he postul ated break is.

DR.  RANSOM The fuel tubes that are

inside the matrix, are they spaced far enough apart,
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| guess, that the feeder pipes can flow, pass between
t he adj acent tubes?

MR YU  Yes.

DR. RANSOM I n order for this coolant to
get to the internal central, say, assenblies?

VR. YU The space between the
(unintelligible) is sufficient for oil (phonetic)
feeders to conduct. So that has been our design for
all of the CANDU reactors in the past. The |ayout is
such that we would be able to, you know, given to
unhook the feeders if we can to a single free channel
repl acenent.

DR. RANSOM Are you going to talk later
about the seals that are -- you know, you have seal i ng
bet ween gas spaces, |ight water, then heavy water and,
you know, passing through the shieldtanks, as well as
the calandrium It seens |ike there are an awful | ot
of seals. | wonder if they're welded or if there are
sonme bellows | know

MR YU | think we will be tal king about
the row joints between the pressure tube and the
entity, but that's really the only connection for the
reactor coolingwithinthe coreitself. The other CUs
are really to her self-contained boundari es because

they are |l ocated i n between, |like the (unintelligible)
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is reoccupying the space in between. So from the
bellowitself, it would have connection to the system
for | eak detection.

So | don't have a detailed diagram in
here, but we can illustrate that further. Certainly

you see sone further cross-section of the boundary

| ater on.

CHAlI RVAN KRESS: Your feeder tubeis Zirc-
47

MR. YU No. Feeder tubes are stainless
steel .

CHAl RVAN KRESS: And the headers are?

MR YU The headers are carbon steel.

CHAI RVAN KRESS: So this simlar weld is
where the feeder tube goes into the pressure tube?

MR YU Yeah. We have these simlar
wel ds at the top end here, close to the header.

DR. SHACK: Onh, so the whol e feeder tube
is stainless steel. | thought there was a transition
to a carbon steel.

MR YU Yeah. | think we have been
optim zing to see where woul d be for inspectability.
So --

DR SHACK: How about nmgnet type

deposition of your steam generator tubes.
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MR YU W did have that.

DR SHACK: Yes.

MR. YU. In the current operating CANDUs.
Sol think interns of erosion/corrosion, the original
reference designto put all of the ICSIT (phonetic) as
wel|l as the bottomhal f of the feeders, all stainless
steel, and then we have the chall enge regarding the
simlar netal weld particularly fromthe inspection
viewpoint as to how can we, you know, do good
i nspection, and we have been contenpl ati ng what is the
best |ocation for that.

So | think what we are hearing is really
what our latest thinking is. It does not change the
design itself, except that where the transition weld
woul d be.

So it is now nuch closer to the header
itself. It'sstill beingfinalizedinterns of stress
anal ysis, and then inspectability.

DR. FORD: So there's no decision about
the details of these dissimlar netal wel ds between
the carbon steel and the stainless steel structure?

MR. YU The details have been wor ked out,
except --

DR FORD: So it will not be, |I assune, a

strai ght stainless steel to carbon steel weld. There
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will be some buttering. There will be sone incane
al | oys.

MR YU  Well, I think it's a straight
wel d, but, Mark, can you clarify? | think it's a

strai ght weld, but, Mark, can you clarify?

MR. LEGER | don't have all of the
details, but there would be involved -- it woul d have
an intermedi ate nmetal, yeah.

MR. YU So you will hear nore about the
on-power refueling, but this is the arrangenent, how
it is supported. The fueling machine head woul d be
where the fuel bundle are being retrieved and stored
and then take it out.

The way it is taken out is the fueling
machi ne head woul d accept new fuel fromthe port at
the contai nnent boundary, and then going to the
machi ne, and then once you have put into the reactor
on the other side, it cones out and you put into the
spent fuel receiving bay, and then the storage bay is
where they woul d be stored.

CHAI RMAN KRESS: Is that storage bay
i nsi de your contai nment area?

MR. YU. No. The storage area i s outside
containnent. That's our containment.

CHAI RMAN  KRESS: Oh, that's your
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cont ai nnent .

MR. YU That's our contai nment boundary.

DR ROSEN:. Now, these CANFLEX assenbl i es
are in a horizontal positioninthe core, and they're
noved out in a horizontal position.

MR YU That's right.

DR ROSEN. Until they get to the spent
fuel storage area, but then they have to be tilted,
right?

MR YU That's right.

DR.  ROSEN: Brought into the vertical
position and slid down into the racks. Are you going
to descri be how you do that?

MR YU Well, | think you can explain
that later in the on-line refueling. | think what we
have done hereis alittle bit different fromwhat it
was before. |In current operating reactors, they are
stored in the racks, and they still remain in the
hori zontal position, but then when the transition to
dry spent fuel storage, they are put into baskets and
then put into the dry spent fuel storage.

So what we have done is to mnimze the
handl i ng by designing the baskets within the bay so
t hat t hey woul d be abl e to, you know, put into simlar

position and then so that it sinplifies safeguards and
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SO on.

DR. ROSEN. But you have to nmake the tilt,
the up ending --

MR YU Yes, that is correct.

DR ROSEN: -- in this operation, and
that's what |I"'minterested in.

MR. YU. That is the fuel transfer system
to be able to do that.

CHAl RVAN KRESS: Wiile you' ve got that
picture and it's on nmy mnd, could you tell me a
l[ittl e about the contai nnent, howbit it is in volune
and pressure, design pressure?

MR YU The containnment, it is 39.5
nmeters in dianeter and 59 nmeters height to the bottom
of the done, and the contai nment thickness here is
about 1.2 neters, and the done thi ckness i s around one
meter, and the contai nnent free vol une i s about 58, 000
cubic meters. The design pressure --

CHAI RVAN KRESS: And it's a free standi ng
steel structure?

MR YU It is a steel lined pre-stress
contai nnent. The design pressure is 450, which is
really being dictated by the steamline break.

DR. SHACK: The inpression | get is that

this is different than the CANDU cont ai nnent .
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MR, YU: Yes.

DR SHACK: What's the difference?

MR YU The CANDU 6 contai nment do not
have a steel line. It has a plastic liner, and al so
the criteria for the peak pressure are different in
our reference (unintelligible) environment. So it
does be able to withstand the mai n peak pressure. So
t he design pressure is generally slower in the CANDU
6

And al so, CANDU-6, | nust add that we do
have a dousing tank which is to reduce the peak
pressure at the top of the donme. For the ACR design
we have adopted a dry contai nnent.

CHAI RVAN  KRESS: | hate to inhibit
guestioning, but we're getting already behind tine.
Can we go --

MR YU | think | need to go faster.

CHAI RVAN KRESS: | know it's our fault,
but could you pl ease.

MR YU  Kkay.

CHAIl RVAN KRESS: And we' Il try torestrain
ourselves a little bit.

MR YU So shut-down systens, | think
that, you know, it shows the reactivity nmechani sns

back here, and I'Il give you a cross-section of the
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shut down syst emnunber one. The absorber material is
in the kind of flat, rectangular cross-section.
Normal |y, you know, that is packed outside the core,
and it is dropped by gravity into the coreitself, and
t he mechanismto driveisreally toraiseit upto the
reactor scram

CHAI RMAN KRESS: There's 20 of those?

MR. YU  We have 20 of these, yes.

CHAI RVAN KRESS: And you only need ten of
themto shut down the --

MR YU  Sorry?

CHAI RVAN KRESS:  You only need ten of them
to actually shut down the reactor or do you need al
20 of thenf®

MR. YU | think we do have margi ns, but
not ten. W need to postul ate sone under testing or
some ot her failedto operate singlefailurecriterion.

CHAI RVAN KRESS: Yeabh.

DR. ROSEN: Clearly these are packed
outside the core, but are they parked outside the
cal andria as wel | ?

MR YU They are, yes. This is the
calandria shell. So they are normally --

DR. ROSEN: Normal | y above, the tip is

above the outside of the cal andria shell.
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MR. YU Yes, yes.

DR. ROSEN: So they see no neutrons in
t heir normal operation.

MR YU No. For the shutdown system
nunber two, we have six of these gadoliniuminjection
t anks. They are injected by nozzles. They are
| ocated on the reflector region of the core so that
we' ve got three ontop and three on the bottom Their
performance is simlar withinless than a second. The
poi son would be injected into the core prior to
shut down.

CHAI RVAN KRESS: They are protected by gas
pressure?

MR. YU. By heliumgas pressure normally
operating around 8 Mra.

So for energency core cooling system we
have the accunul ated tanks and each one would be
connected to the reacting headers. As part of the
outl et headers, we have the emergency core cooling
oper ati on. They would be connected under that
i njection node so that depending on where the break
is, you always have flow through the core.

And for the internedi at e node, we have t he
reserve water tank, which is 2,500 cubic meter of

wat er capacity. The majority of that water is used
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for flooding the sunp, and that would be the initial
cool water injection after the accumul ated tanks are
enpti ed.

CHAI RMAN KRESS: How does it get down to
t he sunmp?

MR YU  Sorry?

CHAI RMAN KRESS: How does it get to the
sunp? Are there spray nozzl es?

MR YU No. It's just a straight
gal karmer (phonetic) pipe. The valves open up, and
then it just floods the sunp.

The  nor mal isolation between the
accumul ators, we use the one-way rupture disk soas to
sinplify the val ve operati on because thi s rupture disk
woul d stand the full reactor cool ant pressure during
normal operation, and then on the nuch |ower
(unintelligible) pressure on the other end, then it
woul d burst the disk.

These devi ces have been conpl etely tested
in our |aboratories.

There's also the floating ball shutoff
(phonetic) that would, you know, when the water gets
down to |l ow |l evel, then you see the bottomof the tank
that woul d prevent the gas fromgetting in.

CHAl RMVAN KRESS: WIl we see nore about

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

67

the design details of that one-way rupture? How do
you achieve a high pressure resistance in one
direction and not in the other?

MR. YU No, the ideais not to -- oh,
it's arupture di sk that has a backing plate, andit's
a full hose on that backing plate. So on the reverse
direction it has all of the support by the backing
plate and only in the forward direction. Then the
full pressure is applied to the full dianmeter. So
it's such a differential area that gives you the
differential bursting.

So for the long-termcooling, this would
be the part that would be used to flood the sunp and
t hen we have redundant punps for each of the reactor
and the header through the evolving arrangenent.

DR. ROSEN: |'msure you're follow ng the
di scussions here in this country on pressurized water
sunmp pluggi ng effects.

MR YU  Yes.

DR. ROSEN: And it seens that this design
is susceptible to the sane difficulties. Can you
conment on that?

MR. YU. We essentially have foll owed the
very wearlier, every since the initial incident

regardi ng i nsul ation, plugging, faulty material, and
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si zing of the sunp, whether, you know, it neets single
failure or not.

So we have selected insulation materials
appropriately. The latest that we have noticed,

t hink we are | ooking into that. Sone of the chem stry
effects which we are nonitoring. So our designers are
| ooking to the latest bulletin on this subject.

This is just a paraneter that the ten wal |
units of 170 cubic nmeters in each of the two tanks;
the pressure for injection is about 5 nph.

The cont ai nment | al ready nenti oned about
t he sizes and the design pressure. W are using the
air coolers that are located at the strategic pl aces
for heat renoval. | do have a diagramto show that.

We use passi ve aut ocat al yti c conbi ners for
t he core danage acci dent.

CHAI RVAN KRESS: And t hose are sufficient
to deal with all of the hydrogen you m ght get
generated in a severe accident?

MR YU The scenario that we posted,
maybe, Victor, can you el aborate alittle nore if you
need to?

MR. SNELL: This is an interesting area
where we're actually trying to nmeld two regul atory

phi | osophies. There is no need for hydrogen contr ol
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nmechani sns for design basis accidents. So these are

put in for what's required. |In Canada we're required
to ook at what's called dual failures. | guess we
call it dual failures, but they're basically an

accident plus an inpairnent or a failure of a safety
system

So in this particular case, you woul d be
| ooking at | oss of coolant with failure of the ECCto
inject, and when you do that, you produce hydrogen
t hr ough oxi dation of the sheets. Al though one woul d
say that's a severe accident, we neverthel ess provide
design mtigation of it. That's why the hydrogen
control is there.

CHAl RVAN KRESS: We' || probably hear nore
about that some tine later.

Are these t he European, CGernan desi gns or
are these your own design?

MR. SNELL: These are our own, passive
aut ocat al yti c conbi ners.

MR. YU | believe we have supplied sone
of these to Finland as well for their use.

| tal k about the | ocal air vault cool ers.
This is really a schematic as you show where the
normal circul ation would be.

Severe accidents. The reserve water tank
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that | nmentioned earlier not only supplied the water,
but part of the water is for the make-up to the steam
generators on | ots of normal CBR heat sync makeup, and
also it can provide makeup to the noderator, as well
as the shield tank.

So this allows us, you know, to make up
the water surrounding the reactor coolant system
because the heavy water noderator is just on the
out side of the cal andria tube.

DR. APOSTOLAKI S: Wiy do you need to
provi de nmakeup water to the noderators?

MR YU This is part of our severe
accident mtigation backup so that if you are on a
severe acci dent scenario, if by any chance that your
core is severely damaged, then it woul d be boiling off
t he noderator. So that in order to replace the water
to allowit for a |longer heat sync, then --

DR. APOSTOLAKIS: Soit's really cooling.

MR. YU Cooling, yes, for heat renova
under severe core danage event. So you can see that
the noderator is surrounding it, and then so when we
provi de the makeup, then our situation when the
calandria tube is still intact, you'll still be able
to renove the heat and on progressively nore damage

situation, then you still have the seal water
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(phonetic) surrounding it. That would be able to do
t he heat renoval, can see the (unintelligible) water
is about four times that of the cal andria noderator
wat er at | east.

So the noderator systemnormally would
renmove the fission heat appearing in the noderator
itself. So when it continues to operate, it wll
renmove about five percent of the heat. So, therefore,
it can be an enmergency thing under severe core damage
type of events.

| already mentioned that. In view of
ti me, and because, as | nmentioned, we have the control
systemwas well as two i ndependent shutdown systens,
and we normally, when we |ook at the frequency of
anticipated transients without scram the frequencyis
so low that we don't normally analyze it.

But even in a sequence where the core
damage is loss withinthe calandria, it would still be
cont ai ned because, you know, that water is on the
out si de. And | did nmention the makeup under the
(unintelligible) water system

Operation of features. As | nentioned, we
do need to | ook at sone of the features to provide
nore on-line terror. That's what our custoners are

demandi ng, certainly from the rmanagenent team
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interface and reliability viewpoint that we need
enhancenent .

In terms of the operational error, we are
payi ng nore attention to the control design and al so
in terns of the control room we have an inproved
alarmrecognition system as well as the | ast screen
di spl ay.

DR APOSTOLAKI S:  But | thought you were
going to say that you're giving nore tinme to the
operators to act. What is the shortest tinme they have
to act? | nean, you just said earlier that severe
core damage can be del ayed for hours.

MR YU Ch, | think, you know, in terns
of severe core damage events, it's way beyond 24
hours, if not longer. Victor?

MR. SNELL: Victor Snell.

"Il try and give a sunmary. On single
events, what we were tryingtodointhis designisto
gi ve the operator about eight hours before he has to
do somet hing. Obviously a severe core damage event i s
a conbi nati on of many events, and t here are excepti ons
to the eight hours, particularly things like if you
have a steam generated tube rupture and you're then
required toisolate the effect of the steamgenerator.

That woul d need to be done before ei ght hours.
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There's a coupl e of exceptions, but by and
| arge, the automatic systenms will take the operator
t hrough a single event, a single initiating event for
about the first eight hours.

MR YU Interns of the control room we
have installed a prioritized alarmsystemw th col or
coding so that it nakes the operator be able to
recogni ze the event faster in terns of screening out
some of the duplicate alarns that cone in on
dupl i cat ed channel s.

In terms of help nonitor, we have nore
systens that would be able to | ook at the chem stry
trends, for exanple, which is what we have the
chem stry command system so that on any chemistry
excursion we will be able to do support analysis, the
variation as well regardi ng what's to be done and what
chem cal s need to be added for --

DR. FORD: Now, the last bullet is
predictions. Predictingwhat, material s degradati on?

MR YU Internms of material degradation
and, for exanple, in terns of cleaning, what woul d be
t he pl an versus, you know, the predicted tinme, whether
you can restore the performance.

DR. FORD: So you have got the algorithm

for anmpbunt of degradation of the pressure tube, for
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instance, as a function of time and as a function of
various other parameters, operating paraneters?

MR. YU. Not on the pressure tube itself.
Mainly talking about in this particular case it's
steam generators nonitoring, for exanple, and even
primary chem stry nonitoring because | think we need
tocontrol it for the reactor cool ant on a certai n pH,
as well as chemstry limts, and that will give you
the nonitoring of what's going on.

DR. FORD: So forget about pressure tube
for the steamgenerator tubes, for instance. You' ve
got al gorithnms of expected tinme to first failure as a
functi on of secondary and primary water chem stries.

MR. YU They are not really for safety
nonitor. Thisisreally nore for operational intermns
of chem stry control, chem cal additions, cleaning of
t he steam generator --

DR. FORD: (Okay. Soit's nore operational
predi ctions.

MR. YU It's operational oriented, yes,
not safety.

MR. LEITCH: If oneis operating|ess than
the four main reactor coolant punps, nust you be
operating a particular conbination of those punps?

MR. YU. W do not design this to operate
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with partial punps.

MR. LEITCH: So you nust be operating al
four punps?

MR YU  Yes.

MR. LEITCH Not the right two. | nean
you cannot operate with just the right two punps?

MR YU At start-up we can operate with
one pair initially until it gets up into higher
temperature, and then you start the -- they start it
in a staggered manner, but for pull power operation,
that's not designed for partial punp operation.

DR. ROSEN: So you trip the reactor if you
| ose the cool ant punmp?

MR YU  Yes.

MR LEITCH Howis the --

CHAI RMAN KRESS: | honestly -- go ahead.

MR. LEITCH How is the SCRAM System I |
initiated or the shutdown System I1? How is that
initiated, manually or --

MR YU No. IT s all relying also onthe
range of trip signals as well, |ike, you know, the | ow
header pressure, high header pressures, and so on,
neutronic trips as well as process trips for both of
t he shut downs.

MR. LEITCH  But does the second system
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operate only if the first one has fail ed?

MR YU No. They are independent
paranmeters. The set points are such so that it can be
avoided to cone in that they would be. So that the
first shutdown systemhas nuch tighter set point. So
that they would prefer to cone in earlier.

Li ke, for exanple, in highreactor system
pressure, how reactor cool ant systempressure. Then
the STS-1 set point is |ower and the STS-2 i s higher.

MR. LEITCH And | had one ot her question
about the term ACR-700. Sone of your figures here
just say ACR. Does the 700 apply to a particul ar size
of ACRor is that all we're discussing at the nonent,
t he 7007?

MR YU It's just too long to repeat
that. Onh, | think it is tal king about ACR-700 i n our
desi gn.

MR. LEITCH Okay. So every place | see
"ACR " | should assune that's a 700.

MR YU. Assune ACR-700, yes.

MR. LEITCH  Okay, okay. Thank you.

MR YU So that's a picture of the
Q nshan M ng (phonetic) control room that we would
certainly replicate the last display as well as the

advanced al armsystem The operationinterface onthe
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panel are going to be nodified further based on human
factors inprovenents.

DR. ROSEN: Is this a digital control
room fully digital or is it a hybrid, analog and
digital ?

MR. YU Yes, we are using PCS for our
control, as well as the shutdown systens. They're al
computerized as wel | .

DR. ROSEN: M question is: is this a
fully digital control room or do you use a lot of
anal og instrunmentation as well?

MR YU | think | can say that we are
fully digital in a sense because it's difficult. Al

t he systens, we do have conputeri zed shutdown system

as well as conputer control for reactor control. So
whet her they are in your sense fully digital, I'mnot
too sure whether. | don't want to answer a yes

because | don't knowwhat you're referring to, but yet
all shutdown systens are digital, conputers control,
as well as the reactor control. So we have conputer
control, and we're going to a PCS as wel|.

MR. SIEBER | think one feature that I
think | read about was the fact that you separate your
protection systemfromyour control systens.

MR. YU Right.
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MR. SIEBER And in a digital sense not

everybody does that, but | think that nakes a better
desi gn.

MR YU Yes, we do separate shutdown
systens fromthe reactor control

So in sunmary, we place on a |lot of our
operati ng experience as well as our R&D regardi ng our
product. We talk a | ot about optim zation regarding
the different aspects of the design, including the
operation feature.

We i ntroduce a nunmber of passive features
inour design for safety. Operational aspect, we pay
a bit nore attention to the operating needs as well.

DR.  ROSEN: Now, what is the nom nal
operating cycle? | know you don't have to refuel on
line. So there's no arbitrary limt, but certainly
you have in mnd atinme frane before you will shut the
pl ant down and do a full mai ntenance.

Do you have sone nonminal tine frame in
m nd?

MR YU  Well, we are aimng for three
years.

DR. ROSEN:. Three years.

MR. YU For plan outages because a | ot of

the mentions we can do on line as well.
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DR. ROSEN: But you can't maintain turbine
on line.

MR YU No, not everything on line.

DR. ROSEN. So you have to on --

MR. YU That's why every three years --
some inspections used to be done also in certain
cycles as well. So | think three years would be the
way that we input. W have access to contai nnent
areas as wel|.

DR. WALLIS: Now, you're not presenting a
PRA to us today; is that right?

MR YU. Yes, that would be --

DR. VALLIS: You will? You wll. Okay.

MR. YU. There will be a PRA presentati on.

DR. ROSEN: But you haven't done t he whol e
PRA.

MR. YU. -- nethodol ogy.

DR. ROSEN: The methodology w il be
di scussed.

MR YU  Yes.

DR. ROSEN: But you haven't conpletedit.

MR YU  No.

DR WALLIS: Wwell, that puzzlies nme a bit
because it's stated that you use the PRA in design.

If the design constraint is that the core danage
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frequency be ten to the mnus five while you're doi ng
your optim zation, then it is ten to the mnus five,
and you don't have to do a PRA again because you've
al ready done it as part of the design.

So I"'mnot quite sure why it hasn't been
done if it's --

MR. YU We've done Level 1 PRA, and al so
we have utilized our experience from the PRAs that
were done for the CANDU 6 before. So the
suppl ement ary desi gn assi st PRA has been done.

In terms of an integrated Level 1 and
Level 2 PRA, we're still in the process of doing that.
So | think that in areas that we are changi ng fromthe
CANDU 6, we have done the specific scenarios to see
whet her we are noving in the right direction or not.

DR. WALLIS: So the PRA shoul d cone out as
you intended --

MR YU  Yes.

DR. WALLIS: -- to be ten to the mnus
five CDF.

MR YU It's a case of docunentation and
the detail work in order to get that.

MR. SIEBER It's probably a m stake to
ever say that a PRA is truly done.

MR. YU  That's right.
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(Laughter.)

MR. SIEBER  You just keep on going and
goi ng.

DR. ROSEN:. It's an oxynoron to say that
this a conpleted PRA

DR. APOSTOLAKI S: How do you concl ude t hen
that the ACR neets the NRC safety goals if the PRAis
not conplete? | nmean that's what this document says
that was sent to us earlier.

MR YU  Wll, we believe we have done
enough to know t hat when the detail ed docunentati ons
are done that we expect to be within the limts that
we have set of the safety goal

DR. APOSTOLAKIS: Soif aPRAis submtted
to us at sone point?

MR YU WIIl be as part of the design
certification.

DR. APOSTOLAKI S: By the way, the goals
that you nmentioned here arealittleold, aren't they?
We're not using ten to the mnus five for core danage
frequency, are we? |It's four.

You renenber OCRANT (phonetic) ranged an
i ssue here sone tinme ago that the goal s were i ncreased
by a factor of ten without a formal process.

MR. SIEBER. That's right.
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DR. APOSTOLAKI S: It's ten to the m nus

five for a larger list, but if you go way back, |
think you will find ten to the m nus six.

CHAl RMAN KRESS: Yeah,b ut there's this
thing on the books that says the NRC has an
expectati on of a higher |evel of safety.

DR. APCSTOLAKIS: But it says goals.

CHAI RVAN KRESS: | know, | know, | know.

DR. APOSTOLAKIS: 1t's not expectations.
Maybe that's something for us to worry about.

PARTI Cl PANT: That's why you've got to
neet the goals.

CHAl RVAN KRESS: And | think theutilities
require it.

DR. APOSTOLAKI S: It's not a problem
It's not a problem

CHAI RVAN  KRESS: Yeah, the utilities'
requi rements docunent calls for --

DR. APOSTOLAKIS: Now, | alsotriedto get
some of the references that you list in this docunent
by going to --

MR YU May | ask what docunent are
you --

DR. APCSTOLAKIS: Well, it says "Safety

Characteristics of the Advanced" --
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MR. YU OCh, okay, yes. W can search for
an itemif --

DR. APOSTOLAKI S: Yeah, that's what |'m
getting at. | was able to get a couple of them but
References 5, 6, and 7 | was unable to get. Can you
make sure?

MR YU. Yeah.

DR. APOCSTOLAKI S: And eight, five, six,
seven, and eight. Can you make sure we get copies?

CHAI RMAN KRESS: Coul d you send those to
Ahned and he'll see that those get distributed?

MR YU  Ckay.

DR. ROSEN: Now, whil e we're tal ki ng about
addi ti onal needs for information, | read in Section
2.8 inthis sane docunent, the safety characteristics
of events, CANDU reactor designs by Wddi ngton and
Rogers that discussion of incorporation of past
experience, and that a formal revi ew had been done of
past experience within each engi neering discipline,
which resulted in 475 feedback issues to review and
1,175 suggestions for inprovenent.

|"mvery interestedinthat. | wouldlike
to pursue this sone nore. \Were would | go to do
t hat ?

MR YU |In what way you want to pursue
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t hat ?

DR. ROSEN: Well, to know what the 475
f eedback i ssues were, for exanple, and what had been
done with them Perhaps the same for the 1,175
suggestions for inprovenent.

At some point I'Il fatigue, but at I|east
| would like to start.

MR YU Okay. Well, | think we can give
a status report.

DR. ROSEN: You nust have sone
conpi | ati on.

MR. YU Yeah, yeah. W have, in fact,
tied into a feedback dat abase, and so certainly they
have been scanned for the applicability, and al so, you
know, each of the disciplines woul d be using that as
part of the design input to nmake sure that we woul d
avoi d the previous probl ens.

DR. ROSEN. It's a very good start for a
new desi gn, avoiding the probl enms you know about.

MR YU. Yeah.

DR. APCSTOLAKIS: Since we are going to
tal k about the informati on needs, there is a sentence
here that intrigues me. "Reliability of the safety
critical software is denonstrated through trajectory

based randomtesting."
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Woul d you send ne a docunent to educate ne
about this? |'m sure that you have sonething
sonewhere. | nean these are really inpressive words.

(Laughter.)

CHAI RVAN KRESS: It's a trajectory.

DR. APCSTOLAKIS: This is in Section 3.6
of this report by Wrthington and Rogers.

MR. SNELL: Yeah, we can send you that.
It was al so done on CANDU 9, and | believe we nade a
subm ssion to our own regulatory on that tine.

DR. APOSTOLAKI S: Ckay. So you have

concluded -- | nean, | don't know when we're going to
di scuss this. | mean, the safety systemreliability,
you set a target of ten to the mnus three. It says
here years per year. | don't know what that mneans.

Probably per year only, right?

MR YU  Per year.

DR APOSTOLAKI S:  Years per year?

MR YU It is one.

DR APOSTOLAKIS: No, there is an S.

And then you say that this was chosen to
insure that the likelihood of a larger l|ease is
extrenely lowand all of that. | nmean, thisis a very
i nteresting application.

MR YU It's part of the regular
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phil osophy to set a reliability target and for
operational reactor, they have to denonstrate the
reliability of the systemto neet that target. of ten
to the mnus three.

DR. APOCSTOLAKIS: This ten to the mnus
three comes fromthe regul ator?

MR YU  Yes.

DR APOSTOLAKIS: Is it alsotrue that if
you show that your reliability is ten to the m nus
five you don't get any credit for that, that it stays
at ten to the mnus three because the regul ator says
so?

See, | don't understand --

MR YU  No, no, no, no, no, no.

DR. APCSTOLAKI S: No? | renenber vaguely
readi ng sonmething li ke this years ago, that you cannot
claimmnore credit than we allow you to claim

MR YU Oh, yes, the system has to
denonstrate that it neets that mninmnumreliability
limt.

DR. APCSTOLAKI S: Right.

MR. YU  obviously you need to achieve
better than that before you can showthat your testing
has denonstrated the reliability requirenent has been

met .
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But in safety analysis, especially in
dealing with fuel failures, you cannot credit each of
t he shut down systens to be nore reliable than the ten
tothe mnus three. | think that's naybe what you're
referring to.

DR. APOSTOLAKI S: Anyway, |'d like to see
nore information on this, how you inplenent it, if
there is any. Oherwi se maybe this is it.

MR YU Well, | think we can show you
what needs to be done. W need to do operational
testing of the control logic, as well as the hardware,
to make sure that the failure rate is denonstrated.
This is really through the testing.

DR. APOSTOLAKIS: Now, | have a question
on sonet hing el se. | managed t o downl oad your policy
on human factors, and it's very interesting that
essentially what it says is do a good j ob.

| s there anot her docunent that tells you
how to do a good job? Because we have big reports
t hat give guidance to the |licensees regardi ng human
factors, andthisisreally inpressive. It'sonly two
bullets. It says, "Take into account hurman factors
t hat coul d inpact upon the Comm ssion's mandate for
protection.”

Wel |, how do you do that?
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MR YU For us, certainly there are
i nter-Canadi an regulatory guidelines, and for our
design we have established an engineering human
factors plan, and fromthe plan we have established
desi gn gui des.

DR. APOSTOLAKIS: Sothereis aregul atory
gui de that inplenments this policy or you don't use it
where it's a regul atory gui de?

MR YU Well, there's a regulatory
docunent for guidelines. You' re guiding what is
needed, and we have an entering (phonetic) human
factors plan for the inplenentation as well as the
nore detailed entering practices that are needed in
order to denonstrate that they are net.

It's adifferent framework, but the ideas
are the sane. For designers, you know, certainly they
have the entering guide they use for the day-to-day
design, as well as a section in each of the design
docunents that are addressed.

DR. APOCSTOLAKI S: At sone poi nt sonebody
will tell us what the mgjor differences between the
two regul atory systens are so we don't have to figure
t hemout ourselves? You're using the same words |ike
defense in depth and all of that, but are there any

maj or chal |l enges sonmewhere there that we do and you

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

89

don't do or you do and we don't do?

MR. YU. | believe the challenges are very
simlar.

DR. APOCSTOLAKI S: Get the core damage
frequency below ten to the mnus five, right?

MR YU That's right.

CHAI RVAN KRESS: | hatetointerrupt this.
Patience with us. W were scheduled for a break at
10: 30, and we're a half hour behind schedul e. Rather
than go to the next itemon the agenda, | suggest we
t ake a break now and be back in about 15 m nutes.

DR APOSTOLAKI S: Twel ve o' cl ock.

CHAI RVAN KRESS: No, no, 10:45. 1'IlIl give
you an extra few m nutes. Be back at 10:45.

(Wher eupon, the foregoing matter went off

the record at 10:25 a. m and went back on

the record at 10:45 a.m)

CHAI RVAN KRESS: W will nove to Roman
nuneral five onthe agenda, ACRpre-application scope,
rational e and expectations.

Vi nce Langman.

MR. LANGVAN: Hi. |'mal so the designated
catch-up pl ayer because | think we can actually --

CHAl RVAN KRESS: That will be hel pful.

Thank you very nuch.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90
MR.  LANGVAN: W can go through this

presentation fairly quickly.

| ve al so been asked. There was one poi nt
that | thought was fairly inportant that wasn't quite
right. The free containnent volume is actually 48, 000
cubic nmeters, not 58. Ckay?

Also, I'dliketotakethis opportunityto
i ntroduce three other people that we brought with us.
Ni ck Popov, if you could just stand up in the back.
He's actual ly the |li censi ng manager for the ACReffort
in Canada, but he has also been very key on the
technical side with regards to the PIRT exercise
that's going on with the NRC at the current tine and
also on the conputer code validation side of the
house.

And Al Stretch, who is ACL's expert on
codes and standards and safety design phil osophy.

And | ast but not | east Robert lon, who is
nmy right hand and | eft hand, and is one of the people
who nakes all of this exchange of information
possi bl e, whi ch has been, as you'l|l see, although I'I]
flip through it very quickly, has been an extensive
anount of information exchange in what | consider to
be a reasonably short period of tine.

So | was asked to talk fairly briefly
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about how do we conme up with this pre-application
scope, and what were sone of our expectations, and as
Laura nentioned wearlier, we started the pre-
application reviewin md-2002 and ki nd of w apped it
up at the end of the sumer of 2003.

W had a pretty good idea from our
perspective as to what some of the CANDU specific
focus topics needed to be. Through discussion with
the NRC staff, we actually added one, which was the
actual confirmation of void reactivity.

One of the big feedback itens that has
been nentioned is fromthe CANDU 3 days. |t was very
clear coming in this time that a positive voice
coefficient was a nonstarter, and so we incor porated
t hat feedback right fromthe begi nning.

We've had extensive famliarization
neeti ngs, have submtted a nunber of |arge tones
related to the technol ogy base and the design, and
we' ve started the process of respondingtothe staff's
request for additional information.

As Laura also nentioned, we sort of
nor phed i nto Phase 2 Septenber of this past year and
expect to hopefully finish Phase 2 by Septenber of
2004. W have a pretty aggressive schedule of

addi ti onal technical neetings on the key focus topics
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especially, and I'll mention what those key topics
are. That's really what we're here to provide sone
nore technical information on

We are participating; ACLis participating
to the fullest extent on the NRC PI RT neetings that
are being held, the subpanel work that's bei ng done on
reactor analysis, severe accidents, and therm
hydraul i cs.

There are a nunber of additional reports
that we are also intending to deliver, and we expect
that therewill be alot nore requests for information
fromboth the staff and, as was evident from before
t he break, fromthe ACRS nenbers as well

So it was pretty sinple. There are a
nunber of CANDU specific aspects of the ACR that are
not easily addressed or not addressed at all by the
current NRC regul ations, and so what we really went
after in ternms of key focus topics were basically
things in the design that if the NRC don't |ike them
or can't handle them-- probably "don't |ike theni is
a better phrase -- then there's no sense in going
f orward

If you tell wus that, you know, zirc-
niobium is not a good pressure tube material and

you' ve got to make it out of something el se, we'll say
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t hank you and we'll go home. | don't think that wll
be t he case, but you know, we have to be clear. There
are certain aspects of the design that aren't
currently handl ed.

There are al so certainissues as wel | that
have prohi bitively | arge nonetary or schedul e i npacts.
For exanple, conputer codes and the extent of
validation. |If you were to say, well, no, we really
need a fully validated TRAC or RELAP nodel for the
CANDU system and that's what we want you to use in
your safety analysis, that would be a pretty major
schedule and nmonetary effort on ACL's part, and
certainly there has been a | ot of code validation and
devel opnent wor k done over the decades at ACL specific
t o CANDU.

So these are a matter of record. So --

DR. APOCSTOLAKIS: So | don't understand
this. Wat do you think the NRC staff shoul d do when
it comes to points that nay be prohibitively |arge
nonet ary expenses?

MR. LANGVAN: If you'll give me a m nute,
"1l get to that. W state it pretty clearly.

DR APOSTOLAKI S:  You can even have two.

MR. LANGVAN. COkay. For those who know

me, that may not be enough.
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(Laughter.)

MR. LANGVAN: | don't intend to go through
all of these. They are a matter of record. The key
ones that we have cone prepared to discuss are the
Class | pressure boundary, conmputer codes and
val i dati on adequacy, the whole concept of on power
fueling, including the fuel design and acceptance of
t he fuel design.

That actually, | think, will be broken out
into a separate key focus topic, albeit it brings the
total to 13, but we'll do that anyway, and
confirmation of the negative void reactivity.

DR. ROSEN: Are you inplying that there's
some degree of contenti ousness about these three? For
i nstance, on power fueling, is there sonme view that
you have that the staff is agai nst on power fueling as
a matter of religion or --

MR. LANGVAN: Onh, no, no. |It's nore the
fat that it is definitely different, and we have to
show you what it's all about and there are no, | don't
t hink, any real requirenents in the current Code of
Federal Regul ations that deal with fueling on power,
and | think it's nore of the fact that one needs to
cone up with those.

| "' mnot saying that these are key because
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we t hink they can't be solved. |'msaying they're key
because they have to be solved. Ckay?

There are certain things that are nice to
have on some of the focus topics, but if we don't get
those, then we can go ahead anyway, but there are
certain areas like roll joints, which is one of ny
favorite ones. | nean, roll joints are not part of
the current Cass | accepted kind of process, but
they're absolutely critical to the whole concept of
CANDU and the fact that you can change channel s out
during operation, you know -- not during operation,
but during a nmai ntenance effort.

But not that we expect we have to, but it
is sonething that's rather key to the design.

DR. ROSEN: Well, no, you do expect to do
it once inthe life of --

MR. LANGVAN: Yes, at 30 years we change
out the whole core.

So this was just neant to i npress people
with the fact that we did have a |lot of
fam liarization nmeetings in Phase 1. The NRC staff
stalwartly braved the Canadian winter in Chal k River
i n Decenber 4th and 5th, and we dutifully had a good
snowst orm for them

CHAI RVAN KRESS: At | east you didn't have
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any nosquit oes.

MR. LANGVAN. No, no. That was supposed
to be in Wite Shell.

We, al so, had a neeting on the details of
the RD-14(m) results in June. That was when the
nosqui t oes wer e supposed to cone in. Unfortunately it
was a very dry sunmer in Manitoba, and so there
weren't that many.

CHAI RVAN KRESS: When we have dry summers
down here, it makes the npbsquitoes worse.

MR. LANGVAN: Ah, okay. Anyway, we had a
whol e series of neetings and around about the end of
the sunmer, as | nentioned |ast year, we sort of
jointly decided that these big, famliarization
neeti ngs had served their purpose, and we were now at
a stage where we wanted to get the specific technica
experts at ACL together with the specific reviewers on
the NRC side and get into nore detail

There is a list here just for vyour
informati on of the type of information that has been
subm tted during pre-application. | should note that
we have provi ded any of the conputer codes that peopl e
want to | ook at. We've provided the source versions
of these codes and i nput decks, and t here has been how

one actually utilizes these thermal hydraulics codes,
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and there's a physics code simlar neeting com ng up
in February back in --

DR.  APCSTOLAKI S: Vell, all of these
t hermal hydraulic codes and basic structure are very
much the same, aren't they?

MR. LANGVAN: Yeah, | would think so. [|'m
a fuel guy nore than a thermal hydraulics person, but,
yes. But every code has its idiosyncracies, and we're
just trying to make the famliarization process
faster.

DR.  FORD: Vince, just to make sure |
understand, on the previous, two previous, when you
say the docunentation given to the staff, that
docunentation is enough to back up the definitive
statements made i n t hese docunments? For instance, the
materials, there's a statenment saying therew ||l be no
problemwith the |ate hydride cracking or words to
that effect. There had been docunentation given to
the staff to back up that statenment?

MR. LANGVAN: For exanpl e, onthe pressure
t ube side, we provi ded a rat her | arge docunent on sort
of everything you ve wanted to know about pressure
tubes but were afraid to ask. It was done in a very
t echnol ogy base oriented way. So it was kind of a |l ot

of the R&D related to the understandi ng of pressure
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t ubes.

| think what's com ng up and what is still
required is for us to also provide how we think one
coul d actual Iy revi ew and accept pressure tubes Ilike
the way we do in Canada in the United States. W
haven't got to that tough part yet, but we are working
on it.

