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P-ROGEEDI-NGS
(8:33 a.m)

CO- CHAI RVAN  FORD: Good nor ni ng. The
nmeeting will now conme to order

This is a two-day neeting of the ACRS
Joi nt Subcommittees on Materials and Metal | urgy and on
Pl ant Operati ons.

|* mPeter Ford, Chairman of the Materials
and Metal lurgy Subcomm ttee. My Co-Chair is Jack
Si eber, Chai rman of the Pl ant Operati ons Subconmittee.

ACRS nenbers in attendance are Thomas
Kress, Dana Powers, Steve Rosen, Bill shack, and
G aham Wal | i s.

The purpose of this neeting is to discuss
the vessel head penetration cracking and RPV head
degradati on issues. We've had a nunmber of full
comm ttee and subcomm ttee neetings on these issues
over the | ast couple of years.

The subcommi ttee wi || gat her i nformati on,
anal yze relevant issues and facts, and formally
propose positions and actions as appropriate for
deliberation by the full comittee.

Maggal ean W Weston i s the cogni zant ACRS
staff engineer for this neeting.

The rules for participation in today's
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neeti ng have been announced as a part of the notice of

this nmeeting published in the Federal Register on

April the 4th, 2003.
The transcript of the meeting is being
kept and will be made available as stated in the

Federal Reqi ster notice.

It's requested that speakers use one of
t he m crophones avail able, identify thenselves, and
speak with sufficient clarity and vol une t hat t hey may
be readily heard.

We have received no witten comments from
menbers of the public regarding today's neeting.

Thi s whole topic of the VHP degradation
i ssues has been the subject of two bulletins and one
order in the | ast couple of years. It covers a wde
range of degradation phenonena, cracking, boric acid
corrosion, and inspection nmethods and strategy, and
repair/replacement decisions, plus the associated
under st andi ng of the various physical phenonena.

We have raised questions at various
neetings and/or comunications relating to, for
i nstance, adequacy of crack prediction, inspection
prioritization, algorithms for Alloy 600 and 182
predi ction and, therefore, managenent of boric acid

corrosion in VHP assenblies; factors of inprovenent
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for replacement Alloy 690 and its relevance,
qualification of the inspection nethods and its
application periodicity; the review of the safety
anal ysis; and al so the inpact of VHP observations on
cracking of ot her conponent s, for I nstance,
pressurizers for the bottomhead penetrati ons for PARS
and BWRs.

Now, | hope t hat many of these i ssues wil |
be di scussed at this neeting.

Jack, do you have any comments at this
st age?

MR. POVNERS: Has the NRC budget been cut
so badly that we can't afford |ights?

(Laughter.)

CO CHAI RVAN FORD: Can we deal with that?

Actually it is rather dark in here.

M5. WAESTON: | think he cut them off
because of the screen.

CO- CHAI RVMAN FORD:  Ah, okay.

MR. SHACK: What you need i s darkness and
speak very softly.

CO CHAI RMAN FORD: Ckay. Could you just
experinment with the |ights?

Okay. We'll nowproceed withthe neeting,

and 'l ask Richard Barrett of the NRRto start off.
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Sorry. We will turn around.

MR. BARRETT: This is all very new. W
don't know where to stand or where to sit.

CO CHAI RVAN FORD: That's right.

MR. BARRETT: Hopefully we know what to

say.
(Laughter.)
MR. BARRETT: Thank you. Thank you very
much for inviting us here today. | think this is

obviously the perfect kind of a topic for the ACRS.
It's a technically conplex topic, one that's very
i nportant to safety, and one that requires attention
over | ong periods of time, and so as |'ve said on nany
occasi ons, we always | earn sonethi ng when we cone to
ACRS, and this is an area where we continue to | earn
and grow.

| think it goes without saying that there
was a tine when we believed that the reactor cool ant
systemwas i npervious to failure, and because of that
we didn't see the need to even analyze its failure as
part of the design basis.

Over the past several years, we've gone
t hrough a cycl e where we' ve begun a cycl e whi ch seens
to go in three phases. The first phase is surprise,

foll owed by interimconpensatory neasures.
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The second phase is the inposition of
robust requirements or what we believe to be robust
requi renents.

And the third phase is to go back and
exam ne t hose robust requirenents to seeif we' ve gone
too far.

And we certainly haven't even begun to
touch the third phase in this area right now.

|'d say that we coul d start the history of
this with about two and a hal f years ago when we began
to see sone |large surprises, and we began to take
interi mconpensatory neasures as a result. W saw a
surprise at Cconee in the spring of 2001 when we found
| arge circunferential cracks in the reactor vessel
head penetrations, and as a result we i ssued 2001- 01,
clearly an interim conpensatory neasure, |ooking
doi ng vi sual inspections, |looking for | eaks, clearly
not the kind of situation you want to be in in the
long term

In the spring of 2002, we found anot her
| arge surprise which was the wastage in the Davis-
Besse upper head. Again, we issued an interim
conmpensatory neasure, Bulletin 2002-01, asking
i censees to assess wastage at their plants, again

not the kind of situation you want to be in the | ong
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And then we found the surprise |ast fall
where in North Anna Unit 2 shut down and found a great
deal of problems with failures or what degradati on of
their head, which resulted in a special effort on
their part to replace the head in an unschedul ed
nmanner .

We felt that |ast fall we began to turn a
corner. We issued Bulletin 2002-02, which had as its
pur pose the requirenment that |icensee begin to | ook
for the precursors of | eakage, not the | eakage i tsel f.
We began to | ook at the exi stence of axial cracking in
t ubes, the exi stence of noisture inthe annul us region
out si de of these tubes.

And we followed that in February of this
year with a set of orders which not only requested t he
| i censees consider these types of inspections, but
actual Iy placed upon thema bi ndi ng requi renment that
they do so. And we feel that that was justified, and
we felt at the time that we were beginning to get a
handl e on this.

And | think it's fair to say that we are
getting a handle on this. Neverthel ess we continued
to see surprises, and at this nonent, as this neeting

starts today, we're not sure of the magnitude of sone
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of these surprises.

| think that clearly all of you by noware
awar e of the 5072 event report that cane i n a week ago
Sunday from South Texas, and the potential
inmplications of that interns of the possibility that
t here woul d be a mechani smthat woul d | ead t o crackage
and | eakage on the | ower head of the vessel; that this
is | eakage that could potentially be outside of the
regime of the nodels that we have been using to
anal yze previ ous cracki ng.

So it's fair to say that we continue to
get surprises, and this is one that we're taking
extrenely seriously. | can say on the positive side
of the | edger that we've had conversations with the
licensee and they're taking it equally seriously and
pursuing this with a great deal of vigor.

MR. WALLIS: Rich, yousaidit was beyond
somet hi ng t hat had been consi dered before. |f you had
a break of the size of the Davis-Besse on the | ower
head, that would be a different event than having it
on the upper head.

MR. BARRETT: Absol utely.

WALLI'S: Loss of cool ant accident.

BARRETT: Right .

2 3 3

WALLI S: And |'m not sure that that
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sort of event has been anal yzed.

MR. BARRETT: No, that's certainly the
case. One of the issues, one of the aspects of
Bul  etin 2002-01 that we issued follow ng the Davis-
Besse wast age i ssue di scovery was a request, was ki nd
of afar-reaching request that |licensees begintotell
us what they're doing with regard to work acid
control, corrosion control prograns for the renmai nder
of the reactor cool ant system

And we issued that for two reasons. One
was that we knew there were other places in the
reactor coolant system that were potentially
susceptible to the same kind of problens that we saw
at Davi s-Besse because, given the nodel that we had,
the susceptibility nodel, we knew there were other
areas that were also quite hot.

We al so knew that there were other areas
of the reactor coolant systemthat were potentially
nore serious intheir inplications, and as you poi nt ed
out, the LOCA in the lower head from a thernal
hydraul i cs perspective can be nore chal | engi ng, can be
significantly nore challenging than a LOCA in the
upper heard or in the piping systens.

So that's one of the reasons why we

considered this to be something we wanted to watch
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extrenely carefully.

The reason | said it was potentially
out si de or coul d be outsi de of the nodel s that we used
i s that our nodels for stress corrosion cracking tend
to point toward tinme at tenperature. This is a plant
that has not had very nmuch time, as nuch tinme to
operate as sone of the plants that have seen cracking
in the past, and the |ower head does not see the
tenmperatures that we've seen in the upper head.

So this is another potential surprise for
us and one that we plan to pursue very vigorously.
And there will be hopefully sonme discussion of that.

As | mentioned earlier, thereis athird
phase to all of this and a phase that we haven't even
begun to enter, and that is that at sone point intine
when we feel that we have gotten our arns around the
entire reactor cool ant system when we feel that we' ve
got requirenents out there that cover all of the
surprises we've seen and all of the potential other
probl ens that you could see, then | think it would be
appropriate for us to go back and ask have we gone t oo
far in sone ways.

It's possible, for instance, that we woul d
take a closer |1 ook at the phenonenol ogy here , which

i s a conmpl ex phenonenol ogy i nvol ving the tube itself,
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t he J groove wel d, the base netal, the |liner and ot her
aspects, and ask ourselves if there's a smarter, nore
efficient way of doi ng the i nspections and assessnents
and repairs than what we've been requesting and
requiring so far

And | think the other possible avenue in
this respect, of course, is to take a hard | ook at
what we will do for Alloy 690 as plants begin to
repl ace heads, replace penetrations. W currently
make no provision in our requirenents for a
di stinction between the Al loy 600 and Al l oy 690.

So that's a phase that's somewhere down
the road. |'msure you're going to hear about sone of
that fromthe industry today. W believe that our
O fice of Research has a key role in performng
confirmatory research to understand what we can fee
justified to do in this area.

But we also feel that the industry has
t he burden of responsibility in this respect, and |
know that the industry is very interested in this
problem You'll probably hear a great deal about it
here today from the industry, and of course, as a
reliable regulator, we wll be very carefully
eval uating what they bring to the table.

Howw Il all of this play out in the |ong
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tern? | don't have a crystal ball. | can inmgine two
extreme possibilities. The one extrene mght be a
situation inwhichthereactor cool ant systemsone day
will revert to the situation we thought we had sone
time ago in which it's inpervious to cracking,
i nperious to | eakage, and can be ignored. | don't
believe that's a realistic possibility. Perhaps at
the other end of the spectrum you could inagine a
situation simlar to what we do today with stream
generators in which we have very active prograns to
i nspect, assess, and repair.

| think that it's possible that as tine
goes by we wil| evolve to sonething in between. Where
in between |I'mnot quite sure, but at the nonent it's
difficult tol ook that far down t he road because we're
still in the stream here.

And while | woul d say we're far better off
today than we were in the early part of 2001-01, when
we found the Cconee cracking, we're not out of the
woods yet, to m x netaphors. And we believe there's
a great deal to |earn.

MR, WALLIS: Rich, | mean, when you say
you're far better off now than you were, it's really
a mtter of how better off you think you are because

if you |l ook to 2000, you thought you were nuch better
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of f then.

MR. BARRETT: Right.

MR. WALLI'S: So |I' mnot quite sure whet her
you' re tal ki ng about your state of m nd or sonething
that's nore objective.

MR. BARRETT: Right. | understand your
poi nt, and, of course, it's easy tosay. It's easyto
guestion is the NRC staff still in the dark on this
issue. | don't think that is the case.

| think that where we are today, and |
believe this is always the case, you're always better
of f when you' re engaged, when you're | ooking hard at
the operational experience, when you' re asking
your sel f tough questions, when you're taking actions
inatinmely fashion.

| believe that when you conpare our
situation today, having issued three bulletins and an
order to every plant inthe country vis-a-vis where we
wer e before the Oconee cracki ng, when, in fact, we had
operati onal experience, not as serious as Cconee, not
as serious as Davis-Besse, but neverthel ess we had
operati onal experience; | believe that being engaged
as we are today is a far better position to be in than
we were before.

CO CHAI RVAN FORD: As Dr. Wallis points
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out, it is an evolving technical situation, and you
made the point that in the mddle of |ast year you
were starting to get into a proactive phase. You had
all of the problens --

MR BARRETT: Right.

CO CHAI RMAN FORD: -- sorted out and you
were going to solve them before they occur

MR BARRETT: Right.

CO CHAI RVAN FORD:  You came up with an
action plan. The NRR came up with an action plan
i nvol ving research and other contractors. Has that
action plan been nodified in view of the changing
situation and has there been <changes in the

prioritization in that action plan?

MR. BARRETT: Well, | think if you're
referring to South Texas, | think it's a bit early to
be in that situation. | think right nowwth regard

to South Texas we're on a pretty steep | earni ng curve,
asisthelicensee. W're trying to keep an open m nd
about what we're seeing and why we're seeing it.

So nodi fying the action plan, | don't know
that that's in the cards at the nonent, but | will say
this. The Lessons Learned Task Force, the action pl an
that resulted fromthe Lessons Learned Task Force has
init --
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CO- CHAI RMAN FORD:  You're tal king about

t he action plan that was i ssued in the m ddl e of | ast
year, which is primarily related to the cracking
probl ens rat her than t he Davi s- Besse | essons | ear ned.
There's two action plans.

MR BARRETT: Right. | think that it's
fair to say that as a result of the Lessons Learned
Task Force, the action plan that we now have i n pl ace,
t he four-part action plan which came fromthe Lessons
Lear ned Task Force, which includes a part that rel ates
to the vessel, is nore bal anced between the cracking
phenonena the boric acid corrosion control phenonena
t han perhaps we were before.

One of the provisions of that is that we
exam ne the results of the industry survey that cane
out of Bulletin 2001-01 regardi ng boric acid control
program attributes and nake a reconmendation to
managenment as t o what addi ti onal requirenments m ght be
necessary.

And t he deadline for that is com ng soon.
We're in the process of evaluating that within the
staff as to what we woul d propose t o upper managenent,
and at the nonent as we | ook at what we saw at South
Texas, which was the result of a full environnenta

visual of the lower head, clearly that's going to
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col or what we propose.

But as we | ook at the industry prograns,
t he Sout h Texas programis on the nore aggressive end
of the spectrumat this point.

So I'm not sure [|'ve answered your
question. [|'ve said alot of things, but I'mnot sure
| ve answered your question.

CO CHAIRVMAN FORD: | think we'll come to
it at the end of the neeting again.

MR, BARRETT: Sure.

MR. POAERS: Rich, | get the inpression --
well, | can put a different spin on everything you' ve
sai d.

MR, BARRETT: Sure.

MR. POVNERS: Wich is al nbst a negati ve,
but I don't want to go into that exercise. Wat |'m
a little nore interested in is we find ourselves
confronting a variety of material interaction issues
for the current generation of plans. W now have
before us a lot of proposals on some very, very
i nnovati ve plans whi ch i nvol ve i nnovative material s,
new material interactions, and whatnot.

Are we getting some sort of insight onthe
magni tude of effort that we need to undertake to

understand material interactions in those newpl ants?
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MR. BARRETT: Frankly, Dana, |'mnot in

the position to answer that question.

MR POVNERS: Yeah.

MR BARRETT: | would really --

MR  POVERS: You know, | nean, it's a
little bit afield.

MR BARRETT: Yes.

MR. PONERS: But it hints at if we gointo
a newstyl e of plant, one naybe where water isn't used
as a coolant, we really need to do a heck of a |ot
nore than we did when we went into the current
generation of plants just because we never want to get
into this sort of situation again.

MR. BARRETT: Right. | knowthat thisis
an area that has been | ooked at, but | would not be in

a position at this point toreally give you a sense of

how deeply, how thoroughly. | know, for instance,
t hat people --

MR PONERS: | don't think that --

MR,  BARRETT: -- are looking at the

experience in Canada and ot her places regarding the
CANDU reactors, but I'mnot in a position to speak to
it with any authority. Per haps when we have
presentations fromthe Ofice of Research today you

can delve into that nore. Mybe by that tinme they can
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go back and find the answer.

MR. POWERS: But I nean, | think the
reasonabl e answer -- | mean, it would stun ne if you
said, "Oh, yes, and here's the outline we have on what
has to be done."

MR. BARRETT:. Yeah.

MR. PONERS: But it seens to ne that as we
go through these things we need to bear in mnd what
has to be the baseline technical detail that we have
about these material properties going into a reactor
desi gn.

| mean, it's not just aregul atory agency.
| mean, it seens to be the kind of information that
soneone who wants to build one has to have.

MR. BARRETT: Yeah, | think that you could
take the view that, gee, for these advanced reactors
we don't know what kind of issues we will run into.

| would rather take the other view which
is that over the 30 or so years that we've been
bui | di ng and operating nucl ear power plants certain
types of i ssues have recurred over and over agai n, and
materials issues will be with us, and they need to be
a focus, and we just need to nake sure that we put our
resources there.

CO- CHAI RMAN FORD:  Just finally, Rich, it
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islikely that we'll be witing a letter at the full
conmttee neeting. Is it your formal position that
you would like a letter?

MR. BARRETT: Well, | think --

CO CHAI RVAN FORD: Are you requesting a
letter?

MR. BARRETT: | don't knowthat we've had
a discussion about that. Let ne discuss that with
ot hers i nvol ved and get back to you and see, you know,
whet her we want a letter and what the scope of that
woul d be.

CO CHAI RVAN FORD: Fine. Thank you very
much, indeed.

l"d like to call now on Larry Mathews,
Sout hern Nucl ear. If I'"m right or wong, nake a
comment, Larry. | understand that your co-authors are
Tom Al l ey from Duke, Alex Marion and JimRiley from
NEl; is that correct?

MR. MATHEWS: Yeah, they're here. They
don't have -- 1'Il tell you who's going to nake
presentations.

As you said, |I'm Larry Mthews from
Sout hern Nucl ear Operating Conmpany. |'mthe Chairman
of the Alloy 600 Issues Task Group of the Materials

and Liability Program
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| ' mgoing to make a presentation to start
this off on reactor vessel head inspection results.

First off, I"'mglad to be here and |I'm
glad it's not a blizzard outside like it was to keep
us fromcomng in February, and this is basically the
presentation we had planned for February. A lot of
i ssues have been going on and we really haven't had
much tinme to update this presentation. W have nore
information in our mnds. So maybe we can answer a few
guesti ons.

|'m going to make a presentation on the
reactor vessel head inspection results up through
February, and you know, there's been sonme since then
and maybe | can update that as | wal k through, not in
nunbers, but --

MR WALLI S; s there a focus sonewhat

better on that picture?

MR MATHEWS: | don't have any contro
over it.

MR SHACK: They're working on it.

MR. PONERS: | think it's the technol ogy.

MR. MATHEWS: They' re working on the zoom
anyway.

MR. POAERS: They have an action plan in
pl ace, and they will be sending out a generic letter
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on this item

MR. WALLIS: Is 95 percent good enough?

MR MATHEWS: |t depends on your eyes.

Following my first presentation, David
Steininger fromEPRI is going to nake a presentation
on our process that we're going through to revi se our
reconmended i nspection programfor the top head. Then
he's also going to tal k about sone research that we
have pl anned for the North Anna 2 head, which has been
repl aced. It's sitting in the burial cell in Uah,
and he's going to discuss our plans for retrieving
sanpl es fromthe head.

That was a very interesting set of
i nspection results from the head, and we're going
after that to try and learn nore information.

And then finally Tom Alley from Duke
Energy will nake a presentati on concerning the update
on the i nspecti on denonstrati on programthat we've had
ongoing relative to the inspection volume or
vol unmetric inspection techniques.

CO CHAI RMAN FORD:  Just | ooki ng through
the list of topics that are going to be covered here,
Larry, we asked for a presentation on the EPRI
sponsored research on boric acid corrosion, the

capability to predict the extent of corrosion at a
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gi ven head penetration. Is that going to be covered?

MR. MATHEWS: We don't have a presentati on
onthat. It'salittle bit early. | can pull out our
action plan --

MR. STEININGER | can give the status of

MR. MATHEWS: -- and we can tal k about
where we are on that.

MR. STEININGER | have one slide. | can
give a status in ny presentation.

CO CHAI RVAN FORD: What we' d |i ke to know
is, you know, what's your rationale and how you w ||
get to the end result, you know, to predict why you
have cracking -- sorry -- wastage i nthat penetration
and not in that penetration.

MR. STEININGER. That's a chall enge.

MR MATHEWS: Well, it sure is.

MR WALLIS: It's muchnoreinterestingto
| ear n what you' ve under st ood r at her than j ust what you
don't. W can see that you've reached sone sort of
t echni cal conclusions fromyour --

MR. MATHEWS: Wth boric acid we're not
t here yet.

CO CHAI RVAN FORD: Wl |, | recogni ze t hat.

MR MATHEWS:  Yes.
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CO CHAI RVAN  FORD: Just what your

rational e is.

MR, MATHEWS: Ckay. What I'm going to
cover in the inspection results is an overview of the
results by plant, and then we've done sone
subpopul ati on | ooks at it, trying to gl ean out sone of
what's the differences fromplant to plant.

And then it says i nspection plans for the
spring, and we're at |east half through that by now.
So maybe | can touch on what peopl e have done on sone
of those plants.

We brought this beautiful slide.

MR WALLIS: You had that last tine.

MR. MATHEWS: Yeah, and what | presented
|ast tine was a two-hour summary or shorter of what
we're trying to cover today. So this was in the
presentation last tinme. It'svery difficult toseein
bl ack and white or col or.

MR WALLIS: Well, there was this sort of
hypot heti cal point on Sequoia 1, which is the second
one or third one up or sonething.

MR MATHEWS: Yes, yes.

MR. WALLIS: But that has gone away now,
hasn't it?

MR. MATHEWS: In a |lot of people's mnds
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it has gone away. Alloy 600, kind of the surprise of
the season, made a feint toward Tennessee and then
dodged to South Texas.

(Laughter.)

MR MATHEWS: So maybe it was a feint.

CO CHAI RVAN  FORD: Wll, you nade an

interesting statenment, Larry. |In sone people's mnd
it has gone away. |Is that a slip of the tongue or is
t hat --

MR. MATHEWS: No, | fully believe it has
gone away, but --

CO CHAI RVAN FORD: Do you know why it has
gone? \VWhat is the rationale for it going away?

MR,  MATHEWS: Yes, yes. They' ve
i nspected. They did everything they could on that
nozzl e, and to the best of ny know edge, they found no
i ndi cations of a crack. Boric acid --

CO- CHAI RMAN FORD: UT and --

MR. MATHEWS: They did UT. They did PT of
the weld. They did zero degree UT | ooking to see if
t here was any ki nd of erosionintheinterference fit,
and they aged the boron to be several years old, like
ten years ol d based on their cesiumratio.

And they had a major |eak on the top of

t he head back then, ten years ago, ten or 12. In
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TVA's mnd, they've concluded it was not a |eaking
nozzle. That was residual boron from their canopy
seal weld leak ten years ago.

MR. ROSEN: |Is there any possibility that
the sanme logic pattern will follow South Texas?

MR. MATHEWS: It's alittle early to say.
It's a little early to say. The indications from
Sout h Texas now, they've got boric acid around two
nozzl es, and not a real clear other way it coul d have
gotten there.

MR, WALLIS: It doesn't |eak upwards and
it doesn't trip upwards.

MR MATHEWS:  No.

MR. WALLIS: On the upper head it could --

MR, MATHEWS: It could easily run down
from above, but to ny know edge, there was no
i ndication that they had it running from above.

MR WALLIS: It would have to run around
to get there, around from above.

MR. MATHEWS: Frequently, alot of plants
have boric acid running down the side of the vesse
from - -

MR. WALLIS: Frequently they have boric
acid runni ng?

MR. MATHEWS: Yeah, fromcanopy -- | nean
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from the cavity seal. At least it's in cold
condition. The cavity seals will have | eaks.

MR WALLI S: This is why it doesn't
concern them when they see it?

MR. MATHEWS: Well, no. It's just it's
coldandit's mnor and it doesn't do any damage. But
at Sout h Texas right now t hey have boric acid around
two nozzles, and that's about all we know at this
poi nt .

They' re launching into, | believe, an NDE
programto see what they can figure out about it.

MR WALLIS: Well, if it's only around the
nozzles, that's information. If it's a track com ng
from somewhere el se --

MR. MATHEWS: There is no track, to ny
know edge. So that that's -- there's no information
that says that these aren't |eaking that has been
devel oped at this point in tine.

MR. WALLIS: Could you tell nme nore? We
heard about popcorn in Davis-Besse. |Is this popcorn
when you say it has been seen or is it something el se
that's seen?

MR MATHEWS: The boric acid that
accunul ated around these two nozzles was very snal

popcorn | woul d say.
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MR. WALLIS: It was popcorn. So it has

been comi ng and draw ng out.

MR. MATHEWS: | think so, yeah. | guess
|'d rather not get into being the source of
i nformati on out of those guys in the public forum if
you know what | rmean.

(Laughter.)

MR. MATHEWS: | may know sonet hing they
haven't rel eased publicly, and | --

MR. VWALLIS: Well, 1'd ask hi mbecause
t hi nk that what you see when boric acid cones out of
a crack and it squirts out and dries and the steam
runs through it is probably rather difference in
appear ance than sonet hi ng which canme from sonewhere
el se and then just happened to dry in place. It wll
| ook different, won't it?

The drying mechanism is different for
creating it, and so it will ook different.

MR. MATHEWS: The tracks down the side of
the vessels look different than the | eakage in the
annul us nozzles on the top head and | ooks different
than at |east --

MR. WALLIS: To nake popcorn you al ways
have to have sonmething sort of blowing through it to

fluff it up, don't you, that you wouldn't have if it
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just dried in place?

So maybe the appearance of the deposit

MR. MATHEWS: Well, |I'mnot sure you need
air flowor steamflow through it, and if it's just
ki nd of oozing out of the --

MR WALLIS: Well, I'msayingjust | ooking
for it is different from |ooking at sone
characteristics of it as well that mght tell you
where it cane from

MR. MATHEWS: Yeah, and they're trying to
characterize this stuff as well as they can from
chem stry, radi oi sotopes, texture, everythingthey can
get on it.

MR.  WALLI S: well, mybe if they
under st ood howit formed, to get back to ny col | eague,
Dr. Ford's questions, if they understood what was
going on, you'd be in a better position to interpret
what you see.

MR MATHEWS:  Yeah.

MR WALLIS: kay.

MR MATHEWS: Go to the next slide.

The overvi ew, t hat tabl e showed
graphically -- if you could see it in color, it shows

how many of the plants had inspected and to what
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extent by the early part of this spring and where the
cracks had been detected, and in general those were
toward the plants.

They were sorted by effecti ve degradati on
years, and nost of the degradation was toward the top
of the chart, which is where the high affected
degradati on years are.

There was other information on there.

MR. WALLIS: So by visual inspection of
this slide, this is a digital projection. | wonder
why it's so --

MR. MATHEWS: | guess it's com ng t hrough
the TV canera

We try and update that slide periodically
every outage season

| f you | ook at the next one, nmaybe we can
-- oh, we can't even read these nunbers either place.
This is just a wap-up of all the plants that up till
this spring had detected any ki nd of cracking intheir
nozzl es and how nany.

MR, VWALLIS: | don't knowif we're going
to read their slides and if we had them out, they
woul d be even nore | ate.

MR. MATHEWS: That m ght be a good idea.

MR WALLI S: Do we have sone nore?
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MR. MATHEWS: | don't think we're goingto

be able to read these nunbers on the overhead anyway.
It depends on your trifocles.

MR WALLIS: Well, we can read the slides
if we have enough light on it.

MR.  MATHEWS: Yeah. This is just a
sumary. At that point in time we had about 82
nozzl es that had experienced cracking in the base
metal and 75 with cracks in the weld. Mst of those
wer e axi al cracks, but there had been up to 19 nozzl es
in the fleet that had detected circunferenti al
cracki ng.

| " mjust reading across the | ower right-
hand corner of the chart there, and nost of these are
B&Wpl ant, B&Wdesi gned pl ants. There's one CE pl ant,
and then a f ew Wsti nghouse plants that are all pretty
high in effective degradation years.

Cook 2 is fairly low, and MI | stone was
also fairly low at the tine they detected their
cracki ng.

CO- CHAI RVAN  FORD: You said just now,
Larry, that thesewere all plantswith circunferenti al
cracki ng?

MR. MATHEWS: No, no. These are all of

t he plants that have had any cracking at all in their
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nozzl e.

CO CHAI RVAN FORD: That's what | thought.
Ckay.

MR MATHEWS: And if you look at the
right-hand colum -- well, it's not even on the
overhead. It's on the chart -- it shows the --

CO CHAl RVAN FORD:  Yes.

MR. MATHEWS: -- which ones had circ.
cracks and how many.

CO- CHAI RVAN  FORD: But the majority of
them just reading fromthis chart here, the majority
of them have.

MR. WALLIS: This is interesting because,
in fact, all welds have cracks. |It's a question of
how big the crack is. So what you're really sayingis
it's detectable on sone scale, the cracks.

MR MATHEWS:  Yes.

MR, WALLIS: Al cracks really --

MR. MATHEWS: Either with eddy current or
BT.

MR, WALLIS: -- there ought to be sone
ot her indication of what you nean by a detectable
crack.

MR MATHEWS: Detectable crack, it's

sonmething that cones out with the PT or the eddy
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current.

MR. WALLIS: So then find out what that
nmeans technically in ternms of risk because | know
t here are al ways cracks in these things of sone size,
aren't there, or flaws?

A flaw is a crack or how big is a flaw
before it is a crack and all of that?

So | don't know whet her these cracks are
i nevitable or not.

MR. MATHEWS: Well, they are significant
because i n many cases or i n several cases anyway, they
have led to |eakage on top of the head with no
detectable flaws in the nozzle itself, and so those
cracks are significant.

The predom nant source of the weld
cracki ng, you know, if you |l ook at the nunbers, has
been in the Rotterdam heads, the North Anna 2 head
anyway. That's the one where they did the nost weld
i nspections and they had a lot of flaws. That head
has since been repl aced.

Jim go to the next one.

|"m just slicing and dicing all of the
sane dat a.

MR. WALLIS: Yes. |If we knew how roughly

t hese grew and we knew how bi g they were, we m ght be
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able to know whether it constitutes a risk or not.

MR MATHEWS: Well, weld flaws growfairly
rapidly, quiterapidly, nmorerapidly thanthe flaws in
t he base netal , at | east fromthe test data that we' ve
had. So a detectable flaw on the ID of the weld is
not sonething that we want to find. |It's sonething
that |eads to, you know, how long can you run wth
t hat .

And so we're into repairing detectable
flaws.

MR. WALLIS: That's the question really,
is how |l ong can you run.

MR. MATHEWS: And the answer is we don't,
| believe. We repair detectable flaws in the weld.

MR. SHACK: Larry, onthe 42 cracks in the
weld nmetal at North Anna 2, are those really cracks,
you know?

MR,  MATHEWS: Most of them are eddy
current indications over a certain size, is the way
that -- and they were reported as cracks.

MR. SHACK: Did they go back and UT t hose
or they just --

MR, MATHEWS: Well, a UT weld is a very
difficult thing to do. They had UTed t he nozzles, |

beli eve, or sonme of them
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MR. SHACK: So this is just aJ. So they

have to just rely on the eddy current.

MR MATHEWS: That's right. |It's the J
group wel d that had these indications onit, and when
they started seeing this nmany, Dominion started
| ooking for an alternative to try to repair all of
t hose wel ds.

MR. SHACK: Now, | mean, have ot her peopl e
done conpar abl e eddy current exans?

MR.  MATHEWE: A few plants have done
conpar abl e eddy current exans. The Cook wunits, |
bel i eve have done conparabl e eddy current exans. A
| ot of peopl e have done sonme wel d exans, although not
100 percent on very many plants at this point intine.

| can't -- it's getting to be too nmany
outages for ne to remenber it all. | used to be able
to, but I can't do that anynore.

| do have a cheat sheet, but it's small
Type 2, but nost of themare doing volunetric on the
tube and not that many plants have opted to do eddy
current on the nozzles -- | nean on the welds.

If we |l ook at the next slide, you'll see
t he CRDM CEDM nozzl es t hat have been i nspected by the
techni ques, and this kind of goes to your question

For those plants that are in the greater than 12 VDY
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category, essentially 90 percent of the units or 92
percent of the head penetrati ons have been i nspected
by bare netal visual. About half of the nozzl es have
been inspected by eddy current or UT, and this was
bef ore t he spri ng out age and before the i npl ement ati on
of the order.

And then only about 16 percent of the J
group wel ds had been i nspected by eddy current or PT.

MR WALLIS: Well, I"'msorry to interrupt
you, but the bare netal visual obviously depends on
how wel | you're focused and how nuch you magnify the
i mge and all of that sort of thing. | would think
the same thing applies to ET.

| f you had a nuch nore sensitive ET, it
woul d presumabl y detect nore cracks. So | again don't
qui te know what to nmake of this because | don't know
how sensitive these neasurenent techniques are. |
don't quite know what they're telling ne.

MR. MATHEWS: Tom s going to discuss the
denonstration programthat we've had for the vendors
who are doing the eddy current, and he can get into
sone of that.

MR. WALLIS: But do you specify somet hi ng
about how good the eddy current techni que has to be?

Because there nmust be different grades of this, andif
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you really wanted to be fussy and to take very, very
smal | cracks, you could presumably do it by using a
very sophi sticated conputer analysis of some data or
something. | don't know what it is, but --

CO- CHAI RVAN  FORD: Are we going to be
di scussing the specifics of the sensitivity and the
probability of the detection?

MR. MATHEWS: Yeah, Tom s going to discuss
t he nock-ups we' ve built, what flaws were in them and
what the inspection results were for the tools that
were inplenmented in the field.

CO CHAI RMAN FORD:  So you will be able to
answer Grahami s question at that tinme?

MR. MATHEWS: Yeah, we'll tell him what
we' ve got and go fromthere.

CO CHAI RVAN  FORD: On this one, just
interpretation, if you | ook at the Lesson 8 EDY, so
the nozzle tube mddle colum, naybe it's ny
interpretation of this graph or this table.

MR, MATHEWS: Ckay.

CO CHAI RVAN FORD:  You' ve inspected none
of the units, and yet you're saying you' ve inspected
92 nozzl es?

MR. MATHEWS: That's interesting.

MR. SHACK: No, none of the units get 100
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percent inspection

MR. MATHEWS: Ah, none of the units were
totally, 100 percent inspected.

CO CHAI RVAN FORD:  Ckay.

MR MATHEWS: Thank you.

W did do sonme nozzles at sone units.
kay?

Are we on the next one?

And this is the results of having
performed t hat nunber of i nspections spread across the
various EDY groupings. Again, you can see fromthis
t hat nost of the detected flaws are in the higher than
12 EDY category. In fact, it |ooks like all of them

MR SHACK: But isn't MIIlstone an
exception here?

MR. MATHEWS: M|l stone was right at 12
when they did their inspection. It may have actually
been slightly bel ow, but you know, it's right in that
bal I par k.

MR. SHACK: | thought 11.2 was t he nunber
that sticks in ny head.

MR. MATHEWS: Maybe it was. |' mnot sure.

And we' ve had many nore inspections this
spring. So these nunbers woul d be much nore updated

when we get through with the spring outage, a |ot

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

40

hi gher fractions.

The next chart, | believe, is just a bar
chart way of looking at it. Sone people |ike these.

Bare netal visual, you can see broken down
by category. We've already covered nobst of the
nozzl es by at | east a bare netal visual, especiallyin
t he hi gh EDY category. W' ve done UT on about hal f of
them and that's going to junp way up this spring and
then sonme smaller fraction of the welds.

Next .

The next one is just separating out the
B&W uni ts because they were the ones that operated
typically at the highest tenperatures and also the
ones that have experienced the greatest anount of
degradati on except for the welds at North Anna.

I'm trying to pick out the pertinent
i nformation here.

CO- CHAI RVAN  FORD: But apart from the
operating tenperature, there is nothing else in the
B&Wdesi gn or fabrication that woul d gi ve you cause to
think that the B&W design, forget the operating
tenmperature, should nmake it nore suscepti bl e?

MR. MATHEWS: Froma desi gn standpoint, |
don't knowthat there's a lot of difference. Perhaps

t he wel d si zes and t he manuf acturing process m ght be
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slightly different resulting in slightly different
stresses.

Anot her paraneter which we don't have in
our nodels is the material properties.

CO- CHAI RVAN  FORD: But the shrink
stresses, the size of the weld, and thereby the
predi ction of the anpbunt of residual stress, how do
they fit into the answer to ny question? No
difference in the shrink stresses?

MR MATHEWS: Well, there's a range of
shrink fits out in the industry. B&W pl ants were

typically up to one and a half mls of interference

fit.

CO- CHAI RVAN FORD: As conpared with?

MR. MATHEWS: Plants ranging fromtwo to
four, | believe, and a half on the Titus one, and nost

of the CE vessel s were manufactured with upto athree
ml interference fit. So, you know, it's not huge
di fferences there.

The tube dianeters are essentially the
sane.

CO- CHAI RMAN FORD:  So there's nothing in
t he B&Wdesi gn, apart fromthe operating tenperature,
say, because of the stresses, because of the materi al

per se; there's nothing to say that they are nore
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susceptible than anything else, apart from the
t enper ature?

MR  MATHEWS: Unl ess there's sonething
that's tied to their material, that B&W tubul ar
products material, but that goes across nore than j ust
t he B&W pl ant because other plants have used B&W
tubul ar products material, and so that would be
sonet hing that m ght --

CO- CHAI RVAN  FORD: W keep hearing
Rot t erdam Dockyards tal ki ng about. What is specific
about RotterdamDockyards being the fabricator of the
head?

MR MATHEWS: That was --

CO CHAI RVAN FORD: Has any pat hol ogi cal
wor k been done on their fabrication nmethod, point
towards them or is that just a red herring?

MR. MATHEWS: W don't know. W don't
knowif it's a red herring or not. W know that the
pl aces that have had the nobst extensive weld flaws,
t he units that have had t he nost extensive weld fl aws,
North Anna 2 and perhaps one of the Surry units -- |
can't remenber -- had several weld flaws and weld
flaws only, nothing in the tube.

CO- CHAI RVAN  FORD: And were done at

Rott er dam
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MR. MATHEWS: Those were built at

Rotterdam Al four of the original Dom ni on Energy
vessel s were built at Rotterdam and there's about, |
think, five other vessels in the country that were
made by Rotterdam all of which are cold head pl ants.

CO CHAI RVMAN FORD:  Now, that seens to ne
a pretty inmportant observation, that the wel d defects
in Rotterdamfabricated heads, the frequency of them
if that's a fact. Has that been foll owed up as to the
i mpact of that on this failure frequency?

I"'mtrying to ook for --

MR NMATHEWS:  Sure.