DR. FORD: (kay, okay.

MR. LANGVAN: And it's intended that that
type of informationif it isn't provided prior to our
subm ssion of design certification, it wll be
i ncluded either by reference or will be included in
our design control docunment that we submt for design
certification.

So we do recogni ze t hat we have to provi de
that kind of information. l'"d say we're maybe a
little over half-way to two-thirds of the way there
because the technol ogy base, one of the focus topics
t hat seened ki nd of odd was the technol ogy base. W
did want to take an appropriate amount of time to show
t he anount of research and devel opnment that is behind
the statenents that are nade, and | think, you know,
ACL is a bit unique in that regard as a reactor vendor
because they al so are the peopl e that are responsi bl e

for the nuclear | ab in Canada at Chal k Ri ver and Wi te
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Chal k.

And so there is a large technol ogy basis
there, and we wanted to nake sure that everyone
under st ood what was avail abl e.

These are just nore of the things that
we' ve provided. W have provided a rather |engthy
compari son on the quality assurance side. W've al so
gone through an initial assessnent of the generic
safety issues. That's nore a screening in terns of
whi ch ones may be applicable to the ACR, and t hat has
been provided to the staff as well.

So what do we expect out of all of this?
Well, we certainly hope that the staff will identify
whether there are any inpedinents to actually
licensing the ACRinthe U . S. not only on the specific
topics that we've chosen, but if we have, indeed,
m ssed some, we woul d assune that they would talk to
us about those as well.

W' re |ooking to have success paths
identified for any unresol ved focus topics that occur
or that may not be resolved during pre-application,
and | think Laura stated it correctly that it's not
expected that we'll be able to conme to a regul atory
resolution on a |l ot of these pre-application focused

topics, but we do want to nmake sure that we have a
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conmon under st andi ng of how we can get fromthere to
her e.

MR. SIEBER: Maybe | coul d ask a question
that | should have asked 60 seconds ago.

MR LANGVAN: Sure.

MR. SIEBER. As far as QA is concerned,
does AECL use the Appendix B type of QA or |SO 9000
series QA?

And if you use |1SO 9000, would that be
accept abl e?

VMR, LANGVAN: ["'mnot as famliar wth
ACL's current status on I SO9000. So I'll ask Stephen
if he knows about that in a mnute.

MR, SIEBER.  Ckay.

MR, LANGVAN: But certainly ACL uses a
series of standards, the Canadian Standards
Associ ation that have been conpared to the U S
requi renments, and actually on the QA side even t hough
it hasn't been listed as a focus topic, you may have
noticed there was actually a fam liarization neeting
for about two --

MR SIEBER Yes, there was.

MR,  LANGVAN: -- and a half days in
Decenber, and it's my understanding that there has

been consi der abl e progress nade between the staff, the
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NRC staff, onthe QAside with our staff, and al t hough
I"'mnot a QA guru, | think it's fair to say ny
feelingis that thereis alot of neeting of the m nds
and it looks Iike it's not going to be a nmgj or issue.

MR. SIEBER Wl |, perhaps when it's the
staff's turn they coul d address that sanme question in
a sentence or two.

MR YU. Stephen Yu here.

The only thing | can add is, yes, we
foll ow the CAC standard, but, on the other hand, we
al so have seeked (phonetic I SO9002 regi stration, and
so we have been subjected to that kind of audit, and
so we did neet the requirenents.

So t he basi s of our QA menus and so on are
based on the standard that we have subject to other
audi ts.

MR SIEBER Ckay. Thank you.

MR. LANGVAN: | think |'ve also alludedto
the third bullet, which is the assessnment of the
conmpl et eness of our R&D program and technol ogy base.
We do have tests specific to the ACR actually in
progress and over the next couple of years, and as
wel | as a rather extensive R& programthat supports
the sort of CANDU specific aspect of the ACR design.

And | ast, but not |east, we were hoping
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t hat we woul d be able to get sonme esti mate of the cost
and schedule that the staff field would be required
for actually performng the design certification
review of the ACR by the end of pre-application.

This is an expectation, but it's in
recognition of the fact that there is a concurrent
pre-licensing process going on on the ACR both in
Canada and in the United States, and this is in our
m nd an excel | ent opportunity for synergy between two
mat ure and know edgeabl e regul ators, and so we have
tried to set this up in a way that there are common
maj or docunents for review, simlar time frames for
t hose reviews, and we're hoping that basically this
will lead to what | refer to as a comon North
Anmeri can t echnol ogy, technical basis for |icensingthe
ACR in Canada and the U. S.

We do recogni ze that the nature of the | aw
i n Canada and the U.S. require that certain things my
be treated differently, but we believe it's very
i mportant that both regulators have a conmon
understandi ng of what the issues are and what the
actual technical basis and what the design is so that
when you apply those separate requirenments, they're
applied to a common under st andi ng of what the machi ne

actually |l ooks like and is.
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And that' s basically it for my preanbl e on
that. | have a very brief introduction to the key
focus topics.

Cl ass | pressure boundary desi gn. Sone of
these | was alittle concerned when | wote these, but
| decided that we wanted to make sure that it was very
cl ear what we were | ooking for fromthe NRC. So they
sound a bit presunptuous, but here goes.

| nmean, for this particular issue we're
| ooking for the staff to accept the principal design
features of the pressure boundary. W don't say how,
but we're looking for themto accept them sonehow.

The use of zirc-niobi umpressure tubes or
the use of zirc-niobiumas pressure tube material --

DR.  SHACK: So you're not planning on
runni ng of f and getting a code case, for exanple, from
the ASME? That's not part of the ganme plan?

MR. LANGVAN: That is not part of the gane
pl an, neither for roll joints or closure plugs, 403
stainl ess steel end fittings and fueling machi nes as
conmponents of a Class | pressure boundary.

MR. SIEBER  Well, actually your pressure
boundary is an ASME 8 cl ass pressure boundary?

MR. YU For a fuel nmachine, the boundary

of the head that handl es the fuel, which is connected
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to the fuel channel, are C ass |

MR SI EBER Ckay. But the pressure
tubes, the steamgenerators, all of those headers and
all of that. It seens to ne | read sonepl ace where
you' re using the ASME code as the code of record.

MR. YU Yeah, that's correct.

MR. SIEBER.  kay.

MR. LANGVAN: We use ASME wher ever we can
i n our process, and when CANDU specific i ssues ari se,
that tends to be where the Canadian Standards
Associ ati on standards have been devel oped and are in
use.

The of note part is just with respect to
what we' ve actually submitted and sone notes to nake,
and one of themis we have provided t he CSA st andards
rel ated to the use of these material s and conponents.

The fitness for service guidelines, there
was a question earlier with regards to how do we
nmonitor the fitness or the pressure tubes. There is
actually a rather extensive assessnent that's
performed on an ongoing basis to insure that the
pressure tubes are fit for service, information on
pressure tube inspection or the fact that we have
rat her extensive pressure tube i nspection technol ogy,

and pressure tubes really are an area.
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| was tal king to Mark Leger at the break,
and we were trying to do a rapid nental cal cul ation,
whi ch i s al ways a danger, about how rmany person-years
we' ve actual |y spent in Canada on pressure tubes, and
we place it possibly in excess of 1,000 person-years,
| nmean, internms of research and devel opnent. | nean,
t here has been a | ot of work done over the |ast four,
five decades on pressure tubes. They're an integral
part of our desi gn concept, and t hey were sonet hi ng we
knew right from the beginning we had to understand
very wel |

And so there is alot of information, and
it's actually why this is the nunber one focus topic,
because | think this is an absolutely key area, and it
is alsoonethat there's somuchinformationthat it's
a challenge to get through it all to come up with the
types of requirenments that woul d be needed inthe U. S
to allow this to happen.

DR, WALLI S: So these are your desired
out comes.

MR, LANGVAN: Yes.

DR, WALLI S: Does the staff agree that
t hese are reasonabl e outcomes to AVAT at this stage in
the process and in a reasonable period of tine?

M5 SOSA: I'd like to address that.
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Bel kys Sosa, the project manager for the ACR at site.

Their use of "the staff accepts” is al ways
somet hi ng t hat we had several discussions over, and |
t hi nk what they are expressing here is the desired
outcome, big picture. Wen we're talking about pre-
application review, we're sinply going to identify
showst oppers; technical areas that will need to be
| ooked at innmore detail; essentially provide feedback
for them in time to incorporate in their design
certification obligation.

We don't expect to resolve these safety
i ssues on any of these focus topics in the next year.
This stuff needs to come up to speed on fam liarizing
t hensel ves not just with CANDU technol ogy, but ACR
speci fic designs.

DR WALLI S: So rather than accepting,
you're going to not reject.

M5. SOSA:  Yes.

(Laughter.)

DR WALLI S: You don't give them the
rubber stanp that says, "W accept all of these
things." You're just saying, "W have not rejected.”

M5 SOSA:  Yes, and we will al so hopefully
identify the issues that will need to be resolved. |

think that's a big plus.

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

107
DR WALLIS: Yes.

M5. SOSA: The pass-forwards he refers to

MR. LANGVAN: | would hope that the
success path could be defined pretty clearly because
at the end of the day, you know, two thirds of the way
t hr ough design certificationand Xtens of mllions of

dol lars or hundreds of millions of dollars later, it's
like, "On, by the way, we can't get our head around
two and a hal f percent niobium™ |I'mgoing to have to
fall on nmy sword sonmewhere, you know, because that's
part of the reason to focus on these, was to sort of
try to westle with the hardest issues right up front
to see if there really is something that is a
showst opper rather than assum ng we'd be able to work
our way through everything, quite frankly.

Focus topic nunber three, conputer codes
and validation adequacy. Since CANDU 3, there was
about a six-year integrated effort i n Canada i nvol vi ng
all the Canadian utilities and ACL with regards to
formal validation of our conputer codes used in safety
anal ysi s, and we've been sharing with the NRC staff
t he out cone of those assessnents, and basically we're

| ooki ng to have the staff accept the conputer codes as

fit for purpose for analyzing the ACR 700, whichis a
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little different than saying they're just certified.

Like we really want to focus, to begin
with, on do they agree that they're put for purpose
for the actual analysis of the ACR 700 as opposed to
CANDU reactors in general. Okay?

CHAI RMAN KRESS: |If we're tal king about,
| et's say, thermal hydraulics codes, is your approach
goi ng to be an Appendi x K approach or a best estimate
approach, if you know what the difference between
t hose two are.

MR,  LANGVAN: Oh, yeah. What we have
currently in Canada i s something we call Iimt of the
operati ng envel ope approach, and my understanding is
there is a DOE funded project ongoing currently with
I NEEL that is actually evaluating our limt of the
operati ng envel ope approach to LOCA anal ysi s agai nst
Appendi x K, eval uation nodels.

We have done uncertainty analysis in the
past and best estimate plus uncertainty anal ysis, but
the intention was not to go that route for this
particul ar application.

So | guess the nost direct answer | can
give you is that we're probably a little bit in the
m ddl e.

DR.  WALLI S: | wish you would go to
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realistic, and do it right and show us how it should
be done.

MR. LANGVAN: Point taken.

DR. RANSOMV Does the plan include
subm tting your computer codes to the NRC for their
revi ew?

MR. LANGVAN. Oh, yes. Actually as part
of pre-application we've submtted the nmgjor work
horse codes, the CATHENA code, which is our system
thermal hydraulic code, and the physics code sweep
(phonetic). As part of the fuel design review, we'll
also be submtting the fuel codes that we use in
anal ysis, as wel | as severe acci dent codes eventual |y,
but yes.

To begi n wi th t hough we focused on t her nal
hydraul i cs and physics and felt that if we coul d work
out sort of the process for reviewand what the staff
need to see and what's hel pful to themw th those two
code sweep or the one code and the ot her code sweep,
then we could apply that to the other codes and nmake
it a bit nore of an efficient process rather than
trying to hit themwth all ten or 12 codes at once,
but the intention is yes.

DR. WALLIS: Well, I think to go farther

inwhat | just said, | nmean, if you try to nake your
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ACRTfit sonething |ike Appendi x K, there are all kinds
of hi dden conservati sns and t hi ngs i n Appendi x K whi ch
are really specific to the designs that we have in
this country.

MR LANGVAN: Yeah. W don't have a
refl ood phil osophy.

DR WALLIS: Right, right.

MR. LANGVAN: Yes, that is true.

Focus topic nunber eight, the third key
focus topi c on power fueling, and |'ve got in brackets
"including fuel design.” | believethisw || actually
become a separate key focus topic. | think both the
staff and us have recognized that this is a pretty
major item as well, to actually review and approve
t he CANDU fuel design, the ACR fuel design, and it's
really the fact that our fuel design is different.

You know, just when you conpare the
physi cal size of a PWR fuel assenbly to a CANDU f uel
bundl e, and we do have a full nock-up of CANDU fue
bundl e for ACR and the pressure tube and cal andri a
tube i s somewhere in One Wiite Flint, right? It's not
in Two. So it is around. You have one in your
possession right now if you ever want to |l ook at it.

DR WALLIS: Pick it up.

MR. LANGVAN:. Yeah, yeah, even when it's
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| oaded with fuel, it's about 50 pounds. | won't
steal Peter Boczar's thunder, but he's going to talk
a bit nore about the fuel design

You know, obviously we have had ext ensive
successful experience with the various fuel designs
t hat have been devel oped over decades. There's been
a whole lot of effort put into CANDU fuel as well,
probably a little | ess on pressure tubes, but on a
simlar order of magnitude, and we have had on CANDU
fuel extensive experience with on power fuel, and so
we don't expect any problens in that area as well, but
Jullian MIlard will be addressing that nore fully in
a nmonent .

And | ast but not | east, the confirmtion
of the negative void reactivity. This was one where
| quickly learned that a lot of the staff are from
Mssouri. | figured when we pulled these together,
you know, the void reactivity is goingto be negative.
So that's not really a key focus topic because, darn
it, you know, it's going to be negative.

And basically it was nmentioned that this
woul d probably be a very good idea to have this as a
key focus topic to nake sure that we do confirmthat
it is a negative void reactivity. W take that very

seriously.
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There are a nunmber of R&D prograns
underway to provide ACR specific validation for the
physi cs code sweep that will help with the technol ogy
basis for this, and Peter Chan will be wal king you
through a bit about how we cane to a negative void
coefficient.

So with that, oh, onelast thing. Thisis
not a key focus topic, but we thought it was an
appropriate tinme to talk a bit about our PRA
nmet hodol ogy. My under standi ng whichis really sketchy
onthis is that we are -- our nethodol ogi es are very
simlar tothe U S. approach, but 1'Il |eave that for
Raj Jaitly to further expound upon.

And we --

DR. APOCSTOLAKIS: |I'msurprisedit's even
a focus topic. | nean, what's so special about it?

The ot hers | can understand, but this one
doesn't seemto nme to bel ong here.

MR. LANGVAN:  You know, you coul d be ri ght
actually on that one. The nore we think about it, |
nmean, we are |ooking at the sort of frequency goals,
tento the mnus five, ten to the m nus seven, but we
felt -- well, okay.

DR ROSEN. Even trees, fault trees.

MR LANGVAN: Yeah.
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DR. WALLIS: That's not the problem

DR. ROSEN:. Success criteria scenarios,
all that stuff.

MR. LANGVAN:  Yeah, Raj is nodding his
head.

DR ROSEN. Wat's new?

MR LANGVAN:  Well, we'll hear.

DR. WALLI S: Wll, the problem is the
i ndefinable to sonme fol ks nmeasure of quality of the
PRA.

DR. APOSTOLAKI S:  Yeah, but that's not the
speci al focus issue here. | nean, there's no
di fference --

DR.  WALLI S: Wll, there has to be
agreenent about how good it has to be.

VR. S| EBER: You have different
phenonenol ogy.

MR LANGVAN: Yes. That was the one
aspect of this, was the actual different severe
acci dent phenonenol ogy, and that was a part of |ike
the actual focus. A lot of the focus of the
fam liarization neetings was nore on the actual
technol ogy basis for understanding the phenonena
associated with severe accidents.

MR. SIEBER. Wl l, required.
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MR. LANGVAN: The actual net hodol ogy of

doi ng the analysis, | guess.

MR. SIEBER It requires the adaption of
the results of severe accident codes and thernmnal
hydraulics codes in PRA terns in order to nake it
realistic, and that's no easy thing to do.

DR. WALLIS: Well, there may be nore nodel
uncertainty, for instance, or less, |less nodel
uncertainty because --

MR. SI EBER  Yeah, but you have to be able

DR WALLI S: -- particular codes and
physi cal events.

MR. SIEBER: You have to be abl e to define
that in order to know what the uncertainty really is.

CHAI RMAN KRESS: | woul d guess one of the
i ssues woul d be what kind of fission product source
termis involved in the various sequences.

DR APOSTOLAKI S: Yeah, but it doesn't
sound to me like it's at the sane |l evel as the C ass
| pressure boundary desi gn.

CHAI RVAN KRESS: No, | don't think so.

MR.  LANGVAN: Oh, that's why it's not
actually a key focus topic.

CHAl RVAN KRESS: A focus topic, not key.
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DR APOSTOLAKI S:  Ah.

MR. LANGVAN: Sorry. No, it's not a key
one.

DR. SHACK: It's not safetyrelated. It's
just the extent to which you neet goals.

DR ROSEN: It's nice to put it up there.
The ACRS has had nore than a passing interest in the
PRA t echnol ogy.

DR. SHACK: So what is the neani ng now of
going fromone to three to eight and fromnine to 11?
There were others that were settled or --

MR. LANGVAN: No. There were other topics
that were part of a previous |ist.

CHAI RVAN KRESS: | f you go on t he previous
list, there's about 11 or 12 topics. A number of them
aren't key, and he just picked out the ones that were
key and gave them the sane nunber.

MR. LANGVAN. So without further ado, |
guess Mark Leger is the first person up.

Thank you.

DR. WALLIS: So you've really caught upin
time, haven't you?

MR. LANGVAN: That's my job.

CHAI RMAN KRESS: You di d good.

DR WALLIS: So let's see. \Were are we
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now?

MR. LEGER Good norning. |'mMark Leger
and 1" mgoi ng to be tal king about the Class | pressure
boundary.

|"ve outlined the talk here. | wanted to
tal k about sone of the najor features of the pressure
boundary. I"m going to talk a fair bit about our
CANDU experi ence actually. 'l say sone t hi ngs about
| eak before break and how this fits into our
phi | osophy for pressure tubes, and then I'mgoing to
tal k about sonme of the fuel channel standards on
pressure tubes and fittings, sone of the issues with
regard to channel cl osures for on power refueling and
a few words about i nspection and rmateri al
surveil | ance.

So in terms of the pressure boundary
features of the ACR, as was nentioned just a few
m nutes ago, with regard to the piping valves and
pressure vessels, all of these are designed to the
ASME code, Section 3 code, and the feeder pipes as
wel | .

W' ve got these nultiple, small dianmeter
pi pes that join the headers in the fuel channels.
They're also designed to the sane standard, ASME

Section 3, NB
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DR. WALLIS: Does this include design for

i nspectability?

MR LEGER W are --

DR, WALLI S: Because you've got this
forest of feeder tubes. You have to get devices in
there to inspect for whatever may be going on.

MR LEGER W are consideringinspecting.
How inspection wll be done for these, as was
nmenti oned before with regard to the dissimlar netal
weld, the location of this weld is an issue wth
regard to our ability to be able to do inspection.

MR. SIEBER Well, you're just inspecting
the joint. So the conplexity of all of these tubes
going to the header, you really are only | ooking at
two pl aces, whichis whereit connects to the pressure
tube and where it connects to the header.

MR. LEGER: Well, in sone cases there wi ||
be other welds within the system

MR. SIEBER Ch, within the tube? Yeah.
Wel |, that does make it tough

MR. LEGER But these are |l owrisk wel ds.
So as you can see, we've got the headers at the top
here and all of these feeder pipes that go down and
joinonto the end fittings, but all of the conponents

at the top here are all right down until you get to
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the fuel channel, it's all designed with ASME
st andar ds.

DR WALLIS: Is all of this enclosed in
i nsul ati on of some sort?

MR. LEGER: Yes. There is an insulation
cabi net .

DR WALLIS: Stuffed inor is there a box
that fits --

MR SIEBER  There's a box.

MR. LEGER: It's basically boxed in. At
least it is in the current CANDU 6.

DR. ROSEN: Wen you get a | eak out there,
you don't know where it's comng from It's in the
box sonepl ace.

MR SIEBER Well, you take the box off.

DR. ROSEN: In the header. You get one of
t hese tubes | eadi ng fromthe header to the face of the
machi ne. That leak will just appear in the box,
right?

MR LECER It would appear in the box,
yes.

MR. SI EBER: Yeah, | would think a visual
exam nation there would be difficult. You can't see
every place because there's a lot of obstructions

t her e.

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

119
DR FORD: Sonewhere in one of the

docunents, | think one of the docunents that was sent
to us before this neeting, this question of
i nspectability cane up, and it was adm tted, | guess,
that there are areas where you cannot inspect. You
just physically cannot inspect it.

Has there been analysis done of the
consequence if you have a failure in one of these
conpl ex pi pi ng geonetries as to whether you have j ust
got to inspect it or what?

MR. LECGER Vell, the single feeder
covered by a safety analysis --

MR. SIEBER  That's one of your design
bases.

MR. LEGER  Yes, that's right.

MR. SI EBER: You're supposed to be able to
tolerate that with a fuel main.

DR.  FORD: So, in other words, you've
specifically designed this spaghetti of tubing such
that those critical piping areas can be inspected.

MR. LEGER: That's right.

DR FORD: Is that true?

MR. LEGER That's right. That's what we
woul d like. That's what we're trying to achieve.

DR FORD: And those that you can't
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i nspect, you say, no, never mnd.

MR LEGER That's right.

DR FORD: Is that right?

MR. LEGER That's the goal of the detail
desi gn.

MR. SIEBER. That woul d be a goal

DR. ROSEN. That neans that clearly a 90
degree bend, just a 90 degree bend has got to be a
non-ri sk significant --

MR. LEGER That's right. W would judge
it to be non-risk significant. It would be |ow --

DR. ROSEN: Because you can't possibly
i nspect every 90 degree bend.

MR. LEGER. That's right.

DR. FORD: And that's why you're optingto
go to stainless steel bends? These are the cold form
bends, and presumably you wi || have erosi on/ corrosi on
at those

VR. LEGER: Any bends that are
sufficiently small radius would be stress relieved.

DR. SHACK: GCkay. Let me cone back here
again. If | design these feeders to the ASME code
standards and | have seven wel ds per feeder, you're
going to go for a risk informed inspection plan then

rather than a standard ASME code inspection? That's
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how you' re going to get around the seven wel ds?

MR. LEGER: That's what we would like to
do.

DR. SHACK: Ckay. That's sensi bl e enough.

MR, LECER  Yes.

DR. ROSEN. Well, if it's good enough to
do for operating reactors.

DR. SHACK: Well, it's not quite ASME in
t he usual sense.

DR. ROSEN. Well, only in that we didn't
do that when we built our reactors. We did it after
t he fact.

DR. APCOSTOLAKI S: Is a risk inforned
approach acceptabl e in Canada?

MR, LECGER: W haven't been using a
detail ed ri sk i nforned approach for the inspection of
the -- we have a standard for i nspection that includes
the Cl ass | pressure boundary, and that's the N 285. 4,
CSA N-285.4 standard, and it i s based on an assessnent
of sort of a judgnent of the risk of various parts.

DR. ROSEN: Well, now, correct ne if |I'm
wong. We've got an ASME code, and we' ve got a system
of code cases, which neans if you neet a code case,
you neet the code. And a risk informed i nspectionis

a code case, correct? An approved code case.
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So if you do risk infornmed inspection
you' re neeting the ASME code. | nean, | could be
wong, but I think that's what it's --

DR APCSTOLAKI S: That neans aut omatical |y
it's acceptable in Canada?

DR. ROSEN: Ch, | don't know about Canada.

MR. LEGER CQur inspectionis done through
our CSA standard. It does refer in some places tothe
ASME in terns of acceptance criteria and so on, yes.

MR. SIEBER: But prior to that, there was
al ways a sel ecti on process going on within a ten-year
interval. Wen you wote your ISl plan, you would
nanme all of the welds and then describe places where
you coul dn't inspect and seek exenptions fromthose,
and then through each interval you would take a
certain percentage of those with the goal of at the
ti me you deconm ssi oned t he pl ant, you have i nspected
everything in it, you know.

So the risk informed is just another
mechani smfor nore intelligently choosing the places
to inspect at each interval or each refueling.

DR. APOSTOLAKI S: But the regul at ors have
to agree with that.

MR. SIEBER.  Absolutely.

DR. APCSTOLAKIS: It's nore intelligent.
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DR. ROSEN: The Canadi an regul at ors. Now,

in the US. we accept the ASVME code and the code
cases. So that has already been done for risk
i nforned i nspecti ons.

MR. SIEBER: Well, we accept it through a
revi ew process.

DR APOSTOLAKIS: Yeah, and it's not --

MR SIEBER -- 55(a).

DR ROSEN. Right.

MR. LEGER: O course, one of the mgjor
di fferences between --

DR FORD: OCh, I'msorry. Could you go
back to the previous slide? | think just skinmmng
t hrough your presentation you don't deal with this
| ater on.

VWhat we understand now i s stainl ess steel
feedwater pipes are welded to the header, which is
carbon steel, 106 presumably.

MR. LEGER: There will be an internedi ate
weld within the feeder.

DR. FORD: Ckay.

MR, LEGER: That's what we were talking
about, the location of this transition between the
stainl ess steel and --

DR. SHACK: So you will have a stainless
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steel stub on the header where?

MR. LECER. No, it woul d be a carbon st eel
stub on the header. That's right.

DR. FORD: But the weld fromthe stainless
steel to the carbon steel presumably will involve a
ni ckel base butter.

MR LEGER It would involve --

DR FORD: O sone sort?

MR. LEGER  Yes, that's right.

DR. FORD: And this is at 325 degrees C. ?

MR LECER  Yes.

DR. FORD: Hot side tenperature.

MR. LEGER The outlet tenperature.

DR. FORD: Yeah. What sort of nicke
based alloy will you use?

MR. LECER: |'mnot right up on the detail
at this noment. | could get that for you.

DR.  FORD: Ckay, but obviously you're
going to take into account all of the problens we've
had.

MR. LEGER. That's right. W won't be
using the | A-182.

DR FORD: (Good.

MR, LEGER: It will be sonething akin to

the --
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DR FORD: And you nentioned early on

you' ve got a | ot of extensive experience. You do have
a |l ot of extensive experienceinultimte nickel based
wel d alloys, 690-whatever it mght be, 152. Well
152.

MR. LEGCER. No. Inthe current CANDUs, it
is an |-82 material that has been used on the inlet
feeders for the flow orifices.

DR FORD: Ckay.

MR. SIEBER Well, the design itself for
t hese, the headers and the feeder tubes is not uni que
to the ACR 700; is that correct?

MR LECER: Well, in the current CANDU
it's all carbon steel.

MR. SIEBER. Right. kay.

DR. SHACK: But your docunent in 4.6 says
they are stainless to carbon steel welds. Are you
telling me that there are none of those now?

MR LEGER Well, it is a stainless to
carbon steel weld, but the weld material is sonething
different. That's what Peter's point was.

DR. SHACK: Oh.

MR YU. Stephen Yu here.

The feeders thensel ves, the | ow f eeders,

as | nentioned, are stainless, and then there will be
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a transition weld fromthat to carbon steel feeder,
but how sort it is, that still remins to be
det erm ned, and then you have a pooling al so fromthe
header where it is connected on the upper feeders.

MR. LEGER Al right. So nobst of the
rest of the talk deals with fuel channels, and the
fuel channel is designed, of course, to Canadian
standards, but it's designed to neet the intent of
ASME wi t h acconmodati on for the particul ar aspects of
pressure tube and the requirement to be able to
ref uel .

So the zirc-niobiummaterial, of course,
isn't an ASME code material, and the stainless stee
end fitting, whichis a nodified 403 stainless steel,
Martensitic stainless steel, that is also not ASME,
and there are some other design differences. There
are roll joints as we talked about between the
pressure tube and the end fitting, and we have a
channel closure as a part of the boundary that's
accessed by the fueling machi ne.

So this is sort of an overview of the ACR
channel, and as you can see, we've got two channels
here basically, one that you can see fromthe outside
and one that's in a cross-sectional view. And | guess

the features that 1'd like to point out here is that
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at the end we have a channel closure that's accessed
by the fueling machi ne, and then the feeder pipes are
connected totheend fitting here, and then withinthe
end fitting there's aliner tube that distributes the
flow.

So the flowinto the channel woul d conme in
t hrough t he feeder pipe and be distributed by a liner
tube which would be simlar at both ends of the
channel .

So here we' ve got the flow going this way
inthis channel and this way in this channel. All the
other feeder pipes are located here between the
adj acent channels. So the feeder pipes pass in the
spaces between the end fittings along the reactor
face.

The end fitting here, which goes fromhere
to here, isthis stainless steel single pieceforging,
and it's held in location by this position assenbly
which is attached to the end shield at the outside of
the end shield. And then there's arolled joint here
bet ween t he st ai nl ess steel and the pressure tube. So
this is the pressure tube here in this | ocation here,
and the pressure tube itself is contained within a
cal andria tube. Then the cal andria tube, as Stephen

was descri bing, separates the pressure tube fromthe
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cool noderator which is on the outside, the noderator
wat er .

The calandria tube is rolled into the
i nner tube sheet here, and the pressure tube is
supported vertically within the calandria tube on
spacers that are spaced along the length of the
channel. So there are nomnally four spacers al ong
the length of the channel that allow the channel to
accommodat e axi al displacenent. Because of therma
expansi on and so on, the channel is fixed at one end,
and during operation when you heat up, it expands and
it moves on the bearings whicharewithinthis lattice
tube in the end shield. So the end fittings are
supported on bearings within the end shield, and if
this end is fixed, then the thermal expansion is
accommodated by the bearings on this end and al so
during operation, the channel elongates due to the
irradiation that we were tal king about before, the
neutron irradiation.

DR. ROSEN. Now, before you go on, let's
focus on this rolled joint for a m nute.

MR. LEGER. 1'mgoing to talk about the
rolled joint later, but we --

DR. ROSEN. Ch, okay. Well, I just wanted

to know a little bit dinmensionally how long it is.
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How | ong does the roll actually --

MR LEGER It's about ten centineters.

DR ROSEN. Really?

MR LECER. A little bit less than ten
centineters.

DR. ROSEN. It's very long. It's a very
long role conpared to the roll of, for instance, a
St eam gener at or

MR SIEBER Pretty high pressure.

DR. ROSEN: A steamgenerator tube and a
USBWR rolled into the tube sheet is quite a bit
shorter.

MR. LEGER It's not a normal roll joint.
"1l get into sonme of that.

MR. SIEBER Before you flip the channel
closure, is that a threaded plug?

MR LEGER No. The details here are
being looked at in detailed design, but Jullian
MIlard can answer nore details about the channe
cl osure.

MR. SIEBER That's subject to the full
RCS pressure, right?

MR. LECER:. Yes, that's right, but it's
designed to take it.

DR. SHACK: Is it any different thanin a
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CANDU 67

MR SIEBER: Well, | don't know what that
iS.

MR. LECGER: St ephen, maybe you woul d | i ke
t hat .

MR YU. Stephen Yu here.

What we have got is a sem-nodified
condi tions of a CANDU 6 seal ed cl osed desi gn because
of the end fitting diameter, because they are
different. So dinensionally, it is very different,
but functionally interns of the sealing mechani smand
the sealing phase and the principles of how it is
seal ed by the reactor cool ant pressure are the sane as
t he CANDU 6.

DR FORD: Could | ask a question? The
fact that you've got boiling of the hot end of the
pressure tube, is that a newfeature for the ACR 700?

MR. LEGER: No, the current CANDU 6 al so
has boiling at the end. In fact, it has a higher
| evel of boiling at the outlet end.

DR. FORD: And is there any extent --

MR. SIEBER. Well, let's clarify that just
for a second. The statenent that was made before was
that you had two percent quality factory boiling

during a main steam line break, which is pretty
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severe. The steam plug (phonetic) is very high.

MR. LEGER: No, no. W have two percent
boi li ng during nornmal operations.

MR. S| EBER: During normal operation
okay.

MR LEGER Up to two percent.

MR. SIEBER. Well, that clarifies that for

MR LECER  Yes.

DR FORD: Vell, my next question is
there's not that nany CANDU 6s out there. |If that's
the first nodel that had boiling at the hot end of the
pressure tube --

MR. LEGER No, no. Sone of the other --
Darlington al so has boiling at the outl et end and sone
of the Bruce channels have boiling at the outl et end.

DR.  FORD: There presunably has been
i nspection of those.

MR LECER  Yes.

DR. FORD: And do you see any extensive
corrosion?

MR. LEGER. W don't see any effect on the
pressure tube or on the feeders basically related to
boi | i ng.

DR. FORD: And they are all zirc, tw and
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a hal f ni obi unf?

MR LECER. They're all zirc, two and a
hal f ni obi um

DR. ROSEN: No deposition of any kind?

MR. LEGER No. There's very, very little
heat transfer at the pressure tube surface. I1t's not
i ke fuel.

DR. RANSOM These bearings that you
mentioned for the axial growh, they have seals to
prevent the CO, from--

MR. LEGER: Well,the bellows here is on
the end, and it seals to the end fitting. It's a
shrink fit and a weld.

DR.  RANSOMV So the bellows primarily
seal s the CO, from surroundi ngs?

MR LEGER  Pardon?

DR. RANSOM It primarily seals the CO
fromthe surroundi ngs.

MR. LEGER That's right. The annul us gas
is a closed system

DR. WALLIS: And as the tube grows, those
bel | ows expand.

MR LEGER That's right.

DR. WALLI'S: But presumably then the tube

must stick out further because | don't see any way of
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accommodating the growh of the tube itself.

MR LEGER That's right.

DR. WALLIS: So presunmably --

MR. LEGER The end fittings --

DR. WALLIS: -- the fueling machi ne backs
off a bit.

MR LEGER: That's right. The end
fittings nove axially outward.

DR. WALLIS: The whol e thing grows out.

DR SHACK: And the feeder tube bends.

MR. LEGER. And the feeder tube bends.

DR. WALLIS: That's right. | was goingto
ask that, too. Right.

And since one is held at a different end,
SO --

MR. LEGER: No, no, no. At any one tine
at one end they're all fixed.

DR. WALLIS: They're all fixed at one end.

MR. LEGCER. So all of the notionis at the
other end of the reactor. And then part way through
life in the current CANDUs you fix the other end and
all ow t he channel the grow the opposite way.

DR FORD: And so presumably there has
been a fatigue anal ysis done of that feeder tube to

pressure tube joi nt because presunably if you' re goi ng
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to load follow, you' re going to have a cyclic stress
on that. No?

MR. LECER: Well, the nunber of heat-ups
and cool -downs is taken into account in the design,
yes.

DR. FORD: From a fatigue perspective.

MR. LEGER From a fatigue perspective.

DR. FORD: And what sort of design curve
do you use for stainless steel feeder tube versus
cycles? Do you use an ASME Il code?

MR. LEGER: Yes, it would be. It would be
done according to ASME I11.

DR. FORD: Taking into account the | atest
informati on about fatigue of stainless steels in
reduci ng envi ronnent s?

MR LEGER It will be | ooked at, yes.

DR. FORD: kay.

MR LEGER Al right? Any others?

DR. ROSEN. You said you promsed ne a
di scussion of therolled joint, but | don't seeit in
your presentation. 1Is it in some other place?

MR LECER: There's a picture of the
rolled joint, and | was goingtotalk alittle bit to
t hat picture.

DR. ROSEN: Al right.
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MR, LEGER So this is just a summary of

what experience we've had with CANDU. W' ve had 41
years of experience with pressure tube reactorsinthe
CANDU comrunity. There's approximately 400 reactor
years of operation of | arge CANDUs wor | dwi de, starting
sine Pickering Il in 1971, and the | ongest operating
zirc-ni obium pressure tubes that are currently in
servi ce have 150,000 hours of operation on them

As we tal ked before, the pressure tubes
change di nmensions over their lifetime, and just to
gi ve you a sense of what these changes are, for ACR,
we' re expecting that the maxi num di anetrical strain
seen in any pressure tube would be four, four and a
hal f percent dianetrical expansion over the 30-year
life.

And associated with that, there's an
el ongati on and a seven percent wal |l thinning expected
during the 30-year pressure tube life. Thi s
phenonenon is due to the irradiation treatnment growh
of the anti-strophic material under the neutron array
fast flux that it sees during operations.

DR. WALLIS: Does this change the act ual
nature of the material?

MR. LEGER: It does have sone changes it

affects. It has some changes on the mcrostructure.
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It changes the strength of the material. The strength
actual ly increases.

DR. WALLIS: So there are a |l ot of atons
whi ch ar e knocked around by neutrons and reattached to
t hi ngs or nove around in the lattice.

MR. LEGER They nove around in the
lattice. Every atom in the pressure tube gets
di spl aced on average about once a year. That's the
sort of --

DR. WALLIS: Pretty severe bonbardnent.

MR. LEGER: But the mcrostructure | ooks
t he sane even after 20 years of irradiation. 1t | ooks
very simlar, except it has --

PARTI Cl PANT: It's displaced, but it
doesn't go very far

MR. LEGER It doesn't go very far. Al
of these dinmensional changes are accommopdated by
design, and we have net hods of cal cul ati ng what the
deformati on would be based on the experience that
we've had, and on a |large program of research and
devel opnent that has been going on for sone tine.

So the experience in the R&D prograns
cover the range of ACR conditions that we're going to
be havi ng.

The el ongationitself is accounted for in
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all of the feeder clearances and so on and in the
stresses in the feeders. The inpact of the
di ametrical expansion for fuel cooling is also
sonething that is taken into account.

DR. FORD: |Is there a good database for
radi ati on hardening of this particular material?

MR. LEGER: W have a substanti al database
of material renmoved from CANDU 6 reactors, yes.

DR FORD: ["m just thinking, for
i nstance, the changes in KL1C for stainless steel.

MR LECGCER  Yes.

DR. FORD: Wichis alot of material out
there, is incredibly scattered as a function of
fluence. 1s that the sane? Do you have well behaved
rel ati onshi p between K1C and fluence, for instance?

MR LEGER: We've neasured the fracture
t oughness of pressure tubes using both small speci nens
and burst tests of material renoved from pressure
t ubes taken out of reactors. So we have a substanti al
dat abase. W have tested nore than 1,000 small
speci mens of different pressure tubes over a nunber of
years, and we have a significant database of nateria
characteristics after radiation.

DR. FORD: Ckay, and there's not a big

scatter. What's the uncertainty of t hese
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cal cul ati ons?

MR LEGER. Well, there are differences
between different pressure tubes that we're nmaking
progress in identifying the causes of all the
differences, and that was one of the reasons for
changi ng sone of our chem stry specifications for the
mat eri al, and now we' ve got a material that maintains
its fracture toughness nuch better than some of the
tubes that are currently installedin CANDUT T eactors.

DR FORD: Ckay.

MR. LEGER: Just to give you a sense of
how our predictions work, for exanple, for dianetral
strain rates, thisis just a plot of predicted strain
rat es usi ng our desi gn equati on versus neasured strain
rates for pressure tubes installed in quite a nunber
of different reactors, all with slightly different
cool ant tenperature conditions and neutron fl uences.

So sone of this variability that you see
here is material variability and sone is variability
that isn't -- no, I'lIl just say it's mterial
variability.

So our expectationwith regard to despite
t hese significant strains that we're seeing, we don't
see any issue with pressure tube ductility limts.

The material is deformng under a radiation, and
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that's in a condition with very | ow stress exponent,
that's cl ose to one, and under these conditions, you
expect to get a behavior that's al nost super plastic.

So we don't see anything in the
m crostructures of tubes renoved from service that
have significant dianetral strains to indicate that
there's any creep ductility limt that's being
appr oached here.

DR WALLI S: Very high strain. We're
probably indicating such as a clarian tube.

MR. LEGER.  Pardon?

DR. WALLIS: Very high strain. It would
probably bringit upincontact with the clarian tube.

MR. LEGER: No, the clearances there are
much greater than four percent.

DR. WALLIS: But the failures. Sorry. So
you nean it's to incipient failure. It's not as it
begins to fail you get the very high strain. You nean
it allows a creep strain. Your very high strain
refers to a creep strain rather than a strain when it
begins to burst?

MR. LEGER Yeah. Wthregard to this, |
was talking about creep strain; that we're not
expecting that creep strain will be an issue wth

regard to creep ductility.
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PARTI Cl PANT: Does that strain rate

i ncrease or decrease with tine?

MR, LECGER: It tends to increase very
slightly with tinme.

DR. RANSOM So with these tine is going
on your plot --

MR, LEGER: Sorry. These were just
conparisons of the measured strain rate. Yes, these
are strain rates. Sorry.

DR RANSOM But they're in a series.

MR LEGER: | n sone cases the nmeasurenents
have been nade over tine.

DR. RANSOM And so time is going to the

right?

MR. LEGER: Sorry, no. In this plot, |
think 1'm going to have to perhaps answer that
guestion --

DR. APCSTOLAKIS: Tine has nothing to do
with this plot.

MR. LECGER No, these are predicted
strain --

DR APOSTOLAKI S: Pressures measured.

MR LEGER -- rates versus neasured
strain rates.

DR. RANSOM Well, on the sane materi al
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t hen, which is each one of the points --

MR. LEGER No, the strainrate, if you're
at theleft onthis plot, you're at a very | ow neutron
fluence. The flux rate would be low, and if you're at
this side, the flux is higher and the strain rate is
hi gher.

DR. RANSOM Onh, so the flux is varying.

MR LEGER: That's right.

DR. APCSTOLAKI S: But the C6la nd so on,
these are different material s?

MR. LEGER. They're different tubes.

DR APCSTOLAKI S: They're different tubes.

MR. LEGER: They're different tubes, data
fromdifferent tubes.

DR. APOSTOLAKI S: Because there seens to
be sone consi stency there. Thereis novariabilityis
t here?

MR. LEGER: Well, single tubes behave,
tend to behave in one way.

DR. APCSTOLAKI S: Right.

MR LEGER | mean, when you go to a
different tube, the material variability nmakes that
tube creep, for exanple, a little bit faster or a
little bit slower than sonme other tube, but the whole

t ube would be creeping at a particular rate --
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DR APCSTOLAKI S: Right.

MR. LEGER: -- depending on the materi al,
but different parts of the tube creep at different
rates because the neutron fluxes are different al ong
t he tubes.

DR. FORD: In that particular algorithm
presumably the two i nputs are stress and tenperature,
and those are the only two?

MR. LECER: It's stress and tenperature
and neutron fluence, neutron fl ux.

DR FORD: Flux, not fluence?

MR, LEGER: It's neutron flux. It's a
neutron flux term

DR WALLIS: Sothisis aplot of materi al
behavi or that doesn't need alog scale in order to put
the points on the piece of paper?

(Laughter.)

DR. WALLIS: That's an inside joke.

MR, LEGER: Let's see. | went through
t hat .

In terns of our experience with pressure
tube integrity, we've had no pressure tube | eaks due
to design or material perfornmance since 1986. W did
have some early |l eaks in zirc-niobiumpressure tubes

inthe Pickering reactors. This was back in 1974 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

143

75 due to delayed hydride cracking near rolled
joints.

So the rolled joints had high residual
stresses, and that resulted in a cracking problem

There al so was a rupture of a Zircal oy-2
pressure tube in a Pickering reactor that happened at
power, and that was due to contact between the
pressure tube and t he surroundi ng cal andri a tube that
resulted in hydride blistering and a crack devel opi ng
from blisters. And the pressure tube ruptured at
power, but the calandria tube remained intact. The
react or was shut down safely wi thout any of the safety
systens having to be brought into action.

We had one rupture at cold conditions from
a long manufacturing flawthat started at one of these
rolled joints that had hi gh residual stress, but the
issues that led to these early failure have been
sol ved basically. W' ve devel oped | owresi dual stress
joints that elimnate these high residual stresses in
t he pressure tubes. W have new channel spacer design
t hat prevents the spacers fromnovi ng and prevents the
pressure tubes from conming into contact with the
surroundi ng cal andri a tubes.

W' ve i mpr oved our manuf act uri ng

practices, and we have better inspection during
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manuf acturing to reduce the chance of having a | ong
manufacturing flaw in a pressure tube.

DR. FORD: Now, the thickness of your
t ubes have changed for the ACR 700 versus t he CANDU 6.

MR LEGER That's right.

DR FORD: VWich all inpact onto these
vari ous engi neering changes you've made, the creep
rates and touching the cal andria tube, the residual
stresses in your rolled joint.

MR LECER  Yes.

DR. FORD: So how certain are you that
you're not going to have a problemw th sone sort of
probability aspect.

MR. LEGCER: Well, the changes have been

made in a direction that should inprove things, in

fact.

DR FORD: Yes.

MR, LEGER: Because the stresses are
reduced. The stresses in the pressure tube are

reduced relative to what they are in the CANDU, for
exanpl e. The rolled joints here in the stages of
goi ng through a devel opnent process for the rolled
joint because of the different thickness so --

DR. FORD: | guess ny question is really

you had two failures, Bruce and Pickering due to
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failures because of stress or whatever it m ght be.
We'll cone to that in a mnute or two. And you said
that you've inproved things from that early
experience.

MR, LECER  Yes.

DR, FORD: Different material, thicker
material, and it's a qualitative feeling that things
are better?

MR LEGER No, it's the --

DR. FORD: And you're never goi ng to have
anot her Bruce or Pickering incident?

MR. LECER: Well, we are required to be
certain that we won't have pressure tube/cal andria
tube contact, for exanple. That's one of the
requi rements of the standard.

DR.  FORD: So presumably you've got a
fairly extensive database of all interactions between
DHC and irradiation and tenperature and stress and
mat eri al .

MR. LEGER. We have a | arge dat abase of --

DR. FORD: And those interactions to be
certain that you woul d never have a contact between
t he tube and the cal andri a?

MR. LEGER: Well, the contact between the

tube and the cal andria depends on the creep of the
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channel and on whether the spacers remain in their
design |l ocations, and so the spacers for ACRwi |l be
not exactly the sane spacers as --

DR FORD: | guess why |'m asking the
guestion, as you know, in this country we have had 40-
odd years of many, many manhours of experience of
sayi ng that austerlic (phonetic) alloys, nickel based
stainless steels will never crack, and yet even now
we're still getting unpl easant surprises.

And so when you say that you're certain
t hat somet hing wi Il not happen, I'minterestedto know
why the certainty.

MR, LEGER: W think it's a very |ow
probability.

DR. FORD: (kay, okay.

DR. ROSEN: So you're taking "certain"
back?

DR. FORD: Well, the designisintendedto
address all of these issues. The safety analysis
covers the potential that it doesn't.

DR. SHACK: You're so certain that you're
going to change themout at 30 years.

DR.  FORD: | want to know what the
criteria are.

MR. LEGER:. The 30 years has to do with
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the limts on, for exanple, dianmetral expansion that
you can tolerate.

In terms of the cracking nechani smthat
we' ve studied over tine, the cracking nmechani sm by
del ayed hydride cracking is sonething that we have
been studying for quite along tine. W understand it
very wel |, and we knowt hat cracki ng won't be possible
at operating tenperatures, given that the hydrogen
content of the tube remains belowthe solubility limt
in the material.

And we avoid crack initiation by having
these | ow residual stress joining techniques and by
preventing debris flaw formation in the system by
keeping it clean.

Any cracki ng that coul d potentially occur
at lowtenperature where the solubility of hydrogenis
exceeded, the cracking is avoided by having |ower
pressures.

In zirc-niobium material, of course,
hydrogen goes into solution. This is just a plot of
t he hydrogen concentration on a | og scal e versus the
one over T because it's a sort of thermally activated
process. So there's a solubility limt. As long as
t he hydrogen concentration is belowthis limt, then

hydri des won't formin the material and you can't have
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del ayed hydri de cracking.

So we currently have experience up to
CANDU 6 tenperatures. The ACR is slightly higher
tenmperature. The pressure tubes do pick up hydrogen
t hrough the corrosion reaction that occurs on the
inside surface with the coolant. So a fraction of
t hi s hydrogen generated by the reaction is picked up
by the material.

And if you do get into a situation where
dydri des are present, then there is a potential that
there could be a fracture concern

DR. FORD: But your thesis is hydrogenis
necessary, but it is not the only criterion. For
i nstance, Bruce and Pickering have failed and,
therefore, they --

MR. LEGER  Yes, but that's hydrogen.

DR.  FORD: "' m puzzled then because
what - -

MR LECER: Al of the cracks that have
occurred in pressure tubes have been attributed to
del ayed hydri de cracking.

DR. FORD: GCkay. So if you don't have
hydri des, then you can't have cracking, and yet
Pi ckering and Bruce did.

MR. LECER: They didn't crack at reactor
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operating tenperature. They cracked when the reactors
wer e shut down due to these high residual stresses in
the rolled joints.

DR. FORD: Ckay. And we're not going to
have this problemw th the ACR 7007

MR. LECER: No, no. The target is to keep
t he hydrogen concentration belowthis solubilitylimt
in the main body of the pressure tube during reactor
oper ati on.

DR FORD: Ckay.

DR. WALLI S: How about the wat er chem stry
side? You control the hydrogen?

MR. LEGER: Yes, the water chemistry is
controlled. It hasits -- |ithiumhydroxide is added
to keep the pH up for the carbon steel parts of the
system and the hydrogen is added at |evels that are
in the range of three to ten cc's per kilogram

DR. WALLIS: That's to weed out the oxygen
in the water.

MR. LEGER: That's right.

DR WALLI S: And then that hydrogen
doesn't affect the --

MR. LEGER No. The hydrogen doesn't seem

DR. WALLIS: It doesn't have an inpact.
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MR LEGER No, it doesn't.

DR. FORD: And so just to follow on ny
concern, | grant you that under operating tenperatures
and operating conditions you don't have a probl em but
during an accident situation where you may | ower the
tenperature, it's really like a PTS situation for
current pressurized water reactors. You could have a
probl emthen, couldn't you, with the zircal oy?

The tenperature goes down, i.e., goes to
the right on that plot --

MR LECER  Yes.

DR. FORD: -- and then you would have a
problem of cracking as happened at Bruce and
Pi ckering?

MR LECGER | don't know exactly what
scenari o you're thinking about. | nean, if you are
under | ow tenperature conditions where you have hi gh
stresses and you' ve got a crack that could potentially
grow - -

DR, FORD: Yes.

MR. LEGER: -- then the crack could grow
at a rate that would be determ ned by the del ayed
hydri de crack vel ocity curve, which we have in detail.

DR. FORD: | guess ny concern is on that

pl ot you' re sayi ng anything belowthat thick line, no
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problemat all with DHC, and yet we di d have cracking
at two --

MR. LEGCER: At the operating tenperature.

DR FORD: That's ny point.

MR LECGCER  Yes.

DR. FORD: And you expl ain away the Bruce
and Pickering experience of cracking as happened at
| ow tenperature. Now |I'masking the question, well,
t hat could happen with the ACR 700, could it not?

MR, LECER: Well, at |ow tenperature, as
| was i ndicating before, the reason why it happened at
| owt enper at ure was because there were still sone very

hi gh resi dual stresses present in those tubes, and so

there was a driving force at |ow tenperature. In
Al - -

DR FORD: You won't have that.

MR LEGER -- we won't have that.

DR. FORD: kay.

MR. LEGER: Again, in ternms of how nuch
hydr ogen gets picked up, well, in CANDU reactors, the

corrosi on of pressure tubes so far after 20 years of
operation, we have oxi de thi cknesses on the i nside of
the pressure tube that are in the range of 20 to 30
m crons, and the maxi num hydrogen that's picked up,

al though it's picked up as deuteriumin our current
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CANDU 6 reactors, it's equivalent to about 20 parts
per mllion of hydrogen after 20 years of operation,
except near the rolled joints where there's higher
hydr ogen pi ckups.

So the rolled joints, the areas of the
rolled joints do pick up sone higher levels of
hydr ogen.

MR. SIEBER. Wiy is that?

MR. LEGER Well, wethink it's a gal vanic
interaction between the pressure tube and the end
fitting that's causing the pickup in the pressure
t ube.

MR. SI EBER: Onh, okay. Could you descri be
what this low stress rolling technique is?

MR, LEGER: Well, the lowstress rolling
technique i s basically a technique that inthe current
CANDUs -- and as | said, we are going through a
devel opnent program for the ACR to denopnstrate that
we'll be able to achieve the sanme good flow stress
rolled joint which is different because of the
differences in the wall thickness and so on.

But in the current CANDUs, the rolled
joints are what are called a zero clearance rolled
joint, and in order to nake the rolled joint, the end

fitting is heated up, and the pressure tube is
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inserted. It's actually an interference fit within
the rolled joint, and then the rolling takes pl ace.

And that |eaves the material in the
pressure tube just on the inside of the rolled joint
where it's not supported in a conpressive stress
situation rather than a tensile stress.

MR. SIEBER. Thank you.

MR LECER So we have nodel s of corrosion
and hydrogen pickup that are based on experinental
progranms, and these nodels are conpared with the
observations that we have from surveillance from
reactor.

We have nodel s for both how hydrogen gets
picked upintherolledjoints and in the mai n body of
the tube. This is a plot of how hydrogen behaves in
CANDU 6 reactors at the five nmeter |ocation, whichis
five neters fromthe inlet end. [It's the position
that has the highest pickup rate in the CANDU 6
channel .

This is deuteriumconcentration. So you
have to divide these nunbers by two to get hydrogen
basically, and this is time in hot years. So ten hot
years is 87,600 hot hours of operation, and so the
nodel that was derived fromexperinments and froml ab

experinments is the solid mddle line, and the
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nmeasurenents fromreactor are shown here.

So there's sone variability again, which
ismterial variability primarily, and sone reactor-to
reactor variability as well.

But for our predictions for ACR, we use an
upper bound of these curves. So getting to pressure
t ube | eak before break, |eak before break is seen as
a defense in depth for normal operation. The annul us
gas systemis used as a | eak detection system So the
gas is circul ated through the gas annuli between the
pressure tubes, and if there is a leak, it picks it
up. The gas system is nonitored continuously for
noi sture content.

In ACRthe response time of this systemis
goingtobesignificantly inprovedrelativetowat is
currently in placeinthe other reactors that we have.

We know t hat fracture toughness and crack
growh rates are, pressure tube material, and |eak
bef ore break basically nmeans that you have to be abl e
to denonstrate that using your upper bound crack
growt h rates and your | ower bound fracture toughness
val ues, that you have a database for it that you can
show that if you do get a leak, that you will have
time to be abl e to detect that | eak, have t he operator

react to that |eak, shut down the reactor, and
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maintain the pressure boundary in a satisfactory
condition w thout the crack becom ng unstabl e.

So leak before break for a reactor is
denonstrated by a sequence of events anal ysis. So you
postul ate that you have a crack, that it's grow ng,
that it starts | eaking. W have nodels for what the
| eak rate will be and what the response of the system
will beinterns of detection, operator action, and so
on, and we know what the crack growth rates are. W
know what the m ni numinstability crack lengthis, and
so we can denonstrate that we have | eak before break
for pressure tube in the reactor.

DR. FORD: Oobviously the veracity, if you
i ke, or the supporting docunentation to cone up with
t hat end concl usion, you' ve got to go into the whole
guestion of the scatter of the pressure mechani cs data
and the crack growth rate data.

MR. LEGER: That's right.

DR.  FORD: Plus whether it's an axial
versus circunferential crack. Has all of that data
been nade available to the NRC so that they can cone
to their own independent view on that?

MR. LEGER. Sone of t he data has been nade
available, but | don't think that -- 1'm not sure

whet her we've given all of the data. W nmade a
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presentation in Decenber of 2002 where we showed al |
of the data, but in terms of what's actually been
transmtted, we have a lot of significant quantity of
the data in this docunment on the technol ogy of fuel
channel s that was given to the U S. NRC

But in ternms of whether -- | don't think
even in here it includes all of the data out to the
hi ghest fluences that we have because this is a public
docunent .

DR SHACK: In additiontothe | eak before
break, do you do a volunetric inspection, ultrasonic
or eddy current under pressure tubes?

MR. LEGER: Well, they're inspectedduring
manuf act ur e.

DR. SHACK: Right, but | mean in service.

MR. LEGER: In service we have a program
of in-serviceinspection, but it inspectsthe fraction
of the tubes in general, the small fraction of the
tubes. So the --

DR.  SHACK: And small fraction is 20
percent ?

MR. LEGER. In current reactors it's |ess
t han 20 percent. | think the current standard is
being rewitten to i ncrease the anount of inspection

that's done, but the anmount of inspection that's
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required is quite small. It's a small nunber of
tubes, and basically --

DR. SHACK: Is this an eddy current probe
on the surface?

MR. LEGER. It's basically an inspection
to detect a generic degradation problem that could
affect a large nunber of channels rather than a
specific channel inspection because all of the
channels are basically operating in the sane
condi ti on.

Al'l right. The fuel channel standards,
the pressure tube is designed to this CSA Canadi an
standard, CSA N-285.2. So the tubes neet a materi al
standard which is an N 286.6, and additional ACL
techni cal specifications. So the standard is a
gener al st andar d. ACL has sone additional
requi rements onthe pressure tube material that arein
our technical standards.

Zirc-niobiummaterial isan ASTMnmateri al .
It's in the ASTM standard B-353 as UNSR-60901
mat eri al, and basically for these standards we' ve used
an ASME type of criteria to establish the allowable
design stress |l evels. So the all owabl e desi gn stress
| evel is determned by the mninmum strength of the

material, either the UTS or the -- it's actually the
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UTS. It's one-third of the UTS that's used as the
design stress level, stress allowable |evel.

The tubes that we produce basically are
consi stent, high quality product. The current tubes
that are being produced have inproved properties
relative to earlier production and these inproved
properties have been establi shed t hrough t he research
prograns that have been done over the years. One of
the major factors, | think, that | nentioned before
was this inmproved fracture toughness after
i rradiation.

That resulted from an R&D program t hat
identified chlorine as being a bad thing to have in
pressure tube material. It really had an inpact on
how the fracture toughness decreased effl uence, but
now we have manufacturing methods that reduce the
chlorine content so that we get very high fracture
t oughness.

DR.  ROSEN: Who actually makes these
t ubes?

MR LEGER  Pardon?

DR. ROSEN. Who actually nakes thenf

MR LEGER: The tubes are nmade -- in
Canada the tubes are manufactured by NUTECH, which

used to be Chase Nuclear in the States, but the
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material itself, we've had two sources of material,
wel |, actually nore than two sources, but two sources
of material over tine. The material is supplied by W
Chang (phonetic) in Al bany, Oregon, or for the Q nshan
project the pressure tubes were -- the material was
suppl i ed by a Chepetski (phonetic) plant in Russia.

The tubes are actually manufactured in
Arnprior, Ontario, by NUTECH Precision Mtals.

Just in terns of the rolled joints, the
rolled joints al so neet a Canadi an standard, and this
standard i s made to refl ect the ASME code requi renents
of design by analysis. So we're | ooking at being abl e
to showthat the stresses in the joint are acceptable
and so on.

The resulting joint is this strong joint.
It has to be able to -- the code requires it to be
able to withstand three tinmes the design condition
axial load, including pressure. The qualification
programis carried out with production grade joints,
and each reactor joint when the reactor is actually
assenbl ed, each joint is checked to nmake sure that the
wal | thickness reduction that has been achi eved by t he
rolling is within the range of acceptable wall
t hi ckness reductions for the pressure tube rolled

joint and the | eak rate of the joint is checked using
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a heliumleak detection system

DR. ROSEN: This is field operations
right?

MR LEGER: It's a field operation.
That's right, although in ACR the reactor, including
the pressure tubes -- maybe, Stephen, you could say
somet hi ng about that.

MR. SIEBER. It's a factory assenbly.

MR LEGER It will be a nodul e.

MR. YU: Even on recent reactor
construction that we have, a facility for the
installation the rolled joint, so it's a clean
environnent for doing that. | think in the nodule
concept we woul d do very simlar, whether it isinthe
| ocation off site or on site. They would still be the
same clean environnent for the rolled joint
installation.

DR. ROSEN: Wll, the difference is
whet her or not there are transportation stresses,
whether the rolled joint is made in the place where
it's going to operate or whether it's nmade renotely
and then shipped. So that's all | was asking. And
you're saying it coul d be nade renot el y and shi pped as
part of a nodul e.

MR YU That's correct.
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DR. RANSOM After 30 years you change out

this tube, right?

MR LEGER that's right.

DR. RANSOM How is that taken out? Just
cut themand then --

MR LECGER:. The tubes would be cut and
renoved, yes.

DR. RANSOM And the bells are rewel ded
when you put it back in, | guess.

MR LECER: Well, the process for ACR
does anyone have the details of the process that will
be used for ACR? | don't.

MR YU Wll, in general, one of the
enptyi ng woul d be renoved, and then, you know, after
the rolled joint is cut, the next picture will show
that we have two sets of rolled joints in there
grooves ready so that after the two ends are cut, then
t he pressure tube can be renoved, and they are renoved
and then col | apsed to reduce the vol une of waste, and
then the new pressure tube we put in with the end
fitting on the end where the end fitting was renoved.

So it's just two joints in the pressure
tube that the pressure tube is newmaterial. W reuse
the end fittings.

DR. RANSOM | guess the rolling process
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isrolled fromthe interior.

MR YU That's right.

DR. RANSOM And expanded into the --

MR YU That's correct. | think the
rolling is taking place fromw thin.

DR. ROSEN: And now here's the picture you
prom sed ne, and you're going to take ne through t hat
sl ow y.

MR. LEGER Yes. Here's the picture. So
these are the --

DR. ROSEN: Including the heat treatnent
and all the rest.

MR LEGER  Pardon?

DR ROSEN: Including the heat treating.

MR. LEGER. The heat treating?

DR. ROSEN: Didn't you say it was heated
up?

MR. LEGER Well, theendfitting, to nake
the current zero clearance rolled joints, the end
fitting is heated up for CANDU 6 reactor. The end
fitting is heated up, and then the pressure tube is
inserted, and then it is cooled down, and then the
rolling takes place, the mechanical rolling. The
rollers are inserted, and a tapered plug is pushed in

as therolls take place. Soit's a propulsiverolling
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t echni que, and the tube is rolled and the pressure
tube actually gets extruded into grooves in the end
fitting, andit's these groovesintheendfitting and
the pressure tube extrusion into these groves that
gives the rolled joint its very good strength
characteristics. So that's where the strength cones
from

And this is an ACRdesigned rolled joint.
So as St ephen nmentioned, this set of groovers woul d be
used for the initial pressure tube that was put in, an
then the pressure tube would be cut here, and this
pressure tube woul d be renmoved. The origi nal pressure
t ube woul d be renoved, and t he new pressure tube woul d
be inserted and rolled into these groups. That's the
i ntent.

MR. SIEBER:  You have to nove that end
fitting out of the way to get the tube in though.
Does that nean --

MR. LEGER One end fitting would be left.

MR. SIEBER: You'd have to cut the feeder
pi pe.

DR. ROSEN: Now, you're very careful to
say that for CANDUthe end fitting is heated up. Does
the ACR al so heat up the end fitting?

MR LEGER Well, we're in the m dst of
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goi ng through a devel opnent program for the rolled
joint to be able to denonstrate that we' ve got all the
characteristics that are required.

DR. ROSEN:. What does that nean? Wat did
you just say? D d you just say you don't know yet?

MR. LEGER Vell, we haven't -- the
detailed rolled joint, the denpbnstration that we've
got that the rolled joint has been developed to a
satisfactory level, it's a devel opnent programfor the
ACR rol l ed joint.

DR. ROSEN: kay. We're all speaking the
Engli sh | anguage now, and what you're saying --

MR. LEGER. What i'm saying is that we
have a CANDU 6 rol l ed joint, that the ACR geonetry is
going to be different because the pressure tube is
t hi cker and because sone of the clearances and so on
are different, and so we have to go through a
devel opnent programfor the ACRrolled joint whichis
not yet conpl et ed.

DR. ROSEN. Do you envision that it wll
be Ii ke the CANDU?

MR LEGER: Yes, it will be simlar, but
it's not going to be identical. Does that -- maybe
Jullian. Can you el aborate on that at all?

MR. M LLARD: W' ve actually got quite an
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ext ensi ve programagoi ng on, including using -- sorry.
"1l go near the m crophone.

W' ve got qui te an extensi ve programgoi ng
on using a conbination of conmputer based tools and
static testing where we use a program LS Dinez
(phonetic) and Design-aid, which we took out of the
autonotive industry. It's used for crash tests, and
we've got a series of tests going on |ooking at
di fferent vari ati ons of groove geonetry and cl ear ances
and fitting thicknesses and fitting shrink.

If you look on the outside of the end
fitting you'll see that we've got a shrunk rei nforcing
ring there.

DR. WALLI S: Yeah, | was going to ask
about all of these other colors you' ve got here.

MR. LEGCER: Well, these are the bearings
inthe lattice tube. This is the lattice tube, which
i snot part of the fuel channel. This is the bearing,
and this is the --

DR WALLIS: It's the reinforcenent?

MR. LECER This green part is the
stainl ess steel 403 forging, and this is the pressure
t ube.

DR, WALLI S: That yellow thing is a

rei nf orcenent ?
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MR LEGER The yellow thing is a

rei nf orcenment .

MR. M LLARD: Yeah, it's an inconel
reinforcenment that we would like to find a way of
desi gning out, but just now we've got it in there.

CHAI RVAN  KRESS: That's so you don't
deflect that part when you do the pressure tube
rol I'ing.

MR. M LLARD: Yes. Basically it gives

CHAl RVAN KRESS: It keeps it in place.

MR. M LLARD: It gives us an interference
fit and alters the stress in site.

DR. ROSEN: Well, before you get this
certified we'll have a chance to see hat you'rereally
going to do here.

MR. LEGER. That's right.

DR. ROSEN. This is a design detail of
cruci al inportance.

MR. LEGER: That's right, but the intent
istonake arolledjoint that meets our CSA standard
that has these characteristics of high pull-out
strength and no residual stress in the pressure tube
and so on.

DR. ROSEN: And in the broad outline it
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will involve an end fitting that's heated up and t hen
an inconel -- | mean a zirc-niobium tube that's
extruded into that heated up end fitting, which then
is allowed to cool. AmI| correct?

MR. LEGER: No, the sequenceis different.
The rolling for the current CANDUs, the rolling takes
pl ace after the whole thing has been cooled. Al
right?

DR. ROSEN:. (kay, and what you're saying
for ACR, the rolling will place hot.

CHAI RMVAN KRESS: No, he says he doesn't
know yet. Probably cold.

DR. ROCSEN: | give up. | don't know what
you're going to do.

MR SIEBER It's the sane

CHAI RMAN KRESS: It's the sane.

MR. M LLARD: Basically we've got a heat
shrink of the yell owsl eeve, whichis actually inconel
just now. So we heat shrink on that the whole end
fitting, push it over the end of the pressure tube,
allowit to cool slightly so that the operators can
get clear without burning their fingers, and then we
put in the rolling tools and expand out, and we
nmeasure out our expansion as we go, and then we

measure the leak rate around it to nake sure that our
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deformation i s okay and our |leak rate i s okay, and we
do qualification where we do exanple rolls, where we
cut apart and do pull tests on to prove the process in
general .

So we prove the process off |ine and t hen
nonitor key parameters in that process during
installation in the reactor.

DR.  FORD: And one of the acceptance
criteriaw |l bethat the residual stress for this new
desi gn, whatever it is going to be, is not goingto be
sufficient. They're going to push it over the
boundary for del ayed hydri de cracking.

MR. LEGER. That's right.

DR. ROSEN: And this nmay or may not be
done in the field.

MR. SIEBER: It's going to not be done in
the field, except for the replacenent.

CHAI RVAN KRESS: Except for 30 years, 30-
year repl acenent.

DR. ROSEN. Initially it may or may not be
done in the field; is that correct? Because | asked
t he question and then | got the answer, "Well, it's a
nodul e that could be fabricated off site.”

MR. M LLARD: Wen we do that the first

timeinthefield, it's doneincontrolled environnent
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where quite often they build a tent around so they can
control the environment, but it's still field work
really.

MR SI EBER Now, the coefficients for
t hermal expansion for the two tube materials is such
that when you heat the plant up the joint gets
tighter, right?

MR. LEGER: The expansi on coefficients are
di fferent.

MR. SIEBER. Yes, they have to be.

MR. LEGER But the actual expansion
coefficient for the pressure tube is slightly |ess
than the end fitting, but the joints do remain tight.

DR ROSEN: So it relaxes a little.

MR LEGER: It relaxes a little. The
interspatial stress would go down, although |I'm not
sure with the inconel.

MR. SI EBER: So when you test the strength
of the joint, do you test it hot or cold?

MR. M LLARD: Test it hot, yeah. You test
| eak rate hot and bel ow strength hot.

MR. SIEBER Right.

MR, LEGER: So the end fitting | think
we' ve gone t hrough some of that before. It's asingle

forging. It's high strength. It has good fracture
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t oughness, and we've not identified any issues with
it.

In terms of the channel closure, channel
cl osures are these renovabl e conponents that al | ow us
to do the on power fueling. The actual closures
t hensel ves are designed to satisfy ASME Cl ass | desi gn
rules, but they do satisfy the requirements of the
Canadi an standard in 285. 2.

DR WALLIS: How do they attach?

LECER: Pardon?
VWALLI'S: How do they attach?

LEGER: Jullian has it.

2 3 3 3

MLLARD: It's Jullian M Il ard agai n.

Qur attachnment of channel closures is by
a series of jaws which go out into the end fitting.
Some of our reactors use a breach log for CANDU 6,
Pi ckering, and ECR will use this jaw construction.

CHAI RVAN  KRESS: W'll get into the
details of that later.

MR. M LLARD: I  think | left nmny
presentation at too a high alevel. Sol don't think
| showed a slide of that.

CHAI RVAN KRESS: Ckay.

MR. M LLARD: It can be supplied at a

subsequent date.
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CHAI RVAN KRESS: We can put this off until

later to find out about that.

DR. WALLIS: It's just that all of these
pl aces where you m ght | ose the pressure boundary |
t hi nk need to be under st ood.

MR. SIEBER. That one is a key one.

MR. LEGER: The requirenents of the code,
of the Canadi an code, require that the closure has to
be locked in place to prevent it from being
i nadvertently renoved, and the closures have to be
|l eak tested each time they're installed during
operation, |ike when you do a fueling operation, you
have to leak test the closure before the fueling
machi ne is renoved fromthe channel

CHAIl RMVAN KRESS: Are these sealed by O

rings?

MR LEGER  Pardon?

CHAI RVAN KRESS: Are these nmetal O ring
seal s?

MR LECGER It's a netal-to-netal seal
yes. The --

DR. ROSEN. So you're proving before you
back away fromthe face --
MR LECER  Yes.

DR. ROSEN: -- that even when you back
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away it's already seal ed.

MR LEGER That's right.

DR. ROSEN:. And whil e you' re seal ed hooked
toit --

MR. LEGER: While the fueling machine is
still hooked to the channel, hooked on the channel,
| ocked on the channel, a pressure test is done to --

DR. ROSEN:. Your basically depressurize a
space.

MR LEGER That's right.

DR. ROSEN: And check to make sure there's
no | eakage into that space.

MR. LEGER. That's right.

DR. ROSEN. And that the pressure is not
rising in that space.

MR. LEGER. That's right.

DR. ROSEN:. And t hen when you' re convi nced
that you' ve made a good seal --

MR. LEGER:. Then you can renove the fue
test. And there are interlocks in place. The code
requires that there areinterlocks in placeto prevent
the fueling machine from disengaging before the
closure is in place.

MR SIEBER | take it there's no flowand

no pressure while the actual refueling is taking
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pl ace? Has to be or the fuel elenment would have --

MR. LEGER: May Jullian can answer that.
| knowin the current fueling machines there is flow,
a small amount of flow injection into the channel
during refueling.

MR. SIEBER. | would think that you woul d
need normal flow

MR. LEGER Well, no, the whol e channel is
under goi ng normal flow.

MR SIEBER Right, okay.

MR. LEGER: But in addition to that, the
fueling machines inject a small anobunt of fluid into
t he channel at the same tine.

MR. SIEBER Right. That's good enough
for an answer.

DR. ROSEN: Now, that additional flowis
process systemflow, call it, that actually comes from
an external system is that correct? And cones
t hrough flexible hoses and sonehow is injected into
the channel. AmI| correct about all of that?

MR. LEGER. That's right, yes.

DR ROSEN: So that those hoses are
actually part of the reactor system the pressure
boundary during this operation.

MR. Sl EBER: There's a check valve in
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t here.

DR ROSEN: Is that right?

MR LEGER That's right, yes.

DR. ROSEN: And so those hoses are
desi gned to ASME Section 3, Class 17

MR. LECER: Those hoses are designed to
t he Canadi an standards, CSA and 285.2, and there
are --

DR ROSEN: Because | never heard that

there was a --

MR. LEGER -- requirenents; there are --

DR ROSEN: -- set in that Section 3
Cl ass 1.

MR. LEGER: There are requirenents on the
hoses as well. Jullian knows nore about that than
do.

MR. M LLARD: Basically, the injection
flowis -- Jullian MIllard from ACR agai n.

W have got isolation valves and check
val ves on the heads, which allowed us to have a good
i sol ati on boundary. So we try and have our hoses
bel ow ASME Section 1 because it's very expensive to
have equi val ent of ASME Section 2 hoses and ASME j ust
now does not cover flexible hoses, which is why we

have additional requirenents in our CSA code both on
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manuf acturi ng checks and on cal cul ation of service
live.

DR.  ROSEN: So how nmuch flow is going
t hr ough t hese hoses and check val ves? Are we tal king
about gallons per mnute or --

MR. M LLARD: It's normally about 20
gal l ons per mnute that we're putting into the end of
t he channel conpared to | was thinking netric; is it
25 kil ograns a second of fl ow goi ng down the channel ?
Soit'sarelatively small percentage. It's basically
aflush and flowthat we're putting in to make sure we
don't get fuel channel fluid comng into the fueling
machi ne head even though the fueling machine head is
using process fluid fromthe pressure and inventory
control system of the new transport system W try
and run the fueling machi ne heads col d.

DR. ROSEN. And you say there were check
valves. |If one of these hoses failed --

MR. M LLARD: Yeah.

DR. ROSEN: -- you're relying on the check
val ve, right?

MR. LEGER: We've got isol ation val ves and
check val ves.

DR. ROSEN: But the isolation valves are

automatic isolation? | nean, they would sense that
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the delta P or how does this work?

MR. M LLARD: Just now we've got flow
fuses which are fl ow based check val ves that cone in,
and we've also got isolation valves under operator
control.

DR. ROSEN. Manual ?

MR. M LLARD: Manual control, and then
we' ve got flow nmeasurenment so the operators can see
it. They woul d al so see the spray of water com ng out
on the vault caneras, but the flow rates are
relatively smal |, and because that fluidis not com ng
out of the channel, it's fluidto do with the fueling
machi ne system

DR. ROSEN: Has that ever happened in
exi sting machi nes where you had a failure of a hose?

MR. M LLARD:. | gather nany, many years
ago they did have a failure of a hose, and since then
nore stringent quality control was put on the hoses

and al so better calculation of service life fromthe

radi ation --

CHAI RMAN KRESS: | think I' mgoing to have
to nove this on a little bit. W're getting way
behi nd.

MR. LEGER: | think that was pretty nuch
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CHAI RVAN KRESS: At this tine before they

close the cafeteria, | propose we shorten our |unch
period a little to catch up if you guys don't m ne,
and | suggest we try to be back here at one.

PARTI Cl PANT: At one?

CHAI RVAN KRESS: Wl l, 1"l tell you what.
"1l give you till 1:15. That will put us 15 m nutes
behind. So 1:15 we'll recess.

(Wher eupon, at 12: 34 p.m, the nmeeting was
recessed for lunch, to reconvene at 1:15 p.m, the

sanme day.)
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AFTERNOON SESSI ON

(1:18 p.m)

CHAI RVAN KRESS: At this tinme we're going
to change the order of presentations alittle bit and
i nst ead of conputer codes and val i dati on, we're goi ng
to hear on-power fueling.

So you know where to turn to in the
sl i des.

MR. M LLARD: Cood afternoon. |'mJullian
MIllard fromthe Reactor Fuel Handling Branch in ACL.

" mgoing to give you a qui ck overvi ew on
on- power fueling. Qobviously it's a fairly big
subj ect. Apart frompresentati ons we' ve handed over,
we've given a fairly large docunent giving a | ot of
t he background data on the technol ogy basis and the
saf ety background to off-power fueling.

And t here are a number of mneetings com ng
up where we' re handi ng over ot her detail ed i nformation
to NRC staff on this.

Basically 1'm going to discuss the
advant ages of on-power refueling on the CANDU react or
desi gn and howthe equi pment is used. Basically we do
it to keept he core reactivity | owand give us a | ot
nore flexibility in station outages. So basically

out ages don't need to be at a fixed time. They can be
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taken at basically atine that the market wants, which
operators prefer a |lot.

W have been saf el y and successful | y doi ng
on- power fueling for many decades nowin 45 reactors,
and the ACR design is an evol uti onary desi gn buil di ng
on the best features of our past designs.

Basically this is an overview of the
reactor building. This is the fueling nmachine bridge
down here, and this is the reactor face with our
forest of feeders as youcalled it down in hereinthe
red headers, andthis is actually SDS-2 here, shutdown
system2 conming at the site, and SDS-1 is in the deck
on the top here, just to give you an idea of scale.

Qur ACR-700 reactor, as Stephen says, it's
evol uti onary, and we use the small stuff constantly
over the year instead of a |arger conplenent for a
refuel i ng outage.

The plan here in the sane buil ding, that
| ast section was a section fromthis site. Sothisis
just show the air lock site, which is the min
mai nt enance air | ock site of the buildi ng where we've
got our fuel bays for fuel reception and our what we
call mai ntenance | ocks, but they'rereally locks into

whi ch we nove the fueling machi nes for transfer onto

spent and refuel ports.
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Inthe center we've got our cool ant supply
for normal operation for the fueling machine.

Internms of our fueling schene, basically
fueling is used as the high | evel nmethod of keeping
core reactivity at about four and a half mlli-K
whi ch wor ks out at 5.6 bundl es per full power day for
daily refueling. O course, we don't actually do
daily refueling normally. Most of our reactors work
on four days of fueling and three days for mai nt enance
and other activities, maintenance activities, et
cetera, Christmas holidays where t hey fuel ahead using
our zone controls to give them a bit of buffer to
allow the fueling staff to have sone tinme off,
hol i days.

CHAI RVAN KRESS: Does your refueling
machi ne have to have a fl exi bl e hose connected to it
fromthe cooling |ine?