CO CHAI RVAN FORD: -- other things. Has
t hat been done? Has that anal ysis been done?

MR. MATHEWS: As far as where the other
Rotterdam wel ds are --

CO CHAl RMAN FORD:  Yes.

MR. MATHEWS: -- and who has those? Yeah,
everybody knows who' s got those, and t hose guys are --

CO CHAI RVAN FORD: But the second part of
nmy question is the inpact. | f Rotterdam Dockyards
does not apparently have a very good weld quality
control, what is the inpact of that on the cracking?

MR. MATHEWS: | don't know. | don't know,

and the inspections are the only way we're going to
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find out.

CO CHAI RVAN FORD:  Recogni ze t hat what |'m
| ooking for is what other things are we mssing in
this prediction prioritization algorithm

MR. MATHEWS: Yes. The four Rotterdam
manuf act ur ed vessel s t hat have hi gh head t enper at ur es,
all four of those are being replaced, bam They're
all out at Dom nion, and they're all being replaced
ri ght away.

The others are cold head plants, one of
whi ch was Sequoi a, and they are, you know, eval uati ng
what they need to do. Hopeful Iy nothing, but you
know, because they are col d head pl ants, but certainly
Sequoi a rai sed the flag, but then it turned out that
it wasn't leaking in their m nds.

MR. WALLIS: You might conpare this with
your previous slides. Your previous slides, the
nmessage seens to be it's the welds that cracked.
There's 22 percent of the welds inspected that were
cracked on the old plants, and the other nunbers are
much smal | er

But when we get to this slide, it's the
wel ds whi ch were i nspected the | east conpared with the
tubes, for instance. So | would think you enphasi ze

i nspecting the welds nore and i ncrease those nunbers
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from ei ght percent to 40 percent or sonething.

MR. MATHEWS: Well, the B&Wpl ants are al |
repl aci ng their heads.

MR. WALLI'S: But you see what | nean. It
seens to be the welds that are the nost likely to
crack, and they're the ones you don't inspect so nuch.

MR. MATHEWS: The weld data relative to
the tube data is clearly skewed by the North Anna 2
results where al nbst every nozzle in the head had a
weld flaw or --

MR VWALLIS: So it's artificial.

MR. MATHEWS: Yeah. Wen you | ook at how
many of those were cracked, you know, relative to how
many were i nspected, it kind of skews the results. It

real ly does.

CO- CHAI RMAN FORD: | haven't heard this
wel d flaw argunent stated before. It nmay have been
stated. | just don't remenber. These are surface

breaki ng wel d def ects?

MR MATHEWS:  Yes.

CO CHAI RMAN FORD: So they could act as
initiators for environnent assisted cracking?

MR. MATHEWS: Yes, if they are not -- they
could be and probably are PWSCC flaws either

connecting weld defects during the manufacturing
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process.

CO CHAI RVAN FORD: And is there any plan
at all to, as you go forward, to try to inprove the
prioritization algorithnms? Is there any plan at al
to introduce that known fact into the prioritization
in the future?

MR, MATHEWS: Yeah, we've got to |earn
everything we can. North Anna 2 was t he head t hat had
the nost significant weld flaws. It also had circ.
flaws in the nozzle we believe emanating from wel d
flaws without | eaking to the top of the head because
t hey never penetrated the annul us.

And that is very interesting to us, and
we're going after those nozzl es to understand what is
going on there. W' re going to take those nozzl es and
section themin the |l ab and figure out what's going on
with those welds. It's the welds at North Anna and
how t hat propagated into the nozzle.

CO CHAI RVAN FORD:  Looking forward -- |
mean this is fascinating figuring it out here -- as
you | ook forward and you're going to replace nany of
your heads with 690, are they going to be fabricated
by Rotterdanf

MR MATHEWS: | don't believe anybody

bought a head from Rotterdam
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CO CHAI RMVAN  FORD: kay. That answers

m ne.

MR. MATHEWS: Good. Okay. Can | skipto
the slide that says "Summary of Inspection Results
Statistics"?

No, keep going. I'mgoing to skip these
guys. This is just slicing and dicing with B&W
separated out, et cetera.

The 3,871 CRDM nozzles, 1,090 CEDM
nozzl es, which are essentially the sane, and 94 in
core instrunent nozzles on the CE units, which are
very simlar at 69 units in the country.

Bare netal visual and/or nonvisual NDE
i nspections have now been perfornmed on alnost 81
percent of the reactor vessel head nozzles, including
t he col d heads, and we found 47 roughly to be | eaki ng.
About ei ght percent of the nozzles in the fleet have
shown | eaking to date.

If you look at the non-B&W plants,
however, it has beenlimted to North Anna 2 and Surry
1, and those were primarily weld cracking.

Nonvi sual exam nati ons have been perf orned
on about half of the plants that were over 12, and
it's going up significantly as a result of the spring

out age i nspections, and about a third of the noderate
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eight to 12 category and about two thirds of the
nozzles in the B&W plants and 25 percent of the
nozzles in the non-B&W plants have been exam ned
volunetrically.

Go to the next slide.

About 19 percent of the inspected B&W
pl ant nozzl es show base netal cracking, and base net al
cracki ng i n the non- B&Wpl ants has so far beenlinmted
to MIIstone 2 and Cook 2, and al though North Anna 1
and 2 nozzles had weld cracking, sonme of it did
propagate i nto t he base netal, we believe, on at | east
North Anna 2.

And this spring we detected at Beaver
Val | ey sonme nozzle cracking on the OD of the nozzle
bel ow the weld, axial cracks on four nozzle., and
t hose have been repaired, and the unit is on its way
back to power.

About ei ght percent of the J groove wel ds
have been exam ned by ET or PT, which is not a | arge
fraction, but that's what the statistics were in
February.

We've seen weld flaws, you know, sone
pl ants that have had no fl aws, Robi nson, for instance,
and sonme plants that have had extensive flaws |ike

North Anna 2, and they were both very high on the EDY
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rankings. So it says there could be sonething to the
way t he wel d was manuf actured, although, you know, so
far we can't say, you know, that Rotterdam head, we
don't have an issue. W' re not going there.

MR. VWALLIS: No, but if you go back to,
again, this Slide 9, the non-B&W | ess than 80 EDY
you' ve only inspected one wel d. Maybe that neans one
-- sort of zero percent in that right-hand bottom
corner. So you haven't inspected the welds on these
pl ants whi ch are nonsuscepti bl e.

MR, MATHEWS: In the cold head plants,
you're right.

MR, WALLI S: You can't reach any
concl usi on about them

MR. MATHEWS: On the cold head plants,
you're right. W have inspected sone fromthe hi gher
time and tenperature.

Where was |7?

The point, and | guess we've said it,
Rot t erdam and B&Ware t he only manufacturers i n which
we've detected weld flaws that were potentially
| eaki ng or significant weld flaws on any of the units.
Basically | don't believe that there has been any
cracking detected in a CE manufactured head or the

ot her manufacturer in the welds.
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W' ve al so broken it down by material and
fabrication groups and trying to gl ean out the data.
That' s one of the things we've been trying to do based
on the inspectionresults, but it's hard at this point
to i sol ate anyone out other than the information that
|'ve al ready given

If you |ook at the plants that have had
circ. cracks above or over the J groove weld, there's
only been five units that have had those circ. cracks,
and the only one -- that have detected them-- and t he
only one that is not a B&Wunit, B&Wdesigned unit, is
the North Anna 2 head, and those cracks for the nost
part, we believe, initiatedinthe weld and propagat ed
up and into the tube.

Tal ki ng about inspection plans for the
spring outages, per the order all of the plants that
were in the greater than 12 BDUY cat egory, | believe,
are doing -- this was before the order -- but all of
the plants that were in the greater than 12 are doi ng
vol unetric exam nations, and everybody, | believe, is
complying with the order as best they can.

So there's a lot nore volunetric exans
this spring.

Back to San Onofre, which may have been

included, they did UT. Let's see who else. Turkey
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Poi nt has done UT. Beaver Valley has done UT.
Sequoia did a few nozzles. They're a very |ow
susceptibility plant. Farley 1 did UT. |ndian Point
did some UT, and when | said UT it may include eddy
current also of the nozzle surface, and there are
ot her plants that have not finished their outages yet
t hat have plans to do so.

CO CHAI RVMAN FORD: | understand, Larry,
that three of those plants, Turkey Point 3, Calvert
Cliffs (phonetic), and Pal o Verde, have all asked for
some sort of relief on this inspection. Are you able
to say anything at all about that, explain why?

MR. MATHEWS: Well, | suspect that every
unit will have sone rel axati on request per the order.
It's just kind of hard to wite a generic order that
covers every situation, and so nost plants are going
tofind sone mnor limtations in coverage because it
was very specific in the order: two inches above to
t he bottom of the nozzle.

| nspecting all the way to the bottom of
the nozzle can be problematic, depending upon the
probe design. Access couldlimt to two i nches above
or below or certain areas around. So everybody w ||
probably -- | won't say everybody, but many plants

wi Il have sone rel axation request.
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"' mnot sure exactly what Turkey Point's
were. | believe theirs was related to mnor |ack of
coverage at the bottom of the nozzles.

CO CHAI RVAN FORD: W I I someone fromthe
staff be --

MR. HI SER Yes, this is Alan Hiser
(phonetic).

Tomorrow we' |1 talk about a little nore
detail on the relaxation requests, but actually I
t hink of the plants up there, Turkey Point, Farley,
Cal vert --

M5. WESTON: Pal o Verde he nentioned.

MR. H SER Yeah, Palo Verde, Beaver
Val l ey, Indian Point, virtually all plants. A |ot of
it is things at the bottom of the nozzles, either
t hreads for guide funnels or tapers on the ID of the
nozzl es to prevent coupling of the transducer. Things
like that are a |lot of the issues.

There are sonme nore significant ones, but
we' |l talk about those tonorrow in nore detail.

CO- CHAI RVAN FORD:  Thank you.

MR. SHACK: The order, you had to do UT
because you have to be able to see both the I D and t he
aD?

MR MATHEWS: Well, the order allowed a
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full surface eddy current where you did the weld, the
OD of the tube and the ID of the tube. I1f you could
do that and say there's no flaws, then that woul d be
good enough or if you chose the UT path instead of
doing a weld exam they allowed a zero degree query
for the |eakage assessment and through the
interference fit.

MR, SHACK: But you can't do an OD exam
with the eddy current, can you?

MR. MATHEWS: Bel ow the wel d you can.

MR SHACK: Onh, below the weld.

MR.  MATHEWS: On the stub piece that
sticks down. So it would be like a full wedded
surface eddy current, and if you exam ne the surface
and there is no surface breaking flaws, then that was
sati sfactory per the order.

MR. WALLI'S: That stub that sticks dowmn is
not really characteristic of what's up above it, is
it? The stresses and everything are different.

MR. MATHEWS: Exactly. The stresses taper
of f very rapidly once you go bel ow the weld, but you
want to -- if you want to use just the surface examto
say there's no | eakage path, then you need to exam ne
the whole surface so that you can assure yourself

there's nothing that started right bel owthe weld and
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propagated up through to the annul us.

So if you chose the surface, the eddy
current, you need to do the full wedded surface. |If
you chose UT, then you could query the tube and al so
| ook for |eakage through the annulus. GCkay?

| * mnot sure there's nmuch point i nwal king
through the rest of the inspection plans for this
spring since the order kind of preenpted what a | ot of
people had at that point in time, although we were
already -- the MRP was already in the process of
recommendi ng that all units at some point in the near
future go do a baseline volunmetric or under the head
NDE exam

We had just had too many surprises, and we
said we need to know what the condition of the fleet
is. So we were in the process of making that sane or
a very simlar reconmendation to that.

CO CHAI RVAN FORD: Do | understand that
the outstanding questions about the inspection
sensitivity will be covered |later on?

MR MATHEWS: Tom wll cover the
denonstrati on program

CO CHAI RMAN FORD:  And we'll be tal king
| ater on about on the basis of these observations,

pl us the possibility at South Texas, how you're goi ng
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to change your prioritization. That's going to be
di scussed | ater?

MR. MATHEWS: Yes. Davidis goingto walk
t hrough a process that we're going through right now
to revise our inspection recomendations.

CO- CHAI RVAN  FORD: And will that also
cover other than VHPs?

MR. MATHEWS: Well, this is geared toward
t he vessel head penetration.

CO- CHAI RVAN  FORD: WIl the next, the
further discussion that's going to cone on | ater on;
will that also extend this prioritization to cover
over conponents in the primary system such as
popcor n?

MR. MATHEWS: The MRP i s working on that,
but we don't have a presentation on that. W' re
devel opi ng that process, and it's going to be a nore
ri gorous process than we' ve been through in the past.

CO CHAI RVAN FORD:  Ckay.

MR. MATHEWS: Now, you had asked about t he

CO CHAI RVAN FORD: At sone time or other
we woul d |i ke to know what the industry's positionis
on, for instance, inspectionprioritizationalgorithns

t hat extend the VHP situation to bottomhead, not only
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fromthe pressure vessel, but also the pressurizers.
It's all the same mechanism Therefore, the
prioritization algorithm --

MR MATHEWS:  Yeah.

CO CHAI RVAN  FORD: -- should at |east
account for these changes due to material or stress
di f f erences.

MR MATHEWS: O tine at tenperature if
that's still relevant.

CO- CHAI RVAN FORD:  Correct.

MR. MATHEWS: So, you know, --

CO- CHAI RVAN FORD:  So you may not be abl e
to cover it today or tonorrow, but soon.

MR. MATHEWS: We'd be glad to cone back
and talk to you when we get a little further down.
You had asked a little bit about the boric acid
programthat we have. | believe David has the status
of it.

We had laid out a programthat was goi ng
to go after sonme of the first principles on the head
penetration issue, and sone of the first principles
just on alloy steel corrosion rates, et cetera.

There has been a | ot of work done in the
past, but sone of it was not, if you wll,

prototypi cal of the configuration that is at the top
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of the head.

And so we have |laid out a programto go
after --

CO CHAI RVAN FORD: \When are you pl anni ng
to present that?

MR. MATHEWS: Well, right nowit's in the
process of bidding to do the work.

CO CHAI RVAN FORD:  No, | knewthat. 1It's
j ust when you nete out your RFP, you presumably had
sone idea of a logic plan --

MR MATHEWS:  Yes.

CO CHAI RVAN FORD: -- of what you wanted
to cover and what the endpoint was going to be --

MR MATHEWS:  Yes.

CO- CHAI RVAN - FORD: -- and when that
endpoi nt was going to be. That's what we like to
hear .

What was your | ogic?

MR, MATHEWS:  Well, we --

CO CHAl RVAN FORD: -- the RFP, what was
your | ogic thought?

MR. MATHEWS: CQur |logic was to | ook at the
various both -- what do you call it? -- separate
effects tests, togo after the various conditions that

could exist as a cavity devel ops or | eak starts and a
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cavity devel ops on top of a head, and then to conbi ne
theminto full nock-up tests if and when those are
necessary.

CO CHAI RVAN FORD:  What about t he physi cal
phenonena associated with it, fundanmental phenonena
associated with it?

MR MATHEWS: O the corrosion?

CO- CHAI RVAN  FORD: Corrosion Kkinetics,
t hermal hydraulics.

MR. MATHEWS: Yes, we were going to | ook
at stagnant and lowflowtests. W were going to | ook
at high flowtests with jets and i npi ngenent.

CO CHAl RVAN FORD: Wl |, that would be
covered | ater on even on one page? Yes?

The reason why |'m asking when it was
going to be done is because | know that Bill Cullen
has got a fairly extensive discussion of the NRR and
his research plans, and it would be useful to have
those two presentations side by side so that we can
see what's bei ng covered.

MR. MATHEWS: W don't have a
presentation. W' ve got one slide on the status; is
that correct?

MR. STEININGER: | can talk off the top of

nmy head, but --
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MR. MATHEWS: And | have about a six page

wite-up on the plan that we had put together to go
after this. This was before we went out for bids,
but --

CO CHAI RVAN FORD: It is rather inportant
t hat we have a prediction capability for this so that
we can prioritize where we look for boric acid
corrosion on the head and, indeed, anywhere else in
the country into the primary system

MR. MATHEWS: Unl ess you | ook ever ywhere.

CO- CHAI RVAN FORD:  Yeabh.

MR MATHEWS: And frequently enough.

CO CHAI RVAN FORD: And prioritize. If you
knew what the nmechani smwas, et cetera, et cetera.

Okay, Larry. Thank you very much.

MR, MATHEWS: Ckay.

CO CHAI RMAN FORD: If we may, we'll cover
t hat one page of your extenporaneous di scussion at the
time we take Bill.

MR, MATHEWS: Ckay.

CO- CHAI RMVAN  FORD: Are there any other
questions for Larry on this particul ar segnent?

(No response.)

CO- CHAI RVAN FORD:  Thank you very much,

i ndeed.
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MR. MATHEWS: Okay. At this tinme | would

like to have David cone, and he's going to walk
t hrough the slides.

Craig Harrington was going to make this
presentation originally. He's the Chairmn of the RPV
head working group in the ITG

CO CHAl RVAN FORD: Ckay. This is for the
record David Steininger?

MR, MATHEWS: David Steininger wth
El ectric Power Research Institute.

MR. STEININGER. Well, hello, gentlenen.
Like Larry said, the person that created this
presentation, Crai g Harrington, whois Chairman of our
RPV head wor ki ng group, went to South Texas to help
out. Craigis fromTexas Utilities, and South Texas
asked for a nunber of industry people to go hel p out
at South Texas, which they do.

Crai g went, and t he person that works for
me that would have been the next choice to make the
presentation, Christine King, also went. So |I'mthe
one that drew the short straw

So what 1'd like to talk to you about is
t he process that Larry nmentioned earlier, and that is
a much nore formal, detailed procedure that we're

going to institute when we rel ook at our inspection
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pl an for the RPV head.

As you know, | ast year the -- well, first
I et me i ntroduce nyself. M name is David Steininger,
and | amthe | ead nmanager for both the MRP program at
EPRI and the SGNP program the steam generator
managenment program at EPRI.

So alot of this stuff that's going on in
the MRP programis not too unknown to ne because |'ve
suffered through quite a bit of 25 years of disasters
in the steam generator world.

MR ROSEN:. As have sone of us.

MR. STEININGER Yes. |In fact, he was on
one of our committees for many years, Steve was.

Ckay. As you know, | ast year the MRP did,
in fact, produce an inspection docunent for its
menbers for inspection of the RPF top head. For
practical reasons, as we all know, that inspection
pl an was essentially replaced by the requirenents or
t he suggestions provided in the NRC Bull eti n 2002-02
and then subsequent to that the order.

But in any event, there's nothing to
suggest that the inspection frequencies and the
i nspection tapes that were presented i nour i nspection
plan were invalid, and in fact, we still believe that

everything that, in fact, we had proposed in the
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i nspection plan is still valid.

But what we want to talk to you today
about is the process that nowwe are fornmally going to
institute to take arel ook at that i nspection plan and
seeif it still holds true and nodify it as necessary.

Sothetopics that I' mgoi ng to di scussi on
are what we now call the overall safety assessnent
process, which w || support the inspectionplan. 1'I]
mention to you the requirenment that we've now pl aced
on our nenbers to actually go in and do a baseline
i nspecti on. "1l mention the failure nodes and
effects analysis, which is a very formal procedure
trying to identify all the possible nodes of failure
associated with --

MR. WALLIS: Those inspection intervals
chosen to insure safety inplies that you know
sonet hi ng about howrapi dly t hi ngs occur bet ween t hese
i nterval s.

MR STEI NI NGER:  Yes, we thought we did.

MR. WALLIS: Do you know t hat?

MR. STEI NI NGER. Wel |, the docunented t he
MRP 75, which was a technical basis docunent for our
i nspection programthat we provided our nmenbers | ast
year.

MR. WALLIS: So you're pretty sure about
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this insuring safety because you know the things
coul dn't happen faster?

MR.  STEI NI NGER: W still are very
confident that what we provided in the docunent still
hol ds true.

Ckay. Then the supporting, again,
everything that we have just nmenti oned here obvi ously
boils down to that you have to know your crack growh
rates; you have to knowyour stress intensity factors;
and obviously with the boric acid situation, you're
goi ng to have to know how t he boric acid corrodes the
carbon steel.

So let's go on to the next slide.

CO- CHAI RVAN  FORD: David, just to make
sure, this is essentially the MRP 75?

MR, STEI NI NGER: This is a whole new
process to relook at MRP 75 and nodify it if
necessary. We didn't actually go through this kind of
formal process when we devel oped MRP 75. | guess you
could call it the fog of war back then. There was a
| ot of m dnight oil being burned, and we produced an
i nspection docunent and its technical basis.

CO CHAI RVAN FORD: So this is what | see
referred to as the revision of MRP --

MR STEININGER: That's correct.
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CO- CHAI RMAN FORD: -- 75, and has this

been reviewed by the staff, what you' re about to --

MR. STEI NI NGER: The revi si on hasn't been
produced yet. This is going to lead to possibly a
revision of MRP 75. This is the process.

CO- CHAI RVAN FORD: But the process hereis
new.

MR. STEININGER: Yes. Thisis the process
that we've essentially now instituted that we wl|
followin comng up with a revision to MRP 75.

MR. PONERS: Peter, do we have MRP 757

CO CHAl RVAN FORD: W do not. ACRS does
not formally have MRP 75. | have it.

MR.  STEI NI NGER: A long time ago, and
we' ve made presentations on MRP 75.

CO- CHAI RVAN  FORD: Ch, everyone has
received it?

M5. VESTON:  Yes.

CO CHAI RVAN FORD: On, | take that back.
So what you're hearing today, Dana, is --

MR. POVERS: New and different. I
understand. |I'mtrying to recall MRP 75.

M5. VWESTON: Yeah, way back in the early
part of 2002 we sent you a copy.

CO- CHAI RVAN  FORD: The approach was
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di scussed at the full conmttee nmeeting in June of
2002, June or July.

If I may for Dr. Powers, there's two key
docunments, MRP 55, | believe it is, which relates to
the crack growt h rate, which you have seen, | think.
And subsequent to that was MRP 75, which nmade use of
crack growth rate.

MR STEININGER: That's correct.

CO- CHAI RMAN FORD:  What you are about to
hear nowis not in the document, MRP 55. W have not
recei ved a copy of this.

MR, STEI NI NGER:  Correct.

kay. So let me just go over very briefly
the overall process that we've now defined that we
will formally go through in order to verify that what
we have in MRP 75 is correct or it needs nodification.

We're now in the process of follow ng a
failure node and effects anal ysis, and that's where,
well, as we all know, we've been surprised many tinmes
inthe past. W were surprised by the axial cracking
inthe nozzle. W thought that's all we were goingto
see, as nentioned before, and then we got hit with OD
cracki ng outside of the nozzle.

We ended up getting wastage at the top of

t he head and nowwe're getting cracking at the bottom
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head of the vessel. So --

MR. ROSEN:. Maybe.

MR, STEI NI NGER: Maybe. In any event,
we're sick of being surprised. So what we'd like to
dois formul ate a process here in our revisionto MRP
75 which tries to get us ahead of the curve, and
obvi ously one of the things that we need to do is to
try to anticipate the various nodes of failure and
degradati on that we may see in the future.

And if this overall process is successful
in applying it to MRP 75, this is the process that
will probably followfor all of the conponents in the
RCS system because that's essentially where we're
headed, totrytodothisinaprioritizationtype way
and trying to understand where failures are going to
hit usinthe future, and that's where the industry is
goi ng.

The first application of this overall
process though is for the nozzles.

So you can see that what we first triedto
do is we -- and this is an application to the
nozzle -- we try toidentify all failures, all forns
of degradation that can lead to the failure for the
nozzl e, and as you can see, |'ve listed that here in

t he second col um.
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And once you do that, you obviously have
to define a probability of detection for the
degradati on. You have to set your inspection cycles
appropriately, and you finally go through and do a
formalized safety assessnent anal ysis.

MR. WALLI'S: Do you have a probability of
detection for these UT and ET net hods?

MR STEININGER: Well, we have a whole
process that we have instituted to go and find out
what that probability of --

MR. WALLIS: Actually you don't know what
it is yet. Maybe he'll tell us.

MR STElI NI NGER: He may tell you.
Probability of detection?

MR. ALLEY: POD, we did the nock-ups.

MR. STEI NI NGER: So it's j ust
denonstration then that's going on.

Ckay. Tom will tell you about the
program but you're absolutely right. At sone point
you have to define probability of detection. That's
what you were bringing up earlier. W can't get away
fromit.

Ckay. Then you end up going into
devel oping a safety assessnent report. You have

defined your inspection cycles. You've defined the
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types of inspections that you' re going to recomend,
and everything that is done out inthe fieldw !l have
to be bracketed by that safety assessnent report.

Ckay. The next slide.

CO CHAI RVAN FORD: Hold it. Stop.

MR MATHEWS:  Yes.

CO- CHAI RMAN FORD:  You say this schenma
you're showi ng here, schematic, is going to be the
framework for which you're going to apply to all -- 1
t hi nk you said all components. |'massum ng you nmean
just to all --

MR STEI Nl NGER:  No.

CO CHAI RVAN FORD:  -- primary water side
ones.

MR, STEI NI NGER: Correct. This is the
forma process that we're using to nodify MRP 75, and
| woul d hazard to guess if this process is successful,
we' Il probably use this kind of process for all other
conponents that we have to address.

CO- CHAI RVAN  FORD: And so this is the
t enpl at e upon which --

MR, STEI NI NGER:  Correct.

CO- CHAI RVMAN FORD:  -- you based al | future
devel opnment s of , four instance, i nspection technol ogy,

et cetera.
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MR, STEI NI NGER: | would say that's

probably true.

CO CHAI RVAN FORD:  You do not have on this
graph | ow tenperature enbrittlenent at 619 or 152.

MR. STEININGCER: Well, if you look at it,
there's a little box right up at the top. It says
techni cal basis for Alloy 690, 152 and 52. That's
wher e.

CO CHAI RVAN FORD: But as it relates to
the failure mechani sms showi ng the second --

MR, STEININGER. Ri ght.

CO CHAI RVAN FORD: -- and enbrittlenent is
not in the second.

MR, STEI NI NGER: That' s probably true, but
it is a concern.

CO CHAI RMVAN  FORD: s there work being
done? | know |'m probably jumping the --

MR, STEININGER  You are. It's not even
in the presentation.

CO- CHAI RVAN  FORD: When you say | am
junping the gun, you nean you're going to cover it
later on in this presentation.

MR, STEININGER: |'mnot covering it in
this presentation, but we are |ooking at that

phenonenon, |ow tenperature enbrittlement of 690.
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CO CHAI RVAN FORD:  And the wel ds.

MR STEI Nl NGER:  Yes.

MR, MATHEWS: The FMEA, you know, the
second colum here, are, if you will, results of
degradation. The FMEA, he's got it as one box, but
it's actually this huge flowchart that wal ks t hrough
every possi bl e degradati on and howt hat coul d progress
to sonme accident scenario.

And so if we're evaluating a 690
conmponent, that would be potentially one of the
degr edati on mechani sns that has to be wal ked t hrough
the failure nodes and effects anal ysis.

CO CHAI RMAN FORD: Now, when you saidit's
going to be addressed, specifically when will it be
addr essed?

The reason why |'m pushing you here is
that up until Davis-Besse we said, "Hey, you're not
going to get boric acid corrosion in that particular
part of that subassenbly.”™ Now |I'm positing another
failure mechanismthat's not out of the question.

MR STEI NI NGER: You're tal king about
hydrogen enbrittl enent at | ow tenperature.

CO- CHAI RVAN FORD:  Wel |, hydrogen effects
on hi gh chrome-ni ckel based objects.

MR STElI Nl NGER: Yeah, and we do have sone
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testing going on in that area.

CO CHAI RVAN FORD: Okay, and that will be
conpleted in time so that they're not going to have a
huge reacti on.

MR. STEININGER: As Larry said, when we
appliedthe failure nodes and effects analysis, that's
one of the phenomena we identified as a concern, and
we are working on it. Okay?

CO CHAI RVAN FORD:  Ckay.

MR. STEI NI NGER: Next slide.

MR WALLIS: Well, | just have a conment.
You have all of these technical evaluations in these
boxes. | hope that they include what our Chairman is
tal ki ng about, which is an understanding of what's
going on from the point of view of the physics,
chem stry, and so on, in nore than a superficial way.

MR STEI Nl NGER:  Yes.

MR, WALLI S: So your expert conmttees
i nvol ve people who work on these areas?

MR, STEININGER: Well, that's what we did
for MRP 55, which was the expert panel, to put
t oget her their recommendati on on crack growth rate for
| nconel 600.

MR WALLIS: That's correct.

MR.  STEI NI NGER: That's the process we
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fol | ow

Ckay. So the MP is essentially
transitioningto aconbinati on of baselineinspections
and periodic i nspections. The tim ng of the baseline
i nspection and the reinspection interval, obviously,
will be based on all of this analysis, and it will be
based up by a nore extensive bare netal inspection of
the reactor pressure vessel head.

The revised inspection plan, as |
i ndi cated before, will be based on the entire safety
assessment report, which will docunent this entire
process that | briefly described earlier.

Just in summary, the safety assessnent
report begins with the failure nodes and effects
anal ysi s. It anticipates all possible failures
associ ated with the conmponent, subject conponent, or
has been observed in the field.

Then finally we'll use the analysis, the
kind of analysis that you've already seen, which is
presented to MRP 75.

CO- CHAI RMAN FORD: Now, when you | ook at
t his and respondi ng to Professor Wallis' comments and
m ne, you've got a huge program There's a huge
amount of devel opnent invol ved.

MR. STEI NI NGER: Absol utely.
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CO CHAI RVAN FORD: So what is the timng

of the completion of either the conplete article or
various subnodes of it?

MR. STEININGER: We expect to have the
safety assessnent report done for the nozzles by the
mddle or late sutmmer. So essentially we woul d have

this finished for the nozzles by mddle or late

sumrer .

CO CHAI RVAN  FORD: So you'll have
finished --

MR. STEININGER. Correct, this process.

CO CHAI RVAN FORD: -- all of the boric
acid --

MR STEI Nl NGER:  No.

CO- CHAI RVAN  FORD: -- which goes into
t hi s?

MR, STEI NI NGER: No, no. For nozzle
cracki ng.

CO CHAI RVAN FORD: On, nozzl e cracking.
| didn't hear.

MR, STEI NI NGER:  Correct.

CO CHAI RVAN  FORD: | mssed the word
"cracking. "

Ckay, and when will all of the other

degradati on nodes be addressed? You'd gone down one
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path of this crack. The question of the treatnment of
t he wast age, of the lowtenperature enbrittl enent, any
ot her | oads, your expert panel may --

MR. STEININGER: 1'Il have to get back to
you on that. | don't know the schedul e.

MR. MATHEWS: The boric acid schedul e,
wel |, you have the schedule, right? But it's a couple
of year program to really understand this cavity
formati on.

MR. STEI NI NGER. For exanple, we're just
now going out with the RFP, as you know, on boric
aci d.

Okay. Next slide.

Wl |, again, the failure nodes and effects
anal ysi s establ i shes t he ki nd of techni cal eval uati ons
that we'll need. | would like to point out as |
i ndi cated earlier, our existing cal cul ati ons showt hat
t he nonvi sual inspections that we' ve docunented or
reconmended to MRP 75 probably still holds true.
There's nothing to suggest that they're wong.

The cal cul ati ons done to date to support
MRP 75 indicate extrenmely |ow probability of nozzle
ej ection and significant wastage, and ultimtely an
extremely smal |l consequenti al increase in core danage

frequency, which is consistent with NRC Reg. Cuide
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1.174.

Okay. As indicated earlier by Larry,
subsequent to the release of MRP 75 to our menbers,
whi ch est abl i shed our recomrended i nspecti on pl an, we
sent out a letter to our menbers which recommended a
basel i ne inspection be perfornmed, and this baseline
i nspection consists of a conbination of inspections
which I've listed here. The nenbers could use UT or
bare netal visual and UT of the base nmetal fromthe
tube | D and bare nmetal visual to give anindication as
to whether the weld had cracked or not. They could
performa UT or eddy current; UT of the base netal for
the tube ID and ET or PT of the weld surface.

Finally, they could performeddy current
for both nozzle and the wel d. For the nozzle it would
be ID and OD, and then they could use ET/PT for the
wel d surface.

MR, WALLI S: Wiy is it just the weld
surface? | mean, aren't there cracks inside the wel d?

MR STElI NI NGER: The weld is very
difficult to detect by --

MR. WALLIS: Well, youdon't doit because
it's difficult or you don't need to know it?

MR STElI NIl NGER: Vell, | think it's a

combi nati on. What we're asking here is sinply to use
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eddy current surface.

MR, VALLIS: Well, you do what you can.
It may not be that's enough and maybe you need a
met hod for | ooking inside of the weld.

MR.  STEI NI NGER: Well, that very well
coul d be.

MR WALLIS: Well, if youdo needit, then
you ought to say so.

MR, STEININGER: Well, the PWSCC i s goi ng
to attack the surface of the weld, correct? So that's
why we're | ooking at the surface of the weld.

MR MATHEWS: Plus volunetric exans of
weld metal, nickel based weld netal is very, very
difficult.

MR. WALLIS: Ckay. So you're assumng if
there's a crack under the weld because it's not
subj ected to this stress corrosion cracki ng you won't
know unl ess it breaks the surface? That's sort of a
techni cal judgnent, | guess.

MR MATHEWS: Well, | think fatigue
anal ysis, et cetera, for those types of cracks would
i ndi cate they're okay.

MR, STEI NI NGER: Okay. Next slide.

MR. SHACK: Dave, can | just come back?

MR STEI NI NGER  Yeah.
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MR. SHACK: One thing in MRP 75. You

really | ooked at an average plant, and are you goi ng
to do nore to address the kind of range of variations
t hat m ght be possible?

MR. STEININGER |' mnot so sure we | ooked
at the average plant, but we took the worst case heat
that was cracking in the field, for exanple. W used
the --

MR. SHACK: No. Whien Pete did his Mnte
Carlo analysis, he really sanpled over the whole
distribution, which is, in effect, looking at an
aver age. | nmean, he did not try to define a 95th
percentile probability of failure. He was basically
getting the probability of failure of the average
pl ant .

MR. STEI NI NGER: But he took worst case
material properties, for exanple, when he did that
anal ysis, and he al so used the --

MR. SHACK: No. | nean, he sanpled from
a distribution. He was trying to avoid -- | nean
t hat woul d be one sol ution, woul d be to take boundi ng
cases, but hereally didn't do that, you know. And it
seens to ne that that still has to be addressed in the
MRP 75 ki nd of analysis.

Essentially it's not good enough to show
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t hat the probability of afailureinthe average pl ant
is very small.
MR. STEININGER: Well, | knowin the past

St eve Long has brought this up, the same comrent, and

you know.

MR MATHEWS: There's been sone
nodi fications to the PFM analysis. |1'mnot sure of
the details yet. | know we've changed the way we

propagate the flaw and a couple of other things in
response to sone of the questions we've gotten from
the staff, and Pete's not through his newwork, but we
need to take a | ook at that.

You' re sayi ng we need to possi bly | ook at
a worst case plan as opposed to an average.

MR SHACK: Vll, | nean, there's a
di stribution of plants.

MR MATHEWS: Yes, there is.

MR. SHACK: | mean, you know, the average
plant is not the one |I'mworried about. The average
plant is not a problem

MR. STEI NI NGER: You're worried about the
pl ant where all of the uncertainties stack up in the
wong direction for you.

MR, SHACK: No, no, it's not even the

uncertainty. It's just that there's a range of
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material properties. A plant with the average
properties is probably not a problem A plant with
t he worst properties --

MR. STEI NI NGER: Wbr st case, that's right.

MR, SHACK: -- is a problem and at | east
the way the analysis was done in MRP 75, | don't
bel i eve that you are really considering properly the
range of properties that were encountered because of

the way you did the analysis.

MR. MATHEWE: | think there were sone
sensitivity studies done, but |1'll take a note, and
we' |l get back.

MR. STEI NI NGER: Yeah, we'll get back to

you. W'll let Pete develop an answer for you on
t hat .

Okay. In this process, the tinme at
tenperature is still going to be the paraneter of
choice that we'll use to rank the susceptibility

groups for a plant, and this baseline inspection is
expected to be conpleted for the high susceptibility
plants by the next refueling outage. So this
presentation was made for, | guess, the February ACRS
neeting. So probably all of the high susceptibility
plants will have probably inplenented the baseline

i nspection by now.
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It is expected that the noderate
susceptibility plants wll perform the baseline
inspection by approximtely 2005 and the |ow
susceptibility plants by 2007.

MR. ROSEN. So how does the South Texas
experience, assumng that this time there are cracks,
play with this whole strategy?

MR.  STEI NI NGER: Well, again, this is
directed to the top head.

MR. ROSEN: Yeah, that's exactly ny
guesti on.

MR. MATHEWS: |t depends, you know, and we
can go chase the rabbit trails of what if South Texas
isthis or what if it's that, and until we know, we're
spi nni ng our wheel s.

CO- CHAI RVAN  FORD: But conbi ning that
guestionwith Bill's question, isthis methodol ogy you
said was for all primary water systens.

MR. STEININGER: Probably will be a part.

CO- CHAI RVAN  FORD: It nust, therefore,
i ncl ude pressurized penetrations as well as open head
penetrations.

MR. MATHEWS: Eventual ly.

MR. STEI NI NGER: Eventual ly, yes.

CO CHAI RVAN  FORD: Oh, no, you said
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cracking by the m d-sunmer.

MR. MATHEWS: Not the top.

MR. STEININGER. For the top head.

CO- CHAI RVAN FORD: For the top head. So
assune South Texas, it turns out to be unfortunately
the situation that we believe it mght be, and
t herefore, you cannot --

MR POAERS: \Which is what?

MR. ROSEN: All we're doing here is
hypot hesi zing one side or the other. So | want to
know what your hypothesis in this sentence is.

CO CHAI RVAN FORD: Well, | don't want to
go on the record as sayi ng South Texas i s cracked. W
just don't know.

MR. ROSEN: Ri ght . No one knows ri ght
Now.

CO- CHAI RMAN  FORD: But we do know that
pressurized is cracked.

MR STEI Nl NGER:  Yes.

CO CHAI RVAN  FORD: And it's the sane
mechanism |It's the sane phenonmenon. So if this all
singing, all dancing analytical process is full, it
shoul d be abl e to take i nt o account changes because of
residual stress variability, materials variability,

Bill's point, and cover pressurized, and noreover the
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repair of pressurized.

So does that enter into your timng? |
know you said quite specific nowit's cracking only
for primary water side, vessel head penetrations.