MR. M LLARD: Yes. I'll showyou those in
subsequent pi ctures.

Each t wo bundl e shift repl acenent gi ves us
about .2 mlli-K of increase in reactivity in the
channel, and our physics staff select the channel
based on the overal | core bal ance where they' re t aki ng
about 20 nmonths for fuel to pass through.

And it also allows us to take out
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defective fuel pronmptly. As soon as we get any
detection through the heat transport systemthat we
have defect gases in there, we can go in and hone in
on the channel and honme in on the bundles and pul

t hem out .

DR. ROSEN. What can you say about fue
experience? Has there been a lot of fuel, one
percent, tenth of one percent, defective fuel or --

MR. M LLARD: | shoul d probably refer that
to Peter Boczar. My nenory is at .1 percent fuel
bundles, and it's typically one elenent for each of
t hose bundl es.

DR.  ROSEN: A tenth of one percent
typically. Is that what you said?

MR. M LLARD: Atenth of one percent, and
that typically relates to manufacturing defects.

DR. WALLIS: How | ong before you reach a
steady state? There nust be a starting transient with
this fuel.

MR. M LLARD: | should refer that to the
ot her Peter Chan here.

MR CHAN: |'m Peter Chan from physics.

It will take approximately a year for us
to di scharge all of the bundles inthe first start-up

core.
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DR. WALLIS: It's a year, but the typica

fuel residence is 20 nonths. So you get sone unburned
fuel. You're just --

MR. CHAN. It's 600 days is the typica
drill time, residence time in the reactor.

DR. WALLIS: But you're refueling day by
day, whereas this initial batch really gets old
t oget her.

MR CHAN: The initial batch has | ower
enrichment. It will stay in the reactor a lot |ess
time than the normal fuel.

DR. WALLIS: | see. kay.

MR. S| EBER: How many bundl es ar e r esi dent
in a reactor typically?

MR. CHAN:. Pardon ne?

MR. SI EBER. How many bundl es are resi dent
in the reactor typically?

MR,  CHAN: Ch, right now we have 284
channel s. Each channel has 12 bundl es.

MR. SIEBER. Tinmes 12.

MR CHAN: Yeah.

MR. SIEBER. kay. A lot of them

MR. MLLARD: As | said, we have got nanes
whi ch gi ve us control of spatial reactivity across the

reactor and also give us sonme nethod for building
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these nice windows for all of these fuel handling
stuff. You can tell it's fuel handling and not
physi cs, and we've got our full control absorbers for
par a- set backs (phonetic).

So basically this picture you' ve seen
before. You've got the end fitting with its channel
closure. There's a shield plug in here, which is
actually nore of a fuel support than a shield plug
because we don't rely on the shi el ding characteristics
of it, but it does provide some small shi el di ng during
shut downs, and our reactivity nmechani snms which were
totally separate.

There's an absorber gui de on the outside
of each reactivity mechanism So basically should
anyt hi ng happen on the cal andria tubes noving, the
cal andria tubes would nove into the guide. They
woul dn't nove on to actual ly stopping the absorber in
its operation.

But 1've never seen instances of the
cal andria tubes nmoving to that degree.

DR. WALLIS: Do these tubes all stick out?
Are they supported at the ends in some way? Are they
just sticking out like that?

MR. M LLARD: They're literally just

sticking out like that. The picture I'lIl show you
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| at er because the insul ation cabi net cones on at this
| evel here, youonly actually see a small stub sitting
out beyond the --

DR ROSEN: But they're cantilevered.
There's no support, right?

MR. MLLARD: It's cantilevered. W take
the official support to be comng fromhere. Even
though there is sonme |oading and support com ng
t hrough t he heater, everythingis designed to be taken
at the root of the fuel channel through the bearings
here and for axial novenment on this restraint. So
we've got a pair of bearings which are sliding
bearings to all owour axial -- and then the restraints
in there.

DR.  ROSEN: Do you ever neasure the
vibration at the end of that to see if you had any
di spl acenent ?

DR. RANSOM We expect the ends of the
fuel channels to deflect. There is no actual
vibration that we see. | know we've done sone
nmeasur ement of heat transport systemvi bration, but we
don't normally see vibration of the end of the end
fitting itself in normal operation.

The fueling machi ne control systemkeeps

alog of the positions of the end fittings, and it has
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got a hom ng systemthat allows it to basically latch
on should the end fitting have deflected out of
posi tion.

DR. ROSEN. But you see no deflection.
The cantilevered, it could be -- if there was sone
sort of forced vibration in the building or the --

MR. M LLARD: Yeah.

DR. ROSEN: -- it would be going like this
all thetine and you' d worry about fatigue eventually.

MR. M LLARD: Yeah, | know. W haven't
seen anything like that. 1In part, | suspect because
it's very stiff because it has to take the seismc
| oads fromthe fueling nmachi ne during seismc events.
So the structural load or the structural strength
we' ve got for that keeps it relatively --

DR. RANSOM Does the refueling nmachine
actually hang onto the fuel channel s?

MR. M LLARD: The fueling machine is
ported off the bridge, but it's spring |oaded, and
it's in several axes on the bridge and clanps firmy
onto the channel with its 60,000 pounds of force. So
itisvery firmy clanped onto the end of the channel,
and then there's a lock that goes in, physically
locking it on to nake sure it can't nove while it's

part of the pressure boundary.
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This is just an end view of the reactor
showi ng the STS-2 shutdown nozzl es here, which is way
up into the reflector region and down into the
channel s and the nunbering of the channels. Thi s
nunbering al so appears on the reactor face so that
your reactor operators can see it while they're
fueling through their TV canera views.

So apart fromthe physics staff telling
t hemwhi ch channel to refuel and seeing the automatic
sequences to go to that channel, these nunbers then
appear later on you'll see in the picture of the
reactor face.

This is the nore detailed picture of the
fuel channel assenbly. You can see there's a groove
here on the end fitting that we clanp onto here, and
t hen we have a seal ed face on the outside here that we
seal with a netallic seal between the --

DR. WALLIS: So isn't this a symetrica
end t hen?

MR. M LLARD: You nean both ends?

DR, WALLI S: O maybe it's just the
nunberi ng schene that's not synmmetri cal

DR. ROSEN. | was | ooking at the face.
Go back then.

DR. WALLIS: You've got eight on one end
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and nine on the other. It's just the nunbering
schenme. It's not symmetrical. GCkay. D d you mss

out nunber nine, do you? There nust be a ni ne under

t he J.

MR, M LLARD: Yes.

DR WALLIS: Ckay.

MR. M LLARD: Yeah, there's a nine under
t he J.

DR WALLIS: Ckay. That's all right.

MR. M LLARD: So basically you can see our
restraint here goinginto the fueling tube sheet. The
bel | ows here, which are seal welded on the outside,
and then attached to the end, the end fitting. The
shi el d plug here, whichis the main fuel support which
we pull out to nove the fuel string and change
bundl es, and the cl osure plug at this end that we t ake
out with the central stem You can't really see the
jaws in this view though. It's nmuch too small.

MR. LEITCH  Does the unit continue to
operate at full power while this is ongoing?

MR. M LLARD:. Yes, yes.

MR LElI TCH: And nust there be sone
adjustments inreactivity after you nake one of these
nmoves or is what you're doing on any given day so

smal |l that you can't really see it?
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MR. M LLARD: The operator doesn't

normal |y do anything to adj ust the reactivity, but the
zone controls thensel ves may adjust autonatically,
slightly to conpensate should you end up with --
because as you refuel over a day when you're refueling
several channels, you'rerefuelingindifferent parts
of the core. So you're changing the core bal ance. So
the zone controls wll automatically adapt for that.

MR LEI TCH: And where does the
operator -- where is he positioned? Does he have any
unusual radi ation exposure whil e doingthis operation?

MR. M LLARD: Not really. The operator is
in the control room

MR, LEITCH Sothisis all done renotely
t hen?

MR. M LLARD: It's all done renotely.
Most stations do send operations staff on walk-
t hroughs through the reactor building where they'l]|
| ook at sonme aspects of the system while it's
operating, but they don't go anywhere near the reactor
face.

MR. LEITCH  Sure, yeah.

MR. MLLARD:. They'|ll be |ooking at the
process systemunderneath the air | ock and sone ot her

parts of the system but they won't go into the actual
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radi ati on zone.

DR. ROSEN: You just said sonething that
surprised ne. That is that this operation is
controlled fromthe main control room It's not a
separate refueling control room

MR. M LLARD: Correct. It's controlled--

DR ROSEN: | m sunderstood that.

MR. M LLARD: Yeah, because the nmmin
control room under control of the main reactor
operator. 1'll show you |later a picture show ng you
where the fuel handling panel sits and the fuel
handl i ng operators sit.

MR, LEITCH Istherea TV nonitoringthen
of the engagenent ?

MR, M LLARD: Yes.

MR LEITCH  Okay.

MR. M LLARD: So we have TV nonitoring and
all the redundant sensors on the refueling nachine
itself.

MR, LEITCH  Ckay. Thanks.

MR. M LLARD. So we've got drive sensors,
redundant sensors, and we've got the TV picture.

DR WALLIS: This feeder connection in
this drawi ng | ooks |i ke a bracket rather than a pipe.

MR. M LLARD: This one.
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DR WALLIS: Yeah, what is that?

MR SIEBER That's the feeder connection

DR. WALLIS: Yeah, but it's not a pipe
that's welded on. |It's a bracket of some sort.

MR. M LLARD: Yeah, the pipe gets wel ded
on here. W're actually doing sone detail ed design
optim zation in this area of the port area.

MR. SIEBER. That's a cut-away view.

MR. MLLARD: So this is a cut-away view
across our port. Just tryingto mnimze the pressure
drop that's now as part of our detail ed design work.

DR. WALLIS: So it's not just the pipe
which is welded directly to the pressure tube.
There's sonething el se there.

MR. M LLARD: This one shows a bolted
connecti on.

DR. WALLIS: Yeah, sonething el se there.
Ckay.

MR. M LLARD: So the fuel channe
interfaces --

DR. WALLIS: Wiy do you need a bolt if
you' ve got a wel ded?

MR. M LLARD: This one goes back in many
ways to our CANDU 6 Pickering-Bruce history. Al of

our historical CANDUs have been bolted at this place
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with nmetallic seals.

DR WALLIS: So it's not a weld. it's a
bol t ed, seal ed connection that can be di sconnected.

MR. M LLARD. And we considering going
back to bolting in this region because we thi nk we can
get some advantages fromit.

MR. SIEBER. It nmakes it easy to repl ace
pressure tubes.

MR, M LLARD: Yes.

MR. SIEBER  You know, because you j ust
undo the bolts, and it slides right out. O herw se
you' ve got to cut the pipe.

MR, M LLARD: Yes.

DR WALLIS: So it's yet another place
where there is a seal.

MR. SI EBER:  Yeah.

MR, M LLARD: Yes.

MR SIEBER It's a potential [ eak.

MR MLLARD: It's one of the few seals
we' ve actually got.

DR SHACK: Is that a netallic seal?

MR. MLLARD: Yes, it is netallic.

DR. WALLIS: Wwell, the seal, there are a
| ot of places where there are pressure boundaries

whi ch are not wel ded.
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MR, M LLARD: yes, yes.

DR. WALLIS: You may call sone of them
seals. Ohers are plugs.

DR. ROSEN: This one has a gasket. |It's
a gasketed seal

MR. MLLARD: Yes, it is a gasketed seal.

DR. ROSEN: But it 's not very big. It's
two inches.

MR M LLARD: Yeah.

MR. S| EBER: Now, what keeps the fuel from
just wal king right back out of the pressure tube?

MR MLLARD: It's basically the shield
pl ugs which are latched in place.

MR. SIEBER But that's way at the end.
You' ve got --

MR. M LLARD: Both ends.

MR. SIEBER -- a pretty long distance
here between t he cal andri a tube sheet where t he fuel,
the active fuel starts and the end of that plug. That
| ooks --

MR. M LLARD: Oh, you nean t he feeder here
and here.

MR. SIEBER. -- like there would be three
or four feet sticking back. So why doesn't the

fuel -- you know, you' ve got a lot of flow going
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t hrough there. Wy doesn't the fuel sort of follow
the flow?

MR. MLLARD: The fuel does follow the
flow Normally it's held in place by these shield
pl ugs, fuel hard agai nst the downstream shield plug
which is latched in place and with a gap on the
upstream shield plug. And then when you start to
fuel, when you fuel fromdownstream when you take out
the plug, the whole fuel stream follows the plug
down.

MR. SIEBER.  kay.

MR. M LLARD: And then when you push the
shield plug back in place, the string goes back with
it.

MR. SIEBER  And you were getting field
growt h, assenmbly growth while burn-up is proceeding.

MR, M LLARD: Yes.

MR. SIEBER And that's what the gap is
for. | take it the gap is maybe an intercept, a
coupl e of centineters.

MR. M LLARD: About an inch. Mar k
probably knows or Victor will probably renenber the
gap.

DR. WALLIS: That's why you have holes in

the shield plug, to line up with the holes in the
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i ner tube (phonetic).

MR. M LLARD: Yes, as we pull it back out.

MR. SIEBER Ckay. that's not inportant
if you don't know.

MR. SNELL: Just toclarify, Victor Snell
speaking. The gap is about an inch or two. One of
t he reasons of the gap, in aloss of cool ant acci dent,
you want to make sure that the expansion of the fue
streamisn't constrained by the two shield plugs.

MR SIEBER Right. GCkay. Thank you.

MR. M LLARD: So the fuel channel is
restrai ned, which reacts the fueling |oads and the
sei sm c | oads because the biggest seismc | oads that
t he fuel channel end fitting sees are when the fueling
machi ne i s attached. It has got this renovabl e shield
pl ug which | ocates the fuel stringitself. It has got
renovabl e cl osure plugs which provide the pressure
boundary, and it has got this end fitting interface
which allows the head to latch on and clanp to it,
aci dual (phonetic) faced with a seal to allow us to

extend the pressure boundary out into the fueling

machi nes.

MR. S| EBER And | take it for the
standard design the seism c | oading, |I assunme, would
be a .3 G?
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MR. MLLARD: W've got a lot of stuff

going on to do with seismc, particularly to do with
one site, but I'mnot sure how rmuch |I'm supposed to
say to do with that. | know our standard design
reference was .3 G but we'd be happy at | ooking at
some higher loads to do with specific site spectra.

MR. S| EBER: Ckay, but the standard design
wi || have a standard sei sm c | oadi ng assunpti on which
woul d apply to a majority of sites, | presune, and
then you would have to do special work, special
anal ysis for a seismcally active site.

MR. M LLARD: | have a suspicion that sone
of the special work may be done up front because of
one custoner.

MR. SIEBER.  kay.

MR. M LLARD: | should et Stephen answer
t hat .

MR YU Well, we certainly apply the .3
G as our equivalent to SSE adequate |level, and the
soil conditions, you know, to | ook at the range of
site soil conditions, and we do the envel ope for the
standard design. | think, you know, there m ght be
special issues that is being currently, you know,
addressed like the northeast region on the high

frequency special seismc problem
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But as far as the Center of Design is
concerned, that's the approach, no different than
ot her reactor types.

MR. SIEBER. Thank you.

MR. MLLARD:. So fueling, we've got our
string of 12 fuel bundles. W normally take our
radiated fuel downstream putting fresh bundles
upstream which allows us to use flow for fueling,
whi ch is nuch nore gentle on the bundl es.

We are capabl e of fueling nmechanically to
go the opposite way if we have to, but we try not to
fuel mechanically on power.

We di scharged the irradi ated bundl es by
our fuel port going through the contai nment boundary
into the bay in the reactor auxiliary building, which
is the square building around the main reactor
bui I di ng.

W bring in new fuel via fuel ports al so
t hrough the contai nnent boundary.

CHAl RVAN KRESS: And these are our | ocks
so that the containnment is not ever really open?

MR. M LLARD: Yeah.

CHAI RMAN  KRESS: It's always really
cl osed.

MR MLLARD: It's always really closed
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with a series of nultiple valves on each one that we
shuffl e through.

And the fueling nmachine, as we've
di scussed, is this novable Class | pressure vesse
that either connects to the fuel ports and fuel
channel s and sequence, as well as we've al so got sone
ancillary ports and some other equipnment for
mai nt enance.

DR. WALLIS: So this fueling machine is
going up and down, reactor pressure down to zero
several times a day.

MR. M LLARD: Yes, yes.

DR ROSEN. And you can take it out and
maintain it when you' re done with the fueling for the
day; is that right?

MR. M LLARD: Yes.

DR. ROSEN. And nove it to a place where
you actually can goin, goin and get at it with your
hands.

MR. M LLARD: Yes. Basically you can nove
it into this maintenance |ock. A shield door conmes
across and then | ocks out, and then mai nt enance st aff
can cone in there, do maintenance. They can unbolt
t he head, take the head off to a mai ntenance facility

and put in a new head. They can do general
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i nspection. They can do servicing.

MR. SIEBER. Coul d you -- | guess t he next
slide probably covers it -- but tell us what the
design basis accidents are related to the fueling

operation?

MR. M LLARD: Yeah, | can quickly go
through this. | know the bul k of the design basis
accidents, but | should probably have one of our

safety staff, Victor, actually go through themin nore
detai | .

MR. SIEBER  (Qbviously you have a LOCA
associated wth it, but there's probably sone
m sposi tioni ng acci dents.

MVR. M LLARD: Yeah, t here are
m spositioning accidents to dowith the potential for
the fueling machine to contact end fittings as it
noves across the face.

MR. SIEBER Right.

MR. MLLARD: |'musually nore concerned
with all of the safety features we've got in to nake
sure this never happened in the actual details of the
accidents that are being postul ated.

MR. SNELL: But just to answer the rest of
t he question, of course, in safety you ignore all of

that stuff that Jullian has put in and you nmake sort
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of boundi ng assunptions -- Victor Snell speaking, by
the way -- you assune -- I'mgoing to nenory -- but
you assume the fueling machi ne can back off fromthe
reactor wthout closing the plug. You assune
severance of the inlet and outlet hoses, which
actual ly provide coolingtothe fuel whileit'sinthe
fuel bundle. You look at accidents with the refueling
machi ne off reactor where it |loses cooling in your
transfer from the reactor to the spent fuel port.
That's about the range of things, | think.

W do |look at seismic events for the
fueling machine on reactor, which really inposes a
design requirenment on qualification of the fueling
machi ne which is already nentioned.

DR. ROSEN: |If you do take two hot bundl es
into the fueling machi ne and then back away fromthe
face and then have your accident where your cooling
is severed, your hoses are severed, you're going to
end up with two hot bundles with no cooling. Am|
right?

MR. SIEBER Right.

MR. SNELL: 1In sone of the earlier designs
you woul d boil off the water in a fueling machi ne and
t hen you'd damage the bundles in the machi ne over a

period of I think tens of mnutes if ny recollection
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is correct. | believe on ACR there's backup cooling
provided in the cooling machines in transit. So
Bi of ueling Confront (phonetic), | Dbelieve, nmade

i mprovenent to the machine in that respect.

(No response.)

And there's also nultiple errors that
you've got, which is not tens of mnutes. It's
multiple errors because we've got ten tons of stee
and water to heat up with the fuel load. so --

DR. ROSEN: Wait a minute now. Are we
t al ki ng about just having two spent assenblies right
fresh fromthe reactor --

MR, M LLARD: Yes.

DR ROSEN. -- in the machine?

MR, M LLARD: Yes.

DR ROSEN: And then the machine is
di sabl ed and | oses cool i ng?

MR. M LLARD: Yes, yeah.

DR ROSEN. Whiere does this ten tons of
water conme fron? | don't get it.

MR. M LLARD:. The fueling nmachi ne head
mass of steel plus water i s about ten tons. So you've
got to heat up not just the water in the magazi ne, but
t he nmagazi ne shell itself, which is nultiple tons.

DR. WALLIS: Do you have pictures of this
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machi ne sonewhere in here?

MR. M LLARD: Yeah.

MR. S| EBER: The transfer coefficient
bet ween the fuel bundle and the machine walls isn't
going to be very good with the water m x, and so the
tenperatures of the fuel bundle will probably go
pretty high.

MR. M LLARD: The water doesn't get | ost
out of the fueling machine head for many hours
normal |y because all of our connections are high up on
the machine. So basically you can't drain down the
fueling machi ne head below the level that the fuel
Sits.

MR. SIEBER. But it is boiling away.

MR. M LLARD: Yes, but it takes many hours
to boil away.

DR ROSEN: So if the hose is severed, the
water spills out in the hoses, but that's all.

MR. M LLARD: Yeah.

DR. ROSEN. The water in the machine is
still there.

MR MLLARD: It's still there.

MR. SIEBER: | woul d have to | ook at that
nore carefully.

MR. M LLARD: W have multiple hose
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connections so we have redundant --

MR. SI EBER: Well, | woul dthink that that
woul d be an opportunity to exerci se defense in depth.

MR. M LLARD: Yes. Now, the principa
safety features on our fueling are well proven and
have been devel oped over the years with the Canadi an
standard also being developed as we gain nore
i nformation. Qur pressure boundary conponents, we use
ASME criteria and ASME code in full whenever we can
only enhancing it where we needed to, where there was
a gap that wasn't covered. For instance, the NF
support of the actual vessel, ASME doesn't take into
account a noving vessel wth nmedian standards
associ ati on codes governi ng those features, and we' ve
got a lot of interlock, nechanical |ocks, and backup
systens in there to make sure everything is safe.

And we' ve al so got this benefit of | ower
reactor coolant activity because of the fact that
we're able to take out defect bundl es very pronptly,
whi ch hel ps keep the reactor cool ant systemactivity
| ow, which nmakes nmai ntenance easier.

MR. SIEBER  Could you tell us if there
have been incidents or accidents with refueling
machi nes in CANDU reactors of any design, and if so,

maybe a sinple characterization of what happened?
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MR. M LLARD: There have been a nunber of

incidents primarily in the earliest CANDUreactors to
deal with fueling machi nes. A nunber of themwere to
do with operator error of operators by passing out
information. |n subsequent reactors, interlocks were
then i nproved to stop that happening.

For instance, many, many years ago in
Pickering, | believe, they forgot to put a thing
call ed a gui de sl eeve, which is a piece of tube which
keeps the bore of the end fitting constantly going
into the fueling machine.

MR SIEBER Right, right.

MR. M LLARD: Basically the channel
closure is a larger dianeter, this guide sleeve.

MR. SIEBER Right.

MR MLLARD: So this tine they forgot to
put the guide sleeve in, and then they were able to
put a fuel bundle into that gap. It cost a |lot of
trouble to get over. The precautions to stop that
ever happening again are a lot nore rigorous, and
there's detail of a lot of that stuff in the
subm ssion that we did.

MR. SIEBER. kay. Thank you.

MR. M LLARD: As far as features to

enhance safety, we' ve got our | at chi ng snout nechani sm
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wi th additional safety | ock to nake sure that we can't
unintentionally or have an unsafe release fromthe
fuel channel to make sure RCA's integrity is always
mai nt ai ned.

We've got a lot of qualifications of our
controls and i nstrunmentationto nmake sureit functions
properly follow ng earthquakes, loss of cool ant
accidents or main steamline breaks.

W' ve got a seismcally and
environnental ly qualified energency water systemto
make sure we keep fuel cooling in the fueling nmachine
head when we' re of f channel for those bundl es to make
sure we don't get into the boil-off state.

And we've also got special baskets for
mai ntaining criticality because we've increased the
enri chment over past CANDUs. We've got to have nore
features in for criticality protection. So we' ve got
absorbing sleeves in all of our storage baskets and
t he sanme types of storage sl eeves of steel sleeves in
al | of our magazines in newfuel and spent fuel in the
fueling machine itself to make sure we have our
criticality as well.

| can't go through all of the safety
features, but in terms of the inadvertent release

features, we have got the snout to end fitting
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cl anpi ng mechanismitself, the protection in that.
W' ve got a safety lock which is totally passive in
its operation and it's engaged by channel pressure.
So operators can't override it to nake things go
W ong.

W' ve got these checks on the fueling
machi ne snout and the general end fitting prior to
renoval of the channel closure in the first place, to
make sure everything is okay.

W' ve got further interlocks on pressure
and status of the safety lock. W' ve got another
series of interlocks on the bridge drives and rel ated
brakes to make sure the bridge is | ocked into position
when we' re extending the pressure boundary.

We've got limted force of the carriage
drives as well to make sure that the carriage has got
t he m ni rum chance of doi ng any damage. W've got a
further check on partial channel blockage prior to
installing the channel closures so that we make sure
when we have fuel ed that we have fuel ed properly and
we haven't inadvertently started to bl ock the channel
in any way, and then we've got further checks for
integrity of the seal between the channel closure and
the end fitting before we uncl anp.

So we' ve got an excel |l ent safety record so
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far to do with fueling. W've got over 400 years of
operation with no accidents.

DR. FORD: That's really reactor years.

MR. M LLARD: Reactor years.

DR.  ROSEN: That's how nmany fuel
assenbl i es do you think you' ve actually transferred?
Probabl y hundreds of thousands?

MR. M LLARD: It's hundreds of thousands.
In the CANDU 6s alone it's 43,000 fueling cycles that
we' ve been through. That's channels refueled. So
over the other types of reactors, it's into the
hundreds of thousands. So we've got a huge body of
data to build on operational experience.

The CANDU 6 st ati ons i nproved on the all ey
stations on their safety performance as | alluded to,
and ACRis further built oninits design on the CANDU
6 stations with nore safety features and using a | ot
of data fromthe feedback systemto further optim ze
t he desi gn.

In ternms of the actual equipnent, 1"l
gi ve you a qui ck run-t hrough, showi ng you t he new f uel
storage that we go through into new fuel transfer
into the fueling machine itself with its head, its
carriage, its bridge, the catenaries, the fluid

systens that supply through the catenaries and the
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control systeminto the spent fuel transfer systemand
into spent fuel storage, both there and dry storage
because historically the CANDU pl ants t ake fuel out of
the pay when it's cooled enough and noves it into
| ong-term dry storage.

Basically new fuel starts in this secure
storage and is only noved into the transfer room as
required. So quantities arelimtedinthat area, and
as | said, we store the fuel with features to prevent
i nadvertent criticality evenin the worst conditions.

DR. ROSEN: And all fuel assenblies are
identical. Youdon't vary the enrichnents or anything
like that?

MR. M LLARD: Al of our normal fuel is
identical. The first |oad, as Peter tal ked about, is
slightly different, but subsequent to that, once
you're past that stage everything is the sane.

DR. ROSEN: So there's no chance of a m x-
up of a new bundl e or anything. They're all the sane.

MR. M LLARD: Yes. So then when the
contai nnent valve is closed, we inspect the fuel
before we put it in. W l|load it into the transfer
magazi ne, and then we close isolation valves and
transfer the fuel across through contai nment into the

fuel i ng machi ne head.
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This is a very rough schematic just
showi ng we' ve got this | oadi ng trough, a | oadi ng ram
i sol ati on val ve, the nagazi ne or isol ation val ues and
a transfer tube going through

| show you a nmuch nore cluttered picture
here froma CANDU 6 station. This is the magazine
here. The ramis here. The trough is underneath this
cover here, and these are sinple manual controls for
| ocal operation of the thing. W've also got this
hoi st here which is used. So the staff don't need to
pi ck up a bundl e by thensel ves. They' ve basi cal | y got
a grapple on the hoist that they use.

MR SIEBER A mmgazi ne.

DR FORD: And that's the ten ton --

DR. WALLIS: No, no, no. It's outside
cont ai nnent .

DR. FORD: Onh, okay.

VR. M LLARD: There's very little
capacity.

DR. FORD: This isn't the fueling machi ne
yet. This is this exact --

MR. M LLARD: No, this is just nuclear
transfer to get it in the first place and to get it
sonewher e where we can do our final inspectionto nake

sure t here has been no damage bet ween t he fuel storage
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and before it goes in.

The fueling machine itself, we've got the
head, which is a Cass 1 pressure vessel, which has
got a snout assenbly with drives in it to connect to
t he channel s and ports. It has got separators which
are fingers to both sense the novenment of things going
t hrough the snout and al so to provi de sonme separati on
notion so we can split apart fuel strings before we
retain nmagazi nes.

There's t he magazi ne whi ch hol ds fuel and
tools, and we have got a | atching ramassenbly which
is a conmpound ram whi ch noves the fuel and hardware
around.

Then there's a carriage that supports the
head and gi ves it | ocal notions, includingthe notions
onto the reactor face and back off.

There's the bridge which supports the
carriage and also is used to support inspection and
mai nt enance. It is used as a big lift basically
during a | ot of the shutdown inspections and initial
build of the reactor.

We've got the catenary system which is
for power and fluid systens, which is all redundant.
We' ve got the control systemw th view ng and safety

i nterl ocks, and we' ve got this process systemfor our
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pressure control and cooling to go between the
different pressure states on the reactor and | ower
pressure on the fuel transfer ports.

This is just a high level picture with a
ot of the walls cut away showi ng the tracks inside
t he mai nt enance | ock, the catenary itself, the fueling
machi ne head, the carriage, the bridge system here,
and the col ums which support the bridge.

This is an equivalent CANDU 6 fueling
machi ne which is a | ot nore conplex on the structure
on it because it uses all hydraulics to do with it.
So there's a lot of idle controls here instead of
el ectrical controls, but you can see i sol ation val ves
on the site of the fueling machi ne here. You can j ust
see the magazi ne in here. You can see the boundary of
it, and you can al nost see the snout there and see the
round (phonetic) here.

And then there's the catenary here with
fluidandelectrical connections goingacrossintothe
mai nt enance | ock. This is the shield door area where
the shield door being out of the view on this site,
and you can see the shield cabinets here with just a
smal |l bit of end fitting sticking out.

DR. WALLIS: Now, this refuel operation,

does the operator just sort of do sonething to
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initiate it and then all of the sequence of events
occur automatically or does the operator have to
initiate each one of themin sequence or what?

MR. M LLARD: Certain sequences happen
automatically, but there are certain safety critica
ones which where a pause is forced, and in nany
i nstances the reactor operator has to conme i n and say,
yes, it's okay to, for instance --

DR WALLI'S: To nove on.

MR. M LLARD: -- reach the pressure
boundary and, yes, it's okay to start noving fuel
t hrough the core. So the reactor operator knows at
that time so if there is a reactivity transient, he
can see it. He can see the things happening.

Soit's basically under the control of the
reactor operator with the automatic sequences j ust
bei ng used to give nore consistency between them

DR. ROSEN: I's t here const ant
communi cation in the control room between the
operating staff and the fueling staff?

MR. M LLARD: vyes.

DR. ROSEN. Wiere the fueling staff says,
“"Now, we're going to | atch onto so-and-so and so-and-
so"?

MR. M LLARD: Yes.
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DR. ROSEN: And the plant operators

outside the fueling staff say, "Yes, | understand.”
MR. M LLARD: You can do it.
DR. ROSEN: "If you're goingtolatch onto
so-and-so, please go ahead."
And the other guy says --

MR. M LLARD: Yes.

DR. ROSEN. -- "Roger that. 1'mgoing to
go ahead."

MR. MLLARD: Yes. |It's very much under
t he control of the main operator, as I'll showyou in

a picture we've got later. They are basically side by
side in the control room

DR. ROSEN: So it's not -- although it's
in the same room it's not proceeding like it's
separate fromthe main operation.

MR. M LLARD: No.

DR. ROSEN: It is the operation of the
station.

MR. M LLARD: Yeah.

DR. ROSEN: It's what the stationis doing
t hen.

MR. M LLARD: Yes, and it's basically the
station is always under control of the main operator

and the fuel handl er.
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This is just a cut-away view of the ACR
fueling machine head to nake it slightly easier to see
t he magazi ne here with its tubes, which al so provi des

for criticality protection and the ram sticking out

t he back.

And this is the ram

DR. ROSEN: Are these matters just good
practice , what we just discussed, or are they

required by regulation? The formal conmuunications
and t he control of these mani pul ati ons. How deep does
that go in your regulatory schene?

MR MLLARD. |'mnot actually sure how
deep that goes. | knowthere's alot of sign-off, and
| know the qualification of the operators includes
control of that, but I'm not sure where it's
enshri ned.

DR. ROSEN: See, what |I'mgetting at is
these are reactivity mani pul ati ons.

MR, M LLARD: Yes.

DR. ROSEN: And t hey get t he hi ghest | evel
of attention in our system

MR, M LLARD: Yes.

DR. ROSEN: But they are clearly of a
di fferent kind than we have, but they are

fundanental |y change in delta K, and t hat nmeans ri gi d,
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riveted attention on it.

MR, M LLARD: Yes.

MR. SNELL: Let ne give you a sonewhat
i nconpl ete answer to your question -- Victor Snel
again -- because a lot of this goes over into
operating utilities.

The way it works in Canada, an operating
utility has to prepare operating policies and
procedures and submt those to the regul atory agency
for review and approval before they can operate and
become part of the plant |icense, and t hose woul d have
to describe the responsibilities of the various
operators in the control room

| believe what Jullian is saying is
correct, but I think to be 100 percent sure, you need
to actually | ook at what a particular utility does.
So the way the regul ation is done is through approval
of the operating policies and principles that a
utility submits to our CNSC

Once they're approved, they're bound to
them and they would describe the relationship that
Jullian is describing.

DR. ROSEN: And those policies would then
be enbodied in practices which are procedures.

VR, SNELL: Well, they're part of the
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Iicense, and they would be --

DR. ROSEN. And then they becone part of
the |icense which they are required to foll ow

MR SNELL: That's correct.

DR. ROSEN. And so any inspector could
cone in and see if they're follow ng at any tine.

MR. M LLARD: And they basically have
adm ni strative | ogs and conputer logs in the fueling
machi ne systens showi ng all of the operations of the
pl ant .

The spent fuel port inthe maintenance | og
al so i s an extensi on of | ocal pressure boundary there,
and basically we transfer a strai ght through into the
bay in water. So for ACRit's waterborne transit al
the way. So there's no cooling issue at all in that.

And as was tal ked about earlier, we're
goi ng straight into baskets as part of that process,
nmoving the fuel from horizontal into the vertica
position so we can store the fuel in basically a
| arger --

DR. ROSEN: How can you do that? | mean,
you can't -- grabbing it with a tool or anything, it
has got to have sone sort of an up ender that goes
like that doesn't it?

MR. M LLARD: The current plants have got
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arelatively sinple up ender. W'restill actually in
detai |l design of our ACR equi val ent because as part of
that we have to drop it down into a solid tube. In
t he current ones they can go upright, and they're only
going into a partial tube in the dry store baskets
whereas we have to go into a solid tube, but we have
to do it very gently.

So we don't have all of the detailed
design of that sorted out just now.

DR. ROSEN: But inthe current plantsit's
some kind of tray into which this bundle is pushed,
and then it's pinned at one end presumably in a
hydraul i c arrangenent or a check drive that pulls it
upri ght.

MR. M LLARD: That pulls it upright.

MR, LEITCH Jullian, if I'mgetting the
picture correctly, there are really two fueling
machi nes, one in each end.

MR, M LLARD: Yes.

MR. LEI TCH: Now, when you're di scharging
the fuel versus inserting new fuel, do you have to
change the positions of those machines or the one
machi ne can serve both functions?

MR. M LLARD: Each nmachi ne can serve both

functi ons.
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MR LEITCH  Okay.

MR. M LLARD: Many of theutilitiestryto
do on a single day everything all in one direction,
whi ch our physi cs col | eagues don't al ways cooper at e on
t hat .

MR. LEITCH  So there's no detrinental
effect then with running for a day or sowith only ten
bundl es instead of twelve in that particular tube?

MR. M LLARD: No. W always take out and
put in one channel at a tine.

MR LEITCH  Okay.

MR. MLLARD: We don't run the machines
i ndependent|y.

MR LEITCH  Okay.

MR. M LLARD: We do take out and put in at
the sane tinme. So we always keep 12 bundl es.

MR. SIEBER  You actually have 14 during
t hat operati on.

MR. M LLARD: On CANDU 6 they end up with
nore, but for ACR we don't.

MR. SIEBER. Onh, really?

MR. M LLARD: Because the enriched fuel we
t ake out before we put back.

MR. SIEBER. Ckay.

MR MLLARD: Soit's a maxi nrumof 12 for
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ACR.

MR. SI EBER: But once you get outside the
noderator area, other than the difficulty of making
the calculations, you're pretty nuch guaranteed
criticality.

MR. M LLARD: yes.

MR LEITCH: Now, |'m picturing the
machi ne on one end getting out of kilter with the
machi ne on the other end. Is that possible or is
there some kind of interlocks other than just
adm nistrative to prevent that from occurring?

MR. S| EBER They're both in the same
t ube.

MR. M LLARD: They're controlled fromthe
sane control roomw th redundant controls, and there
are usually two fuel handling operators watching to
maki ng sure that you're on the right place with al so
camera views from both ends, which show you which
channel you're on.

And there's a TV nonitor apart fromj ust
being on the control panel in front of the fuel
handl i ng operator. There's a bigger nonitor higher up
so other people in the control roomcan see are they
getting out of kilter.

It's nore an econom c penalty if they did
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get out of kilter because of the reactivity change
from one channel is relatively snall So you're
just --

DR. ROSEN. What do you nmean by "out of
kilter"?

MR. M LLARD: Instead of being one
channel, if someone tried to put new fuel into one
channel while taking fuel out of another channel, for
i nstance, adjacent channels.

DR. ROSEN. Well, it wouldn't work, right?
| mean the channel that you were trying to put it in,
there woul dn't be any room

MR. SIEBER: You woul d have to push hard.

MR. M LLARD: The fuel would go into the
channel, but it wouldn't go into the core area, and
then the shield plug woul dn't go back into place. It
woul d be basically just drop out, but it doesn't have
enough force to do any danmage.

DR. ROSEN: Now, on the other end you
coul d take sonme bundl es out and not replace them

MR. SIEBER  And you could forget about

MR. M LLARD: Yes.
MR. SIEBER  You could forget about it,

and that would be --
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DR. ROSEN: But that would just be an

econom c penalty.

MR. SIEBER:. Well, to achieve 100 percent
power you've got to raise the power somepl ace el se so
you end up with a --

MR. M LLARD: But | gather our physics
people would rather we didn't operate with enpty
channel s or partial enpty channels.

MR. SIEBER:  Yeah, right.

DR. ROSEN:. The physics people are really
in charge of this operation.

MR, M LLARD: Yes.

DR. ROSEN: They gi ve you a fueling order,
| assume of sone kind.

MR, M LLARD: Yes.

DR. ROSEN. A written docunent that says
or a conputer docunent that says, "Do this."

MR. MLLARD: "Do this."

DR. ROSEN: And then the nmai n control room
chief, the unit op. station manager, or the shift
manager says, "Okay. This looks like a valid order
from the right people; seens reasonable to ne, and
we'll dothis,” and he gives it to the fueling people.

MR. M LLARD: Yeah, and then he watches

themdo it.
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DR. ROSEN: So there's a chain of command
her e.

MR. M LLARD: | know, and he al so wat ches
them doing it at key stages to nmake sure they're
opening the right channels. So there are |evels of
checks and bal ances to make sure you don't start doi ng
it on different channels.

MR. LEITCH Earlier youtal ked about this
operati on proceedi ng perhaps four days a week. |Is
t hat four around-the-clock days or is it donein four
or five hours a shift?

MR. MLLARD: Mst of the plants do it
during a day shift. They have two days of fueling, a
day of maintenance, two days of fueling. Bruce
operates nore -- the Darlington stations just now
operate around the clock, but they are | arger cores,
and they have nore flexibility in their nmaintenance,
but for ACR we'd be foll ow ng CANDU 6 Pickering type
practice.