MR. STEININGER. Ri ght.

CO- CHAI RMVAN  FORD: But you've got to
expand it eventually.

MR STEI Nl NGER:  Yes.

CO CHAI RVAN  FORD: And when does that
expansi on take pl ace? How qui ckly does it take pl ace,
especially if it's pushed by potential --

MR  MATHEWS: Wl |, South Texas could
clearly push us to speed up our process, if youwll.

CO CHAI RVAN FORD: Well, maybe this is
anot her managenent di scussion, but we all recognize
resource restrictions.

MR. MATHEWS: Yeah. There's only so nany
of us.

CO CHAI RVAN FORD: |' m assumi ng.

MR. ROSEN: And there's only so nmuch
i nspecti on resource.

MR MATHEWS: So much?

ROSEN: I nspection resource.

MATHEWS: Ri ght, right.

2 3 3

ROSEN: Peopl e who can do what ever
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t echni que turns out to be necessary to determ ne what
it is that may be cracking.

MR. MATHEWS: And tools that can deliver
t he transducers.

CO- CHAI RVAN  FORD: | recognize we're
putting you in the hot spot here, but obviously if
there's resource limtations, there's going to be a
prioritization.

MR MATHEWS: Right.

CO CHAI RVAN FORD: How are you going to
decide on your prioritization, comng up with your
prioritizationalgorithn? What's your deci si on maki ng
process for deciding how quickly you're going to
evolve these nodified all singing, all dancing
prioritization of thenf

MR. MATHEWS: For the top head, we're
going to try and get it out by the end of the sunmer
for revised inspection program which is, to be
honest, may not deviate a lot from what's been
ordered, if you wll.

CO- CHAI RMAN FORD:  Right. You're al ready
goi ng ahead.

MR, MATHEWS: Yeah. W may have sone
recomrendat i ons to certain things, such as

rei nspection frequency or something, that we want to
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pursue with the staff in the process of revising that
i nspection plan.

For the rest of the conmponents, we have
anot her wor ki ng group, not the head wor ki ng group. W
call it the butt wel d worki ng group, but their charter
istoinclude all of the Alloy 600 in the plant and to
go after it.

There's two things we're trying to do
here. Nunber one, showthat the plants are safe; and,
nunber two, figure out when and how we need to be
i nspecting these conponents to assure the continued
safety, and that's the point of what we're trying to
do here with the FMEA and all of this other work, is
to wal k through a process so that we can figure out
what is the right timng for what kind of inspections
to assure the continued safety.

And you know, we've put our resources
first on the butt welds, but then that got
over shadowed very quickly by the top head, and we've
put some nore resources back on the butt wel ds and now
Sout h Texas could drive us to reassess not only what
t hat does to ot her conmponents, but perhaps al so what
it might do to our previous assunptions as far as the
t op head.

And we've just got to wait and see what
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they find. W' ve got to wait and see what they find.
And the configuration on the bottom nounted
instrunents is potentially goingto nmake it very, very
difficult to get to a real base root cause on this,
you k now. You don't just go take a boat sanpl e down
there. 1It's not as easy as a top head or a weld in
the plant or sonmething |ike that.

CO CHAI RVMAN FORD: If you had cracking,
what is physically different? You've had cracking in
pressurizers, bott om head penetrations in
pressurizers.

MR. MATHEWS: Tenperature is very, very
different. The pressurizer is the hottest conponent
in the plant, and so the tinme at tenperature on a
pressurizer is basically T SAT for the life of the
pl ant . .

CO- CHAI RMAN FORD:  I's that predicated by
the current -- if that's the only change, tenperature,
is that predicted by any current algorithns?

MR. MATHEWS: Yeah. |If we just do atine
at tenperature analysis, it would say that
pressurizers ought to be havi ng probl ens or that woul d
be a conponent where you woul d expect to see PWSCC.
Al so for instrunment penetrations, those are at T-hot

for the life of the plant, if you will, and they
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experi ence problens there.

They' ve never seen themon col d | eg nozzl e
penetrations | don't believe, and so you know, the
time at tenperature, it's a sinplified nodel, but it
has up till now been fairly wuseful to us in
prioritizing where we need to | ook and what we need to
be doi ng.

CO CHAI RVAN FORD: So you're sticking to
the -- I'"'msorry to keep going on this |ine here, but
it is fundanental to how we nmanage this whole
situati on.

So you are sticking to the argunent for
the tine being that tenperature is the sole driving
par anet er .

MR. MATHEWS: No, |'m not going to nmake
that argunent. |'msaying it is a nmgjor driver, and
to say that you can't override the tenperature effect
which is there with sone other effect to the extrene,

the tails of some other distributioncan't nmake things

happen that will |ower tenperature; |I'mnot going to
say that because it can. | mean, that's rather
obvi ous, | think

But you know, what the situation is at
South Texas | don't know and, you know, it's going to

be a whil e.
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CO CHAI RVAN FORD: | agree entirely with

what you say. So if you |l ook at material changes, and
we've already got from Argonne an approach for
attacki ng the range of responses because of ranges in
mat eri al composition or mcro structure, is there an
i nsuper abl e technical guide to overconme to take into
account changes in stress, residual stress? |s that
an insuperable technical barrier that has to be
over cone?

MR. MATHEWS: |'mnot saying no. | mean,
you can analyze the design, but then you' ve got to
worry about repairs and what have repairs in the
manuf acturing process done to the stresses that you
m ght cal cul ate?

CO- CHAI RVAN  FORD: But you could bend
t hi ngs according to that. You know whether it's been
repaired or not.

MR. MATHEWS:  You shoul d, yes.

CO- CHAI RMAN FORD:  So you can bend t hi ngs
as --

MR. MATHEWS:  Yeah, | think people are
already doing that in their own nminds at their own
pl ants. They're thinking, well, you know, whi ch wel ds
did I have major repairs on the ID. Do | have any?

And those are the ones | need to be paying attention
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to.

And people are starting to do that at
their own plants, you know. For the VMRPto go and try
to catal ogue every Alloy 600 weld in the industry
woul d be a nonunental task. You know, | think we can
provide information to the utilities to work on their
own plants.

CO CHAI RVAN FORD: There' s enough data on
the effect of stress on the cracking of these all oys,
especially 182 and 600. So at |east to be able to do
a sensitivity analysis of howmnmuch it woul d change if
you changes the visage of stress profile by so nmuch
Has that been done?

MR. MATHEWS: Well, stress profiles are
built into the way we' ve done the anal ysis fromcrack
propagation, et cetera, and sensitivity studies, |
bel i eve, have been done on what's the effects and t hat
sort of thing.

CO CHAI RVAN FORD:  And would it explain
t he possible cracking, that sort of nexus?

MR. MATHEWS: We didn't analyze the cold
head situation for a bottom nounted instrument. |
nmean, we didn't nodel that yet.

CO CHAI RMAN FORD:  Ckay, okay.

MR. STEININGER: Ckay. Continue to the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

89

next slide?

CO- CHAI RVAN FORD:  Yes, pl ease.

MR. STEI NI NGER COkay. Again, | just want
to enmphasize that we're starting off on this rather
new approach called the failure node and the effects
anal ysis, which essentially just identifies the cause
of the degradation, the effect, the consequence, the
detectability requirenent, and the frequency of
occurrence of the degradati on.

And you can establish relationships
between these various characteristics by a block
diagram and we'll get tothat ina mnute. Anyway --

MR. WALLIS: You use the quality of what
goes into each box, and you can have the diagram
That's sort of easy to put out, but then decidi ng how
far you have to go i n understandi ng t hi ngs i n each box
is --

MR, STEI NI NGER: That's the difficult
road. That's correct.

Ckay, and if you go to the next slide, if
we try to apply this failure nodes and effect anal ysi s
tothe nozzle, what you'll identify is that you coul d,
in fact, have nozzle ejection due to net section
coll apse. You could have a claddi ng bl owout due to

wast age, for exanple, which would have happened at
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Davi s-Besse, or if you did, in fact, have nozzle
ej ection, you generate a nunmber of | oose parts which
coul d produce consequential danage.

Now, there are various failure processes
i nvol ved that could lead to these various
consequences, and |1've listed them there. PWSCC
initiation at various |locations; you can get primary
cool ant | eakage into the annulus, which then could
start corroding the carbon steel, and the |ist goes on
and on.

Now, the bl ock diagramthat | was tal ki ng
about alittle bit earlier is in the next slide, and
| don't think we need to go through the various
scenarios that are |isted here, but effectively, for
exanpl e, you could start off with a crack in the weld
whi ch subsequent |y grows and becones a circunferenti al
crack in the base netal, which doesn't leak into the
annul us. So you're not picking it up by a visual
i nspecti on.

The circ. crack goes around the nozzl e,
and you ultimately could lead to nozzle ejection
That's just one exanpl e.

Go to the next.

CO- CHAI RMAN FORD:  This is a trenmendously

i nvol ved process.
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MR STEI NI NGER:  Yes.

CO- CHAI RVAN  FORD: Requiring a |ot of
qguanti fi abl e data of a quantifiable quality. Have you
done through a simlar exercise before for other
conponents in light water reactors to know where --
the rate limting step in going fromthe bottomup to
the top is? For instance, the quality of the stress
corrosion cracking data is going to be one, | would
i magi ne.

VR, MATHEWS: | don't think the VIP wal k
t hrough exactly this process, but I think they' ve gone
t hr ough conmponent by conponent in the vessel and done
simlar type of things. Howcan it fail? Wat are
t he consequences of failure? Wat are the ultimte
consequences? At what point do | need to inspect to
prevent that failure?

And that's kind of the point of this, is
where in this process of degradati on should we insert
i nspection of what type to stop the chain because the
core damage is the top of the box and nobody -- you
know, we need to stop it before there, and we believe
the order would stop it before there, but what we're
trying to do is figure out where do you do what to
stop each of the degradation chains?

This chart here is a little bit old. I
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saw a | ater one that we had in South Texas | ast week
t hat we were working on converting to the bottom --
MR WALLIS: Well, let's |look at one thing
here. | mean, you've got cracks which formand t hen
there's an arrow which goes into a nozzle leak. |
don't knowthat we have any good basis for know ng how
you go from a crack, which is a very skinny thing;

it's afault inthe nmetal and the nmetal can part, but

it's still a very, very small path of flow.

How you go -- the devel opnent of a big
enough hole fromthe crack to really call it a leak
and how t hat devel ops and, you know, progresses, |I'm

not sure you have any handl e on that at the nonent.

MR.  STEI NI NGER: Vell, | think you're
absolutely right, and that's one of the reasons why
we're --

MR, WALLIS: But | nmean, you can drawt he
di agramthe rest of your life, but you have no way of
predi cting what happens at that arrow. | don't know
that you're too much further ahead.

MR. MATHEWS: But |let's just say | have an
i nspection techniquethat | couldinsert inthe mddle
of that arrow and term nate the arrow.

MR. WALLIS: That is your strategy. |Is

that --
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MR. MATHEWS:. It's certainly one of the

things that we wll be looking at, what's the
appropriate inspection --

MR WALLI S: You don't have any
under st andi ng of anyt hi ng. You just sort of say,
"We'| ] see where we are in this map in ternms of our
i nspections. W' |l use inspections to tell where we
are in the map rather than analysis.”

MR. MATHEWS: Well, | think we have to
have sonme form of inspection here that would give us
i nformati on about what's going on in the plant. |
nmean, it's not a purely analytical sit-down with your
comput er and convi nce yourself everything is safe.

MR. WALLIS: No, no, no. They' ve got to
conpl enment each ot her obviously.

MR MATHEWS:  Yes.

CO- CHAI RMAN FORD: Coul d | suggest that
just flipping through you charts there are a | ot of
t hings here that | think there m ght be questions on
t hat need to be addressed that are central to the way
you're goingtogointhe future, whichis preparatory
to saying l et's have a quarter of an hour break, until
25 to 11. Then we'll get back to discuss this.

MR, MATHEWS: Ckay, sure.

CO- CHAI RVAN  FORD: Could | just double
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check with you? The presentations for the rest of the
norning, is it essentially these three extra?

MR MATHEWS: It's finishing this one.

MR STEININGER: And there's North Anna.

MR. MATHEWS: The one on the North Anna 2
head.

CO CHAl RVAN FORD:  Yes.

MR MATHEWS: And then the one from Tom
Al'l ey on the inspection and denonstration program

CO CHAI RVAN FORD: Ckay. So |l et's hope we
can get through before 12:30 because | know this
afternoon we have a tinme crunch.

MR, MATHEWS:  Ckay.

MR, STEI NI NGER:  kay.

CO CHAI RVAN FORD: Ckay. Let's take until
25 to 11 as a break.

(Wher eupon, the foregoing matter went off

the record at 10:20 a. m and went back on

the record at 10:40 a.m)

CO CHAI RVAN FORD: Okay. Sorry. W're
five mnutes |ate because we've been gabbing away
her e.

Ckay. Shall we continue?

MR STEI Nl NGER:  Yes.

CO- CHAI RVAN FORD: W' re gi ving you a hard
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time on this particular --

MR. STEININGER No, no, no. W admt we
don't have all of the necessary information. That's
what we have to do: get it. So you're just picking
up on that.

Okay. Where was |? [|'ve got ny gl asses
on. Let's see.

kay. Yeah, failure nodes, failure nodes
and effects anal ysis. This goes back to your conment
actual ly.

MR. VWALLIS: You need to be very careful
with the noncredi ble fail ures.

MR STEI Nl NGER:  Yes.

MR. WALLI S: | was going to ask: are
t hose quantifiabl e?

MR. STEININGCER: Well, it saysit requires
a strong techni cal argunent and t hor ough docunent ati on
with a high threshold. So we agree with you. That's
what it says.

CO- CHAI RMAN  FORD: And this wll be
finished md-summer. | keep com ng back to that.

MR STEI NI NGER: Yeah, that's correct.

CO CHAI RVAN FORD:  So t hi s si tuati on about
where you nove fromone to the next expanding on the

classification, youwl| need sone nunbers, won't you?
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CO- CHAI RMAN FORD: And that will be in

terns of frequency or --

MR. STEI NI NGER: Better be.

MR,  MATHEWS: To say a pathway is not
credi ble, you need a very good -- well, it takes a
very rigorous argunent.

MR. WALLIS: | think you used the wong
word because you can get a better word than
"credible."

MR STEI NI NGER: Low probability?

MR VWALLIS: It's very |low probability.

MR STEI NI NGER:  yeah.

MR. WALLIS: "Credi ble" sort of nmeans no
one could imagine it, which is rather different.

MR. MATHEWS: Well, we' ve al ready i nagi ned
it or it wouldn't be on the chart.

MR STEI NI NGER: Well, let's ook at a
bott om head nozzle, for exanple, at BWAR  You know,
a bottomhead nozzl e can't ej ect conpl etely because of
the platforns there. So it's a not credible event.

For the bond to head nozzle on a PWR
coul d be ej ected. You coul d have a nozzl e ej ecti on on
a PWR bond to head nozzle. So one is not credible,
and t hese obviously are credi ble. That's what | think

we neant.

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

97

Physically you can't establish the event.

MR, WALLIS: It's inpossible?

MR. STEI NI NGER: Yes. That's what | think
t he aut hor neant.

Ckay, and then there's also the
classification is not applicable, and this goes back
to Larry's earlier comment. W go through this
sequence of events. You put some action in early so
that you don't get to the place where you don't want
to be. So we would call that as a nonactionabl e, and
obvi ously there are acti onabl e i nputs that you have to
deal with, and that's all part of the overall plan.

And then finally you have a whol e range of
a nunber of you have been bringing up other factors
that are involved in this whol e process of FMEA, you
know, stress intensity. There's environnenta
fatigue, fabrication practices of the nozzle.

You know, Peter would like for us to try
to ferret that out. [It's not clear that we can.

The condition of the inside surface
cl addi ng, primary water chem stry factors; the |ist
goes on and on.

Okay. Next slide.

Ckay. One of the things that's very

crucial in this overall analysis is what you use to
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actual ly predict the crack or | eak, predict when the
crack gets to the point that it's unacceptable, or
when do you actually experience a | eak?

And we do that by looking at all of the
field data or any lab data, and we apply an
appropriate Weibull analysis. | think everybody is
famliar with that.

An exanpl e of that is onthe bottom which
is what we have used in our MRP 75. W have plants
here whi ch have nmani fested nozzl e | eakage at the top
of the head, and we have plotted that on this Wi bul
curve.

W al so have 42 other plants which did
not, which did not experience any kind of head
| eakage, and we --

CO CHAIRVAN FORD: Is this the --

MR STEININGER: No, the next slide.

MR. PONERS: |s the Weibull distribution
of any significance or it's just an enpirical
correl ati on?

MR STEININGER [It's just enmpirical based
on data that we have available fromthe field.

MR PONERS: Does the curve ever get
extrapol ated or isit just fitting data points and you

interpolate in between?
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MR. STElI Nl NGER: That's correct. And |

think you'll seethisin VMRP 75 or the technical basis
docunent .

MR WALLI S: You're really stretching
things if you say the lines have nuch to do with the
data really. There's far nore series that you could
concoct that would | ook better than that.

MR. STEI NI NGER:  Probably.

MR MATHEWS: Well, this was a Wi bul
t hat was constructed with a given sl ope based upon - -

MR STEININGER: Lab data, other data.

MR MATHEWS: -- other Weibull data on

Al'l oy 600. You could put a different slope on the

curve.

MR. STEI NI NGER: And t he ot her thing that
| want to point out and I want to enphasize, like I
said, there's 42 -- if | wunderstand it correctly,

there are 42 plants hereinthis plot which the plants
actually did not exhibit |eakage, but we put themin
as though they had a | eaker. This is one way that
we' ve actual |y establ i shed conservati sminthe overal
process.

MR. WALLIS: What's the axial coordinate
her e?

MR, STElI NIl NGER: Cunmul ative fracti on of
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| eaki ng nozzles of circ. crack near top of the weld.

MR.  SHACK: It's effective degradation
years on the X axis and the fraction of |eaking wel ds
on --

MR. WALLIS: On, it's degradation?

MR. SHACK: It's degradation years.

MR. WALLIS: Ch, | seeit, way down on top
of the cooling tower, right.

MR, MATHEWS: You said axial thought,
didn't you?

MR, SHACK: Wll, it's the horizontal
axi s.

MR. WALLIS: | thought it was part of the
EPRI | ogo.

MR. STEININGER: It's becom ng that.

MR. SHACK: It's becom ng part of the EPRI
| ogo.

(Laughter.)

MR. STEI Nl NGCER: Ckay, and t he next sli de.

Now we actual ly go through -- thisis kind
of the involved process that one has to go through
just for sinple nozzle ejection, and as you can see,
you start out with the assessnent. For exanple, the
plant |ab experience with PWCC for Alloy 600;

assessnment of the processing fabricationdifferences;
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conpilation materi al properties; act ual field
experi ence for | eakage.

You then go into your Weibull analysis,
and you just go fromleft toright, as you can see the
t hought process here. You define your probability of
detection or the detectability limts associated with
| eakage, for exanple. You have to assess what is the
allowable circ. crack flaw size for the nozzle, and
ultimately what you end up doing, as Larry indicated
earlier, is you cal cul ate a change to the core damage
frequency, and you conpare that change to what's
al | owabl e.

Maybe "al | owabl e" is not theright termto
use, but what is presented in Reg. Guide 1.174. And
if you don't nmeet that recommendation, 1.174, you go
back into the process to see what you can, in fact,
change in order for you to nmeet that requirenent.

For exanpl e, you nmay need  Dbetter
probability of detection, for exanple.

CO- CHAI RVAN  FORD: Now, have you gone
t hrough this process?

MR. STEI Nl NGER: For nozzl e ej ection, yes.

CO CHAI RVAN  FORD: For nozzle ejection
because of circ. --

MR. STEI NI NGER: Correct.
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CO- CHAI RMAN FORD: -- of the tube.

MR. STEININGER  And we went through a
sinmplified variation of this at MRP 75.

CO CHAIRVAN FORD: Did | ask -- | realize
"' mjunping the gun here in ternms of recomendati ons
as to what we present at the fall neeting, but it
woul d be very useful --

MR. STEININGER: We're not goingto a full

nmeet i ng.

CO CHAI RVAN FORD:  Par don?

MR. STEININGER Are we going to a full
neeting?

PARTI CI PANT:  Fal I .

MR. STEININGER. Onh, fall neeting.

MR MATHEWS: If he asks, we will cone
back. Ckay?

MR. PONERS: W already had that.

M5. WESTON: As in May.

CO CHAI RVAN FORD:  As in Muy.

MR.  STEI NI NGER: Ch, May neeting. Got
you.

CO CHAl RVAN FORD: My accent.
MR.  STEI NI NGER: | thought it was |ike
t onmorrow or sonet hi ng.

CO CHAI RVAN FORD: My point is that this
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is a great schemm, schematic, having gone through
this. Now, you have data for filling in these boxes.
So if you're going to cone up with the full or single
dancing thing within a fewm nutes, sonehowyou shoul d
be able to show draft one of the actual use of this,
actual applications, and a graph is worth 100
vugr aphs, and showyou as wor ki ng t hrough t hat because
it's going to be --

(Laughter.)

VR. ROSEN: I"'m having trouble
under st andi ng why Reg. Guide 1.174 is appropriate as
a standard agai nst which to neasure your increase in
core damage frequency that comes out of this.

Reg. Guide 1.174 has a spectrumdependi ng
on the core danage frequency for the plant, |low, for
i nstance, South Texas, very | ow core damage frequency
estimte now You are saying that that kind of plant
m ght have a different reaction to what you conme out
of this than a plant that has a higher core datum |Is
t hat --

MR. STEININGER |If | renenber correctly,
| thought 1.174 lists changes to core damge
frequency, and if you have this anmount of change
you' re okay.

MR. ROSEN: It's a function of the core
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damage.

MR. STEININGER: Right, exactly. And if
you have this amount of change it says NRC requires
managenment revi ew before you can do anything, and if
you have t hi s anbunt of change it says you' re probably
dead in the water, sonmething |ike that.

MR. ROSEN: It's a delta CDF on the Y
axis. You' ve got CDF on the X axis, and so that says
t hat dependi ng upon where you are on the X axis of a
gi ven plant, you can take different delta CDF. And
you' re suggesting applying that same schema to --

MR. STEININGER:  Yeah, and | think the
value we use is one tinmes ten to the negative sixth
change in CDF. If we're within that, we think
we're --

MR ROSEN. Soit'sreally anunmber. It's

not --

MR. STEINNNGER: It's a nunber. It's a
nunber .

MR ROSEN: You're not using the Reg.
Quide 1.174 --

MR, STEI NI NGER:  No, no, no.

MR ROSEN: -- schematic. It's a
st andar d.

MR STEININGER: Right.
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MR. ROSEN: But delta CDF which is

different --

MR. STEININGER. Right, delta CDF.

MR. ROSEN: So it's not going to be
vari abl e across the plants as a function of their CDF.

MR. MATHEWS: We hadn't |ooked at it in
that way | don't think. W were just trying to -- we
were targeting to get --

MR. KRESS: That's consistent with 1.174,
at that |evel.

MR, ROSEN: At that level, but not a
vari abl e nunber depending on --

MR, WALLIS: | think you'll find that the
uncertainties are large. You just don't have enough
information in these boxes to be very sure of things,
toreally be sure that you report the uncertainty in
the CDF. And if you do Weibull fit to the data you
showed us on the previous curve, that's not a very
certain curve. There's a lot of uncertainty about
extrapolating that at all, and that's going to be
reflected in what you report as a CDF.

MR.  MATHEWS: Well, again, we have to
appropriately account for that as the i nput to the PFM
work and how that flows through the core damage

frequency.
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MR, STEI NI NGER: You can sanple the

uncertainty associated with the Weibull plot, for
exanpl e, when you do the anal ysis.

MR. WALLIS: That may tell you where you
need to do sone nore work.

MR. STEI NI NGER Exactly. GOkay. GCetting
of f the nozzle ejection, go to the next slide, which
is a hastily devel oped logic chart associated with
this process as it relates to wastage on the top of
the head, and that's obviously an area where we do
have a | ot of missing data, and as Peter knows, we're
going out with an RFP to help us fill in many of the
bl ocks that are stipul ated here.

But, again, we did, in fact, do a
probabilistic analysis for wastage at the top of the
head, and that's docunented at MRP 75. | mean, you
can question the degree of uncertainty associatedw th
the analysis, but it is there, and that's what we're
going to have to reeval uate.

MR. WALLIS: Don't you have to do | eakage
before you do wastage? |If you don't know how to
assess | eakage, | eakage i s a precursor to wastage. So
how are you going to fit that in?

MR, STEININGER: Well, mld | eakage, the

degree of | eakage is obviously going to affect --
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MR WALLIS: Yeah.

MR. STEI NI NGER: -- the degree of wastage
over a period of time. The degree of |eakage is a
function of the crack norphol ogy, the crack geonetric
characteristics.

MR. WALLIS: \Wiere does that appear in
this --

MR STEININGER: It's not in here.

MR WALLIS: -- box diagran?

MR. STEININGER: [It's not inthere because
we don't right now --

MR WALLI'S: You guys --

MR, MATHEWS: Isn't there sonething, |
believe, in the planned additional boric acid
testing --

MR STEI Nl NGER:  Yes.

MR. MATHEWS: -- that's going to speak to
t hat ?

MR VALLIS: Al right.

MR.  MATHEWS: That program that we're
| aunching. You're working on sone, too, right?

MR. ROSEN: Well, to be kind, what | woul d
say, Graham is that it's inside this block that says
"est abl i shnment of boric aci d corrosi on wastage rates, "

and all of that |eakage --
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MR. STEININGER: There's a | ot that goes

in that.

MR. ROSEN: There's a lot that goes in
t hat bl ock.

MR STEININGER: That's right.

MR. WALLIS: What, do you nean t he cracks
go in there as well?

MR STEI Nl NGER:  Yes.

MR. WALLIS: All precursors go in there,
t 00?

MR. MATHEWS: Leakage is a function of
crack size, et cetera.

MR.  ROSEN: You can go back to rabbit
trail (phonetic), what Dave just laid out.

MR STEI NI NGER: Okay. The next slide.

So now we get down to the particul ar areas
that we are working on or wll be working on.
Qoviously the crack growh rate is a significant
paranmeter. A nunber of peopl e have al ready nenti oned
it.

We had an expert panel establishedto give
us our best estimate as to what we shoul d expect for
crack gromh and Alloy 600 base material. They are
present|y wor ki ng on com ng up with an expert judgnent

on what to expect in weld netal material, 182 and 82.
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MR. ROSEN. Wbul d Peter Ford recogni ze t he

nanes of any of the people?

MR. STEININGER. | would think so.
VR. MATHEWS: No, John  Hickling
(phonetic), do you know John? Peter Scott. | mean,

there's --

CO CHAI RVAN FORD: The answer is yes.

MR. STEININGER: Raj Pat han (phonetic),
yeah, you know everyone.

MR. SHACK: Round up the usual suspects.

MR. MATHEWS: Yeah, that's exactly right.
Lock themin a roomand say, "Cone on in here.”

MR. POAERS: You didn't get it right the
first time, right?

MR. STEININGER: And they are neeting.
Bill, I think they are neeting at the March 28th or
29t h, 1 think, here in Washington, D.C. -- |'msorry.
May, May, May.

PARTI Cl PANT:  No, April.

MR, STEI NI NGER:  April.

MR. MATHEWS: | thought they were, yes,
next week.

MR. STEININGER: And | think that's where
they're going to have to figure out exactly --

MR,  POVERS: There's a very broad
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uncertainty distribution even in the neeting dates.
The data is going to be really broad.

MR MATHEWS: 1t's next week.

CO CHAI RVAN FORD:  Just to run it by ne
and others, the curve that's used for di sposi ng of the
cracks or disposition in the cracks is the 95
percentile of the data; is that correct?

MR. MATHEWS: It was 75th percentile.

CO- CHAI RVAN FORD: Seventy-fifth
percentile.

MR. MATHEWS: | believe that was included

inthe | atest fl ow eval uati on guidelines that the NRC

i ssued.

CO CHAI RVAN FORD:  Ckay.

MR. STEININGER: And that was using MRP
75, right?

CO CHAI RVAN FORD: Okay. Just to rem nd
ne.

MR. MATHEWS: It was MRP 75, yeah

MR. CULLEN: Bill Cullen fromthe Ofice
of Research.

The curve that' s bei ng used nowofficially
is out of a Stroschneider (phonetic) letter from
Novenber, the year 2000, and | don't know where it is

in the MRP schene of things, but it's higher. It's a
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nore conservative curve

Is that right, Alan? No, maybe Alan is
going to correct nme on that.

MR. HI SER Actually we have issued
revised fl oweval uati on gui delines. | don't renenber
the date on that. That incorporates the MRP 55, which
we do, and the NRC has not conpleted its review of
that report. So it's an interimcurve at this point
wi thin those guidelines.

MR. STEI NI NGER: But you haven't given us
conments on that yet, have you? On MRP 557

MR. H SER: No, we're still working on
t hat .

MR, STEI NI NGER:  kay.

MR H SERR Wth rel axation requests and
other things, it's --

MR STEI NI NGER:  Yeah, | understand.

kay. The next slide.

This was pointed out earlier today, |
t hi nk, by Peter. Stress intensity factors is an
i mportant paraneter, and as you probably know, NRC has
done a lot of calculations on calculating the stress
intensity around the weld, for exanple.

We' ve done that. W' ve conpared notes,

and from what | understand there's good agreenent
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bet ween NRC cal cul ations, their contractor and ours.

MR WALLIS: Well, ny comment on this is
there's an enornmous amount of history of people
studying cracks and stress intensity and so on.
There's a huge technical base you have here. So you
shoul d be in reasonably good shape.

To get to your next slide --

MR STEININGER: | think we're in better
shape there than probably anywhere el se.

MR. WALLIS: -- then you have a probl em

MR. STEI NI NGER: Yeah, the next slide is
where --

CO CHAI RMAN FORD: No, no, no. Don't go
on to the next slide yet. These are all cal cul ati ons.

MR. STEI NI NGER:  Yeah.

CO CHAI RVAN  FORD: Now, as far as |
remenber, the only good base for evaluating those
finite cal cul ati ons are for pipes, fromthe BWR wor k.
There's been a very small anount of work done on
double V notch or very l|arge pipes. What is the
anount of data for nore conplicated J welds as a
function of wel d heati ng, wel di ng speed, et cetera, et
cetera? Is there any qualifying data for these
cal cul ati ons regardl ess of who does the cal cul ati on?

MR. MATHEWS: You're not | ooking at the
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experts here.

MR. STEI NI NGER.  Yeah. It's beyond ny
know edge base.

CO CHAI RVAN FORD: Because the way |I'm
seei ng t he argunents goi ng, hey, our cal cul ations are
really your calculations, but who is to say the
calculations are any good for these particular
geonetries, which are very conpl ex?

MR STEININGER: | will say that what we
hope to do in the North Anna exami nation is to do
residual stress -- not residual stress -- stress
intensity measurenents, residual stress onthe nozzle.

MR. SHACK: And there are nmeasurenents
that were made by EDF and the Japanese back in the
early '90s.

MR. CULLEN: That's the same answer | was
going to give.

CO- CHAI RVAN FORD:  And that was going to
be nmy foll owup question. | know undoubtedly the EDF
has done them but | know the Japanese have done it.
Have you made use of that data, those data?

MR. STEININGER: It's beyond ny know edge
base. | don't know. W'Il have to get back to you.

MR. MATHEWS: Probably, but | don't know.

CO CHAI RVAN FORD:  And the Japanese, |
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know it was for --

MR.  SHACK: They're reported in PWSCC
wor kshops that EPRI held in, you know, '93-'94 tinme
frame.

MR. MATHEWS: A lot of that had to dow th
st eam generators thought.

MR. SHACK: No, no. This was when nozzle
head cracking first appeared, you know. You have to
remenber the first incarnation of the problem

MR MATHEWS: Okay. And |1'm sure the
people that are working on it are aware of all the
i nformati on that has been reported. Now, whet her that
dat a has specifically been factoredinto their nodels,
| can't say that.

CO- CHAI RVAN  FORD: And a followon
guestion to that is: howis the uncertainty of these
calculations factored into the prediction of the
anount of crack growth? Because in one of the
docunents that you produced later on, | noticed that
sonebody said stress intensity has got not nmuch to do
with it, but | don't wunderstand. One of vyour
docunents which | saw and was readi ng says --

MR. STEININGER: Yeah, | was hoping you
didn't see that. | didn't wite that.

CO CHAI RVAN FORD: Stress intensity was
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not that inportant or was not a major input to the
cal cul ations, and | wanted to know the foundation for
t hat statenent and whether it was, in fact, rel evant
or not.

MR. STEININGER: Well, on this whol e area
of stress intensity factor, that's the bottombullet,
| think. The one you're referring to is the bottom
bul | et.

| was going to try to skip over that one.
"' msorry.

MR. SHACK: Well, if you believe the EDF
data, Peter, it goes like Kto .1 power.

CO CHAI RVAN FORD: Wl |, yeah.

MR. STEININGER: Pretty flat.

MR. MATHEWS: The crack growth rate curves
have a stress intensity factor dependence built into
them the ones that we have, but | guess what this
bullet is saying is that when you | ook at the inpact
of changing that stress intensity factor dependence,
it's not nearly as inportant as other paranmeters on
determ ning the inpact on the probability of nozzle
ej ection.

MR,  STEI NI NGER: Yeah, | think the
uncertainty associated with stress intensity is the

secondary factor. | don't think it's -- the
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probability of nozzle ejection is not being driven by
the wuncertainty associated with stress intensity
factor. That's what | think the author was trying to
say.

MR. SHACK: Yeah, you know, they vary with
the yield stress of the weld, and if you | ook at the
range of yield stresses that you coul d expect and how
that affects the stress intensity factor, it changes
your ejection probability by a factor of two, which
consi dering all of your other uncertainties.

CO- CHAI RVAN  FORD: It's just that
statenent by itself really worries me. It doesn't go
according to history at |east.

MR. STEININGER: It rubbed ne the wong
way. | agree.

CO CHAI RVAN FORD:  Ckay.

MR. STEININGER:. Ckay. |If you go on to
t he next sl i de, whi ch caused consi derabl e
di scussion --

CO CHAI RVAN FORD:  Well, could I just --

MR STEI Nl NGER:  Sure.

CO CHAI RMAN  FORD: The NRR, do they
believe that? Wen you say you're evaluating this
report, does that worry you, that |ast statenent?

MR. H SER: Well, regarding our revi ew of
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the report, MRP 75, we provided prelimnary comments
to the industry. The industry, | believe, the
Decenber-January tinme frane withdrew the report. So
we stopped our review.

CO CHAI RVAN FORD:  Ckay, fine.

MR. STEI NI NGER Okay. Well, if yougoto
t he next slide, whichis the one that's probably going
to generate even nore discussion, that is the status
report on boric acid corrosion testing. Wat have we
done her et of ore?

Wel |, essentially we thought we under st ood
t he process. W docunented what we thought we
understood in MRP 75, which is essentially a crack
t hrough the nozzl e, |eakage up through the annul us,
boric acid, primary cool ant sitting on the top of the
head, and a top-down corrosion into the vessel, and
that's what's presented in MRP 75.

And a probabilistic anal ysis associ at ed
wi th that process, aprobabilisticanalysissimlarto
what we do for nozzle ejection.

Subsequent to t hat, we actual ly
establ i shed an expert panel to reviewthe nethodol ogy
and the conclusions, documented MRP 75, and that
expert panel came back with a series of

recommendati ons whi ch we have docunented or | shoul d
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say used to wite our request for proposal that's
goi ng out.

Has it gone out or will go out?

MR,  MATHEWS: | think we've got sone
proposal s back in.

MR. STEI NI NGER: Yeah. Ckay. So --

MR MATHEWS: W haven't witten a
contract yet, but we're getting close, | believe.

MR. STEININGER: So that's the situation.
W had the expert panel. They gave us the
reconmendations. W wote the RFP.

CO CHAI RVAN FORD:  Wel |, | ooking at your
first sub-bullet, analysis to understand the thernma
hydraulic and chem cal environnent along the |eak
path, are there experinents in your RFP? And
presumably, you know, sonebody is awarded the
contract, in that RFP does it call for thernal
hydraul i c cal cul ati ons and fol | ow up work on what the
chem cal environment is?

MR. STEI NI NGER:  Yes. Do you have it with
you?

MR. MATHEWS: 1t's broken into about four
or five phases, and Phase 1 deals with steel corrosion
in a stagnant or low flow primary water conditions.

MR. WALLIS: But you haven't got to that
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yet. You' ve got to look at how the crack devel ops
into aleak and how the crack gets big enough to have
a big enough |eak long before these other things
happen.

The thing that puzzles ne is why, for
i nstance, at Davi s-Besse we can get extensive wast age
on one nozzle and the adjacent nozzle there is no
wast age. So physically what is different between
t hose two nozzl es?

MR. MATHEWS: We believe it has got to do
with the flowrate into the corrodi ng area.

MR, WALLIS: Wy?

MR MATHEWS: Wy what ?

CO CHAI RVAN FORD: Wiy is the flow rate
i mportant?

MR.  MATHEWS: Wll, the flow rate
i nfl uences the anount of cooling that's going on and
the state of the boric acid on top of the head at that
point in time.

CO- CHAI RVAN FORD:  COkay, but we hear this
argunment about evaporated cooling into a huge heat
sink. It doesn't physically seemto nmake sense. Are
the data to back up this for the sane heat sink?

| know they have been done on a snall

speci nen, but for a large --
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VR. MATHEWS: Lab data | do not know.

W' ve done finite elenent heat transfer nodeling to
nodel that and shown that it's in the .1 gpmrate.
Through this geonetry, you can cool the head
sufficiently through evaporative coolinginthe | ocal
area to maintain a liquid state.

CO- CHAI RVAN FORD:  But you can't have one
gpm

MR. STEI NI NGER:  Poi nt, one gpm

CO CHAIRVAN FORD: Gh, .1. I'msorry.

MR.  STElI NI NGER: That was what was
presented in MRP 75, and those were the results of a
finite element nodel of the whole head with heat
transfer through that.

CO CHAI RVAN  FORD: |'ve heard people
saying with .1 gpmyou woul d have tons of boric acid
in the head.

MR. STEININGER. And they did.

(Laughter.)

CO CHAI RVAN FORD:  but t hat was cumul ati ve
over five years or so. | mean, can you get that flow
rate?

MR WALLIS: Well, nmy problemis how do
you get froma crack? You know, the previous slide

was a crack. So how do you get froma crack to a .1
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gpm | eak? There's a lot of things that have got to
happen in the internedi ate.