DR. ROSEN: G ahamls question is an
interesting and useful one, and | don't think | got
the answer | expected. For that day that they're
refueling, do they work a 24-hour day?

MR. M LLARD: No.

DR. ROSEN: How many hours during the day
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of the day that they're actually working?

MR. M LLARD: From nmenory, we need to
check, but | think it's around about four hours of
actual operation. | would need to dig back through
some of our operational stuff.

DR, ROSEN: So on a fueling day of 24
hours, they only are actually noving fuel for four
hours of that 24.

MR. M LLARD: Yeah. Yeah, because you
don't get a full seven and a half hour shift of actual
operating time in the breaks and the tine going to and
fromthe control room

DR. ROSEN: And there's plenty of tinme to
take your tine is the other tine I'"'minterested in.

MR, M LLARD: Yes.

DR. ROSEN: This operation, while it nust
proceed, can proceed in an orderly manner.

MR, M LLARD: Yes.

DR ROSEN:. A neasured pace.

MR. MLLARD: Yeah, and if you don't do
t hi ngs one day there's enough reactivity control that
you can do it in the next. So you ve got nultiple
days of what's normally referred to as shimthat you
can use up if you want to, if you don't fuel for any

reason.
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MR. S| EBER VWhat's the burn-up in

nmegawatt days per netric ton of the typical spent
bundl e?

MR. M LLARD: For ACR, Peter can probably
confirm but | think it's 20.5.

MR. CHAN: About 20.5 or 20,500 negawatt
day per ton, sonmewhere.

MR. SIEBER: Thank you.

MR. M LLARD: And typically a lot of our
stations use dry store nore for econom c reasons for
taking the fuel out of the fuel bay for a certain
peri od.

The spent fuel transfer basically is done
under wat er wi t h cont ai nnent val ves using fl owto nove
t he fuel across so that we've got very gentl e novenent
with a series of containnent val ves.

And t hen we nove i nto these baskets which
are stored in racks. The exact shape of sone of this
basket structureis currently the optim zed in detail
design. So you may see sone changes as the years go
on in the process of the application, well, over the
next year before the ACD subni ssion goes in.

MR. SIEBER. Is there any reason why you
chose to put a hat shaped basket in a rectangul ar

sl ot ?
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MR. MLLARD: This picture is actually

quite ol d. | think it was done originally for
sinplicity of the seismc support or for the basket,
for some particularly high seismc zone areas.

MR. SIEBER. Thank you.

MR. M LLARD: The fuel handling operators,
basi cal |y the seni or nucl ear operator is in control.
He's got to gi ve approval when we're cl anpi ng onto t he
channel , when we take the channel closures out, when
we're noving or transferring the fuel, or when there
are any manual operations going in there, when they
di vert from sequences for any reason

DR. ROSEN: s your senior nuclear
operator equival ent to our senior reactor operator or
a unit supervisor or shift supervisor? Wy is his
equi val ent here? Do you know? 1|s he the top guy on
the shift, the highest |evel or the next highest?

MR. MLLARD: |I'mfar fromthe expert on

the operator. Stephen, do you?

MR YU. | believe they're equivalent.
DR ROSEN: | didn't understand.
MR. YU | believethe two are equival ent.

DR. ROSEN: Seni or nucl ear operator isthe
sane as senior reactor operator in the U S. ?

MR YU In US., yes.
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MR. M LLARD: Yes. And fuel handling

panel operators. There's afairly rigorous programof
about 18 nonths before they can actual |y do anyt hi ng,
and even then they're under the control of soneone
el se.

This is a view of the control room from
Q nshan showi ng the central table and the panels for
the main reactor control, but show ng the fuel panel
on one site. Basically it is split down the mddle
here with one site being for one fueling machi ne and
the other side for the other fueling machine, and
there's a back-up TV screen at the top here.

Sone of the plants have actually put in
bi gger displays to give a better view of what's goi ng
on.

MR. LEI TCH: So there's no conflict
bet ween fueling and normal reactor operations? For
exanple, if the plant trips while this, there may be
di stractions, but there's norestraint withregardto
doing it.

MR. M LLARD: Well, no. Basi cal | y
everyt hi ng happens as it normal |y woul d. The reactor
operator is in control of it all.

DR. ROSEN. \What do you nmean it happens as

it normally would? They continue fueling or --
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MR. M LLARD: No. Fueling stops. Fueling

stops. |If they haven't taken a cl osure plug out, they
woul dn't take it out, and if anything, they would try
and get the fueling machine off and clear. |If the
fueling machine is inoperation, they would stop until
a safe tinme, until they're told to bottle up that
channel and get the closure plug in.

MR. LEITCH Is the fuel nachine provided
with normal AC power or is there any ki nd of
ener gency power supply?

MR. M LLARD: Typically they have been run
off Class Ill. There's still a debate going on for
ACR readi ng through the U S. regulations if where we
will end up, and so |'mnot quite sure where we are,
if we've deviated yet on that.

So t he fuel handl i ng operators fol |l owmany
practices to guard against errors. They never start
fueling unless they' ve got full increnent redundancy
avai l able on the redundancy inside the fueling
equi pnent. They never performoperations ontheir RAD
until they have been tested first and rehearsed, and
there's a high enphasis on human performance and
qualification with automati on used for consistency,
and we' ve got extensive software checks and software

interlocks to dowth the automati on, and i ndependent
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and separate interlocks on hardware to nmake sure
t hings aren't done w ong.

Now, the maintenance is done on Iline.
W' ve got full redundancy in everything. W' ve got a
predictive preventive mai ntenance program goi ng on,
and there's a fuel em ssion maintenance area outside
that is wused for all of this naintenance. So
basically there are no schedul ed outages for fueling
pur poses. It's all for maintenance of the other
equi pnent because t he fuel handl i ng equi pnent tends to
be used in outages for getting at the reactor phase.

So the on power refueling capability of

ACR reactors conpletely splits us from fueling

requi rements on our outages. It gives us a |lot of
flexibility and safety margins. It gives us |oca
reactivity, renoval of defect fuel. W' ve got

conputer control and automation to mmke sure
everyt hi ng happens safely and wi t h opti numfuel usage,
and we've got defense in depth all the time wth
mul tiple barriers.

DR.  RANSOM When defective fuel 1is
det ected, what do you, renove the entire channel ?

MR M LLARD: On current stations they
renove the entire channel, but for ACR | suspect we

are going to end up taking out the individual bundles
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because of the different performance of fuel. Peter
coul d probably explain that better.

There's al so a bi gger econom ¢ penalty on
ACR t han on t he previ ous natural urani umCANDUs where
fuel is extremely cheap

DR. RANSOM You have a nethod, | guess,
for finding out which bundle it is in the channel
t hat's | eaki ng?

MR. M LLARD: We start off by telling down
to the channel, and even in doing so because we know
the high stress title in the fuel, which is during
fueling shifts, we know pretty well which bundle is
going to be because it will be one of the earlier
bundl es goi ng through the channel.

When we actual |y pul | the fuel out through
the fueling machine head, we have got detection
associ ated with the fueling machi ne head, and we can
al so see the drop on defect gases com ng through the
reactor cool ant systens itself, through measurenent in
t he headers.

So we can tell when the defect bundle
| eaves the core, as well as looking to see defect
bundles in the fueling machine itself.

And then we've got further diagnostics

goi ng through fuel transfer so that we can handle it
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appropri ately and make sure t he def ect gases don't get
into the bay.

DR. RANSOM Just out of curiosity, a
fuel i ng machi ne can t ake out nore bundl e at once, nore
t han one bundl e at once or --

MR. MLLARD: It nornally handles pairs.
It's capabl e of enptyi ng a conpl et e channel because it
enpties conplete channels during shutdowns for
i nspection of panels.

DR RANSOM And it also has sort of a
Gattling type cartilage, | guess, that you can | oad
t hem i nto?

MR. M LLARD: Yes, yes. So we designedto
t ake out a conplete channel in pairs.

MR. LEITCH | don't see any provision for
recycling a fuel bundle; is that correct, or did I
m ss sonething? Once it's out, it's out?

MR. SIEBER Right.

MR. MLLARD. Nornmally once it's out we
have got the ability to put shield plugs back and
forth between it, but the fuel staff don't want us to
put fuel back

CHAI RVAN KRESS: |s all of your spent fuel
storage on site at every reactor? | nean, you don't

have a central storage at Yucca Muntain?
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MR M LLARD: No, we don't have the

equi val ent of a Yucca Mountain. Each station up to
now has been taking care of their own stuff. The
multiple unit stations have got central facilities
associated with those nmultiple unit stations.

So, for instance, the Bruce site has got
one dry store facility, as has the Pickering site.

CHAI RVAN KRESS: Are those essentially
like the dry storage units?

MR. M LLARD: Yeah, and al so Pi ckeri ng has
got sone centralized bays where it can nove things
out .

CHAI RVAN KRESS: | guess we' || now nove on
to the conputer code validati on adequacy.

MR Rl CHARDS: Yeah, |'m just going to
have a brief overview on our conputer codes and
val i dati on adequacy. |'Il start by tal ki ng about our
sof tware qual ity assurance program SQA program talk
alittle bit about our validation nethodol ogy; then
tal k about what we call our industry standard tool set
and the key ACR conputer codes.

| can't concentrate on a range of codes.
So |'ve chosen thermal hydraulics as an exanple in ny
presentation. So l'll focus in on thermal hydraulics

|ater inthe presentation, and1'I| give sone exanpl es
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of CATHENA val i dation, whichis our thermal hydraulics

comput er code.

The software quality assurance program
that we operate wunder are under predefined QA
procedures and t hey' re based on t he Canadi an St andar ds
Associ ation, CSA, quality assurance of analytic,
scientific and design conputer prograns for nuclear
plants. That is N-286.7, published in '99.

And subsequent to this, ACL publishedits
own qual ity assurance manual which is conpliant with
the standard, and that was revised again in March
2001.

CHAI RVAN KRESS: When we tal k about QA and
validation of software here, the staff, NRC staff,
focuses very strongly on the process, howit is put
together and the specifications, rather than final
product, these standards here.

MR RI CHARDS: They're very process
driven. So if you look at |ike the design, you'l
start out with the problemdefinition. You'll have a
devel opnent plan, and you'll go through the stages
until you get to design and t hen codi ng, and t hen each
one of those will have a verification step

CHAI RMAN KRESS: Ckay. That's very mnuch

li ke what we do here.
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MR RI CHARDS: Yeah.

DR. APOSTOLAKIS: Well, but they do nore

t han we do.

CHAI RVAN KRESS: Wl l, I'mwaiting for --
DR. APOSTOLAKIS: | believe you use sone
formal | anguage. At least for Darlington, the

specifications are fornulated in ternms of fornal
| anguage; is that correct?

MR. RI CHARDS: For the conputer prograns
we use for safety and licensing analysis, it's done
under the standard. Now, Darlington, the OPG Ontario
Power Generation, they' ve devel oped a manual simlar
to what we have, and it is quite detailed, quite
prescriptive onthe things that you have to do t hrough
t he sof tware devel opnment cycl e and the docunent ati on
you nust have in place for the user.

MR LANGVAN: Excuse me, Dave. Vi nce
Langman, ACR

| think what you're referring to is the
safety critical software work that Darlington does,
and that is a very algebraic, formal verification.

DR. APCSTOLAKIS: Right, right.

MR. LANGVAN:  You know, you prove from
first principles that the code doesn't do anything

that it shouldn't do. We're tal king about safety
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anal ysis conmputer codes. So it is --

DR. APOSTOLAKI S: It's very different,
right.

MR. RICHARDS: So the way that we maintain
conpliance with our procedures is we verify it through
internal third party and regulatory audits.

DR. APOSTOLAKI S: Well, but why would it
be different? |If one nethod is very useful in one
area, why isn't it in another? This is just a
devel opnent of the code. It has nothing to do with
what the code does. So |I'mcurious why in the safety
critical area you do one thing and for thernal
hydraul i cs you do sonet hing el se.

Well, thermal hydraulics is, of course,
easy. So it's not --

(Laughter.)

MR, LANGVAN: No, no, but | think our
approach to verification and validation is very
simlar tothat inthe United States. For the safety
critical software work --

DR. APOSTOLAKI S: | thought you were doi ng

better than we were.

MR.  LANGVAN: Vell, maybe for safety
critical software. It is an algebraic and very
rigorous verification process that took for -- | was
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involved init a bit way back when. | nean, it took
probably 100 person-years to formally validate 3, 000
lines of code, and we generated piles of functional
tabl es that proved, you know, fromfirst principles
that the code was perfect.

But, you know, applying that, 1 think
system thermal hydraulic codes tend to be a little
| onger than 3,000 |ines, too.

MR S| EBER: Wll, we have the sane
situation of V&V requirenents under Reg. Cuide 1.182
are very stringent and require detail ed net hodol ogy,
but they apply to instrument and control codes,
protection codes as opposed to design codes.

MR. RI CHARDS: Yes, but what |I'mtal king
mainly here is analytic, scientific and design
comput er prograns. So progranms we use in safety and
I i censing anal ysis where we have to.

MR. SIEBER: Al ot of the validationthere
is based on test data.

MR. RI CHARDS: Yes, which I'l| be getting
intoinalittle bit.

MR. SIEBER Right.

MR. RI CHARDS: W thin Canada we have what
we cal |l industry standard tool set. | guess sone five

years ago we realized the formal qualification of
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safety and |icensing code. We recognized that it
woul d require significant i nvestment, and if we coul d
devel op a standard tool set, it would result in you
woul dn't have redundancies and inconsistencies if
undertaken separately by each organi zation

So the Canadian utilities and ACL wor ked
together to qualify a standard set of conputer codes.
We all agreed to neet the common processes of our
standard CSA N-286. 7, and we agreed to share effort on
code devel opnent qualification and support.

If we |look at key ACR computer codes, |
won't go through them all but essentially have
physics, panel, containnent, and fission product
transport, and severe core danage.

So I'll be talking about validation
nmet hodol ogy, and it applies to all of these codes, but
what | will do is I wll just use CATHENA as an
exanpl e, which is our systemthermal hydraulics code.

DR. APOSTOLAKI S: What does it stand for?

MR.  RI CHARDS: CATHENA is Canadi an
Al gorithm for Thermal Hydraulic Analysis.

MR SIEBER Not related to Athena
RI CHARDS: At hena, no.

Rl CHARDS: Par don ne?

5 33

WALLIS: What's the E for?
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MR. RICHARDS: Thermal, t-h-e.

DR. WALLIS: On, that's the thernal part.
Ckay.

MR. RICHARDS: Yeah, we just chose the
letters.

DR. WALLI S: So where does anal ysis start?

MR. Rl CHARDS: CATHENA, okay, code for
t hermal hydraul i c anal ysis.

DR. WALLIS: This is a non-analysis, and
that -- well, never m nd.

(Laughter.)

MR. Rl CHARDS: Canadi an al gorithm for
t hermal hydraulic analysis. Canadian, C, algorithm

A, T-HE thermal, T-H E-N, analysis.

DR. WALLIS: Nis a bit -- well, never
m nd.

CHAI RVAN KRESS: What's in a nane?

MR. RICHARDS: So the CATHENA nodel is a
nonequi | i bri um nodel, six equation. You have two

vel ocities, two tenperatures, two pressures, and you
can al so i nclude noncondensi bl es.

e have flow regi me dependent,
constitutive rel ations which couple w ththetwo-phase
nodel, and CATHENA can interface to other codes

through PVM |ike fuel behavior, plant control
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physi cs.

So one of the inportant things that the
code has to be able to do is to predict the behavior
in the CANDU channel, which could involve
stratification of the code.

CATHENA has quite a detail ed what we cal
solid heat transfer nodel

DR WALLIS: It's a one dinensional --
excuse nme -- it's just a one dinensional code
presumabl y?

MR. RICHARDS: It is a one dinensional
code, yeah, but when you | ook at the channel here,
it's |ike pseudo two di nensional that you can infer a
level in the stratified flow

So the heat transfer nodel will identify
if you are in the stratified flow where the level is
and which pins would be above that |evel and which
pins wuld be below that Ievel, and that wll
determ ne the heat transfer.

So you could have nultiple surfaces for
t hermal hydraulic code. You can nodel radial and
circunferential conduction, and as | nmenti oned bef or e,
you have to consider stratified flow. \When the --

DR.  RANSOM Does that stratification

nodel consider that boiling my be occurring in the
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liquid collapsed |ayer so that you have sone voids
bel owt he i nterface and per haps even entrai nnent above
the interface?

MR. RI CHARDS: W do have a nodel, a | evel
swel | (phonetic) nodel that's not normally used.

DR. RANSOM Not in atransverse direction
t hough?

MR. RI CHARDS: Yeah. No, the assunption
right nowis that the way the code is normally used is
that the bottomlayer is strictly Iiquid.

DR, WALLI S: Does it get into this
stratified node only during an accident or is it
running in this node?

MR. RI CHARDS: No, no. When you're under
normal operating conditions, the flow are some 20 to
30 kilogranms per second and vyou don't see
stratified --

DR WALLIS: You don't.

MR. RICHARDS: -- conditions. W have a
nunber of test prograns that denonstrated that.

MR. SIEBER: And you probably don't see a
| evel either.

MR. RICHARDS: well, you wouldn't see a
| evel, but you can always infer a level in that you

can | ook at the thin tenperatures.
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DR. RANSOM Well, what sort of void is

produced under normal operation? | thought that was
relatively small.

MR. RICHARDS: It is small, and that woul d
be in a m xed fl ow because of the flowrate. It would
be hi gh.

DR. ROSEN: So you don't really have a
level in this tube during all operations.

MR. RICHARDS: This is strictly under --
CATHENA is used for LOCA analysis mainly.

DR WALLIS: Dissolution conditions or --

MR. RI CHARDS: Under natural circulation.

DR. WALLI S: There's no questi on whi ch way
it wants to go and that sort of thing.

MR RI CHARDS: Yes. We can nodel the
def orned geonetry, the pressure tube. |'mtal ki ng now
of the code is used quite extensively for the CANDU 6
system and in that you can get deformation of the
pressure tube and cal andria tube, and that can be
nodel ed.

DR. RANSOM Is that from swelling, you
nmean, that the --

MR. RI CHARDS: During acci dent conditions
where you have the pressure tube heating up and you

still have pressure within the pressure tube. As |
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say, this is used mainly for existing CANDU anal ysi s
where you can have this type of thing happen.

Qur validation nmethodol ogy, we have what
we call a technical basis docunent, and then the
t echni cal basis docunent relates the safety concerns
t o phenonena governi ng behavi or during a phase of an
accident, a given accident, and then we have
val i dation matrices which relate phenonena to data
sets. There are validation matrices for the various
di sci plines.

So this is code i ndependent. For a given
code you woul d generate a validation plan before you
start any validation w thout code. You would then
conduct a nunber of validation exercises, and you
woul d summari ze those in a validation nmanual, and |'1|
tal k about thermal hydraulics as an exanpl e next.

DR, RANSOM One thing I'm kind of
interested in, the standard you tal ked about at first
in terns of the code satisfying those, there are
really two i ssues that come up. One is the code coded
correctly interns of it representing, you know, what
the anal ysts presuned it to represent, and then the
third one, of course, is whether that nodel fits data
or can be assessed.

But is there anything done to assure

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

241

correctness of the coding irrespective of the node
that it represents?

MR. RI CHARDS: The standard tal ks nostly
about the devel opment of software. It does say that
the qualification or the validation will take place
t hrough val i dati on process, and it doesn't say exactly
how you would do it. It just says that you wll
val idate your code. You'l |l nmke sure that it
represents reality.

This right here is what we've devel oped
wi thin our industry, and it gives a nore descriptive
way of doing it.

DR. RANSOM Are these all FORTRAN codes?

MR. RI CHARDS: Yes, the largest majority.

DR. RANSOM  And they conply with sone
standard version | woul d guess.

MR. Rl CHARDS: Mbst are done wi th FORTRAN
77, though we're novi ng somewhat to FORTRAN 90. They
woul d adhere to that, to those codi ng requirenents.

So once again, technical basis docunent,
we' re gi ven acci dent category, that this docunent will
identify the key safety concerns. The expected
phenonmena governing the behavior that evolves wth
time during identical phases of the accident. I t

establishes a technical relationship between the
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t echni cal disciplines, the safety concerns associ at ed
with the phase of an accident governing physical
phenonena, and the relevant validation matrices.

So just an exanple, thermal hydraulic
exanple, early in the LOCA you would expect great
di scharge charge characteristics and critical flowto
be a primary phenonenon. | think in your term nol ogy
it was a high ranking of inportance phenonenon,
whereas during ECC injection, you wuld have
guench/rewet characteristics as becomng a primary
phenonena or one of the high ranking inportance.

Val idation matrices, and |I'I1| be tal king
about one in the next few slides. | dentify and
descri be phenonena rel evant to the discipline. Rank
t he phenonena according to their inportance in the
acci dent phases, and that's consistent with the Pl RT-
i ke process, and it identifies data sets and cross
ref erenced phenonena, and |I'Il be tal king about the
type of data that you can use, separate effects
experinments, integral and/or scaled experinents,
anal ytical solutions for inter-code conparisons, and
it would include CANDU specific data and otherw se
i nt ernati onal

So this is just a sanple of the table

wher e al ong here we have what are phenonena, and |'ve
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only given ten. CQur thermal hydraulics validation
matrix has 23. | was doing the first ten, and then
across the top here, this is for an exi sti ng CANDU, by
the way. It's not for the ACR. A validation matrix
has been | argely devel oped for the ACR system but it
hasn't been finalized yet.

So we have the thernal hydraul i c
phenonena. W have the accident scenarios, and then
you identify the phenomena as either primary or of
hi gh i mportance, secondary i nportance, or having very
l[ittle inportance.

The second part of the validation matrix
| ooks at the data sets and the phenonena can be
validated. |It's in the data sets.

DR. RANSOM | didn't see counter current
flowlimting on there, and | thought that was a very
i mportant phenonena.

MR. Rl CHARDS: Yes, it is. It occurs
farther down in the |ist.

DR. RANSOM (On, really?

MR. RICHARDS: |'ve just given the first
ten. | had to sort of conpress this. There would
have had to be two nore slides to get it.

DR. RANSOM | thought that was quite an

important thing in the CANDU type reactor --
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MR RI CHARDS: Yes.

DR. RANSOM  -- because of these snall
t ubes, you know, feeding.

MR. RICHARDS: But if | did go down for
that, you would see for those, for each of these
acci dent scenarios, you would see --

DR. RANSOM It's judged to be even | esser
i mport ance.

MR. Rl CHARDS: These phenonena are not
ranked in order of inportance.

DR. RANSOM  Cnh, okay.

MR. RICHARDS: kay. "1l try to nove
along a little nore quickly. For experi nmental
dat abase we use for validating our codes -- and |'m
just tal king about thermal hydraulics -- we'll nake

use of quite a bit of international data: Edwards,
Mar vi ken, Christensen, Tess, and quite a few ot hers.
So we have gone through the literature, and we wl|
use what we can that is available internationally.

When we | ook at CANDU specific tests, we
can subdivide it into small scale experinents,
conponent experinents, integral experinents, and we do
have some CANDU pl ant transients.

And I'Il just note here that the majority

of existing data supporting current CANDUs can be used
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for validation of the ACR

Wiere we found gaps to exist, and it's
mai nly at higher pressures and tenperatures of the
ACR, new experiments have been conpleted and others
have been planned which we'll carry out.

DR. WALLIS: Don't you have sone speci al
phenonena | i ke natural circulationw th nmultiple tubes
that give rise to sone interesting things that you
don't get fromthis sort of background of data that's
avai | abl e? You have to do your own experinents.

MR. RICHARDS: Yes, we'll be getting to
that. So if we | ook at CANDU speci fic experinents, we
conducted quite al arge nunber. Floodingis inportant
in the feeder system downstream of an el bow in the
feeder system That's where the flooding will occur.
So we' ve conducted experinments to characterize that.

We've done experinments characterizing
pressure tube cal andriato heat transfer experinents;
hori zontal tube rewetting/refilling experinents; and
also pressure tube circunferential tenperature
di stribution experinents.

DR, WALLI S: These are all sort of
separate effects tests?

MR. RI CHARDS: Yeah, we call themseparate

effects, small scal e experinents, yeah. So you're
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just | ooking at one particular effect.

If you look at full scale experinents,
component experiments, we have test facilities that
can | ook at feeder refilling, channel stratification,
header studies, punp characterization, and end
fitting. There are specific facilities, and these are
generally full scale. They're not full scaled.

This is an exanple of --

DR. WALLIS: They are not full scale in
t he nunber of feeders, for instance.

MR. RICHARDS: No, but for instance, we
can look at this. This is the cold water injection
test facility. |1t has a CANDU typical channel here.
It has CANDU typical end fittings, and it has a feeder
systemthat is representative of what you woul d see in
an actual CANDU system

So the inlet and outlet headers woul d be
scaled, but in this you could | ook. You can devise
experiments where you can void the channel and
initiate refill and nmonitor the refill through the
system

DR. RANSOM |s that part of the Penol of f
(phonetic) facility?

MR. RICHARDS: No, this exists at Stern

Laboratories in Ham lton. This is just an exanpl e of
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a component test, and all of these are full scale.
Al'l that you're mssingistheinteraction betweenthe
channel s.

So then you go to RD-14M which is an
integral facility, and it has not as many channel s as
an actual CANDU, but it has ten channels. So this
facility has full elevation changes between nmjor
components and full venue di nensions of a CANDU t ype

system It has reactor typical heat and mass transfer

rates, ten full length electrically heated channels,
a total of 11 negawatts. That's a fairly large
facility.

It has simulation of all primary side
conmponents, end fittings, feeders, headers, and steam
generators, and in it you can generate full pressure
and tenperature conditions. That's for current CANDUs
and ACR.

And in here you do, in fact, see under
natural circulation that you do get interaction
bet ween the headers, and you can study it in this
facility.

DR.  RANSOM Now, is that the facility
bui | di ng, Penel on (phonetic).

MR. RICHARDS: Wiite Shell, vyes.

DR. RANSOM Yeah, Wiite Shell.
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VR. Rl CHARDS: Just sone exanple

val i dati ons of CATHENA, the type of validationthat we
perform and start wth the Mrviken test.
Essentially you have t he CATHENA cal cul at ed mass fl ow
rate, measured nass flowrate, and these are your data
points. So the discharge nodel does reasonably well
i n CATHENA.

And you go t hrough a range of conditi ons,
t op bl ow-down steam bottom bl ow down water.

These are some experinents that we
performed | ooking at the actual void in the RD 14M
channel, and the only way we could get the void with
t he accuracy we wanted and the tinme resol ution was to
use a neutron scatteroneter which we devel oped, which
actual ly looks right through the channel.

And in it you can see the experinment and
t he CATHENA prediction.

DR. WALLIS: And you don't have enough
flux or sonet hing to get good resol ution, whichis why
it junmps around so rnuch?

MR. RI CHARDS: Yes. Yeah, and wi th ganma,
i f you use a ganma densitoneter, the uncertai nty woul d
be --

DR. WALLIS: It's just the statistics of

the radi ati on.
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MR RI CHARDS: Yeah.

DR WALLIS: So that the void fraction
bi gger than one is sinply an artifact.

MR. RICHARDS: O |ess than zero, yeah.
It's wthin the air bounce.

DR WALLIS: That's interesting. Usually
it's the code that junps all over the place, but in
this case the code is very --

MR. RICHARDS: Well, no. It turns out if
you |l ook at it, the code is just |ooking at voiding,
and essentially we have in the channel, we have 12
nodes. So it would be over a .5 neter. So you
woul dn't expect things to happen, voiding to happen
that quickly. Oher things, perhaps, condensation,
but as for voiding, during this you have essentially
bl ow down. You' Il have enptying of the channel,
flashing. Those phenomena are not -- well, we see
this as being snooth and with the ot her cal cul ati ons.
We get condensation with the deal.

DR RANSOM Data is fromthe RD 14?

MR RICHARDS: RD- 14M yes.

This is a natural test in a CANDU 6 punp
where they tripped one punp, and they |ooked at --
t hey neasured the run-down speed, and again, we can

simul ate that with CATHENA and get quite reasonable
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resul ts.

So just in conclusion, we use a range of
CODES i n our ACR anal ysis, and they are devel oped and
qual i fied under a formal SQA program |[|'ve tal ked a
little about the validation nmethodology. |'ve used
t hermal hydraulics and CATHENA as an exanple. The
sane is true for the other codes that | showed in an
earlier slide, and we do have quite a bit of
experimental information to use in our validation.

That's essentially it.

DR. WALLIS: There was a question of how
much do you need in terns of data in order to answer
t he questions you're asking. It always seens to be a
very judgnental thing.

MR. Rl CHARDS: At the end of the
val i dation, our QA procedure says that the anal yst
shoul d | ook at it and the analysts at |east will say,
"Are we getting nost of these" or "was the validation
successful or are there serious gaps?"

And if there are serious gaps, they're
noted and we will try to |look to other experinents.

DR. WALLIS: ldeally you' d like your data
to tell you what the uncertainties are that you're
going to put into sonething like that. A code, which

eventual ly affects the PRA in sone methodical way.
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You probably aren't that far al ong.

MR. RI CHARDS: The validation, | believe
you can use the validation of the code to get that
uncertainty. For alot of the validation, at |east in
t he t hermal hydraulics code, we do | ook at -- thereis
a portion of the validationthat | ooks at uncertainty.
We | ook at how does, for instance, if you alter the
heat transfer coefficient within the range of its
uncertainty, how does it affect this variable you're
| ooki ng at.

So we are on our way towards it.

DR. WALLIS: Maybe at some tinme we'l| have
a smaller group of us look at that in sonme detail
perhaps, if we get that far. A year or two?

CHAIl RVAN KRESS: At thistinme, I'dliketo
note that we're so far behind that we've decided to
post pone the discussion on the fuel design and the
di scussi on on PRA net hodol ogy to sone |ater neeting
yet to be schedul ed.

And at this tinme, before we get to the NRC
staff presentation, which will be the next on the
agenda, | would like to take about a 15 m nute break.

DR. APOSTOLAKIS: Are we going to receive
any docunents of the actual PRA before we have that

neeti ng?
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CHAl RMAN KRESS: | would like to have it

bef ore we have the neeting, yes.

DR. APOSTOLAKI S: Are there any plans for
us to receive anything?

CHAI RVAN KRESS: There are slides in here
on the overvi ew of the PRA

DR. APCSTOLAKIS: Yeah, | know, but it's
j ust met hodol ogy, a high | evel discussion.

CHAI RVAN KRESS: Yeabh.

M5. SCSA: Today you will hear fromthe
NRC st af f on PRA and what are t he pl ans and process as
for the pre-application review.

DR. APOSTOLAKI S: But you don't have it
yet. You don't have the docunent.

M5. SOSA: | guess to answer that question
| would refer to --

DR. APOSTOLAKIS: He said no already.

CHAI RVAN KRESS: But that would be a
docunment we would want before that next schedul ed
nmeet i ng.

DR APOSTOLAKI S:  Sorry?

CHAI RVAN  KRESS: W would want that
docunent before that next schedul ed neeting, George.

So let's take a 15 m nute break.

(Wher eupon, the foregoing matter went off
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the record at 2:56 p.m and went back on

the record at 3:17 p.m)

CHAI RMAN KRESS: | forgot we are also
putting off the discussion on the negative void
reactivity coefficient until a later tine also.

Sowe're goingtonove at thistinme tothe
NRC staff presentation, and I'll ask Laura Dudes to
i ntroduce us to that.

M5. DUDES: Well, first 1'd just like to
say what a fantastic neeting this has been so far.
| think we really appreciate the enthusiasmto which
we have approached this topic. | think it's
consistent with the Comm ssion's advanced reactor
policy statenment and a | ot of these questions, which
| think they envisioned us engagi ng vendors early on
t hese chal | engi ng i ssues and new t echnol ogy.

As AECL has presented to us in one of
their first slides, they may have over 50 years of
oper ati ng R&D experience, but alot of this technol ogy
is new to us, and so we're still in a heavy
guesti oni ng node.

The two proj ect managers, Bel kys Sosa and
JimKim are going to lead off this presentation, and
then we al so have several of our technical staff to

speak with you this afternoon.
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As | said, AECL has about 50 years of R&D.

The staff has had a few nonths. So they're going to
be talking to you about their approach to their
technical review, howthey're goingtotry and ferret
out regulatory and policy issues, and |I'm not sure
where we'll be in level of detail, but hopefully we
can get sone insights on what you think of our
approach to the project.

Bel kys.

DR, WALLI S: Could you give us any
prelimnary sort of insights or concl usions?

M5. DUDES: | don't think we're going to
be at that | evel of detail today. However, fromthis
neeting | knowwe'll all be together several occasions
in the near future.

MR. SIEBER. Well, maybe we could ask a
sim |l ar question. Are there sone real hard spots that
the staff is concerned about? If so, what are they?

M5. SOSA: Good afternoon. " m Bel kys
Sosa.

DR. WALLIS: The other question is: have
you done any real work yet?

(Laughter.)

IVS. SOSA: Before | get to ny

presentation, 1'dlike to address a fewcoments. The
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pre-applicationreviewingeneral ternmsis avoluntary
process. Alot of the issues, well, all of the issues
really are raised by the applicant, and the staff,
t hrough the pre-application review so far, Phase 1,
has been a famliarization phase, basically just
com ng up to speed, reading alot of the materi al that
has been submtted, attending neetings, devel oping
RAl's, that sort of thing.

Phase 2, whichis what we're currently in,
it's really the beginning of the review process, and
as we said many tinmes today, pre-application is not
going to close out or resolve the issues that we've
seen today. These are not easy things. This is
basically all of the difference that this design has
in conparison to what we nornmally see in the --

DR. WALLIS: But you have devel oped RAI s?

M5. SOSA: They have devel oped RAIs in
t hermal hydraulics, in neutronics,

DR. WALLIS: Have they got any answers?

M5. SOSA:  -- PRA

You will hear from the staff on the
i ssues, the key focus topics. So | would --

DR WALLIS: So we will hear on that.

M5. SOSA:  Yes.

DR WALLIS: Ckay.
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MS. SOSA: You will hear fromthe staff,

and in sone cases their reviewis nore advanced than
others. It depends on the issues. So please bear
with us.

Today we're here for information nostly.
We're not ready to present results or even specul ate
on what the issues are at this point. Everybody has
i deas, but we're not there yet. So please bear with
us. There will be other subconm ttee neetings where
we would get into a lot of the details, and I'msure
all of the inportant stuff will conme up.

VWat |I'd like to request from the
conmttee is to give us feedback on our process and
what the planis for pre-application review, and al so
this is big picture. W don't want to forget the
ultimate goal, which is the signed certification.
Even though by Septenber of this year, we wll be
devel opi ng what we call the safety assessnent report,
which is the deliverable that the NRC wll be
providing to AECL. This wll include the
identification of the technical issues that have been
identified on this pre-application review, policy
i ssues, regulatory issues, the schedule, and the
resource estimates.

But, again, it will not bring to closure
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as far as a safety evaluation, but will sinply be a
snap picture in time, and hopefully w Il provide
val uabl e feedback to the applicant. W believe so.

Well, let ne gotony slides, and | won't
go through all of them "1l try to be brief. I
think that you' ve heard a | ot of these points already
from AECL and ot hers.

Because the ACR-700 is a unique design,
there are unique features, and the approach and
criteriato be appliedin a designreviewis goingto
be different in sonme cases to that of conventi onal
live water reactors. Their revieww || identify where
new staff positions, regulations and regulatory
guidance is needed to address the unique
characteristics of the design

For instance, pressure tubes --

DR. APOSTOLAKI S: What does t hat nean, new
regul atory gui dance? That may take a long tine.

M5. SOSA: Well, we may find that out.
It's not necessarily clear. Like |l said, inalot of
t hese issues, for the key focus topics you will hear
fromthe staff today on what their plan is.

DR. APOSTOLAKIS: So is it possible you
wi |l say we cannot certify this desi gn because we need

three new rul es? |l nmean, | don't understand
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because that --

M5. SOSA: They have brai nstormnmed on t hat
issue, and in particular for the Class | pressure
boundari es one of the nost critical areas that we're
| ooking at for this topic, and you will hear fromthem
on the best approach that they have so far, and there
are many ways to do it, but they figure out a way
where we can do this relatively within the tine frame
that it will be the best solution, if you will.

So | woul d ask you to pl ease wait until --

MR. FLACK: Yeah, excuse nme, George. Part
of the purpose of the pre-application reviewis to
flesh out any policy issues ahead of tinme wthout
waiting for the design certification process to take
place. So alot of it is to look at what's different
with this plant and howwe woul d go into the |icensing
design certification with this plant and then raise
those up as policy issues if we see differences or
di screpanci es between the two.

So it's really a fundanental purpose of
t he pre-application review

CHAI RMAN KRESS: Well, let nme ask you a
speci fic question about that. | gathered from what
|"ve heard so far that their LOCA thermal hydraulic

anal ysis is sonewhat akin to Appendix K, but | would
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be surprised if they' re using the Mody blow down
nodel , and | would be surprised if they're using the
decay heat curve that we specify in Appendix K

VWhat will you do about things |ike that?

M5. SOSA: Well, today you will hear from
Walt Jensen. He's the |l ead on the thermal hydraulics
review, and if you like an answer now, | can ask him
to get up.

CHAI RMAN KRESS: No, no, no.

M5. SOSA: You can wait. Thank you.

DR. APOCSTOLAKI S: But we can ask the

Canadians to pay for our changing our regulatory

structure.

CHAI RVAN KRESS: That would be a good
deal .

DR. APOSTOLAKIS: That would be a good
deal .

(Laughter.)

CHAI RVAN KRESS: Maybe we coul d use their
FC curves.

DR. WALLIS: But all of the presentations
seemt o be about things you' re goingto do, and that's
so obvious. Read all docunents and thi nk about them
What are you going to tell us?

M5. SOSA: Well, (pause) --
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M5. DUDES: Part of the things and the

reason why we' re here today -- excuse ne, Bel kys -- is
totell youandto actually get to Mnsites (phoneti c)
because as | think you see here, we're going to have
regul atory infrastructureissues. W' re goingto have
policy issues.

Part of the reviewis to identify them
develop a plan to get those to the Comm ssion, and
again, yeah, we may find in this pre-application
review that we will need additional infrastructure,
regul atory infrastructure, or policy decisions, and
our plan here at the subcommittee is to present this
approach and get insights for particular topics, if
you have insights on which way we shoul d be | eaning
and devel opi ng these policy or infrastructure needs.

M5. SOSA: Thanks, Laura.

In the application of exhibit regul ation
and guidelines, the staff may need to interpret
gui dance developed for Ilive water reactors for
application to non-live water reactor concepts.

CHAI RVAN KRESS: Now, you're doingthis as
a non- LVWR?

M5. SOSA: No. |'msaying that there are
certain areas that are not --

CHAl RVAN KRESS: Not applicable or can't
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do.
M5. SOSA: Exactly.
CHAl RVAN KRESS: But still it's an LWR
M5. SOSA: Yes, sir. Thank you.
DR WALLI S: Now, you way you have an
equi val ent | evel of safety. | thought that they were

trying to get a higher level of safety in these
advanced reactors.

M5. SOSA: Well, | would like to have --

DR WALLIS: It'suptoyoutofigure that
out. It's your regul ations.

M5. SOSA: Well, at this point it's --
what | have on the slide is the equivalent |evel of
safety.

CHAI RMVAN KRESS: | gather fromthat that
you neant when you |ook at their analysis of the
design basis accidents, that they will have design
basi s accidents that are al nost equi val ent except for
ones that can rule out, and that they will neet the
regul ati ons we have on the books now for those.

M5. SOSA:  Yes.

DR WALLIS: Yeah.

CHAI RMVAN  KRESS: That's the way |
interpret that.

But the equival ent | evel of safety being
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greater will be that maybe they'|l| have nore margins,
and maybe they'll have a PRA that shows that --

DR. APOSTOLAKI S: But they don't have to.
The Comm ssion has expressed a w sh. They didn't
i ssue a regul ation.

CHAI RVAN KRESS: | think that's a pretty
strong deci si on.

DR. APOSTOLAKI S: But they already claim
that they have better core damage frequency and --

CHAI RMAN KRESS: Sure. | think they
probably do. Ckay.

M5. SCSA: Ckay. \What you have here is
t he focus topi cs that you heard about extensively this
norni ng, and the underlined itens are the key focus
t opi cs. As you see, |'ve added the fuel design
separately al ready, whichis what we've agreed so far.

And as far as the status, we' ve conpl et ed
Phase 1. We're nowin Phase 2, and this includes per
panel s, sone thermal hydraulics of neuron accidents
and neutronics, and youwill hear alittle bit of that
t oday.

DR. APOCSTOLAKIS: I'malittle confused as
to what the difference i s between pre-application and
application. | nean, it seens you're doi ng everyt hing

t hat you woul d be doi ng.
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M5. SOSA: That's a good questi on.

DR.  APOSTCOLAKI S: You call it safety
assessnment report as opposed to safety evaluation
report?

M5. SOSA: Yes. That's a good question,
and that was also a result of a |lot of discussions
with the staff. |In sonme areas it's not so sinple.
They don't have acceptance criteria that can readily
apply. So they feel a little reluctant to use the
sane safety evaluation report as normally. So they
felt confortable with the safety assessment report.

In our mnd it's a review, and it's the
sane type of review. It's not going to be anything
different. |In sone areas as far as when we're done
with pre-application, we will be alittle farther in
t he process than in others, but we see it as sonethi ng
that can easily be transitioned to the design
certification once the application comes in, and
that's the plan.

Today we're hoping to hear, to get sone
feedback on what you think of the plan and the
process.

CHAl RVAN KRESS: Wl |, to me, George, the
pre-application gives the applicant a signpost that

says, "How am |l going to go any further than this?"
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and it's the place for himto make that decision. You
know, if it were just in an application for
certification, youwouldn't have to figure out whento
do that. You could still do it. | think you can
wi t hdraw an application, but this gives thema point
to stop and | ook at things and deci de whether they're
going forward with this.

M5. SOSA: | think it was a very snart
deci sion of AECL to bringthis pre-applicationforward
when they did. It gives the staff an additional
period to |l ook at the issues and try to cone up with
a plan that woul d be useful, and al so t he mai n goal of
pre-application is to facilitate the ultimate design
certification review.

DR. APOCSTOLAKI S: So that woul d be a good
idea then for Gen-4 reactors, if they ever ask for
certification.

DR. WALLI S: Your product is a safety
anal ysis assessnent report?

M5. SOSA: ['"'m sorry? VWhat was the
guesti on?

DR, WALLI S: " m just wondering what a
safety assessnent report is.

CHAI RVAN KRESS: That's the end point of

Phase 2, right?
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DR. APOSTOLAKI S: She's saying it's the

same as SER

M5. SOSA:  Yes.

CHAI RMAN KRESS: It's not exactly an SER
because they don't have to have an SER

DR WALLIS: That's the product of the
pre-application review.

MS. SOSA: | have a slide here, and | et ne
goto that, that it has the main sections of what the
ultimate report is going to contain, and it's not
consi stent exactly with the safety eval uation report,
but it's along the sane lines. |It's substantial, we
feel, that this is what AECL really needs to have by
the end of Septenmber in order to --

DR. WALLIS: Is AECL going to respond to
their desired outconmes?

M5. SOSA: They stated in there these are
outcones; the word "acceptance" a lot, and we
struggled with that, and we told themthat we didn't
t hi nk that we coul d accept and give thema definitive
safety determnation by the end of pre-application.
That was not what we saw.

What we could give themis what we have
here. Essentially as far as the material that the

staff has been able to review and what has been
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submtted to date, that we could review that to the
extent that the guidance exists, and we woul d i dentify
technical issues that will require further data or
anal ysis, as well as identify the regul atory i ssues,
such as rules, rul emaking, or exenptions that wll
need to be resol ved; policy issues; and hopefully in
t he concl usi on we woul d gi ve thema di scussi on on the
feasibility of conpleting this review, as well as
provide themw th a schedul e and resource estimates.

Now, the schedule and resource estimte
would be to cover these focus topics, you know,
essentially 12/13 itens that you heard today. |t
won't be scheduling aresource estimate for the entire
design certification. Wew || givethemthat estimte
after we get a chance to review the application and
see what it |ooks I|ike.

There has been a | ot of concern fromthe
staff on, well, are they going to give it to us the
way we are used to looking at it. So we hear from
AECL, yes, you're going to get something that | ooks
the sanme, the sane type of format than what you're
accustoned to. So we feel confident that that's what
we'll get.

Now, Phase 2 of pre-application is

schedul ed to conpl ete on Septenber of this year. So
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we have an aggressive schedule. This is an
informational briefing. So please keep that in m nd
when you address the staff, and we'd love to get
f eedback today on what you think of our process and
our pl ans.

And that's all | have.

Ch, | believe there was a question on QA
that 1'd like to address before --

DR. WALLIS: It would be useful if you had
sone m | estones or somnething where you say what you
want to achieve by the end of Phase 2 instead of the
neeti ngs you' re going to have and what' s t he out put of
Phase 2? And what does it lead to? That would help
ne.

M5. SOSA: Yes. Kim the other PM w ||
be addressing the schedul e and hi ghlighting sonme of
the major mlestones that's schedul ed for the end of
the presentation. So he will summarize that.

DR, WALLIS: xay.

M5. SOSA: As far as the QA I'd like to
address the comment that was mmde earlier this
norning. QA is an area where we feel very confident.
In fact, we're actually doing nore than what the
applicant requested of us in their pre-application.

I n sone areas we' re exceedi ng t he scope of
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the pre-application, and we've told AECL this, and
they seemto be okay with that, and we are worKking
closely with our counterparts i nthe Canadi an Nucl ear
Saf ety Comm ssion, and they will be conducting audits
in parallel, and there is a lot of work currently
ongoi ng.

So we feel that that's one area where at
t he end of pre-application we will actually have nore
t han what the applicant requested.

DR. APOSTOLAKIS: WII the staff request
an ACRS letter at sone point?

MR S| EBER  Yes.

M5. SOSA: At sone point, yes, but not for
t he pre-application.

CHAI RMAN KRESS: Usual ly what we do,
usually, George, if we think there are showstoppers
that are not forced in either the staff presentation
or the things, we like to let themknow that. It's
not necessarily a letter. W can tell themverbally
in the meetings, but sometines we'll wite a letter
sayi ng, "Here are sonme ACRS areas of concern and we'd
like to hear nore about.” We'Ill do that sonetines.

But the real letter cones after we review
t he SER.

DR. APOSTOLAKI S: VWhi ch neans when we
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actually are --

CHAI RVAN KRESS: That's the one t hat says
we agree with the staff or we don't agree with the
staff.

DR. APOSTOLAKI S: But we wi || not eval uate
the safety assessment report because that's pre-
appl i cati on.

CHAI RVAN KRESS: Wl |, | think we can | ook
at that, yes, and give them feedback.

M5. SOSA: We have plans to provide a
draft safety assessnment report in July and conme back
to you for a full conmttee in Septenber, early
Septenber. So whether that requires a letter

CHAI RVAN KRESS: It depends on whet her we
t hi nk everythingis fine or whether we think there are
problens. W could have a letter then.

M5. SOSA: Now, we are also working with
your staff on arranging for subcommittee neetings on
several areas. Probably materials will be one. PRA
may be another. Thermal hydraulics. It's not clear
exactly what your needs are going to be, but you wil|
see nore of this.

DR. FORD: So your hope is that if you're
going to have an SER coming out in Septenber, that

before then, i.e., today you need us to flag to your
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prime stuff for doing these various sections, "Hey, |
want to see nore of this, this, this, and this in
July. "

Anything we're going to get in July, your
draft report in July, I want you to cover these itens.
|s that correct?

M5. SOSA: If you feel that that's
consi stent with the approach for pre-application and,
you know - -

DR. ROSEN: Let nme be sure | understand.
Did you say you wanted subcommittee neetings with a
PRA subcommi tt ee, material s and nmet al | ur gy
subcommi ttee?

M5. SOSA: That's what we're currently
pl anni ng.

DR. ROSEN: Wth Human Factors
Subcomi ttee perhaps? Wio knows what all?

M5. SOSA: Conmittee neetings we can fit
bet ween now and July.

CHAI RMVAN KRESS: W may conbi ne sone of

t hose.

M5. SOSA: It's sonmething that we need to
do.

DR.  ROSEN: But it's sonething that
really, infact, | think the suggestionis a good one.
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| mean, you're not going to get the | evel of detail ed
review that you need until you assenble those
subconmittees and give them enough material to dig
i nto.

M5. SOSA:  Yes.

DR. ROSEN:. And Ceorge's earlier comment
about the PRA, yeah, well, the RPA subconmttee wll
do a thorough reviewif it has a PRAto look at. If
it doesn't, well, it will just --

CHAI RVAN KRESS: Med and | ar e wor ki ng out
wi th Ji mLyons and the staff sonme sort of schedul e for
havi ng neetings. You know, we're having things in
mnd |like the next one mght be a physics and fuel
design, and then there m ght be a PRA conbined with
severe accident and alnost surely be a thernal
hydraul i c subcomittee.

DR, ROSEN:  Sure.

CHAI RVAN KRESS: And from there |I'm not
sure. Therew |l be a material s maybe, but that m ght
take five days or sonething.

DR.  APOCSTOLAKI S: But the rest of the
commttee has to agree on that.

CHAl RVMAN KRESS: Yeah, but that's about
the extent of it. You know, that's |ike four right

t her e.
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MS. SOSA: Yes.

CHAI RVAN KRESS: That may be it. We'll
have to review the SER. That's not com ng out until
next year sone tine.

M5. SOSA: No, no. This year.

CHAl RMAN KRESS: The SER?

M5. SOSA: This year. SAR

CHAl RVAN KRESS: Oh, SAR we'll review.

DR. ROSEN: We're going to have to be done
by July --

CHAl RVAN KRESS: We'll review the SAR

DR. ROSEN: -- with all t hose
subcommi tt ees.

M5. SOSA:  Yes.

DR. ROSEN. But give you the input you
need, and that neans we've got to get a lot of
information through the subconmttee chairmn and
menbers of the subconmttees before then.

CHAI RVAN KRESS: W won't have that many
subcomi ttees before July.

DR ROSEN: It's very exciting, a very
exciting time in which the ACRS will be devoting nost
of its attention to nothing but this.

DR. WALLI'S: But we're not going to do all

of the work. You guys have to conme up with sone
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results to us.

CHAlI RVAN KRESS: Yeah, we can't have t hese
nmeetings until they're ready for it.

M5. SOSA: That's right.

MR. FLACK: And this is John Fl ack agai n.

Just to add to that, it's al so | ooking at
our own i nfrastructure and what our needs are as wel | .
So it goes in two places.

CHAl RVAN KRESS: Yes, right.

M5. SOSA: Thank you.

At thistinel'dlike toturnit over to
M. Sullivan, and he will be addressing the first key
focus topic. That's the Cass | pressure boundary.

DR. ROSEN: Now, Ed, before you sit down,
let me just tell you I | ooked ahead on your slides,
and Slides 8 through 13 just repeat what we' ve al ready
heard, but in your district. So why don't you skipto
14 unless you think there's absolutely sonething
that's burning that needs to be said in the interest
of time. Fourteen is where you start tal king about
what the issues are.

MR. SULLIVAN: | would like to summari ze
what cones ahead of it though. | realize there's a
| ot of repetition, but --

DR. ROSEN:. There's plenty of repetition.
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MR. SULLIVAN. -- in our particul ar area,

whi ch may be different fromsone of the other reviews
which I think you'll see this afternoon, what we feel
that we need to do is see where this design, to the
extent that we have information on it, does not neet
our existing regul ations.

What regs. do we know are going to need
exenptions fromor sonet hing |like that, and what ot her
areas are we going to need, as Belkys said,
suppl enentary criteria, staff positions, requirenents,
what ever ?

It's not going to be our intent in the
pre-application reviewto try to resol ve the issues.
Qur intent is to try to point out to AECL where we
need addi tional informationin their application, and
to the extent we can, identify the kinds of things
t hey asked for, nanely, what m ght be a showst opper,
that sort of thing.

So with that introduction, |I'm probably
going to not be very helpful in Slides 14 and 15
because we're really not prepared to discuss themin
any depth. These are just issues that, to the extent
we' ve been able to famliarize ourselves with this
design, they're things that we want to look into

further.
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And you can ask questions, but 1'm not
sure we're going to be prepared to answer them There
are several people in the room that have been
assisting in this revi ew

DR. FORD: But if you |look at the list of
comments on 14 and 15, all of the potential issues,
they' re all absolutely bang on. You' ve hit the pin on
the head, but they all need nunmbers. W need, you
know, sone data, sonme prediction algorithms, some
consequences, interactions, andthat's all goingto be
done by July.

Is it going to be done by July?

MR, SULLIVAN: No, it's not. it's not
possi bl e. I'"'m not sure we even have enough
information to the review, and that's why | said a few
m nut es ago t hat one of the things that we're going to
need toidentify to AECL not just for pre-application,
but also for the application, is what additional
informati on we need to do the review

DR APOSTOLAKI S: But I'm a little
confused t hough, Peter. | nean, there have been | ots
of CANDUs around the world. There nust be a |ot of
data on these things and sone arguments from AECL.
It's not that they are starting from scratch.

So it could be done by July.
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MR.  SULLI VAN W don't have enough

resources to do it by July.

DR APOSTOLAKIS: Ah, that's different.

MR SULLI VAN And we don't have the
information in hand, and we haven't comruni cated yet
to AECL what additional information we need besides
the main report which they have, which is the
t echnol ogy of the fuel channels.

DR. ROSEN: These are technical issues, by
and large, but don't they have a border in sone
respects on policy issues and | egal i ssues? And don't
you have to bring in the OGC at some point?

MR. SULLIVAN: Yes, and that's one of the
things that Belkys was comunicating wth the
structure of the way the SAR is going to | ook. I
think in our area we may be identifying safety i ssues
that are also regulatory issues that nay require
policy direction.

DR. FORD: Forget the policy aspects for
the time being, inportant though they are. For
i nstance, sone of the changes that the applicant had
said they're going to make, thicker, thicker tubes,
changing the alloy, these are all in the right
direction, but it's qualitative. 1t doesn't tell you

what is the factor of inprovenent going to be to
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counteract the bad effect of increasing the pressure
and tenperature, for instance.

| nmean this is not a Nobel Prize w nning
exercise that has to be gone through. | nean, you
don't have to do years of research. You' ve just got
to look at the data and assess whether their case,
gual itative case -- can you put a nunber onit, onthe
fact of inprovement?

That' s their jobto do, to present to you.

MR SULLIVAN:. We also need to somehow
devel op acceptance criteriain order to evaluate this
information. | grant you |l think it nust exist and
some of it ACLis in the process of devel opi ng because
| knowthat they're doing additional researchin areas
where they've had to extend the application for the
ACR- 700 desi gn.

DR. FORD: So does it conme down to the
fact that you' ve got an agenda that by July of this
year you've got to come out with a draft, but there's
a whol e I ot of information you won't have; therefore,
you're going to have to sign off in a state of un-
know edge, if that's the right word?

DR. APOSTOLAKI S: They're not signing off
in July.

MR,  SULLI VAN: We're not signing off.
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We're trying to identify issues. W're not really
intending to resolve them That's for the --

DR APOSTOLAKIS: -- evaluation report.

MR, SULLI VAN: In other areas fromthe
staff, | think you'll see sone differences. In other
areas the staff is gettingintothe review They have
the criteriathey need to sonme extent or by and | arge.
" mnot sure. They'll have to answer that, and their
reviewis different fromthis one.

DR. ROSEN: And | woul d characterize what
you'll be trying to do this year as a best efforts
view, the best efforts to help AECL. If you conme up
with sonething else in Novenber of this year that's
not in your SAR, that's just the way it goes. |It's
not like there's any finality.

DR. FORD: So the way you are right this
instant, January whatever it is, you're foreseeing
that in July your report on these issues will be
sayi ng, "Hey, these are the issues."”

DR ROSEN. "That we see now. "

DR. FORD: "This is where | want to be in
a year's tinme," or whatever it is. "M. Licensee,
pl ease supply this data to ne."

DR. APOSTOLAKI S: Pl us certainissues have

been resol ved.
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DR. FORD: On, yes.

MR.  SULLI VAN W can also add in the
nmeantime we're going to be trying to interact and
provide information or docunentation needs, and so
forth. W're not going to wait wuntil July or
Septenber if we can identify information needs before
t hen.

DR FORD: Sure, sure. (ood.

DR WALLI S: But if you don't start
resol ving sone of these things, they're going to get
pretty despondent. |If all you do is keep asking for
i nformati on and say t hese are i ssues wi t hout resol vi ng
anyt hing, | woul d be pretty despondent as an appl i cant
and say, "Wen is anything going to end?"

CHAI RMAN KRESS: | think our experience
with the staff has been that when they do these
things, if their intentionis to resolve the issues,
they' Il get there depending on the resources.

DR. WALLIS: | would think you' d want to
take one or two to see what kind of things conme up.
Then you'd all know nore what kind of game you're
pl ayi ng.

CHAI RMAN KRESS: That m ght be a good
suggest i on.

MR. FLACK: Yeah, if | could just add to
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that, | nmean, certainly it's inportant to do as nuch
as we can on the pre-application review, but a lot of
it is asking the right questions, and in order to ask
t he ri ght questions, you have to probe and see what's
out there, where the limts are.

And | think that is very inportant in the
pre-application phase because that tells you how big
t he nountain is going be to clinb, and the best way we
can define that mountain, the better off we can be
when we go into this.

Soalot of it isnot tojunpinto trying
to ook at one issue in depth, but try to see how
difficult all of these issues are and what are the
nost inmportant ones to deal with as soon as we can.

So | don't want to underestimte that
effort intrying to understand those i ssues and bei ng
able to ask the right questions.

M5. SOSA: So at this tinme I'd like to
turn it over to Jack Rosenthal. He'll be presenting
t he PIRT process.

DR APOSTOLAKI S: What qualifies youto --

CHAI RMAN KRESS: Yeah, do we know you?

MR. ROSENTHAL: My nane i s Jack Rosent hal .
| ' mt he Branch Chi ef of the Safety Margi ns and Syst ens

Analysis Branch, and |I'm qualified as a suprene
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generalist, and they put ne up here because | know an
awf ul | ot about a broad area and very littl e about any
one. So we coul d have a reasonably fast presentation.

The researcher's job is to build tools
that the regul ator can use for independent anal ysis.
So we are in the tool building business.

CHAIl RMVAN KRESS: Are we going to try to
use space for this?

MR ROSENTHAL: [|'Il get to that.

CHAI RMAN KRESS: Oh, okay. Sorry,

MR. ROSENTHAL: So we have to deci de what
nunerical tools we could use, what data we have, what
experinmental facilities we have or m ght need i n order
to build validated tools.

| want to enphasize that this is a
research program Ckay? W' re not doing a design
review of ACR-700 itself. That keeps com ng up, but
rather we're exploring ACR-700 to find out what we
need to do to nodi fy our codes in order to be able to
do an i ndependent anal ysis.

DR. APOSTCOLAKI S: So you don't have to be
done by July.

MR ROSENTHAL: | don't have to be done.

DR. APCSTOLAKI S:  Peri od.

MR. ROSENTHAL: We picked three areas, and
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| will explain why | think that these areas are
i mportant, neutronics, thermal hydraulics, and severe
acci dents, and as you see fromthe names, | think we
really have a prestige group of people doing their
wor k

DR. ROSEN: This is called Powers, Powers.

MR. ROSENTHAL: Dana Powers, your (pause)
-- you recogni ze him

CHAI RVAN KRESS: Is that a male or a
femal e.

(Laughter.)

MR. ROSENTHAL: Here we're using the
peopl e t hat we t hi nk have t he best know edge to advi se
us i ndependent of whether they have sone invol venent
in the plan itself.

Bob Henry, for exanple, is akey devel oper
of MAP, and the Canadi ans use MAP in their analysis,
but | think that he is al so a very know edgeabl e guy,
and we want to take advantage of that expertise.

DR. WALLIS: This has all just occurred.
This is all --

MR ROSENTHAL: All for the PIRT.

DR, VWALLI S: And probably going to
conclude that, therefore, AECL's PIRT is good.

MR,  ROSENTHAL: Per haps. BNL is the
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overall contractor. I'd like to say that the
regul ator, Canadian Nuclear Safety Comm ssion, is
participating in the PIRT, and we're |learning from
them they're learning fromus, and | welcone their
i nvol venent .

AECL has been very, very, very generous in
supporting the PIRT, and | shoul d publicly acknow edge
that. They have provided a nunber of docunents and
have subj ected thenselves to the inquiring m nds of
peopl e |i ke Zuber.

(Laughter.)

MR. ROSENTHAL: In the PIRT process you
need to -- let ne stopwiththe thermal hydraulics for
a second. NRC codes think vertical, and we have to
teach our codes to think horizontal, and that's a
maj or, maj or undert aki ng.

Walt Jensen is doing sone analysis wth
CATHENA to famliarize hinself with it. The Koreans
have nodified RELAP to | ook |i ke a CANDU react or, and
we' re buil di ng a RELAP deck for ACR-700, which we wil |
give to NRR for their use. That wll not address
critical subchannel issues.

And then we will invest a little bit
| onger range in TRACE. Things |ike AP-600 have the

advantage of the Apex facility as well as Rosa and
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other facilities. See, you have multiple, integral
facilities at differing scal es to benchmark your worKk.

Here much of the data cones from RD 14M
My staff has been up there. It is a very fine
facility, but it's onefacility. So we have to deci de
whet her that data generated from that facility is
adequat e or woul d we need another facility, andthat's
bi g bucks and big tine, and where would it be done and
by whom et cetera?

So that's why we decided to go with the
PI RT process, to try to get sonme early advice on is
t he current dat abase adequate. If additional datais
needed, does it have to be done on a large scale
integral or could it be done small scal e?

AECL, |"msure, woul d be nore thanw | ling
torun sonme addi ti onal experinents at RD-14M They' ve
been very cooperative that way, but if sonething el se
i s needed at a differing scale, mybe a smal |l er scal e,
maybe sone university |l ab bench stuff to bal ance off
t he bi gger scal e stuff, but we've got to find out now.

Yes, sir.

DR ROSEN: It could be one of those
showst opper s.

MR, ROSENTHAL: Yes.

DR. ROSEN:. Thi s coul d be t he showst opper.
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| nmean, we haven't heard one yet today, but here's one
that flops out Iike a big, ol' fish onthe table. |If
you decide you need a whole other integral effects
facility, not the noney, but the itemal one m ght be
t he showst opper.

MR, ROSENTHAL: Right, but so | think
we' ve got the right people to advise us.

DR ROSEN: Al right.

MR. ROSENTHAL: GCkay. They have to pick
a break, and they pick this -- there is one critical
break in which you get stagnant conditions in a fl ow
channel, and so that nmay not be the riskiest break,
but it'srichin-- and | don't knowwhat the riskiest
break is -- but it's rich in thermal hydraulic
phenonmena. So it's a good sequence to expl ore.

O course, a figure of nerit is fuel
tenperature versus tinme. As | say, we're going to
have probl ens because we have to teach our thoughts,
our dat abases, and our codes howto think horizontal.
The PI RT process, you pi ck a sequence; you | ook at the
systens and conmponents; you rank stuff by i nportance.

And what we are asking for the PIRT panel
to do is to identify high, medium and |ow, what's
i nportant and what's t he know edge base, hi gh, nedi um

and low. A high-high is okay. It's very inportant.
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If I have a | ot of know edge about it, | canlive with
t hat .

Alowlowis al so okay. The showst oppers
are a high-low, that is, where it's inportant
phenonenol ogi cal |y, and t he data, the know edge base,
t he col | ecti ve know edge base is | ow. That know edge
base could be in the general literature. It could be
for proprietary experinents. It doesn't have to be
from another facility. W just need a sufficient
amount of dat a.

So what we have to do by this springisto
identify if the experimental database is adequate, if
the data is adequate. The witing of the conputer
codes if the data is there is far nore tractable.

Ckay. Let ne just go on wth the
neutronics for a second. They're using codes like
WMS-8. W're famliar with the nucl ear codes that
t he Canadi ans use, and that's just fine, although I
don't think that Americans are famliar wth
dysprosium which is the burnable poison they use
i nstead of gadolinium or sonmething else. But that
shoul d be conceptual |y straightforward.

| mean, you know, how you go about doi ng
cal cul ations, getting cross-sections, et cetera, but

what is super inportant, what | call in my mnd, just
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ny mind, a quintessential issueis, in fact, do they
have a negative cool ant void reactivity coefficient.

It's Iike 100 mlli-K, sone nunmber |ike
that, is thetotal void coefficient. So the nunber is
very, very close to zero and is very difficult to
nmeasure it, but you' d |ike to have a negative nunber.

VWhat we need to do, | don't need to have
conputed the nunber precisely by this spring, but |
have t o have enough expl oratory work done that | have
confi dence that either the coefficient is, in fact,
negative or could be nmade negati ve.

Now, just within, |I'd say, the last six
nonths to a year the designers have tweaked the
enrichment and the burnabl e poison in order to give
them a slightly nore negative void reactivity
coefficient for confidence, and you can al ways tweak
t hese nunbers again after all of this has taken pl ace.

CHAI RVAN KRESS: Do we have a regul ation?

MR. ROSENTHAL: But you have to be able to
get there.

CHAI RMAN KRESS: Do we have a regqgul ation
on t he book t hat says, "Thou shalt have a negative" --

MR. ROSENTHAL: | think we've got a CDC.

CHAI RMAN KRESS: A GDC says, "Thou shalt

have a negative void coefficient"?
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MR, ROSENTHAL: Don? Co ahead.

MR. CARLSON: We have a general design
criterion 11, and | can read that to you.

CHAI RMAN KRESS: Pl ease.

MR.  CARLSON: Basically it's often
interpreted as «calling for a negative power
coefficient, but the exact words are, "GDC 11 reactor
i nherent protection. The reactor core and associ at ed
cool ant systens shall be desi gned so that in the power
operating range the net effect of the pronpt inherent
nucl ear feedback characteristics tends to conpensate
for a rapid increase in reactivity."

MR. ROSENTHAL: Now, as | say, the codes
t hat are bei ng used here we' re somewhat famliar with.
They have done benchmarKks. They're perfectly
conmpet ent engi neers, but here's a case where | think
that it's a sufficiently inportant issue that we'd
like to be able to do independent analysis and
i ndependently confirmthe val ues.

And | think that of all things, | don't
see this as a conceptually inpossible problem I
nmean, we know howto go about doing it. W' ve got the
data; we've got the cross-sections; we've got the
computer codes. It's a piece of work that we have to

do, but I think that it's an inportant enough issue
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t hat we ought to be abl e to i ndependently confirmt hat
it's negative.

DR. WALLI S: It's all a paper subject,
too. You're not going to build one and prove it. So
eventual ly --

MR. ROSENTHAL: Well, we'd berelying here
on things like criticals, benchmarks to criticals.

DR. WALLIS: Well, at all tinmes you're
going to rely on a paper study.

MR, ROSENTHAL: Well, here you' ve got
benchmarks to criticals. Here you have separate
effects and integral tests. Soit's not totally paper
at all. And severe accidents also has sone
experi mental worKk.

Now, let me just talk about severe
accidents for a mnute. For sone acci dent sequences,
AECL says that, okay, what will happen is that you'll
have a si ngl e channel that that could fail, and you'll
guench, and you won't propagate, and that's t he end of
t hat event for that particul ar sequence.

That's very different froma U S. |ight
wat er reactor. W assune propagation TM nore than
hal f the core nelt (phonetic). So that's a very,
very, very inportant i ssue, and if you can convi nce ne

that you'll never fail nore than a channel worth of
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fuel, which is I ess than one percent of the fuel and
you have a | arge dry contai nnent, which they do have,
then this is a very, very, very nice design.

So the focus then beconmes on would the
failure be a propagating failure. Simlarly, if you
have a whol e core event, are you going to quench in
the shield tank the event? You have a large dry
cont ai nnent and the action is termnate in
contai nnent. N ce.

So the focus of nme and t he severe acci dent
people is -- | keep pointing at the screen, and I know
t hat doesn't do any good.

(Laughter.)

MR. ROSENTHAL: Just the super issueis do
| have propagating failures or not because if | don't
have propagating failures or if | can arrest the
sequence in containment and it is the large dry
contai nnent, | think you'rereally invery good shape.

CHAI RVAN KRESS: Are steam expl osi ons on
the list for the severe accidents?

VR, ROSENTHAL: Only on the sense that
what they're | ooking at is within the context of woul d
you have a propagating failure, andin fact, if you're
reliant on this hot nolten stuff from a channel

falling into the noderator as a way of term nating
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this, then the potential for steam explosion would
truly be there.

CHAI RVAN KRESS: So that is on the table.

MR. ROSENTHAL: Yes. Now, in terms of
fission products sought -- and so the focus here is
nore on acci dent progression, and we're goi ng to have
to teach Mel cor howto do acci dent progressiononthis
hori zontal --

CHAl RVAN KRESS: You can't teach an old
dog new tri cks.

MR. ROSENTHAL: As distinct from--

CHAI RVAN KRESS: You don't have to worry
about this candling down the fuel?

MR. ROSENTHAL: Don't have to worry about
candl i ng. Have to worry about quenching now.
Different issues.

But interms of sourceterm | seethis as
nore of an action progression issue rather than a
source termissue for two reasons. On one end, they
have this big, nice containnent, and the other thing
is that things like the Canadians took actually a
| eadership role in an ISP, international standard
problem involving iodine, and so I think that they
have sonme expertise in that area.

CHAI RMAN KRESS: Chenmical effects or was

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

292

t hat rel ease fromfuel ?

MR ROSENTHAL: It was chem cal effects.

CHAI RMVAN KRESS: They have a pretty | ow
bur n- out .

MR, ROSENTHAL: Yes.

CHAI RVAN KRESS: So that to ne is a rea
pl us.

MR. ROSENTHAL: A plus also. So at |east
conceptually in severe accident, within the severe
accident real, ny issues and | think the PIRT' s i ssues
i nvol ve acci dent propagation as the i nportant issues.

CHAI RMAN KRESS: How nuch fuel is actually
i nvol ved?

MR. ROSENTHAL: And if, in fact, it's --
or for many of the sequences we're tal king about a

singl e channel or less. Then you really are in very

good shape.

CHAl RVAN KRESS: | agree with you.

MR. ROSENTHAL: Now, they are going to --
there is an experinment where they're goingto -- | may

need sone help here -- they're going to put it's like
100 kilograns of nolten core in the water, and the
initial experinents are actually being designed at
Argonne and then the |larger scale work will be done

rn --
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CHAI RMAN KRESS: That's |i ke one channel .

MR. ROSENTHAL: Yeah. Am| getting the
nunbers all wong? | have t he nunbers entirely w ong.
| have the concept right and the nunbers w ong.

MR. Rl CHARDS: So it's right. The
formul ation of the material that will melt is being
done to Argonne.

MR. ROSENTHAL: And that's 25?

MR,  RI CHARDS: There will be first an
experiment done at five kilograns, then 25.

MR. ROSENTHAL: Ckay.

CHAI RVAN KRESS: Twenty-five i s about one
fuel change.

MR. ROSENTHAL: And then you're planning
the |arger test after Argonne is done?

MR RI CHARDS: Yes.

MR ROSENTHAL: It will be how big?

MR. RI CHARDS: The t ested Argonne are done
inabursting a pressure tube into an air atnosphere.
The experinments that are done at Chalk River will be
| ooking at that material being injected into a
cal andri a | eak contai nnment .

MR. ROSENTHAL: And that gets right to
your issue.

CHAI RVAN KRESS: Well, the question |
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woul d have about that i s hownuch of the zirconiumare
you going to have in that m xture. Does it nmelt and
joininwth the U3? That would be the issue to ne.

MR. ROSENTHAL: The experinents are it's

CHAI RVAN KRESS: Yeah, because | think
that is a key elenent to determ ne the enerqgy.

DR. WALLI S: Vell, this study is new
experinments; they haven't done themin the past? They

don't have a dat abase?

MR.  ROSENTHAL: They' ve done sone
experinments. |I'mnow starting to run out of steam
So we'll stop. | nean, they' ve done sone experinents,

and there is some body of know edge that pertains to
this reactor also, but | think that the planned
experiments will be crucial.

The plan is that we have had the second
PIRT neeting already. W're going to have a third
neeting, the physics guys in January and the thernal
hydraul i ¢ guys and severe acci dent guys in February.
Wwd like to conme out wth sone prelimnary
understanding in terms of the need for additional
thermal hydraulic facilities in the March-April tine
frame based on our then understanding with a fornmal

report in June.
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In parallel with that, | have a small
effort goi ng where co-devel opers are digging through
subroutine by subroutine through code and not to
nodi fy the code, but just to figure out what has to be
done because these are a rather |arge undert aking.

So that's where research stands.

CHAI RVAN KRESS: You had a slide that
| ooked a little strange to nme, and it said that --
Slide 21 -- a large break of an inlet or an outl et
header voids all fuel channels within one to three
seconds. Is that true?

MR ROSENTHAL: | believe so.

CHAI RMAN KRESS: Voi ds every pressure tube
in one to three seconds.

DR WALLIS: GCets dry?

MR, ROSENTHAL: No.

PARTI Cl PANT:  "Voi d" it says.

DR. WALLIS: No, it's dry.

MR. ROSENTHAL: | need hel p agai n. Davi d.
There's Don Carl son standi ng behind you.

MR. CARLSON: Yeah, we're repeating what
we heard fromAECL in ternms of the rate of voiding.
Al arge conpl et e break, doubl e ended break of an inl et
or outlet header we were told would void half of the

channels, that is, the channels enptying into the
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affected header in about one second and drain the
remai ni ng channel s i n about one or two nore seconds.
A total of three seconds.

If AECL wants to elaborate on that or
correct that, please speak up

MR SNELL: Victor Snell.

It sounds sort of half famliar. It wll
avoid the downstream channels, that is, half of the
channels in the order of seconds. | think it takes
much longer to void the opposite pass. That's ny
recol | ection.

MR, ROSENTHAL: Let's leave that up to
the --

DR, VWALLI S: Jack, thinking about
interactions for the ACRS, particularly the thermal
hydraul i ¢ subconmi ttee, presumably there's a goodtine
for you guys and maybe the other guys, Jensen and
conmpany and whoever else is doing thermal hydraulics
to neet with us. Wuld it be about the m ddle of the
year or is that too late for you?

Maybe you'll |et us know.

MR ROSENTHAL: Yeah, | would think --
Bel kys, |'"m looking you in the eye right now -- |
woul d think about April we would have sonmething to

say. | nean, there's no sense --
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M5. SOSA: Between April and June i s what

we have on our mlestones schedule, and again, the
dat es have not been set, but that's what we're ai m ng
for.

MR. ROSENTHAL: Okay. Then | would think
that, well, by May the PIRT panels will have net, have
cone up with their tables which we could present.

DR. WALLIS: | think when you have done
enough work to know what the issues are and to know
the scope of them rather than just that there are
some, then it will be appropriate, but we don't want
to neet you if you're going totell us all about what
you're going to do.

M5. SOSA: Yes, | agreewith that. That's
t he pl an.

DR WALLIS: Solet's work at that. Let's
work at that.

DR RANSOM "' m curious. Wasn't the
CANDU ever considered for licensing in the U S. ?

CHAI RVAN KRESS: They had a tentative
thing that was wi thdrawn, | think, because --

MR, ROSENTHAL: It's my understanding it
was Wi t hdr awn because of their reactivity coefficient,
and - -

CHAl RMVAN KRESS: I think that was the
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showst opper .

MR. ROSENTHAL: --and here is a mgjor
difference. You're going fromnatural uraniumto a
bi g difference.

CHAl RVAN KRESS: And |ight water instead
of heavy water.

MR. ROSENTHAL: Well, that heavy water,
t oo

CHAl RVAN KRESS: \Well, yeah, but 1ight
water in there where it matters.

MR ROSENTHAL: Heavy water noderator.

CHAI RVAN  KRESS: That nmakes a big
difference in the void because it's nore of a poison
than it is a noderator

MR. ROSENTHAL: Didn't we decide that
sonething |ike 90 percent of the sl ow ng down occurs
in the noderator? That's one reason we have such a
smal |l void coefficient, is that the noderator which
doesn't participate in the void can play such a |l arge
rol e.

MR FLACK: Yeah, this is John Fl ack

| believe it was |ooked under pre-
application review. There was a policy issue on the
positive void, but they had w thdrawn before the

Conmmi ssion acted on that, and | think Don Carl son
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could add to that. | think that's probably --

MR. CARLSON: Yeah, about ten years ago
for the pre-applicationreviewfor the CANDU 3 desi gn,
at that tinme the staff highlighted the strongly
positive coolant void reactivity of that design as a
policy issue, brought it to the Comm ssion, but
shortly after AECL submi tted the design certification
application, they withdrew it for econon c reasons,
pl us sonme uncert ai nty about that positive cool ant void
i Ssue.

MR. ROSENTHAL: But now that you've gone
to an enriched core, at |east conceptually | think
t hat there's some conbi nati on of enrichnment | evel and
burnabl e poison level that will give you a negative
nunber, and in all likelihood they've done it right,
and | think that it is sonething that we ought to be
abl e to i ndependently anal yze.

M5. SOSA: | would liketoturnit over to
M. Jensen, and he will be going over the conputer
codes and validation focus.

MR JENSEN: Good afternoon. "' m Wl t
Jensen, Reactor Systens Branch, and | see an up arrow
and a down arrow, and | see a map.

(Laughter.)

MR JENSEN: Let's see. Let's do a down
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arrow. Yes, here we are.

Unfortunately, |1'm just going to talk
about nostly what we' re goi ng to do because we' ve been
doing alot of reviewand done alittle code anal ysis,
but we're just getting start ed.

So the first slide is conmparing what the
AECL's desired outconme is to what | | ook on as our
m ni mum obj ectives. So we're doing a review, we're
| ooki ng for strengths and weaknesses. W are working
on a list of REIs for the codes. W're |ooking for
showst oppers; haven't found any showstoppers yet.

CHAI RVAN KRESS: Did they use the CSAU
process in their code validation?

MR. JENSEN. It'ssimlar. W' regoingto
try to -- the PIRT process is part of that. | think
it's not going to be a best estinmate nmet hodol ogy, but
it's going to be a limting bounding methodol ogy
per haps using Appendi x K as nuch as they can. The
part of Appendi x Kthat certainly doesn't apply at al
that | think was nentioned was the flooding rate
gui dance in Appendix K. If you've got |ess than one
i nch per second, you're supposed to do certain things
and use of flat data, that just doesn't apply at all.

They have t he Mbody correlationw thinthe

CATHENA code.
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CHAI RVAN KRESS: Ch, they did put that in?

VMR, JENSEN: It's in there. It's an
option. There are many options in the CATHENA code,
and we're asking for a nethodol ogy adopting that
speci fies exactly which options will be used for these
Chapter 15 analysis that haven't been submtted yet.