PARTI CI PANT: That's right. 1It's got to
gr ow

MR. MATHEWS: And obviously we haven't
gone through the detail ed anal ysis.

MR. WALLIS: What | see missing in all of
this is you have all of this stuff about cracks, and
then there's this stuff about once you get enough of
a leak, how does it at the head, but how do you go
from that crack which hasn't |eaked yet to a |eak
whi ch is big enough?

CO- CHAI RVAN  FORD: | guess what you're
facing is at |east two nenbers here are reasonably
techni cally conpetent.

(Laughter.)

MR. PONERS: GCkay. Now, which two are we
that are reasonably technically conpetent?

CO- CHAI RVMAN FORD: The silent majority.
There's another part to that statenent.

wll, Gaham and 1, | think, are
technically conpetent and yet we're having a gut
feeling that there's sonething m ssing.

MR, MATHEWS: Is the thing that you're

perceiving as mssing is the flowrate as a function
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of crack size, crack norphol ogy?

CO CHAI RVAN FORD: Wl |, that; whet her you
can, in fact, cool down a thick, huge heat capacity
| ow al |l oy steel even though it's a surface phenonmenon
| know you' re tal king about. Can you really do that?

Just a gut feeling tells ne --

MR, WALLI S: | don't have your gut
struggle. | thinkit's quite possible to do that, and
"1l believe it when | see it. | believe that, you
know, these guys are conpetent enough to doit. [|I'm

inclined to believe their result.

But the probleml have is | don't know how
you go from mcroscopic crack to this big |eak.
There's an awful lot of things that can happen in
between. It may take years.

MR MATHEWS: We think it does.

MR VWALLIS: But we don't know.

MR. MATHEWS: We agree. Well, that's the
point in our crack growmh rate testing, which there's
been quite a bit of crack growmh rate testing in base
netal, and we' ve devel oped an MRP 55 to det erm ne how
those cracks will grow as a function of the stress
intensity factors that are there in the nozzles, and
that crack will grow, and if it grows through wall,

t hen you can get a |l eak, and when it grows bi gger, you
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can get a bigger |eak.

Now, t he details of that | eak versus crack
size, you know, I'"mnot sure we're goingtotry to go
to those because there are so many different things
that coul d be going on here.

MR, WALLIS: But does your crack growh
anal ysis include the crack opening once it has gone
t hr ough?

MR. MATHEWS: Well, it would have to if
we're trying to predict the flow versus crack size.

MR. WALLIS: Is three aninfluence between
t he fl ow goi ng t hrough and the way i n which this crack
opens that doesn't want to influence the other?

MR MATHEWS: Yeah. Wwell --

MR WALLI S: And that's where this
chem cal environment --

MR MATHEWS: The flow is certainly a
function of how open the crack is and howlong it is.

MR. WALLIS: And t he chem cal environnent
inside that crack as the flow is going through and
evapor ati ng and whatever it does inthere. Presumably
it evaporates inside the crack itself

MR. MATHEWS: Yeah, nost of the pressure
drop woul d be inside the crack.

CO- CHAI RMAN  FORD: l'"m sorry. The
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guestion came up at the last full meeting when you
gave a presentation, Larry, that from managing this
situation, you have got to be able to predict why one
nozzl e wasted and t he ot her one didn't in sone sort of
engi neering terns.

MR. MATHEWS:  Yeah.

CO CHAI RVAN FORD: I n terns of gap between
t he two conponents, the tube and the pressure vessel,
or what ever the things that you can neasure are. Can
you predi ct why one nozzl e erodes or corrodes and t he
ot her one does not?

Is that the end objective of this RFP?

MR. MATHEWS: That is certainly part of
what we're going after in this RFP, is to understand
t he corrosion dynamcs in this geonetry and howit is
i nfluenced by all of the paraneters, the flowrates,
the chem stry, tenperature, everything el se, how al
of those things feed into the corrosi on dynam cs.

And i f you understand all of those details
and we can refine what ever nodel s we have or build new
ones to try and account for what's different about
Nozzl e 3 and Nozzle 2. Wy has three got a big cavity
and two has got a small cavity and sonme ot her one has
no cavity? Mst of them have no cavity.

And so we need to understand that the
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details of the corrosion dynam cs, and that's what
this programis aimed for. W've got the |ow flow
conditions. W've got the expert panel said at | east
for the cavity formation, you need to take into
consideration things that mght be going on wth
i mpi ngenent and/or flow accelerated corrosion and
er osi on.

And so those things because you can get a
high velocity out of a tiny crack, and so we have
Phase 2 is dealing with high flow prinmary water steam
conditions. \What happens to the corrosion rate of
| ow al | oy steel under those conditions?

And t hen sone nore separate effects tests
in the liquid state, and then finally using all of
that information to design appropriately and conduct
some full scale nock-up testing. That's what the
programis laid out to do right now.

CO- CHAI RVAN FORD:  Ckay.

MR MATHEWS: And if it doesn't tell us
why one does it and the ot her one doesn't, then we're
still m ssing sone data, but that's where we're going
after, is to fully understand the corrosi on dynam cs
in this geonetry.

CO- CHAI RVAN  FORD: And this prediction

algorithmthat you'll comeupwithwll befinishedin
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you said two years. So in My 2005 or thereabouts.

MR,  MATHEWS: Probabl y. W have a
proposed budget that goes through the rest of this
year and all of '04, and it shows the full scal e nock-
up testing in '04.

MR. STEININGER: Ckay. The last slide.
Next. The last slide, Jim

| think the operative bullet tolook at is
the second to the |ast one because that's our
schedule, and as | indicated earlier, we expect the
saf ety assessnment to be done and a revi sed i nspection
pl an by sunmer of 2003.

And you're right. I f you're thinking
about the wastage, it's not going to be done, and
whatever is not done we'll have to attribute the
appropriate uncertainties and conservatively t ake t hat
i nto account.

CO CHAI RVAN FORD:  (Ckay. Thank you.

MR MATHEWS: Preenptive.

MR. STEI NI NGER  Okay. Do you want to
conti nue on then?

CO CHAI RVAN FORD:  Yes, please.

MR, STEI NI NGER Okay. We'll gotothe --
yes?

CO- CHAI RMAN  FORD: Yes, you've got two
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nor e?

MR. STEININGER: Well, one nore from ne
and Tom

CO- CHAI RVAN  FORD: So you're going to
cover the --

MR, STEININGER: Well, I'mgoing to cover
the North Anna Unit 2 vessel head destructive
exam nation, and this should be very quick.

The head is in the mddl e of the desert
sonewhere in U ah.

MR MATHEWS: Cive, Utah.

MR. STEININGER:. Wiere is it? Cyde?

VR, MATHEWS: Clive, CGl-i-v-e, is the
t own.

MR, STEI NI NGER:  kay.

MR. MATHEWS: |If you couldcall it atown.

MR, STEI NI NCER: Ckay. Jim if you could
just junp to the third, we'll skip the second.
There's not need to go into the second. It's just

waving the flag. No, the one before this.

Now, we've all said this a nunber of tinmes
today, but I'lIl have to say it again, and that is the
process that we've been involved with for the | ast
year or so, two years, has been nothing but surprise

after surprise. Peopl e got rather upset, gave us
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strong direction to try to get ahead of the problem

And when you try to get ahead of a probl em
like this, the first thing you identify is you're
going to have to start destructively exam ni ng sone of
these things that you're dealing with instead of
pl ayi ng sone ki nd of guessing ganes.

So theindustry committedto destructively
exam ne a portion of the North Anna 2 head, and that's
what this presentation is all about. W're in the
prelimnary phases of it. We just released the
contract or we identified the contractor to cut the
head; is that correct, Larry?

MR. MATHEWS: Yes, yeah.

MR.  STEI NI NGER: So that's essentially
where we're at, is that we've identified the
contractor that will cut the head, and we're in the
process of evaluating the responses tothe RFP for the
destructive exam nation of the nozzles thensel ves,
right?

MR MATHEWS: Right.

MR. STEININGER: So if you go to the next
slide --

MR. PONERS: And you're going to try to
measure residual stresses, too?

MR. STEI Nl NGER: Yeah, that was the pl an.
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MR MATHEWS: That was part of it.

MR. STEI NI NGER: Yeah, that was pl anned.

CO CHAI RVAN FORD: That will just be by
di spl acenent

MR STEININGER: That | don't know.

MR. MATHEWS: We may ask for innovative --

CO- CHAI RVAN FORD: An X-ray.

MR. MATHEWS: |'mnot exactly sure what's
in the RFP.

MR. STEININGER | think the RFP listed a
series of techniques that Al Mckl ery (phonetic) has
used in the past and said, "Ckay. G ve us what you
think is the best appropriate technique to use for
this configuration.”

So essentially what we'retryingtodois
a conpr ehensi ve net al | urgi cal exam nati on of the North
Anna 2 head, the failed conponents; determ ne who
caused the generic inplications.

One of the prinme goals is to establish an
acceptabl e correl ati on bet ween t he NDE i ndi cati ons and
as found defects.

The next slide shows, | believe, a
conceptual shipping arrangenent. | don't know why
this is in here, but like I said, the head is in the

desert in dive, U ah.
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MR. MATHEWS: Well, it kind of constrains

how we can get two things to take it out of the head.

MR. STEININGER: Okay. |Is that actually
the way it was set up?

MR MATHEWS:  Yeah.

VR. STEI NI NGER: Because it says
"conceptual . "

MR, MATHEWS: Wll, the insulation is
across here, and then there's a couple of shipping
things that are boxed around. There's stuff down in
here, but they're going to -- | believe they will go
in through the top and cut sections of the head,
nozzles and all, and reduce those down to shippable
pieces and take them to a lab to do detailed
secti oni ng.

One of our concerns with this sectioning
process and cutting the nozzles out was to try and
insure that we didn't destroy evidence, if you will,
in the process of renoving the nozzles, and to that
end, you can't use water in the cell.

MR SHACK: You can't do that --

MR, MATHEWS: No, we can't. W can't even
use water cooling on a band -- you know, there's no
water allowed in this process because of where it is

in the cell in the burial site. And so that |eaves
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you with a torch, and so we want to be careful that we
don't destroy evidence in the process.

So we're doing nock-ups on the flame
cutting and seeing how far away we've got to be to
preserve the evidence.

And the other thing, you burn the carbon
steel, but the stainless steel nelts. So you' ve got
to --

MR. POVERS: Can you use the |aser
cutting?

MR, MATHEWS: Laser?

MR PONERS: Un- huh.

MR. MATHEWS: Nobody proposed that. Let

me put it that way.

MR, STEI NI NGER:  kay.

MR. PONERS: A nore heat affected zone.

MR, MATHEWS: Huh?

MR. POAERS: Like a smaller heat affected
zone.

MR MATHEWS: Well, | think nost of the
people feel like we -- | can't oxy -- well, it's not
oxyacetylene. |It's a very powerful flame torch.

MR. WALLIS: So you nake sure that if it's

a heat affected zone when you do this it's snall
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enough and then grind it off, and then you can | ook at
sonet hi ng whi ch has not been affected by your cutting
person?

MR. MATHEWS: Well, we're going to take
enough car bon steel around t he nozzl es of i nterest out
so that when they take big plates out of severa
nodel s and then cut those down sone other --

MR. STEININGER: And then they take the
chunks to a band saw sonepl ace.

MR. MATHEWS: And the details of that the
vendors are working out right now, and you' ve got to
do it in a containnment. So they have to build a
cont ai nnent building around it, things |ike that.

Anyway, we're goi ngto section out nozzl es
and we're going to insure that our target was that the
netal interface in the area of interest doesn't go
over 600 Fahrenheit because it hasn't seen that for
quite a while. So we want the flanmes, you know, far
enough away that we don't destroy it.

We're building nock-ups to denonstrate

those cutting techniques right now. In fact, the
denos may be going on this week, | think. It's very
soon. The denos will be done, and then they'll go to

Utah and cut it.

MR. STEI NI NGER  Okay. Go to the next
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slide. Oay. WE re there.

These are the objectives of t he
destructive exam nation. First under the fornmation of
the circunferential flaws in the outer dianmeter of the
nozzl e base material inthat positionrelative tothe
flaws of the J groove weld, and I'Il show you a
schematic later on, what |I'mtal king about there.

Determ ne the npbst probable cause of
initiation, propagati on  of the weld false.
Characterize the final nozzle annulus operating
environnent prior to shutdown, and identify the
associ ated corrosion nechani sms by analysis of the
deposits found in the annul us.

Next sl i de.

Exami ne t he previ ously repaired Nozzl e 51
t hat exhi bited visual evidence of renewed | eakage in
the follow ng of the subsequent outage. Determ ne
bot h t he nodes of degradation that resultedin | eakage
and the | eak path through the pressure boundary.

Facilitate devel opment of better
understanding of the actual capability of current
i nspection techni ques and technol ogi es to detect the
OD circunferential cracks in the base material, axial
circunferential cracks in the weld material, et

cetera.
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That' s what | nmentioned earlier, totryto
establish that rel ationship between physical reality
and what NDE is telling us.

And if you go to the next slide, you'l
see | ooki ng up towards Nozzl e 54 a depiction of where
we found cracking. That's | ooking up fromthe bottle
on Nozzl e 54.

And then if you go to the next slide,
there's the three di nensional picture which puts this
all together. It puts the indications at the bottom
of the nozzleinrelationto the indicationsthat were
pi cked up by NDE, and you can see that if you go to
the far right, if you connect the bottomindicationto
the top indication, it's kind of -- thanks, Larry --
howthe circ. crack -- well, it appears to be howthe
circ. crack formed, and it started in the weld
material, and as you can see, it starts to propagate
inthe base material, and did it in a position such
that you don't have resultant |eakage into the
annul us.

So if this turns out to be true, that's
somet hing that's, you know, sonething that you don't
want to see because --

MR. MATHEWS: This and sim | ar nozzles, if

you t hi nk back to MRP 75, one of the basis prem ses of
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MRP 75 was that visual inspections on the top of the
head were an adequate i nspection techni que. This and
sim lar nozzl es which have devel oped circunferenti al
flaws right near the root of the weld wthout
penetrating intothe annul us and devel opi ng | eakage on
top of the head certainly call into question the
viability of a visual inspection as a long-term
i nspection techni que.

MR. ROSEN:. It's calledthe Stealth crack.
MATHEWS:  Yes. It's hit --
ROSEN.  Bel ow your radar.

MATHEWS: Ri ght.

2 3 3 %

STEININGER: This is scary.

MR MATHEWS: And so because of that we
said, well, we've got to pull 75 back as far as saying
a visual inspectionis the only thing you really need
to do, and we're goi ng now -- and we recomended t hat
all plants do over the next fewyears a volunetric or
an under the head NDE to find the base condition of
their plant.

And in the process then we would be
revising MRP 75 to cone up with a recommendati on t hat
t akes i nto account these phenonena, but in order to do
that well, in the long run we really want to

under st and what happened here.
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So we're pulling this nozzle and several
ot her nozzles out to not only understand how you can
grow one up through the weld and into the tube, a
Stealth crack, if youw I, but al so to determ ne what
we can about the propensity of these welds to crack.
What is the actual cracki ng mechani smthat was going
on in this head?

And so we' || take several nozzles out of
this head. | think six is our target, and we've
pi cked out particul ar ones based on the NDE results
and go section those and figure out what's going on
t here.

MR. STEININGER  Ckay. The next slide
gi ves you an exanple of how we tried to prioritize
what we had to go after. What |'ve done here is |'ve
shown what penetration we're going to go after and
hopeful |y what kind of results that penetration is
going to give us, what kind of information and how
that i nformati on sati sfies which objectivethat | just
read to you.

CO- CHAI RVAN FORD:  You get that Nozzl es 51
and 63, repair weld. According to the incident
report, it nmentioned that this was repair wel ded with
Alloy 52; is that correct?

MR, MATHEWS:  Yes.
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CO CHAI RMAN FORD: And this is the all oy

that's going to be used for all replacement heads.

MR. MATHEWS: Right, 52 or 152.

CO CHAl RVAN FORD: One, fifty-two, yeah.
so the news is not bad. Either it's the weld itself,
52, will crack easily when it's not environmentally
assisted crack, or it will undergo cracking duringthe
wel di ng process.

MR MATHEWS:  You nean hot cracking?

CO CHAI RVAN FORD:  Hot cracki ng or -- yes.

Qoviously I" massum ng that this anal ysis
wi Il show which of those bad nessages it is.

MR. MATHEWS: We're goingto findthe |l eak
path on these nozzles that were repaired on this one
nozzle. One nozzle was well repaired and then | eaked
subsequent|y.

The utility believes that the weld repair
-- and | think the vendor does, too -- the weld repair
where they -- what they did was they overlaid the old

wel d, the 82-182 weld. They overlaid that with 52

weld nmetal. They did not renove --
CO- CHAI RMAN  FORD: -- the leak path
because they both | eaked. So the leak path was

t hrough the hot cracked weld, 52 weld.

MR MATHEWS: Right.
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CO- CHAI RVAN  FORD: Into a preexisting

crack in 182.

MR, MATHEWS: Wl l, no, no. What the
utility and t he vendor believe, | believe, is that the
wel d repair did not cover all of the 82 material, and
that the | eak path is probably in the butter.

Basical |y you' ve got stainless steel clad
that you're |looking at at the bottom of the vessel.
You' ve got stainless steel clad and then you' ve got a
182 butter material, which you shoul d have roughly an
oval of 182 butter material, and then you' ve got a
weld to the tube of 82 or 182.

When t hey overl aid the previous weld with
the new 52 material, the thought nowis that they had
seen flaws that they thought were out in the cl addi ng
when they PTed it because they did not fully
understand the size of the weld and the butter that
was t here.

And so when they' ve gone back and etched
it, and indeed, thereis | believe it's 182 materi al
out si de the oval of the 52 overlay that they perforned
to seal the cracks, and so the thought is that they
didn't seal the crack, didn't stop the leak path
because they didn't go far enough out to get under the

st ai nl ess.
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CO- CHAI RMAN FORD: And that occurred in

bot h wel ds, both repair welds, 52 and 63, | guess, the
next one down. Yeah, 51 and 63.

MR. MATHEWS: |'d have to go back to the
details, but --

CO CHAI RVAN FORD:  Thi s i s obvi ously goi ng
to cone out one day after --

MR. MATHEWS: And that's our objective, is
to go on these two. One of the objectives for those
two nozzles is to find if that one is |eaking. I
can't renmenber -- whichever one is | eaki ng, and naybe
both of them W're to find that |eak path.

Was it through the new 690 naterial ? Ws
it through the old butter that was not covered up by
the weld repair?

CO CHAI RMAN FORD: But regardl ess, All oy
52 and 152 and 182 are not easily weldable. They're
not easy welds to nmake. How extensive are the weld
qualification process for itens of +this size,
assenblies of this size?

MR. MATHEWS: | believe they' ve done quite
a bit of denonstration of their wel di ng processes now.

CO CHAI RVAN FORD:  Presumabl y fromFr ance;
is that correct?

MR. MATHEWS: No, | think the guys who are
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doi ng t hese overl ays have done their own. They had to
qualify their own wel ding process.

CO CHAI RVAN FORD: GCkay. The reason | --

MR MATHEWS: Men you've got to
denmonstrate your process before you weld on ny plant
or anybody el se's.

CO- CHAI RVAN  FORD: Al'l I'"m questioning
here is you' ve got two weld repairs done. Both are
t horough at 52 and both, assuming we don't find it in
t hat covering, both have failed by one nechani sm or
ot her .