Now, as far as --

CHAI RMVAN KRESS: Do they have their own
decay heat period?

MR. JENSEN: They have the --

CHAI RVAN KRESS: It's different than the
ANS?

MR.  JENSEN: They have the ANS 7 to 9
standard. |'mnot real sure about the 71 standard.
They coul d put that under the table if they wanted to.
They do have that capability. So l'mnot really sure
about that.

They have for the existing CANDUs. They
run the CATHENA code in conjunction with the three
di mensi on physi cs codes because it's really i nmportant
to get the physics right for a LOCA because of the
positive void coefficient.

Ckay. So this is what we're trying to
scope out what needs to be done, and besides that, we

want to devel op i ndependent audit capability so we can
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run sone of these sane anal yses that are inportant,
and we can learn by | ooking at the results.

It's alot nore efficient to run the code
ourselves and | ook at the results than ask them for
t hat i nformation.

DR. WALLIS: This would be running their
code or running your codes or both?

VR,  JENSEN: Bot h. | think we'll be
runni ng our code. |'d rather run our code because |
understand it a lot better.

DR. WALLIS: Are they going to submt a
wor ki ng copy of the code so you can run their code?

MR. JENSEN. They have and we have. W
have run their code. | hope not to run very many
conmpl ex cases of the CATHENA code because | don't
understand it. |1've had about four days of hands on
training with CATHENA, and | "'mreally a |l ayman, but |
have run what is called the critical inlet paddle
break (phonetic), and I' ml ooki ng at that and we're - -

DR. WALLIS: Gve it to sone young intern
who will learn it in a day.

(Laughter.)

DR. RANSOM Did they provide the source
code to you?

MR JENSEN: | don't have t he source code.
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| just have an executabl e.

DR. RANSOM |I'm wondering if you woul d
need that if you wanted to | ook at any specific --
know that's a pretty big job, but --

MR JENSEN: W may ask for that. I
certainly wouldn't want to get in and try to change
the code. | would be afraid | would screw it up.

Al'l right. Let's see. Myving on, we do
plan to use the guidance of the draft reg. guide.

DR. ROSEN: Do you still draft guides?
nmean there have been drafts for six years or
sonething. Are they still drafts?

MR. JENSEN: Well, this is a new version
of the draft. | was told when | first did this slide
| had the ol der version fromthe year 2000. It was
Reg. Guide, | think, 1070 sonething, and | ' ve updat ed
it, put the current draft reg. guide, which we have,
and it's good guidance, and | think industry has a
difficult time with it, but we plan to use it.

We have the CATHENA theoretical manual.
It's not for the current version of the code. There
have been a few changes init. So we want to find out
about the | atest code version.

DR. WALLIS: Does it look significantly

different fromthe things you're famliar with, the
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ot her codes that vendors have or that you have? Isn't
it nuch the sanme?

MR. JENSEN. Mich the same except for as
Jack nmentioned, it's turned over on its side, and in
addition to --

DR. WALLIS: There's nothing about the
conservation laws or stuff that says anythi ng about
the orientation of the reactor.

MR JENSEN: That's right.

DR. WALLIS: Basically the questions are
all the same presumably.

CHAI RVAN  KRESS: There's no gravity
i nvol ved in neutron --

DR. WALLI'S: You mi ght consider a fewnore
phenonena.

MR. JENSEN: Like the heat transfer from
the fuel channel to the calandria tube, the swelling
and creep of the fuel channel and how it nade -- how
it would come in contact with the cal andria tube and
then the transfer of heat out to the noderator tank,
which is, | wunderstand, an extra source of heat
renoval for the plant. | believe AECL feels that
under certain conditions that the pressure tube woul d
swel | agai nst the cal andri a tube and can renove all of

the heat out of the fuel channel w thout causing
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addi ti onal overheati ng.

CHAl RVAN KRESS: \What happens to those
spacers then?

MR.  JENSEN: That's a good question.
There are four spacers, and there are springs
separating the two tubes, and between the two spacers
| suppose it could seal and nmake contact, but not the
spacers. No, | don't suppose so. So that's sonething
that we'll have to | ook at.

Resources. |I'magetting a lot of help in
this review for the CATHENA. W have the technica
manual s and a nunber of presentations by AECL. W
have the CATHENA executable and at an input deck
|'ve run it, amlooking at the results.

We have a prelimnary RELAP nodel. This
is under a contract by the Ofice of Research, and we
were given the RELAP input deck |ast Friday. I
haven't run it yet.

| attend all of the PIRT panel neetings,
and |"'mgetting a | ot of valuable insight as they go
over the phenonena that will be nbst inportant to
anal yzi ng LOCAs.

And then RES is helping us again wth
experinmental facilities to decide whether the

facilities are scaled correctly and if additional
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experinmental data needs to be obtained, and they're
going to provide that in the course of the prelimnary
revi ew and perhaps hopefully by next spring.

Neutronics, well, thisis beingledby Dr.
Tony Attard who is also in ny branch, and he's
follow ng pretty nuch t he sanme approach that I amw th
t he CATHENA code. The nmmin physics code is the RFSP
code, which has been coupled with CATHENA for the
operating CANDU plants to | ook at the power series
where they carry out the LOCA, and that's the WNS and
t he DRAGON code t hat produce cross-sectional input to
RFSP.

W may not need to couple physics and
t hermal hydraulics codes to the degree that they have
been on for past CANDUs, operating CANDUs because of
t he positive nodel coefficient is no |onger present.
So we may be able to do a lot nore with runni ng RELAP
by itself perhaps using point kinetics, but we have
asked the Ofice of Research to devel op a PARCS nodel
that can be hooked into RELAP and then later into
TRACE as the TRACE nodel is devel oped.

W al so have a contractor at Brookhaven
hel pi ng us review the physics equations in the three
codes.

DR. WALLIS: It seenms to me you ni ght have
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a problem This CATHENA code has probably had sone

tuning al ready to CANDU type reactors and hori zont al
flows and all of that. You have codes which are being
devel oped for other purposes that have been tuned to
ot her kinds of situations, and yo nmay have a real
problem with that depending on what kind of
correlations to use or fudge factors or whatever.

MR. JENSEN: There has been sonme work with
that. The South Koreans have gi ven us sone nodels to
put into RELAP, which are in RELAP, that they've
desi gned specifically to nodel the Korean CANDU 6
reactor, and we have, in fact, -- there has been sone
benchmar ki ng bet ween RELAP and CATHENA for the ACR,
and they seemto be doing pretty well.

The fuel channel nodel and RELAP does
define a level. [I'mnot sure howgood it is, but it
defines a |l evel so that the fuel pins that are above
the I evel then overheat, and the fuel pins are | ower
t han occurred, and let's see what el se?

O her resources for both thernal
hydraulics and neutronics, we're working with the
CNSC. We're setting up for a protocol for aiding each
other in our review. W have a thermal hydraulics
nmeeting tonorrow afternoon that we're goingtotryto

see how we can aid each other's review
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And of course, we have insights and
gui dance fromthe ACRS -- we will have -- which we
always listen to. So then --

DR. RANSOM Walt, is the theory nmanua
proprietary?

MR JENSEN:  Yes, it is.

DR. RANSOM But | guess the ACRS could
have a copy and look at it if they wanted to?

MR JENSEN: Yes.

CHAI RVAN KRESS: As |long as we treat it as
proprietary.

DR.  RANSOM It has quite a different
nuneri cal nmethod and a sonmewhat different nodel, and
it would be interesting to see what the |latest really
iS.

MR. JENSEN: | suppose, Bel kys, could we
get the ACRS?

M5. SOSGA: Yes, anything that we have
available to us that's been docketed is certainly
avai l able for vyou. So I'Il work wth making
arrangenents.

DR WALLIS: Well, it sounds |like alot of
work, and | just wonder what the m ni mum anount of
wor k necessary is that mght get you there by July.

| don't have a good feel for it, but just hearing al
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of the things you guys want us to |look at, it seens
like a | ot of work.

MR. JENSEN: Well, we're not going to be
done by July.

DR. WALLIS: But you're going to wite a
report anyway.

(Laughter.)

MR. JENSEN: Well, yes, | guess it will be
kind of -- the only reports | know howto wite are
SERs. |"ve witten so many of those, and so it's
going to | ook an awful 1ot |ike an SER, but there wl|
be sonme places that probably say we have asked for
nore i nformati on here, and AECL has agreed to supply
it.

W don't understand this. W need
sonmething else here, and at least it will docunent
where the hol es are, and then | suppose as we progress
inthereviewperhaps several years, we'll slowy fill
t hose hol es in.

M5. SOSA: Thank you.

At thistine l'dlike toturnit over to
M. Carlson, and he will be addressing the negative
void reactivity review.

MR. CARLSON: |1'mDon Carlson. |I'minthe

O fice of Research in the Advanced Reactors G oup. My
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work is technically in the area of nucl ear anal ysi s,
but I'm also coordinating the overall research
i nvol vement i nthe pre-applicationreviewfor ACR 700.

' mgoing to ask the commttee nenbers to
| ook at the handout package for AECL. My talk really
assuned that we would go through AECL's talk on the
cool ant void reactivity first. The way | would |ike
todomy talk is just torefer back to a couple of key
slides from the AECL presentation to help you
understand what |'mtal king about in ny slides.

Sothat's the yell owtab, negative cool ant
void reactivity in the AECL handouts.

So this work is in response to AECL focus
topic nunmber nine, confirmation of negative void
reactivity. AECL's desired outcome is staff
confirmation, or their word is "acceptance, " that the
coolant void reactivity is negative over a range of
operating conditions.

Regul atory context of that is as cane up
during Jack Rosenthal's talk, is the void reactivity
is key to evaluating the designinrelationto general
design criterion 11, reactor inherent protection.

The aim as stated by AECL, is to have a
negati ve cool ant void reactivity sothat it satisfies

t hat requirenent, GDC 11.
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Furt hernore, whether the void reactivity
is positive or negative, it can have a significant
i mpact on the progression of anal yzed transi ence and
acci dents.

Now, before | get into ny own slide, 1'd
like you to look at the third slide of AECL's
presentation. That introduces you to how they go
about changing the design. This is the first CANDU
design that tries to have a negative cool ant void
reactivity, and so that slide shows the top figure,
natural uranium a conventional CANDU | attice with a
pitch of 28.6 centinmeters center to center between
fuel channels, and a ratio of 16. 4.

In their new design, the ACR 700 that we
are reviewing in the pre-application phase, the
|attice pitch has been reduced to 22 centineters
center to center, giving a greatly reduced noderat or
to fuel ratio of 7.1.

In addition to reducing the pitch, they
have al so increased the dianeter of the calandria
tube. That is they have i ncreased t he gap between t he
pressure tube and the calandria tube. Al of that
hel ps reduce the anount of heavy water noderator in
the lattice and gives thema nore conpact core in the

process.
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DR WALLIS: Doesn't it matter where the

void is?

MR. CARLSON: The void is in the cool ant,
which is --

DR WALLI S: Yeah, but where in the
cool ant ?

MR. CARLSON: The coolant is next to the
fuel pins.

DR. WALLIS: But is it at the end or in
the mddle or is it a subcooled void or what kind of
avoidisit? Doesn't it make a difference? It's not
as if this void is everywhere at the sane tine.

MR, CARLSON:. Actually in CANDU anal ysi s,
and this was true for CANDU 3 ten years ago and is
true in the way CANDUs are anal yzed around t he worl d,
t hey tal k about cool ant void reactivity, whichis the
di fference between effective voided and cooled. So
voi ded, | nean all of the coolant is gone.

DR WALLIS: It's all conpletely void.

MR, CARLSON:  Yes.

DR, WALLI S: Ckay. That | understand.
kay. Then | don't have to worry about where the void
is. It's everywhere.

MR.  CARLSON: Now, there's a void

coefficient that you can derive fromthat, and it's
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not a straight line, but they often tal k about cool ant
void reactivity as a way of focusing on what that
coefficient is.

And during Jack's talk, i think he
m sstated, and | think during the AECL tal ks they did
nmention that the nom nal cool ant void reactivity for
the equilibriumcore as it is presently designed is
m nus seven mlli-K

DR WALLI S: That's when all of the
cool ant has gone.

MR CARLSON: That's right. So the
di fference between K effective, operating conditions
cool ed and voided is seven mlli-K

DR RANSOM Vell, would this be
denmonstrated with a code by maybe forcing a void
initially and seeingif it dies away, you know, if the
power decreases?

MR. CARLSON: Are you talking about in a
reactor?

DR RANSOM Well, in |ike CATHENA or
CATHENA coupl ed with a neutronics code. You perturb
it nore or less like voiding a channel and then
proving that it decays away.

MR. CARLSON: Well, they do cal cul ations

and we will be doing calculations and have started
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doi ng sone cal cul ations to predict what the cool ant
void reactivity is, and their code is RFSP, their
reactor code, and that is coupled to CATHENA. If we
nove forward, we would couple our PARCS code wth
TRACE and/or RELAP, but the PARCS code needs to
predi ct accurately what the negative void reactivity
is, assuming that it is negative.

MR. SIEBER | take it the idea to have a
negative void coefficient is to design the core so
that it is under noderated.

MR, CARLSON:  Yes.

MR SIEBER  During normal operation so
that the void formation further exacerbates the under
noder ati on, which provides a sl ow ng down.

MR. CARLSON: Yes. The applicant has
stated that with the current lattice that it is under

noderated with respect to the |ight water cool ant.

MR. S| EBER: And with regard to
tenperature coefficient, it's the conbination of
enrichnment and poisoning that wll change that

coefficient.

MR. CARLSON: As AECL woul d poi nt out, the
magni tude of the coolant void reactivity is very
sensitive to the fuel design

MR. SIEBER. That's right.
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MR. CARLSON: And the fuel design that

they are presently using -- and this changed during
Phase | of the pre-application review -- during the
begi nning of Phase | the fuel enrichnent was 2.0
percent, and it had, | think, 4.8 weight percent

dysprosium in the center pin, and in about June of
| ast year, June 2003, they changed that to 2.1 wei ght
percent and 7.5 wei ght percent dysprosium

MR S| EBER: And that should make a
pretty --

MR CARLSON: Well, it went from mnus
five mlli-Kto mnus seven mlli-K

MR, SIEBER.  kay.

MR. CARLSON: And that was in part, |
think, a reaction to our Phase 1 discussions where
they felt that they needed to nmake it nore negative to
i ncrease confidence that it is, in fact, negative.

MR. S| EBER: Because, too, that you're
basi cal | y wasti ng neutrons.

MR,  CARLSON: | think their nom nal
aver age burn-up went from20 gi gawatt days per ton to
21.

MR. SI EBER: Ckay. Well, you get sone of
it back.

MR. CARLSON: And so in Jack's talk he
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sai d that we understand that it can be made negati ve.
If we don't agree that the present design is fairly
negative wth confidence under all oper ating
conditions, they can further nodify the fuel to nake
it nore negative.

MR. SIEBER. Well, it seens to ne that
that's a fact, that with enough design changes, and
sone of them are pretty subtle because it's just
enri chment and bur nabl e poi son strength, that you can
make it have whatever characters that you want.

The question is: can you calculate it
accurately enoughto feel confident that you'rereally
negati ve.

CHAl RVAN KRESS: Yeah, that's the third
yel l ow sub-bullet on there, which | think is a very
i nteresting question.

MR. CARLSON: Well, before |l gointo that
slide, | wanted you to take a quick |look at slide
nunber nine. That's on the third page of the ACL
presentations in the upper |left-hand corner. It's a
table of mmjor contributors to the coolant void
reactivity, mlli-K in ACR and there are two read
nunbers, which are the positive contributions to
negative void reactivity, and a series of green

nunbers, which are the negative contributions to
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cool ant void reactivity, as cal cul ated by AECL.

DR. WALLIS: So you need your plutonium

MR. CARLSON: Yes. It becones nore
negative with burn-up, with the buil dup of pl utonium
and the depletion of the positive effect of U 235.

DR VALLI S: If you enrich it nore, it
makes it worse. Do you get nore 2357

DR. RANSOM  No.

MR.  CARLSON: Vell, you need nore
dysprosium to bal ance out the effect of enrichnent,
and that's --

DR, WALLI S: It just about balanced,
right?

MR. SI EBER:  Yeah.

DR. RANSOM Does this balancemd-life or
end of life type inbal ance?

MR. CARLSON: Peter chan can correct ne,
but I thinkit's based on asinplelattice calculation
with the WMS code for md-burn-up fuel, md-cycle
burn-up fuel, and to that they've added a reactor
| eakage. So these are not firmnunbers, but they're
illustrative nunbers.

MR SI EBER: Wl |, these change constantly
t hroughout the cycle, whatever you call a cycle.

MR. CARLSON: Well, they don't have a
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cycle. They have an equilibrium core.

MR. SIEBER Right.

MR. CARLSON: And our reviewat this point
is focusing exclusively on the equilibrium core
because the initial and transitional cores have not
been desi gned yet.

MR. SIEBER  Ckay, but the chall enge may
be greater for the initial core. It could be.

MR. CARLSON: Yeah. |It's an interesting
guesti on.

DR. ROSEN: Well, because you're not in
pl ut oni um

MR. SIEBER:. Wl I, on the other hand, you
can choose the paraneter levels, the constituent
levels to force it even in the initial core.

MR. CARLSON: Yes, that's what AECL has
told us. They're confident that they can --

MR SIEBER | believe that.

MR. CARLSON: -- they can tune it to what
it needs to beinthe initial and transitional cores,
but we haven't seen exactly how they're going to do
t hat .

DR WALLI S: The bit red termis this
hydr ogen, the water.

MR. CARLSON: Yes.
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DR. WALLIS: If you blowthe water out, it

becones nuch nore reactive.

MR. CARLSON: I'd like to point out
because this is a cormon m sconception, and |'ve heard
from nunmerous sources, people who are new to this
desi gn say, "Ch, they' ve gone to | ight water cooling."
Well, our light water reactors have negative power
coefficients and negative noderator tenperature
coefficients.

MR. S| EBER: And that's because the
enrichment is way up there.

MR. CARLSON: But, infact, goingtolight
wat er did not hel p AECL -- and they' Il confirmthis --
does not help. In fact, it would be easier to nmake
the coolant void reactivity negative if they had
stayed wi th heavy water cooling.

MR. SIEBER. That's right.

MR. CARLSON: And the big effect there, as
you see, is that 31.5 read nunber for |oss of
absorption by light hydrogen in |ight water.

DR. RANSOM DY is deuterium | guess?

MR. CARLSON: No, EY is dysprosiumwth
t he burnabl e poi son.

DR. WALLIS: That's the one that cancels

out the 235.
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DR. RANSOM VWhat is the effect of the

cal andri a

MR. CARLSON: Well, it's zirconium So
the neutronic -- it's pretty transparent to neutrons.

MR SIEBER It's invisible.

MR. CARLSON: But we're discussingthat in
our PIRT di scussions, and I'll be flyingto Brookhaven

t omor r ow nor ni ng, as Jack i ndi cated, to have the third
PI RT nmeeting for neutronics.

MR. SIEBER. So the real issue is not can
you cal cul ate it and have enough confi dence that you
know t hat you got a reasonably good answer.

MR, CARLSON: Exactly. So let me go
t hrough ny slide here.

AECL' s nom nal val ue of the cool ant void
reactivity is only slightly negative, that is, an
i nformal definition of coolant voidis K, that is, the
neutron nul tiplication factor voided. M nus K cool ed
is mnus .007 or mnus seven mlli-K. A nore fornmal
definition is one over K cooled mnus one over K
voi ded. Nunerically they're the sane when t he cool ed
K effective if one.

Anyway, it's only slightly negative. The
cool ant void reactivity is also a conbination as we

sawin that table fromthe AECL of |arge positive and
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| arge negative and small negative effects, and it is
sensitive to core design. As | just said, slightly
changi ng the enrichnent and increasing the burnable
poi son, changed it from mnus five to mnus seven
mlli-K andit's al so sonewhat sensitive to operating
paranmeters. |If there is a poison in the noderator,
whi ch they don't usually have but would have in the
unusual case of restarting after | ong shutdown, they
woul d have a small anpunt of boron in the nonitor.
That nmakes the cool ant void reactivity | ess negati ve.

Anot her key observation is because of
t hese factors, the eval uati on of bias and uncertainty
in the calculated CVR predictions, i.e., validation,
will figure quite prominently in the staff concl usion
and also how we nodel it. But validation of our
nodel s is key.

Interesting to note is that there will be
no i n reactor nmeasurenments of cool ant voidreactivity.
They are difficult to do and they are not planned by
AECL. That kind of neasurenent woul d basically cal
-- the strai ght nmeasurenent would call for you to have
an operating or plant that's ready to operate and t ake
out all of the cool ant.

MR. SIEBER. Yeah, they just nmelt it.

MR CARLSON: So there would be sone
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reluctance and difficulty in doing that.

This is not to say that we're closing the
door on any way of doing in reactor neasurenents, but
we do acknow edge that it's difficult and there's no
obvious way to do it, and it is not planned by AECL a
this time.

DR WALLIS: No one will ever know.

MR. CARLSON: So, therefore, we're stuck
with what we predict, and those prediction nethods
wi || be validated based on sone ACR speci fic benchmar k
nmeasurenments inthe ZED-2 facility at Chal k Ri ver Lab.
It's an AECL facility. W' ve been there, and we've
seen it.

DR RANSOM |Is that at zero power?

MR. CARLSON: This is a zero power
critical facility.

CHAI RMAN KRESS: That's an interesting
bul | et about how confident are you.

MR. CARLSON: So the validation question
becones --

CHAI RMAN  KRESS: A nore interesting
guestion to me is how confident do you have to be.

MR. CARLSON. Well, yeah.

CHAI RMAN KRESS: |Is that a policy issue?

MR. CARLSON: Potentially, potentially.
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So, yeah, the question is when code calcul ations
predi cate a snmall negative CDR, how confident are we
that the actual CORw ||, indeed, be negative in view
of prediction bias and uncertainty? Again, as
determ ned by benchmarking against some sem -
prototypic experiments.

Now, the experinents that AECL has done
for wvalidating the neutronic predictions for
conventional CANDUs really don't help us here. They
really have to do a set of ACR specific benchmarks
because t he neutroni c phenomenol ogy inthis designis
quite different fromthat in conventional CANDUs.

They have started doing some of those
tests, and the nmgjority of themw |l be finished in
the next year or so. They're planning to conplete
themin 2005.

So as | alluded to a nonent ago, a
significant result from a Phase 2 pre-application
activities was that in June 2003, AECL did change t he
fuel designedto nmake t he cool ant void reactivity nore
negati ve.

Somre of the pre-application interactions
we' ve had on cool ant void reactivity, we've had sone
technical exchanges on coolant void reactivity

anal ysis and validation, including facility tours of
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the ZED-2 facility, and in Vince Langman's earlier
slide he said those were in Decenber of '03. They
were actual ly i n Decenber of '02, over a year ago now.

We devel oped a set of RAIs in March of
| ast year, and AECL responses were provided and
supporting docunent in June of last year, and in
Novenber and anot her set just canme in | ast nonth, and
there's noreinformation conmng as they solidify their
program description and actually conduct their
experi nments.

W received our first information
detail ed i nformati on, about the physics design of the
core in that June response, but they imediately
changed their design. So we have yet to receive that
| evel of detailed information about the current
desi gn.

| provided establishedreport i n Septenber
of last year to Research -- well, I'"'min Research --
to NRR, and NRR forwarded that to AECL i n Septenber.
We started our NRC PIRT activities in Septenber and
had our first nmeeting in Cctober, our second neeting
in Decenber, and our third neutronics PIRT neeting
| ater this week.

AECL has been very helpful wth the

presentations that they've made at those neeti ngs and
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with the followup information that they were
requested by the panel nenbers during the neetings.

W' ve al so had hel pful participation by
the CNSC staff as observers in those PIRT neetings.
The CNSC, t he Canadi an regul atory staff, has al so been
maki ng progress on their own in trying to do
i ndependent cal cul ati ons of cool ant void reactivity
and we'l|l be hearing about that fromthem soon.

DR.  WALLI S: VWhat s the typical
uncertainty in these cal cul ations? Wen | went to the
university a long time ago, the uncertainties were
fairly high in these CVR cal cul ations. Are they now
narrowed to the point where when you say 15.1 you're
pretty sure it isn't 13?

MR. CARLSON: That's a very good questi on,
and | don't thinkit's quite that good, but we'll see.
W're going to --

DR WALLIS: You don't know?

MR. CARLSON: We'reinthelearning stage.

DR. WALLI'S: You nust knowwhat' s typical.
Say what the odd is now \What's the sort of typical
uncertainty in these nunbers? Does anyone have a
handl e on that?

MR. CARLSON: Vell, frankly, I'm not

involved in |ight water reactor analysis.
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DR. WALLIS: But sonmebody is.

MR. CARLSON: But yet we do have peoplein
NRR and in Research who are. So if anybody wants to
speak up. M feeling is that ten to 20 percent --

DR WALLIS: That's nuch too nuch.

MR CARLSON: -- uncertainty --

DR WALLIS: That's nuch too nuch to be
sure with mnus seven and these big nunbers.

MR. CARLSON: For the noderator
tenperature coefficient. Uncertainties on that, in
t hat general order of magnitude, sonebody can correct
me if |I'mwong.

DR. WALLIS: Not hearing a correction, we
take it that each one nunber 31.5 is within --

MR. CARLSON: Oh, you're | ooking at that
table? | would say, yeah, we have an uncertainty
associ ated with plutonium | don't know exactly what
it is, but obviously we can't predict with absolute
accuracy what the inventory of plutoniumis as a
function of irradiation.

And on top of that, we don't know wth
absol ute accuracy what the effect of it, given the
anmount of plutoniumin the fuel is on coolant void.
The ZED-2 experinental benchmarks will give us a

handl e on that. O herwi se our analysis tools are
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pretty good, but just how good remains to be
denonstrated in this context.

DR. WALLIS: So you don't have a feel for
how good they are now? | would think you could | ook
at sonebody with an expert eye who knows t hese thi ngs
and makes these calculations, could |ook at these
nunbers and say, "Cee, whiz, |'m not particularly
confident," or, "I"'mreally sure that they're pretty
cl ose to m nus seven because | know you can do these
t hi ngs accurately."

MR. CARLSON: We've been having these
di scussions in the context of the PIRT in the first
two neetings of the PIRT, and our experts are kind of
on the fence as to whether we can real prove wth
confidence that when it's mnus seven mlli-Kthat it
really is negative.

MR. FLACK: Yeah, | believe that know ng
what drives the wuncertainty is what really is
i nportant in understanding what that really is going
to be, and | think that a lot of it is where we're
trying to understand what would be driving that
uncertainty and whether it woul d overl ap.

MR CARLSON: This is enough different
fromlight water reactor physics that we know t hat |

t hi nk experts just won't imedi ately come up with an
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answer of what they think the expectation is for
accuracy |like you're asking. But we could talk
qualitatively about | think there may be substanti al
uncertainty in Plutonium 239 and U 235 terns because
the inventory as a function of burn-up is not
perfectly known, for exanple.

MR. FLACK: Wy don't we just take this as
a take-away? We'll be neeting nore on this in the
future and let's cone back on that one.

MR. SIEBER. Let me ask just one other
guestion. There's a |ot of resonances in the cross-
section diagrans in the energy range that you're
dealing with here, and when you have one of these
voids, you end up with a pretty good size spectra
shift which steps you t hrough those resonances, which
dependi ng on where you are during that transient wll
change whet her the coefficient -- what the | evel of it
iS.

MR. CARLSON. Well, you'll see that the
dom nant resonance absorber, of course, is U 238.

MR. SIEBER Right.

MR. CARLSON: And in their table it's a
mnus 15 mlli-Keffect. The change in absorptionin
U- 238 upon cool ant voiding is mnute 15 mlli-k.

MR SIEBER: Then it conmes down |li ke this,
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and then there's a bunch of resonances and then it
goes to essentially a nean val ue again.

MR, CARLSON: What ' s happening is that
when you renove cool ant fromthe channel, nore of the
neutrons do their slow ng down out in the noderator
away from the fuels who have reduced resonance
absor ption.

MR. S| EBER Right, but the burnable
poi son has t he sane phenonmenon. |f you had gadol i ni um
it's even wilder than --

DR WALLIS: But that would rmake it even
nore reactive, wouldn't it? If you get Iess
absorption, you get nore reactivity, not less. It
think it nust be because you lost the light water
cool ant that you --

VMR, CARLSON: Yeah, |1'm thinking about
CANDU here. Excuse ne, yeah.

DR, WALLI S: | think you ve got nore
resonance absorpti on because you' ve | ost t he hydrogen
t hat's doi ng sone sl owi ng down for you in the channel
itself, but again, we're debating stuff. You' re going
to sort it out.

MR. CARLSON: Yes. So that the cool ant
voidreactivityistheinitial focus of our neutronics

PIRT, and it will be conpletedinthe March-April tine

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

330

frame.

So for conpleting Phase 2 of the pre-
application review activities on coolant void
reactivity, we'll provide, research will provide an
initial -- we'll apply input onthe status and initi al
results and plans for coolant void reactivity,
confirmatory analysis to NRRin May, and that will be
used by NRR in responding to AECL in the SAR

DR. WALLIS: well, tell me. These PIRTs
don't really tell you very much. they tell you that
sone experts think that sone phenonena is inportant.
That's fine -- are inportant. That's fine.

But until you actually evaluate it, you
haven't really | earned nuch.

VR,  CARLSON: Wll, in a way our PIRT
panel has not become expert yet in this particular
design, and really at this point the only experts on
the design are at AECL. The rest of us have a steep
curve to clinb.

So anyway, this is kind of PIRT in the
dark. We have technical discipline area experts, but
they all acknow edge that they have much to | earn on
t he specifics.

DR. WALLIS: So even when you have a good

PIRT, you still have a |long way to go.
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DR. ROSEN. O course, the PIRT, all it

does is tell you what to focus on.
DR. WALLIS: Right.
CARLSON:  Yeah.

MR

MR SIEBER  That's right.

MR. CARLSON: So as we |l earn nore, we wil |
we

refine what | earned fromour initial PIRT.

DR WALLIS: | think thereal thingis can
the staff calculate the things that matter with this
design with enough confidence to nmake a deci sion.
Now, | don't have any neasure of that fromwhat |'ve
heard today. | knowit's difficult.

MR. CARLSON: Well, and we see it as being
difficult, and we will not provide an answer that,
yes, it is negative during pre-application review

DR. ROSEN: That is kind of a problemfor
AECL, isn't it, trying to decide whether to go ahead
with an application? And if it turns out you don't
believe that you can confidently say that it's
negatively, that may be a show stopper.

MR. CARLSON: Well, the enphasis of our
early activities continuing into the design
certification phase will betoidentify gaps in their
experi ment al database that woul d make it difficult for

us to conclude with confidencethat it i s negative for
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the current design or any nodified design.

MR. FLACK: But, again, | think what we're
trying to do is to see where we're headed as a final
conclusion. Again, the pre-application is part of
bei ng prepared, having the staff prepared, trying to
put the tools in placethat will answer that question,
and then when we get to the end of this, we will go
forward with whatever position we're in at that tinme
with the basis for it.

So it could evolve to a policy issue,
uncertainties are |l arge, and we' re not as confi dent as
we believe we could be, but that is to be seen. What
we're at a phase now is just putting in place those
things that will get us that answer, and Don has been
goi ng through with you all of the areas he's | ooking
at, and we'l|l continue to | ook at this as part of pre-
application, and when we conme back later this year,
we'll give you our assessnent of where we are at that
tinme. That's about the best we could say at this
poi nt .

MR. SIEBER. But it's just as likely that
you can conclude that it's okay as it is that you
woul d conclude that it's not okay at this point in
tinme.

MR FLACK: As a basis for either answer.
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MR SIEBER  That's right.

MR. CARLSON: We know how to get there,
but there's a nunber of things we have to do.

MR. SIEBER. You know you have to cross
fences. You just don't know how high they are.

DR. WALLIS: Wat |I'mconcerned about is
you're going to be so uncertain that you won't really
know what you're saying about whether it's okay or
not .

MR. SIEBER: Well, you can cal cul ate your
uncertainty, too, to sonme extent.

MR,  FLACK: W'l have to cone to
decisions inlight of whatever uncertainties there are
at that time, and it will tell us --

MR. CARLSON: We can di scuss this nore on
the next bullets in the next slide.

So we'll be providing initial -- we'll
al so be providing a report, the third bullet here on
initial insights and plans for assessing the
neutronics validation data for the coolant void
reactivity, which nmeans evaluating bias and
uncertainty in those predictions and perhaps treating
bi ases and uncertainties in the safety anal ysis.

No concl usions, j ust t houghts and

observations based on where we are now in the pre-
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application review and where we will be a few nont hs
from now.

And then as in all areas, we'll be com ng
up with inputs on estimted resources and schedul es
for confirmatory analysis of the coolant void
reactivity and validation and related work to
establ i sh core nodel s with t he PARCS code f or ACR- 700,
and that will be in the May-June tinme franme as well.

My | ast slide, here's our thinking onthe
conti nuation of confirmatory anal ysis activities for
cool ant void and rel ated work fromhenceforth and into
t he design certification phase.

Three maj or activity areas, the first one
bei ng independent static calculations of nom nal
values of coolant void reactivity using detailed
nodel s with existing state of the art nethods, i.e.,
the MCNP code. MCNP is a Monte Carl o exact geonetry
conti nuous energy point-wi se energy code, but it
solves the item value problem static. It's not a
dynami c code. So we will be doing static cal cul ations
of the difference between K effective voided m nus K
effective cooled. W started sonme of that and will be
conti nui ng sone of that.

So MCMP nodeling with in-house cross-

checki ng agai nst another code, AECL is also using
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MCNP. There's anot her code call ed MONK. It's from

the UK It's very simlar to MCNP, but different,
but independent, and uses different cross-section
libraries. They have libraries fromJeff and Jendel,
as wel| as ENDFB

The second sub-bul l et. Theresults of the
MCMP analysis wll reflect and supplenent the
phenonenol ogy insights fromthe PIRT panel.

And the final bullet, the detailed MCNP
nodel i ng studies will hel p qualify the nore proxi mate
nodel s and net hods to be used by t he NRC nucl ear code
suite for reactor transient analysis, SCALE plus
PARCS.

The second maj or bullet, validation and
benchmar k anal ysi s to eval uat e cool ant voidreactivity
bi as and uncertainty. As | said early on, we expect
bi as and uncertainty, the validation questionto weigh
heavily on our conclusions in this area.

The NRC and DOE have put significant
effort over the last eight years in devel oping
sensitivity and uncertai nty anal ysis methods for usin
validation in the criticality safety realm W're
consi dering adapting and applying those nethods and
per haps ot her sensitivity and uncertainty nethods to

hel p us assess the applicability and coverage of the
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set of sem -prototypic ZED-2 benchmarks, and from
t hose benchmarks derive the bias and uncertainty in
predicting coolant void reactivity in the reactor.

Arel ated exerciseis torevi ewand assess
t he measurenment techniques for ACR benchmarking in
ZED-2. Thee are sone rather uni que approaches they
use for those neasurenents, and we started to
under stand them but the nmeasurenents t hensel ves have
potentially significant uncertainties.

And the early enphasis of all of these
activities is totry to identify gaps in associated
needs for additional integral data and possibly al so
differential data, cross-section data or cross-section
covari ance data.

The final wmajor bullet. W'l be
provi ding SCALE lattice data as input to our PARCS
core nodels for sinulating ACR-700 operations and
transi ence. The substeps include adapting and
appl yi ng SCALE, the SCALE Triton code to Model ACR-700
fuel lattices in another yet to be determ ned sequence
inscaletotreat the three di mensional problemof the
transverse reactivity devices. That is, the absorber
rods are perpendicular to the fuel channels, in
between the fuel channels. So that's a three

di mrensi onal problemthat we are not used to dealing
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with. We do lattice physics intwo di nensions for our
current reactors.

The correspondi ng tool s i n AECL code suite
are WM and DRAGON. The second sub-bul | et, adapt and
apply PARCS to nodel the core with lattice data
provi ded by SCALE, and RFSP is the corollary code for
AECL.

And then integrating and testing the
resulting scale data is used in the PARCS nodel s and
t hen coupling with TRACE and/ or RELAP.

Once those nodel s are in place, we'll use
those in addition to the AECL codes to analyze the
i npacts of postul ated CDRvari ati ons or uncertainties.
On the progression of <cooling transience, the
reactivity response to cooling transience in ACR-700.

That concludes ny talk. Are there any
guesti ons?

(No response.)

M5. SOSA: Thank you, Don

At thistinel'dlike to turnit over to
M. Steve Jones, and he will be discussing the on-
power refueling focus topic review.

MR JONES: CGood afternoon. |"m Steve
Jones in the Plant Systens Branch of NRR | just

want ed to speak briefly about the on-power refueling
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topic, a little bit nore regulatory basis than
t echni cal than perhaps the |ast couple of
presentati ons have been.

Qovi ously, on-power refueling has been

previously licensed before inthe United States. So

our body of regulations has left sone gaps. The
objectiveistoreally fill those gaps with regard to
design «criteria, accident evaluation, and, in

particular, the codes and standards that would be
applied to the on-power refueling nechanisns.

Now, as Bel kys went over, our end report
will deal with regulatory issues, policy issues.
That's probably at tinmes policies just with a snall
"P," just dealing with what Ilevel of risk is
acceptabl e for the on-power refueling design.

And t hen devel op t he regul atory and pol i cy
framework to support --

DR. WALLIS: Is that going to be the basis
for it, isto use arisk approach? Are you | ooki ng at
t hings that can go wong and how they could affect
core damage rather than witing a lot of new
regul ations that are ad hoc and the old style?

MR. JONES: CQur regulations, as | said,
really leave quite a big gap. So it seens |ike

consi stent with our risk informed policy that we woul d
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be using risk to devel op any new design criteria that
woul d apply to on-power refueling.

And real |y t he on-power refuelingtopicis
really a small scale version of the entire design
certification of the plant in that you have a snal
pressure vessel that contains irradiated fuel that's
novi ng around i nsi de contai nnent and then interfaces
with other systens. It affects the reactor accident
frequency because for atinmeit's part of the Cass 1
pressure boundary.

But then, again, whenit's separate from
t he reactor cool ant pressure boundary, one previous

speaker nmentioned you're only deal with 12 fuel

assenblies, which is one channel, |ess than one
percent of the core. It doesn't pose a great deal of
consequences consi deri ng t hat that's i nsi de

cont ai nnent .

CHAl RVAN KRESS: But don't the Canadi ans
have a design basis accidents related to the --

MR. JONES: Yeah.

CHAI RVAN KRESS: One approach m ght be to
| ook at those and say t hose woul d be accept abl e desi gn
basi s concepts?

MR. JONES: Yes. W'IIl get into that in

a later slide. They have provided sone design basis
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accidents. 1'll start at the highest two with our
regul ati ons under Part 50 and Part 52. | gave a
couple of exanples where there's sonme clear
applicability in 10 CFR 5055(a) in codes and
standards, and you've been asking quite a few
questions of AECL regarding the design and the
di fferent points where seals or flexible hoses becone
involved in the pressure boundary design of this
pl ant .

And Patrick Sekerak in the Division of
Engi neering will be tal ki ng about that aspect of on-
power refueling in a nonent.

One ot her exanpleis criticality accident
requirements, and that's in Part 5068. It's not
likely to be a real technical issue, but evaluating
how exactly to apply or exenpt the on-power refueling
from that particular requirenent could be a policy
i ssue or regulatory issue we need to deal with.

The next area is developing a design
criteria, andthat's really very well integrated with
the types of accidents that could happen and their
frequency. There's alot of existingcriteriain Part
50, Appendix A that we could apply. Also |I'm sure
AECL has devel oped sone criteria that they' ve used in

designing their own private refueling to date.
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The areas we're looking at include
criticality prevention, fuel cooling, residual heat
renoval , nmechani cal handl i ng of t he fuel,
i nstrunentation control systens with regard to those
i nterl ocks and other devices associated with the on-
power refueling machine; to what extent energency
cooling is required and to what extent containnent
integrity is maintained during the fuel transfers.

And then from those identify issues,
pol i cy i ssues whi ch may require highlevel guidance or
Conmi ssi on i nvol venent .

DR WALLIS: Has AECL left this up to you?
| woul d think that intheir subm ssion they woul d say,
"Here's our reactor, and this is why it neets your
general design criteria.”

MR. JONES: We di d have actually our first
technical neeting yesterday regarding our on-power
refueling, and we discussed that it would greatly
sinmplify matters to get their proposed designcriteria
and j ust eval uat e whet her or not t hose are accept abl e,
but as we have already a set of design criteria in
Appendi x A, it doesn't seementirely out of the scope
of our work to also propose sone for this type of
appl i cati on.

DR WALLI S: | just thought they woul d
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have already conme in saying all you had to do is see

whet her you accept it or not. It doesn't seemthat is
t he case.

MR.  JONES: In the documents | have
reviewed to date, | haven't seen any set of design

criteria specifically --

DR RANSOM It seened like that would
want to trade off the risk due to decay heat renova
and | ow power operation, which | understand there are
significant risks in conventional plants versus not
havi ng to go through that phase.

MR. JONES: That's true. That woul d be an
opportunity.

DR. ROSEN: Well, not having to go t hrough
t hat phase as often.

DR. RANSOM  Pardon?

DR. ROSEN: Not having to go through that
phase as often.

DR. RANSOM Right, right.

DR. ROSEN: W do have to shut down at
sone point, and then they have shutdown ri sk issues,
not the same ones we have, clearly, but there do shut
down after three years.

MR,  JONES: | guess the dom nant

contributor as far as md-loop operation with fuel
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still in the reactor vessel would | argely be avoi ded
inthis design. So that's a big part.

The ot her issues, as Dr. Kress nentioned,
with revi ewof operating experience and fail ure nodes
anal ysis of their basic design to identify proposed
desi gn basis events and bring risk elements in to see
how | i kel y any one of those design basis events were,
and fromthat establish acceptance criteria for the
acci dent anal yses i nvol vi ng t he fuel handl i ng machi ne.

Again, there may be sone policy issues
that arise out of that. Since we're dealing with a
very small fraction of the core, the risk or the
consequences are relatively low. However, they are
di fferent fromwhat we have li censed i n current plants
where we' re only | ooki ng at mechani cal damage of, for
i nstance, one PWR assenbly which is at |east on the
sanme order of magni tude as far as anount of irradiated
material, but we're only |ooking at gap rel eases in
t hose type of events, filtered through some anount of
wat er, whereas it seens as though at | east accidents
inthisrefueling machine couldinvolve therml damage
to fuel that involves alarger rel ease, and we'd j ust
have the containnent boundary as a protected
nmechani sm

Regarding technical issues as far as
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that's really the methods of review and anal yti cal
tools, | really don't see nany issues in that area.
Ri ght nowthisis pretty traditional accident anal ysis
work or risk evaluations, but we'll be |ooking for
those itenms and identifying any in the safety
assessnent report.

And that concludes ny portion of the
presentation.

M. Sekerak fromDivi sion of Engineering
will talk briefly about the Part 5055(a) code and
standard applicability to on-power refueling.

M5. SOSA: Thank you.

MR. SEKERAK: Good afternoon or good
eveni ng m ght be nore appropriate. My nane is Patrick
Seker ak. I["'m from NRR, Division of Engineering,
Mechani cal Engi neering Branch.

And ny part of thisreviewis specifically
related to review of the qualification and design of
t he nechani cal equi pnent that's associated with the
on-power refueling system and much of what Steve
provi ded you just before is applicable to ny area, but
what | wanted to concentrate on in the interest of
brevity was the specifics of what |'m particularly
concerned about in reviewi ng the nechanical design

basi s of the conponents and conponent supports that
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conpri se on-power refueling equipnent.

So far the nost detail ed docunment that has
been subm tted by AECL for on-power refueling is the
AECL report, "The Technol ogy of On-power Refueling."
What this docunent provides is a very good, general
description of the qualitative portions of the system
and howt he systemwor ks, howthe conponents relate to
each other, and it's a good general description, and
it al so provides sone reference to CSA standards that
are suppl enenting the ASME design standards that we
use as part of our regul ations.

And inthat regard, it's useful because it
provi des sone basi s for our understandi ng of a design,
quite frankly, that 1'm very unfamliar wth
However, what it does not provide is the |evel of
guantitative design basis information that | need to
pass j udgnent on t he desi gn basis for the equi pnent it
constitutes, the on-power fueling system

That kind of information, and | refer to
10 CFR 5247 for reference, that type of informationis
by this litany of information that | have under the
second paragraph, which should not be interpreted as
all inclusive by any means, but gives arepresentation
of the type of detailed design criteria and

information that I'mgoing to need in order to do a
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technical review for design certification purposes.

Now, the path forward for staff revi ew of
this kind of information is Chapter 3 of the standard
review plans, the NUREG 0800, and it's represented
primarily by standard review plans, such as 3.2.2,
3.9.1, 3.9.2, 3.9.3, and 3.9.6.

That is the planthat | will be using for
review of the design adequacy of this Kkind of
equi pnment and supports, and one thing I'd like to
hi ghl i ght. Probably the nobst inportant thing that
t hose standard review plans rely upon is the ASME
boil er and pressure vessel code as the docunent that
defines the acceptance criteria and design basis for
mechani cal equi prment.

And the policy issue, although I list it
as a policy issue, it could be aregulatory issue, but
"1l consider it a policy issue for now because it
concerns me because what we' ve beentoldis that there
are a number of departures from 10 CFR 5055(a) which
constitutes the adoption of the ASME design code as
the rule for design of conponents that provide
pressure boundary, Class 1 pressure boundary, and
supports for the Class 1 pressure boundary, and we're
told that there are a nunber of CSA standards that are

bei ng used as proposed al ternati ves to t hese ASME code
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requirenents.

| know that there are a nunber of
conponents in the on-power fueling systemthat fal
into that category. There are also sonme conponents
that will be affected inthe Cass | pressure boundary
design, and there may be others. |1'mnot sure of the
full extent of where those alternatives to the ASME
code really are applicable.

| know that in the Class | pressure
boundary desi gn and on- power fueling equi pnent design
t hat they are applicabl e, and what |1' mconcer ned about
is that there has to be sone reconciliation formally
of these CSA standards when they provide for either
repl acenent of ASME standards or suppl ementation of
ASME st andards or provision of new standards, adding
to the ASME code requirenents.

The first thing that I would have to do
when it cones actually tinme to wite a safety
eval uation report, the first paragraph that |I' mgoing
to wite is what are the acceptance criteria.
Odinarily that woul d be fairly easy. |'d just refer
to the general design criteria, standard revi ew pl an
gui delines, the regulatory guidelines, and then |
could proceed to the detailed review of the kind of

information that | would expect from the second

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

348

category of the slide, the 5247 design information

But |'ve got a problemright away. Inthe
first paragraph of the safety evaluation report that
I'm witing, |'ve got to reconcile somehow the
acceptability of the CSA standards. Now, 10 CFR
5055(a) provides for the NRCrevi ew and accept ance of
proposed alternatives to 10 CFR 5055(a).

But what 1'd like to enphasizeis that it
al so suggests that the burden of proof of the
acceptability of those standards in providing an
acceptabl e level of quality and safety to codes that
it is replacing, that burden of proof rests with the
appl i cant. And | would enphasize that for AECL
consi derati on.

What we woul d expect, what the staff woul d
need in order to proceed with this kind of reviewin
an efficient mnner is to have those proposed
al ternatives or exenpti ons of what ever formthey t ake,
proposed in the process adjusted by 10 CFR 5055(a),
and especially withregard to providing justification
t hat the CSA standard provide an acceptable | evel of
quality and safety to the provisions of the ASVE code
that it is replacing or supplenenting.

As | nmentioned before, the AECL report,

"Technol ogy of On-power Refueling,” | find to be a
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very useful docunent to provide an overall
orientation. However, for my purposes it's |long on
systemdescription; short on technical details. And
before I can really proceed any further, | woul d need
much nore detail ed techni cal design basis information
and also a basis to establish an agreed upon
acceptance criteria where there are departures from
the ASME boiler and pressure vessel code which
i ncludes not only Section 3, but Section 11 and the
operation and maintenance codes, which are also
adopted by reference in 10 CFR 5055(a).

DR ROSEN: And the code cases.

MR. SEKERAK: And code cases t hat woul d be
appl i cabl e.

DR. ROSEN: Well, one was nmentioned this
norning, risk informed code case, risk inforned
i nspecti on code case.

No, | think your analysis here is very
useful, very thoughtful, and difficult obviously for
AECL inplications. But there is another way for AECL
to approach it perhaps just as hard or even harder
unfortunately and that's for themto go to the ASME
code and get that reconciliation adopted in code
cases, which would solve your problem wouldn't it?

MR.  SEKERAK: It would in theory.
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However, in practice, having participated in the ASME
process as a new code commttee nenber, the process
sonmetimes i s very |l engthy. | woul d be concerned about
the length of time that it would take to get code
cases approved to support the ki nd of scheduling that
both AECL and the project is --

DR. ROSEN: Oh, | agree with you 100
percent. | just think that if you just | eave the tine
scal e off the axis for a nonent, but stepping through
t hat process, if AECL was to identify the deviations
or differences with the code, the ASME boiler and
pressure vessel code and its O&Mcases and t he rest of
it, identify those, go to the code communities, get
code cases that say, yes, it's acceptable if you do
this or that and whatever the conditions are; then
you' re back in what you said. When you sit down, you
can evaluate it.

MR, SEKERAK: | woul d agree that ignoring
t he pressures of schedul e, that woul d be a good way to
proceed because it would address ASME, who would
really have the depth of know edge to address the
differences and to be able to make judgnments about
whet her or not the applicable CSA standards had the
same design basis that the code does, the sane

implicit factors of safety, and the various other
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t echni cal provisions that | would be | ooking for as a
justification that the CSA standards provide
equi val ency to the ASME st andar ds.

DR.  ROSEN: And leaving out the tine
scal e, which brings inthe consensus process, whichis
very useful.

MR. SEKERAK: Yes, it does, and the ASME
code, obviously, has devel oped as a consensus code
over decades. W're famliar with it. Mny of us
have used it. W participate in the consensus revi ew
process. So we're confortable with it.

When standards that deviate fromit are
introduced in our review, that provides another
chal | enge, and |I' mnot saying that that necessarilyis
a showst opper. | don't even know enough about the CSA
standards to even suggest that.

But it provides an additional challenge
right up front to agree on acceptance criteria which
woul d ot herwi se be very clear for us, and | would
certainly like to have that acceptance criteria tied
down specifically before | even spend an hour on
reviewing a design certification, the details of a
design certification application.

So those are the mmjor points that |

want ed to enphasi ze in ny view of what | have done in
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this regard so far. So if there are any other
gquestions, |I'd be glad to try to answer them if |
coul d.

M5. SOSA: Before we nove fromthis topic
|"d like to clarify a couple of things. Part of the
i ssues that you heard today from M. Sekerak are
things that we are addressing in Phase 2. The main
objective of Phase 2 is to provide the type of
f eedback that he expressed here today.

So hopefully we wll come to good
solutions. There are nultiple ways to resolve this
i ssue. However, the schedule is a very inportant
consi derati on.

So we're hoping to proceed with a plan
t hat works.

DR. ROSEN:. Scheduleis very inportant for
AECL, clearly, but overriding it is the question of
t he consistency of this design with our requirenents
and the ability to find confidently that the design
does neet those requirenents. So, | nean, that has to
be first, and then if you can do that on their
schedul e, so much the better, but first things first.

MR, SEKERAK: And this is especially
i mportant since amjor section of our regul ations are

devoted to this very topic. The ASME code has becone
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enshrined in the basis for our regulations for along
time, and | woul d need sone detail ed i nformati on about
reconciliation of requirenments that woul d convi nce ne
that any new CSA standards that are proposed, in
fact, do have a sound desi gn basis.

And if there are departures from design
factors, for exanple, inplicit in the ASME |1l code,
then I woul d expect some justification of why those
design standards or departures from those design
factors are conpensated for by other provisions.

And wi thout belaboring that point too
much, just to provide an exanple, the ASME Ill code
has inplicit init a design factor of approximtely
three, which is measured by the allowable stresses
t hat are specified by the code conpared to t he m ni mum
material properties that are measured in the code
approved materi al s.

| f a design standard i s provided t hat has
a smal ler design factor inplicit init, it would not
necessarily be unacceptable, but there would have to
be a justification of why that | ower design factor is
-- what conpensates for that particul ar | ower design
factor? Isit nore stringent requirenents on nateri al
procur enent, mat eri al i nspecti on, fabrication

requi renments? What are t he conpensating factors that
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would allow ne to accept a design code that has a
lower inplicit design factor?

And that's just an exanpl e of the ki nds of
detail that | think would be necessary in order to
justify departures from 10 CFR 5055(a) requirenents.

M5. SOSA: Thank you.

MR. SEKERAK: Thank you.

M5. SOSA: And | ast on today's agenda we
have M. Martin Stutzke, and he will be presentingthe
staff review for the PRA

MR STUTZKE: H . |'mMrty Stutzke. |
wor k for the Probabilistic Safety Assessnment Branch in
the O fice of Nucl ear Reactor Regul ation. | have been
t here about seven nonths now. Prior to that |I had 17
years as a private consultant doi ng PRAs.

So ny perspective my be a little
different, and ny boss is helping nme to | earn.

DR. WALLIS: Are you just learning from
your boss or is it the other way around?

(Laughter.)

MR STUTZKE: Hopefully it's nutual.

| have two mmjor things 1'd like to
present to you today. First of all is our plan to
conduct our review, the objectives, the guidance, the

vari ous assignnments and schedules and things |ike
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t hat .

The second thing is what | will |abel to
say potential policy issue concerningrisk acceptance
gui delines for core damage frequency.

The objectives are pretty nuch as you
woul d expect. W want to determine that the PSA
nmet hodol ogy will produce a PSA with adequate scope,
adequat e | evel of detail, and technical acceptability.
Along the way, as Belkys has told you, we need to
identify potential issues, technical regulatory
policy.

Finally, we've been asked to generate a
schedul e and resource estimate for actual ly revi ew ng
t he PRA when it has been submtted. As you point out
now, what we have to work with are PRA nethodol ogy
docunents. W have a reference anal ysis for the CANDU
6 and the CANDU 9. | have not seen any PRA or any PRA
results for the ACR-700 as of this tine.

Finally, we need to | earn about the ACR-
700 design, the plant |ayout, the construction. The
systens are sonewhat simlar, and deceivingly
di fferent sonetimes.

When | was a private consultant, | did PRA
work in Romania on a CANDU plant. So what | |earned

by that exercise was if you go in with preconceived
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noti ons, you generate the wong answer and identify
the wong risk contributors.

So we needto bealittle bit careful that
we understand howit works before we try to attack how
it fails and nodel that correctly.

DR. FORD: Did you say that you haven't
recei ved the PRAfromthe applicants for this ACR- 700?

MR STUTZKE: That's correct.

DR.  FORD: And yet you're supposed to
wite sonething by July?

MR. STUTZKE: |' msupposedto wite onthe
nmet hodol ogy of the PRA

DR. FORD: Ah.

MR STUTZKE: Yes, it's alittle sporty.

DR. WALLIS: There's nothing there about
their conpetence to use the nethodol ogy? | can say
| "' mgoing to use all the best textbooks and all of the
best methods, but | may be totally inconpetent in ny
use of them

MR. STUTZKE: Let me address that when we
tal k about the PRA quality i ssue because | think that
has sone bearing on this.

The next couple of slides | will just flip
t hrough themw th your perm ssion because they talk

about the general sorts of guidance that |I'musing to
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hel p do ny work.

Notice with respect to PRA quality, the
sections out of Reg. Guide 1.174, the standard revi ew
pl an Chapter 19 and specifically Chapter 19.1; the
ASME and ANSI standards on PSA; and |ast but not
| east, Regulatory Cuide 1.200. This was formerly
draft Regul atory Guide DG. 1122 whose publicationis
i mm nent |'ve been told.

PARTICI PANT: It's nore. The Reg. Quide
1. 200.

MR. STUTZKE: So here's what's been done
before. First of all, you should realize this is a
joint effort between our branch and t he PRA branch and
the Ofice of Research being head up by John Ri dgely
over there.

We've issued an RAI concerning PSA
qual ity. They had a short chapter in their
nmet hodol ogy docunent, and | asked sone questi ons, how
they intended to do this.

Very recently, between Christmas and New
Year's, we issued sone advice or guidance on our
expectation. Specifically what | did was identify to
t hemwhen Regul at ory Gui de 1. 200 had been entered into
the ADAMS system so that they could access it and

becone acquainted with it like this.
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| advi sed AECL that we have a project in
our branch called the PRAquality pilot projects where
we intend to test the regulatory guide with five or
six applications. |'mcertain you re aware of that.
It has been coordi nated t hrough the NEI, and | wanted
to make AECL aware that this was goi ng on.

CHAI RVAN KRESS: Does that guide give
gui dance on how to do uncertainty?

MR STUTZKE: No.

CHAl RVAN KRESS: Wel |, that woul d be a --

MR. STUTZKE: It's not a nmethodol ogy
docunment per se. It says you should do uncertainty,
and here are the types of uncertainties to cone.

CHAI RVAN KRESS: It doesn't tell you.
Does the met hodol ogy document have any gui dance?

MR. STUTZKE: The met hodol ogy docunent
constrains itself to parametric uncertainty,
variations infailurerates and propagating, that sort
of thing.

Wthin the next six weeks research wll
give nme their draft report where they have revi ewed
t he generi c met hodol ogy and t he generi ¢ PSA anal yses,
the so-called reference anal yses, as well as the ACR
PSA net hodol ogy report. | understand research has

engaged a contractor to help themout; is that right?
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| think it's somebody at Cak Ridge, but | don't know

the details. [It's not inportant.

Towards the middle of April we'll get
toget her with research and t he contractor and finalize
their report so that they wll have nmet their
deliverable to ne.

Towards the mddle of May | will conplete
our review of the ACR PRA nethodol ogy. Anot her
report, which is the "Phenonenol ogy of Limted and
Sever e Core Damage Acci dents."” The reviewhere is not
nitty-gritty details of Level 2 PSA It's nore
towards understanding what phenonenol ogy accident
progression really looks like to make certain we
understand what they're telling us.

An additional report in here AECL w |
prepare, the latest target date is March 1st, is a
docunent that di scussed how t hey' ve used t he PRA and
t he design ACR That was originally schedul ed, |
believe, this fall, and it has been slipped for some
time. W are very interested to see this docunent.

So towards the end of April, we'll
conpl et e our schedul e and resource estimate, and t hen
at the end of March or -- excuse ne -- the end of June
here conpl ete our deliverable to the project manager

of Bel kys.
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Ckay. Here's our potential policy issue.
Staff requirenents nmenor andum on SECY 9016 specifies
a core damage goal of ten to the m nus four per year
for evolutionary and advanced reactor designs. The
tento the m nus four per year, Professor Apostol akis
addressed that earlier today. AECL has a target of
ten to the mnus five per year. GCkay? So they're
desi gni ng to one order of nmagni tude | ower t han what we
think is necessary.

| shouldn't say "what is necessary." To
our current acceptance guideline.

MR. SIEBER: Like this so you can nake it
nore risky.

DR WALLIS: O course, making it safer is
totally unacceptabl e.

DR ROSEN: You should use the words

"frequency goal." Don't trytointerpret it. It gets
you in big trouble. It's the goal.

DR WALLI'S: Not even to be achieved.

DR. ROSEN. Goals are good things.

MR. STUTZKE: Now, for the ACR- 700, as in
other CANDUs, AECL has divided the core danmage
accidents into two broad categories: limted core

damage acci dents where t he progressi on of the acci dent

has arrested within the fuel channels, okay, so that
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you' re tal ki ng about si ngl e channel sorts of problens.

DR. WALLIS: Is that core damage or not
core damage?

MR. STUTZKE: This is the root of ny
guesti on.

DR. ROSEN. To the operator that's core
damage.

CHAl RVAN KRESS: To the PRA it's not.

MR STUTZKE: Severe core damage --

MR. SIEBER. It's short of core damage.

MR,  STUTZKE: -- it's traditional LWR
acci dent progression.

CHAl RVAN KRESS: The definition of core
damage in the U. S involves significant anounts of
fission product.

DR WALLI'S: That's my under st andi ng, t oo.

MR. STUTZKE: That's ny question, is how
significant is significant.

Let me continue a little bit.

DR. WALLI'S: WMaybe you guys shoul d gi ve an
answer to it.

MR, STUTZKE: In their PRA nethodol ogy,
t hey define ten pl ant danage states. GCkay. That with
actual Iy one pl us exceptionthey maptoeither limted

or severe core damage categories. They have a pl ant
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damage state nunber nine that pertains to tritium
rel ease that does not invol ve any fuel damage at all.
Ckay?

For exanpl e, what if you get a pi pe break
in the noderator systen? Wat if you get a hydrogen
fire or explosion in the surge tank to the noderator
systen? Things |ike this.

The plus | had tal ked about i s what about
refueling accidents. Okay? They're single channel,
that volune of fuel, but they could be inside the
reactor core; they could be outside the core or
sonewhere in between like this.

Now, ny under st andi ng of t hei r nmet hodol ogy
i s they have t he capabi lity of cal cul ati ng frequenci es
for each one of these pl ant damage st at es because t hey
are nothing nore than the end states. So it's a
matter of telling the conputer go ahead and cal cul ate
t he answer.

| have al so, as part of one of nmy RAls,
requested they try to cal cul ate the uncertainties for
each one of these things. M purpose hereis | wanted
to understand what the magnitude of the frequencies
were and what the risk drivers were for each one of
t hese point damage state directives at this point.

This leads ne to a question. How do |
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interpret the ten to the mnus four core damage
guideline? In AECL's thinking, and | think in nost of
our branches' thinking, the guideline applies to
severe core damage. Ckay?

It rai ses the question: well, what about
the limted core damage frequencies? Do we nerely
calculate then? Do we try to conpare themto sone
sort of a target? |If so, what target?

CHAI RVAN KRESS: M advi ce there woul d be
go to the regulatory framework for risk informed
regul ations and see if you can find a target there.

MR. STUTZKE: | appreciate that. Yeah,
we'l'l | ook.

On the other hand, if it applies to the
total, you have the question on the other end: do
you need a percentage sort of thing, say, severe is
some percentage for the total core damage?

My personal | eaning, as | said, is towards
theinterpretationabovethefirst interpretationthat
severe core damage frequency target.

The second question that | have is: what
about these accidents that invol ve potential rel eases
but no fuel danmage at all, like tritium rel eases?
kay. My instinct tells nme they' re probably of a nuch

smal | er consequence than severe core damage, but the
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frequency may be higher. | just don't know at this
point in tinme.

CHAl RVAN KRESS: That needs to be | ooked
at .

MR STUTZKE: It needs to be | ooked at.

CHAI RVAN KRESS: And | think you' re going
to need sonme sort of acceptance criteria. O herw se
your safety analysis is not conplete.

MR, STUTZKE: That's correct. That's ny
feeling.

Any ot her questions?

DR ROSEN: Acceptance criteria that
doesn't lead to success criteria for the mtigating
systens and track back into the anal ysis.

MR. STUTZKE: Yeah, slowy.

MR. SIEBER Well, that really just boils
down to what health effects there are, in other words,
fatalities, and depending on the level of tritium
release, | guess if you do anything there is sone
| atent effect, but do you consider the whole world?

CHAIl RMAN KRESS: Well, the --

MR SIEBER  You end up with one.

CHAI RVAN KRESS: That's one of the things
that they westled with in the risk informed

f r amewor k.
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MR STUTZKE: Yes.

CHAI RVAN KRESS: And t hey have gui del i nes
in there, and it would apply to the tritiumjust as
wel | .

MR. STUTZKE: Right.

MR. S| EBER | think that's the way to
resol ve that.

CHAI RVAN  KRESS: Yeah. Those aren't
regul ati ons.

MR SIEBER No, they aren't.

CHAI RVAN KRESS: You nay be faced with you
don't have the information.

MR, STUTZKE: But it's some gui dance.

MR. SIEBER: It's the rationale that has
been used before. That's about the best you can say.

MR. STUTZKE: But correct neif |I'mw ong.
That guidance is in terns of dose.

CHAI RVAN KRESS: Since there's a dose and
that's what made you apply it to these things, and
it's a frequency associated with giving doses.

MR STUTZKE: Yes, sir.

CHAI RMAN KRESS: It's alnpst an LF type
curve like they can use anyway, but it would be well
worth checking into to see if you can use it.

MR SIEBER  Yeah.
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CHAI RVAN KRESS: It doesn't have t he power

regul ation.

MR. STUTZKE: But | thinkit's better than
not hi ng.

Okay. That's all 1 have for you.

DR ROSEN: Well, | have a question --

MR STUTZKE: Yes, sir.

DR. ROSEN: -- about using the -- you
listed all of the standards, the ASME i nternal event
standard and t he ANS | ow power and shut down st andar d.
Buried in that ASME internal event standard is a
requi rement for peer review

MR. STUTZKE: Yes, that's correct, and |
asked as part of ny RAI what is AECL's intentions with
respect to sonme sort of peer review, specifically to
ACR or has other of their work ben peer reviewed,
sonething that we can point to that may denonstrate
conpliance with the standard.

We have a neeting with AECL. | believe
it's February 5th to di scuss these questions.

DR.  ROSEN: "Il be interested in the
answer .

MR, STUTZKE: And ne, very mnuch.

M5. SOSA: Last, insunmary, we'll present

the schedule and the mgjor mlestones, and that
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presentation will be by JimKim
MR KIM This is JimKimfromthe NRR

your reactors project office.

If I 1 ook at the presentation, | | ook back
at the AECL and 1'Il just thank for their
presentations and | also like to thank commttee

menbers for the feedback on these subjects.

As we know we are already in Phase 2 of
t he pre-application phase and so far up to date, ACR
has been subm tted nore than 160 docunents in support
of the pre-application review. And we have requested
REI's on physics, thermal hydraulics, and quality
assurance, and PRA, and al so we requested additi onal
i nformation i n support of the PIRT process, and so far
we have received t he responses on thermal hydraulics,
physi cs, and PI RT, and we' | | be recei ving QA responses
in two weeks, which is end of January.

DR FORD: There have been no RAIs on
mat eri al s?

MR KIM W are expecting several nore
RAI's, especially on pressure boundary design and
several other subjects.

W have to request the RAIs by end of
March in order to get the responses from AECL by the

end of April. That is the tinme frane that we have at
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this time.

And today we are conducting ACRS
information briefing, and we have a w ndow of
opportunity between April and June in order to conduct
the ACRS subconmittee neetings on possibly thernal
hydraul i cs and PRAs and possibly material issues.

And t he end product of the pre-application
isto produce a draft safety assessnent report by end
of July, and we are currently forwardi ng the draft SAR
to both ACRS Conmittee and OGC for their concurrences.

And we will conduct the full commttee
neeting in Septenber, and after concurrences wll
issue the final SAR to the AECL.

CHAl RVAN  KRESS: VW wlil try to
acconmodat e your needs for the ACRS review.

MR. KIM Thank you.

CHAlI RVAN KRESS: Because we consider this
one of the nore inportant things.

M5. SOSA: Thank you.

CHAl RMAN KRESS: Did you want to?

M5. SOSA: Yes. I'd like to give an
opportunity to M. JimLyons to express sone cl osing
remar ks.

MR, LYONS: Thank you.

It's good to see |'m appreciated sone
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pl aces.

I'"'mJimLyons. |I'mwth the new reactor
| i censing project.

|'d like to thank you all for your tine
and attention today. W' ve got through a |ot of
material, and we've seen a lot of really good
guestions and a | ot of good issues discussed here.

I'd like to reenphasize that this pre-
applicationreviewis neant to address t hose techni cal
and policy issues that AECL has identified for the
nost part and in sonme cases we've identified that
shoul d be resolved prior to themactually comng in
for a design certification application.

As you' ve seen, we're invarious stages of
our reviewon different focus topics. On sone of the
issues we've had a lot of interactions and we're
fairly far along. On some we're just really getting
started. And so a |l ot of what you're hearing fromthe
staff today is trying to understand how are we goi ng
to review the ACR- 700 whi ch was desi gned, you know,
wi thout our regulations in mnd and trying to apply
our regul ati ons.

And so a lot of it is reconciling those
di fferences, and so that's one of the chall enges t hat

the staff is faced with and that | think you're
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hearing as we go through here, and | think it's
something that we're going to continue to work on

And AECL has been very good about giving
us as nmuch i nformati on as we need, as we' ve asked for.
We're very happy with that. W're noving forward.

We're trying to work this -- | shouldn't
say "trying" -- we're working well with the Canadi an
Nucl ear Safety Conm ssion to have themhel p i nformus
on what sone of the key i ssues we shoul d be | ooki ng at
and trying to hel p us focus our reviews and to gi ve us
t he benefit of their experience with the CANDU desi gn.

So with that, again, |1'd like to thank
everyone for their tinme and attention.

CHAI RVAN KRESS: Ww'd like to thank
everyone for these very good and informative
presentations. Very useful to us.

At this stage in a subconmttee neeting,
quite often we'll go around the tabl e and seek initi al
comments from nmenbers on what they think so far. |
think this may be too early a phase to do that.

So instead what |1'Il dois give anybody on
the conm ttee the opportunity to speak up if they have
sone sort of thoughts that they'd |like to express or
burni ng i ssues or they see anything so far that they

wi sh to comment on
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So I'll throw it open to you. |'m not

goi ng around the table and say, "You, you, you, and

you.

DR. WALLIS: Aml all owed to say somnet hi ng
t hen?

CHAl RVAN KRESS: Well, definitely.

DR. WALLIS: | was really fascinated by
the AECL presentation. | think it was a good

present ati on. You know, from their point of view,
this is something they have a | ot of experience with,
and it |ooks Iike a nice design.

| just think that you' ve probably
underestimated the need you have to cost your
applicationinterns of the | anguage and the terns and
t he neasures that these fell ows here in Washi ngton are
famliar with. You have to make a lot of effort to
turn it into things they understand. O herw se they
j ust keep com ng back asking you questions, and you
won't reach resol ution.

So you' ve got to nake nore of an effort,
| think to understand what it is and t he | anguage t hat
t hey speak and the way that they think.

And |I'm really uncertain from hearing
about what the staff said. | understand and |I was

pl eased to hear that many of these menbers realize
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what they're up against. | can't see whether or not
they're going to be able to resolve sonme of these
issues. | nmean, they raise the questions, but they
don't give ne any neasure of how likely it is that
they're going to be resolved. Sothis is very nuch an
open -- it's sort of a suspense story wthout an
indication of where it's likely to go for ne.

And | al nost feel there's a need for sort
of aregulatory interpreter between these two sides of
saying, "Can't we do it this way for the NRC so that
t hey can under st and what you' re doi ng? And can you do
it this way for the NRC so they can understand it?"

So it's sonething sort of in between.

CHAI RVAN KRESS: That woul d be a good job
for Ken Rogers.

DR WALLI S: Ken Rogers, yeah. | was
t hi nki ng of Ken Rogers, yeah, right.

Because it would be a real pity that just
because, as you speak different |anguages, in
t echni cal | anguages or regul atory | anguages you can't
sort of get an agreenent about sonething which nmay
wel|l be a nice technical piece of equipnent.

CHAI RVAN KRESS: | appreciate those
conment s.

Yes, sir.
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DR FORD: Could | nake a comment because
both the --

CHAI RVAN KRESS: Does it have anything to
do with material s?

DR FORD: It sure does.

(Laughter.)

DR. FORD: Because both the staff and the
applicant asked for advice as they go into this,
finish their pre-application stage.

Soneone asked are there any burning
materials issues which are drop dead. | don't see
that there are any i ssues which are drop dead issues
at this stage. The ACR-700 i s an evol uti onary desi gn.

It has got good CANDUs. It has got a good operati onal

record.

The staff are asking the right questions
as far as materials i ssues. |'mastoni shed, however,
that there have been no RAIs at this stage. The

concern | have is the conplete | ack of quantification
on both sides to quantify the kinetics of materials
degradati on and their consequence.

All of the materials degradation nodes
del ay hydrogen cracking, erosion-corrosion, test
corrosion, <corrosion fatigue, they've all Dbeen

hi ghl i ghted, and they nmust increase in probability of
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occurrence because of the increase in tenperature.
Al of themare thermally activated processes.

The renedi al actions of changi ng materi al
and/ or the dinmensions are the right direction to go,
but | see no quantification as to the fact of
i nprovenent of going in those directions, and | think
that at this stage fromboth the regul atory point of
view and operational point of view, you need to
guantify those ki netics, not only theindividual nodes
of degradation, creep, DHC, et cetera, but the
interaction of those nodes, start-up, shutdown, and
al so for accidents.

the other area that | was di smayed at not
having a ot of information is inspection criteria.
| like the reference to the risk informed, but | saw
no data to back up that hope.

Those are the hopefully constructive
conments | have to nake.

CHAI RMAN  KRESS: Anybody else fee
conpel l ed to say sonme words?

MR. LEITCH: Yeah, | had a question.

di dn't hear a whol e | ot about energency el ectri c power
supply. | suppose there are diesels required, but I
don't know how bi g they need to be, what the starting

requirements, starting tines for those diesels are.
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So | guess at sone future time I'd like to hear a
little bit nore about the energency electric power
suppl y.

Also, | didn't hear -- and this my be
beyond t he scope of our di scussion here, but | didn't
hear anything at all about considerations regarding
saf eguards and security. You know, at this early
stage of design, this may be a tine when sone
significant progress could be nmade in designing the
plants to take into consideration some of the
saf eguards and security issues.

CHAl RVAN KRESS: Yeah, | had in mnd the
potential vulnerability in the spent fuel pool there.

MR LEITCH  Yeah.

CHAI RVAN KRESS: The contai nnent | ooks
like it's pretty good.

MR. LEITCH And | guess I'd |like to hear
a bit of a sales pitch, a comercial. | nean, | see
t he advant ages of on- power refueling andthe operating
flexibility that that achi eves, but | didn't hear any
di scussi on -- and, again, maybe it's beyond t he scope.
It's not really a safety issue perhaps -- but why
should a utility be interested i n buying one of these
machines? Is it | owconstruction cost, | ow operating

cost, load followi ng capability or just maybe there
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are some of those advantages that are just not clear
to me. They just haven't been enphasized. 1'mjust
not sure what those --

MR. S| EBER: I think that's probably
beyond t he agency's concern.

MR, LEITCH Well, as | say, naybe it may
not be a safety issue, and it nay be --

MR SIEBER It certainly isn't.

MR. LEITCH -- beyond the scope of this
di scussion, but 1'd like to hear a little bit about
t he advantages of this particul ar design.

CHAl RVAN KRESS: Spoken |ike a good ex-

MR. LEITCH  Yeah, right.

MR. SI EBER. There was a di scussi on of the
energency power in the CDthat was sent to us. There
was a whol e chapter on it.

CHAl RMAN KRESS: Yeah, that too was an

attenpt.

MR, LEI TCH: Yeah, there were two
sent ences.

MR. SIEBER. Well, they got it.

MR. LEI TCH: It said, "Do you need
di esel s?" But | nmean, | don't know the capacity or

t he speed wi th which they are required, those ki nds of
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i ssues.

MR. S| EBER Maybe they don't know it
either at this point.

MR. LEITCH That's really all | had.

CHAI RVAN KRESS: Anybody el se?

DR. RANSOM Wl |, one observation that |
had that's kind of off the wall probably, but this
seened to be the first CANDU 3 reactor that we've
| ooked at that did not provided for making it very
difficult to uncover the core. You know, even under
accident situations the others seemto have designed
features such that the contai nnent was fl ooded to the
poi nt that the core could not be uncovered.

Now, it may be froma risk point of view
t here' s not hi ng added by i ncorporating a feature |ike
that, but it would be interesting to know why not.

CHAI RMAN KRESS: Anybody el se?

Wel |, seeing as howyou guys are obvi ati ng
my conment about going around the table, | feel
conpelled to say sonme few things, too.

| dothink it's alittle early for us to
make j udgnents on what the i ssues are now. That's why
| didit this way, but | have a list of sone of the
i ssues | think mght be inportant to resolve, and one

onmy list is the confirmati on of the negative power
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core, including uncertainties.

| think there are sonme material issues
t hat need to be addressed.

Well, at one time when we get to the
severe accident part and the PRA part, | want to see
nor e about the energetic fuel cool ant i nteracti ons and
the potential for propagation of a failure of one
pressure tube to others.

| would liketoseetheterm nation of the
anmount of hydrogen produced during severe accidents
conpared to the capacity of the autocatalytic
converters and/or the strength of the contai nment.

| think there was an issue dealing in
Appendi x K space with the thermal hydraulics code and
what is the actual conservatismin the codes being
used; what is the required conservati sm what are the
mar gi ns and what are the figures of nmerit going to be?

| mean, is this going to be oxygen
produced, hydrogen, or is it going to be heat clad
tenperature or departure fromnucl ear boiling water?
| think the figures are going to be different because
they relate specifically to U. S. reactors.

" ml ooking forward to revi ewi ng the core
nmount progression and source term | think it's

i mportant for confirmng the PRA results.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

379

| think very inportant, another inportant
issue is the potential need for any additional
i ntegral and/or separate effects testing, and | don't
think that's been resolved yet. That to ne could be
a potential showstopper if there's substantial needs
t here.

| think staff will have to give some sort
of detail ed reviewand acceptance, if that's the right
word of the code kit that's being used by AECL. It
doesn't look like a trivial ask if you're going to
review all of those codes and pass judgnent on them

In terms of PRA, | think there is a
guestion of quality and whether or not they ought to
t hi nk about havi ng an i ndustry peer reviewpretty nmuch
like the ones in the US., and |I'm particularly
interested in howto deal with uncertaintiesinthere,
nore than just paranetric uncertainties. | want to
see sone di scussi on of what nodel uncertainties nm ght
do to you.

| think anot her issue for the staff isthe
set of design basis accidents that AECL has. Are t hey
good enough? Are they equivalent to what we have in
a sense, and i s that good enough? And is there a dose
acceptance criteria acceptable conpared to what we

have?
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And you know, | would like to see nore
t hought given to their what | call frequency
consequence acceptance curves. | think they | ook |ike

very useful things. How do they conpare with what we
have in the U S., and would they be useful for this
| ast set of issues when we talked about needing
acceptance criteria for limted core nelt accidents
and tritiumrel ease and ot her ki nds of accidents that
aren't full core nelt.

That's kind of a set of issues. | don't
see -- they're just things I'"'minterested in. I
don't think they represent any shortcom ngs or
anything. | don't want to give that inpression.

So | think we'll hear nore later, and I
want to thank the staff once agai n and AECL peopl e for
a very informative discussion, even though we had to
depart fromthe agenda a little bit. W'Ill have to
make that up

Yes, sir? Oh, that's a good question. |If
t here are menbers of the public here that wi sh to make
any conments, they're welcone to do so at this tinme.

Seeing none, | think at this time we wll
adjourn this neeting.

(Whereupon, at 6:06 p.m, the Advisory

Conmittee neeting was adjourned.)
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