MR. MATHEWS: ell, | thought only one of
t hem | eaked agai n.

MR. STEININGER: The other one, 63 was
masked. So they weren't sure whether there was
| eaki ng or not.

MR, MATHEWS: Ckay.

MR. STEININGER: | have to renenber that.

MR. MATHEWS: But |'ll be honest with you.
| think they feel quite confident that the 52 did not
cover the entire 82-182. They' ve etched the surface,
and as | recall they're quite confident that they did
not .

CO CHAI RVAN FORD:  When i s t he exam nati on

finished? D d they say?
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MR. MATHEWS: | don't know how | ong the
hot cell stuff is going to take. | don't know W're
hoping it's by the end of the year, | think. ['"'m

hoping it's by the end of the year, but I'mnot in
that bid process.

CO- CHAI RVAN FORD: Because there's a | ot
of plants thinking of to begin replacing heads
i nvol ving this weld.

MR. MATHEWS: The 527

CO- CHAI RVAN FORD:  Yeabh.

MR. MATHEWS: Absol utely, absolutely, and
we need to knowif that was t he source of the | eakage,
but you know, | think everybody t hat has | ooked at the
data feels quite confident that they did not do a
repair that covered the entire 82-182 wel d.

|"msorry. Go to the m crophone. That's
true.

VR. SI VE: WIlliam Sins, Ent er gy
Oper ati ons.

The | eaking nozzle, they also pulled a
boat sanple on that to see the 52 and 82 nmateri al
that's still left exposed.

MR MATHEWS:  Yes.

CO CHAI RVAN FORD:  They have pul | ed a boat

sanpl e?
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MR MATHEWS: Yes, yes. | forgot that.

They did pull a boat sanple on one of these that was
subsequently |eaking, and that's, | believe, where
they got the information that clued me in that they
didn't fully cover the original --

CO CHAI RVAN  FORD: You have the boat
sanmpl e presumabl y?

MR. MATHEWS: Yes, but the boat sanple did
not capture, if | recall correctly, did not capture
the I eak path, but it did capture enough information
about the materials to say the overlay did not cover
the original 82-182 weld conpletely.

CO CHAI RVAN FORD:  And the boat sanple
contai ned 52 or the crack wel d?

MR STEININGER: That | don't renenber.

MR. MATHEWS: There may have been sone hot
cracking. 1 don't know. 1'll have to go back and dig
that out, but you're right. Fifty-two and all of
t hese nickel alloys are difficult stuff to weld with.

MR, STEININGER. Ckay. |If you go to the
next overhead, vyou'll see the plate sections,
depiction of the plate sections that we're probably
going to take out and then took the i ndivi dual nozzl es
out of the plate sections.

MR MATHEWS: You know, this was the
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original, and the details may depend on the nock-ups
and how cl ose we conme t o what ever nozzl es of interest.

MR. STEININGER. And that's really all
have. The RFP | don't believe for the destructive
exam nati on has gone out yet.

MR MATHEWS:  Yeah, | believe that was
waiting onthe details of what nozzl es are going to be
avai | abl e.

MR. STEININGER: They're working onit as
we speak. Ckay?

MR. SHACK: How difficult is the eddy
current inspection of those welds? | nean, do you get
a lot of artifacts the way you do in eddy current
i nspection of the steam generator?

MR. MATHEWS: Well, Tom s presentationis
going to talk about a denobnstration program and |
think it depends -- well, he'll tell youit depends a
great deal on the weld surface condition

MR. STEININGER: If it'sreally rough, you
get alot of liftoff. So you get a lot of artifacts
with liftoff. That's all | know. That's ny
know edge.

MR, MATHEWS: |f it's ground snoot h, which
a lot of these welds are, --

MR STEININGER: You see, a |lot of these
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are ground wel ds.

MR MATHEWS:  Yeah.

MR. STEI NI NGER: So for the new heads you
have to make that determ nation, you know. |eave it
as wel ded there or are you going to ground it off so
you can inspect it?

MR. MATHEWS: But even nowadays the even
as wel ded conditionis alot snoother thanit used to
be.

CO- CHAI RMAN FORD:  Tom could | ask you
roughly, bearing in mnd the density of questions
we' re havi ng here, howdo you | ong you reckon you wi | |
be? |'mtal king about break for lunch now or wait.

MR ALLEY: | probably have about 30
m nutes worth of material, but then again it depends
upon the questions that you pose. There's been a | ot
of NDE questi ons. So I really don't know how to
answer that.

CO- CHAI RVAN  FORD: VWhat's the view of
everybody? Do you want to go for |unch now?

No, keep goi ng.

MR, ALLEY: COkay. |I'mTomAlley with Duke
Energy, and | chair the Alloy 600 ITG inspection
wor ki ng group

So we' re here today to present an outline
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of theinspectioncommttee' s activities over thel ast
year, maybe even goi ng back two years to give you an
idea and a feel for the denonstration process, the
t echni ques, and what we've done to do that.

| want to go back and cover a few of the
CRDM i ssues, a little bit of the background. W' ve
heard sone of that already. So |l'll be brief on that.

We have produced a visual exam gui dance
docunent which 1'd like to introduce you to briefly.

The VRP approach to t he NDE
denmonstrati ons, howthe denonstrati ons are organi zed,
processed and thoughts that went into the
denonstration protocols and inspections thensel ves.

Go over the 2001 denonstrati on process and
results, the 2002 denonstration process and results,
and then future activities.

W've already heard a little bit of
background withregardstotheinitial industry issues
that we had that pronmpted 9701 response, which is
cracks initiating on the ID of the tubes. This was
t he European experience. The denonstrations and
protocols then nostly involve the eddy current
exam nati ons of the tube | Ds supported by ul trasoni cs.

And as has already been nentioned, the

events at COconee with tube OD cracking and then
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subsequently later on weld cracking caused us to
identify need to nodify the NDE denonstrations that
wer e done years before, and we're also doing it in a
node that required rapid devel opnent and depl oynent
and adaption of existing equipnent to respond to an
i ndustry need that was identified at Cconee.

We've already had sone discussion here
agai n that the visual evidence and | eakage on t he head
vastly differed fromwhat we initially thought. W
initially thought there would be | arge piles of boron
on the head when these nozzles tended to |eak, and
instead at Cconee we saw about a half a cubic inch.
So there was a paradigmshift there with regards to
what we expect ed.

The first phase of the MRP denonstrations
that were available to support the fall outages of
2001, that was arapideffort that took place in about
three nonths totry to get that off the ground and go
on --

MR, WALLIS: Wy did you think you'd find
nore | eakage?

MR ALLEY: It was postulated that the
| eaks woul d - -

MR, WALLIS: Would grow very rapidly?

MR ALLEY: Just the pressure and the
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noi sture and goi ng through the --

MR. SHACK: You've got to renenber .001
gpm gi ves you 15 pounds of boron per year.

MR. WALLIS: But you're going to get to
that big a |l eak froma crack.

MR. ALLEY: Well, .001 gpmisn't exactly
gushi ng.

MR. ALLEY: We really expected to see a
| ot nmore boron on the head t han what we saw at Oconee.
That was sonewhat of a shift in what we expected to
see.

MR, WALLI S: How big a hole does that
correspond to?

MR,  SHACK: Point, zero, zero, one?
Depends on t he stress state, but you know, a half inch
crack, sonething like that.

MR VWALLIS: No, but how wi de?

MR. ALLEY: These cracks are very tight,
and t hey neander through the material. I1t's not |ike
a fatigue crack where it's straight across. It's got
pretty nmuch of a Lanbert flow through there.

MR. WALLIS: -- through the nedia?

MR, ALLEY: | don't know how to answer
your question, but they don't tend to | eak very nuch

from what we've seen so far, and Larry can maybe
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address that better than I

But the first phase of the MRP
denonstrations were oriented toward the detection of
safety significant flaws, the big axial flaws and the
circunferential flaws is where the initial focus was.

The second phase, which was a year | ater,
we started |looking in the J groove wel ds because by
then we had the well cracking experience. W wanted
to get nore information on the depth sizing and t hi ngs
and the tube netal itself.

The next slide is just a brief
introduction to the visual exam nation gui dance t hat
was published. W had a neeting in August of 2001.
One of the main topics in that neeting was to present
vi sual evidence what utilities had seen on top of the
head during these visual inspections. W certainly
got a nunber of phone calls at Duke with regards to
what did you see, how did you see it.

This small boron deposit, this popcorn,
you know, what's popcorn? W got a | ot of questions
like that. So the MRP initiated a project at that
point in tinme to go around and col | ect pictures that
peopl e had of various experiences they had and meke
sure that we get that communi cated to the i ndustry so

t hat personnel that were going to go on top of the
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head to do inspections were beginning to see what
ot her fol ks were detecting.

That docunent i s nowperi odi cal | y updat ed.
| think we're probably working on Revision 3 now. It
doesn't really have a tine schedule. It's whenever
sone visual events tend to indicate there's sonething
di fferent here.

Lessons |earned, we've |earned about
paint. W've |earned about dye penetrant devel oper
sprayed on nozzles and things. W try to conmunicate
t hose | essons | earned to the industry.

There's a good picture of the popcorn
presentation there in the top slide. And the |ower
slide is just what industry refers to as spaghetti
strings. W see the boron is --

MR. WALLIS: It kind of | ooks |ike a leak,
but when is it not a | eak? How clean does it have to
be before you say it's not a |eak? That's the
guestion | woul d have.

MR. ALLEY: On the nozzl es t hensel ves, the
industry is pretty nuch settled in on a description of
no indication at all or a masked nozzle or a | eaking
nozzl e. A masked nozzle would be a nozzle that
cont ai ns boron deposits around there that coul d have

cone fromother |ocations on --
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MR. WALLIS: -- has to tell you sonething

about magnification, you know, wusing wth vyour
t el escope or whatever you're suing?

MR. ALLEY: Most of these are done
visually or a camera on a stick. There are sone
roboti c exam nations that are done.

MR. WALLIS: They're pretty crudeinterns
of resol ution.

MR, ALLEY: Yes.

MR. ROSEN: Well, | don't think so. The
ones that are done by a robotic crawl er are actually
very good, the ones |'ve seen

MR. ALLEY: Yeah, it's whatever technique
you can use to get up there and get the best view

MR. MATHEWS: | think the gap is |ike 30
mls or so, and it |ooks |like a canyon on sonme of the
robotic crawmer -- in fact, you have to kind of back
off and take a little bit further | ook so that you
don't fool yourself. Things that look |ike they're a
grain of sand | ooks |ike a boulder on sone of them
dependi ng on the technol ogy you' re using.

MR. SHACK: What's the spaghetti one? |
hadn't seen that one.

MR. ALLEY: | don't know. Can you show

t hat up again? And that's upside down, | believe. W
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can turn it over, but --

MR. WALLIS: It has been extruded froma
hol e.

MR. ALLEY: Yeah, and we've seen that at
several different |locations or different utilities
t hat had experienced this spaghetti string |ooking
deposit that's comng fromthe annul us area.

Again, we wanted to communi cate that to
the industry. The first time sonebody saw it and
referred to it, everybody was wanting to know what's
spaghetti strings. So we put these in a visual
gui dance agai n and showed pictures of that.

MR. ROSEN: That's the first picture of
that |1've ever seen. |Is it rare?

MR. ALLEY: | won't say it's rare. |It's
not as common as t he popcorn type deposits, but there
have been, you know, nore t han one occurrence of this.

MR. WALLIS: You're probably got macar oni
and all kinds of things.

MR. ALLEY: Yeah, we've got all kinds of
names for things.

So we do have a docunent that we -- and a
CD and a videotape -- that has gone out to the
i ndustry. People reviewthat before their inspectors

go in to do visual inspections of the head.
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MR WALLIS: Well, you're sayingthat this

is the sign of a |eak. Now, you're inplying that
anything that comes out of the leak and solidifies
will be stay there and won't get bl own away. Suppose
you have a |l eak that's tossing out particles or boric
acid but they're not sticking. Youwouldn't seethat,
woul d you?

MR. ALLEY: Well, you'll see other signs
of boron deposits on the head.

MR. WALLI'S: You would? | don't know. |
don't know. | can imagine a hole which is sinply
spewi ng out bullets instead of spaghetti.

MR. ALLEY: We certainly haven't seen any
of that, nor have we seen that in the NDEresults that
indicate that we have nozzles that are acting |ike
that, that we don't have visual evidence of.

MR, WALLIS: Well, | know, but you see the
poi nt . I mean, we don't really know all of the
possibilities when you get a leak in the formof the
solidified or otherwi se boric acid is com ng out.

MR. ALLEY: And we recognize that. That's
why t hi s docunent has been revi sed tw ce now, because
we continue to |earn. As we do inspections, we
continue to | earn and want to comuni cate that to the

i ndustry.
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MR, SHACK: but you've got a lot nore

volume now. Did you find anything in your volunetric
i nspections this spring that woul d i ndicate a through
wal | crack that you didn't see visually?

MR. ALLEY: | don't understand your
guesti on.

MR SHACK: You did a lot of volunetric
i nspections in the spring inspections. D d you find
any through wal |l cracks that did not produce a vi sual
i ndi cation?

MR. ALLEY: No. W have sone that are
bei ng debated, but again, NDE is not exact science.
So it's debatabl e as to whether or not the crack went
right up to the edge or actually went through wall and
we're still having sone of those debates.

| can only think of one case where that's
really being debated. Can you think of another?

MR. MATHEWS: Well, the other situationis
the one that just doesn't leak, |ike North Anna, the
Steal th crack.

MR ALLEY: Right.

MR. MATHEWS: And you know, you can find
it with NDE/UT, but if it doesn't penetrate the
annul us, you won't have a | eak.

MR. ROSEN. Right. It hasn't gone t hrough
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t he surface.

MR MATHEWS: Right.

MR. ROSEN. So there's noleak path to the
sur f ace.

MR. MATHEWS: Yeah, exactly. So it takes
some ot her techni que besides visual to find it, and
that's why we're saying that we' ve got to go back and
| ook at the basis for 75.

MR ALLEY: And to skip fromthe visua
docunment, the approach that MRT has taken to
denonstrations, we work very close with the reactor
vessel head working group. That group defines to the
NDE committee rel evant flaw nechani snms, the SEC or
BWSCC, fatigue, whatever those nechani sns m ght be.
They comunicate that to the inspections committee.
They define the inspection | ocations in volunes, are
interested in weld netal tubes, define the range of
flaws that they wish to address in the nock-ups.

The i nspecti on wor ki ng group wor ks on t he

approach that we will take to denonstration and we' ||

go into some details on that. Mock-up design and
procurenment, we'll go into sone additional details on
t hat .

Specification for the flaws in the nock-

ups, the realismof the flaws in the nock-ups --
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MR. WALLIS: Are yougoingtobetryingto
dupl i cat e spaghetti and popcorn in these experiments?

MR ALLEY: W have skipped here to the
volunmetric stuff. So now we're tal king about the
flaws as they appear in the nozzles and the tube and
the weld. This is for ultrasonic purpose and eddy
current purposes now for a visual.

MR. WALLIS: Okay. So you're still on
cracks then.

MR ALLEY: We're on cracks.

And then we devel oped a denobnstration
protocol of the schedules to work with the various
vendors. There was a Tiger teamthat was put together
of key individuals fromboth the working head group
and the inspection group.

MR, WALLI S: Do these give false
i ndi cations sonetines?

MR ALLEY: Certainly.

MR. WALLIS: How do you sort that out?

MR, ALLEY: It's a very difficult task.

MR WALLI S: It could be that many of
t hese fl aws which were reported earlier this norning
are sinmply fal se indication.

MR, ALLEY: Well, typically in an NDE you

woul d I'i ke to have nore than one piece of information
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t hat you rely on when you' re goi ng t o make concl usi ons
with your NDE for that reason. W don't always have
that |uxury, but we certainly |look for that.

You |like to see the visual signs of
| eakage on the head supported by volunetric
exam nation that finds flaws. You feel very confi dent
about those results.

I f you only have one NDE di sci pline, then
your confidence in a result can tend to be --

MR. WALLI'S: So you really want to detect
t hem before they | eak, don't you?

MR. ALLEY: That woul d be t he preference,
yes. Again, you like to have eddy current results and
ultrasonic results. You |like to have overlaying
results because there is the potential for false
calls, and it's not necessarily a small potential.

So the Ti ger teamgot together, which was
key individuals fromthe head working group and the
i nspection working group to desi gnthe next generation
of nock-ups, and again, we'll get into some nore
details on that.

| f we | ook at the denpnstration process,
there's sever al characteristics of t hese
denonstrations that have been consistent ever since

the 9701 response. One of those is tha these are
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bl i nd nock-ups. The inspection vendors are asked to
exam ne these nock-ups w t hout knowi ng the | ocati on,
size, and orientation of the flaws. W denonstrate
the procedure so that it's application of the
pr ocedur e. W nmake sure that the procedure is
followed and it contains the essential variables.

W try to denonstrate the best avail able
t echni ques. As we nentioned earlier, this is an
evol ving inspection, and it is changing with every
out age season actually.

The ASME codes should drive out the
t echni que and personnel qualifications. This is not
a qualification process. W are not out there trying
to qualify vendors, and as |I'l| nention [ ater, nor do
we have an acceptance criteria. Those are left upto
code conmittees.

W're trying to denonstrate the state of
the art wwth regards to i nspections. W'retryingto
define the limts of the inspections, but we're not
trying to qualify the person at all

VR. WALLI S: Do vyou have sone
specifications for the sensitivity of these detection
t echni ques?

MR, ALLEY: We don't specify sensitivity

| evel s. The vendors work with their test pieces 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

158

nock-ups to understand the sensitivities. Wat we do
is report back to the utilities and the end users of
t hi s technol ogy what these techni ques are capabl e of
del i vering.

We tried not to designthe test. W | eave
that to the vendors. Wat we're trying to do is
defi ne the boundaries of the test.

MR WALLIS: So you report to themthat
they failed to detect ten percent of the flaws. They
don't really knowwhether thisis the fault of the way
t he personnel didthe test or the sensitivity of their
devi ce or sonething el se.

MR. ALLEY: Well, again, what we do is we
| ook at their procedure and make sure they foll owed
t he procedure. The calls that are nmade on whether a
flawis real or false or the size or the depth or the
length is spelled out in the procedures. W do
noni tor that process to make sure that the procedures
and the calls are done in accordance with the process
that they've outlined, and again, we' ve defined the
boundari es of that process and the results.

MR. WALLIS: So you're tal king about --
I'm a little bit puzzled. This procedure
denonstration, there are no acceptance criteria.

MR. ALLEY: That's correct.

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

159
MR. WALLIS: And you don't qualify the

peopl e or the technique

MR ALLEY: That's correct.

MR.  WALLI S: At what point does the
i ndustry take responsibility?

MR. ALLEY: Well, the ASME code conmittees
need to drive that out. Wat we're, again, tryingto
do, and these procedures are evolving. They're quite
a bit different today than they were two years ago.

W' re trying to define the boundaries of
t he procedure, and these denonstrations are set upto
do that. The acceptance of that procedure for use on
t hese heads is utility specific, and we'll get into a
little nore details with regards to that as far as the
information utilities are provided here.

CO- CHAI RMAN FORD:  So when t he order goes
out to inspect, for instance, as it just has or for
the fall outages, who sets the criteria for the people
and the technique?

MR. ALLEY: It's normally worded that the
techniques wll be denonstrated through the MRP
pr ot ocol .

CO- CHAI RVAN  FORD: So you do set the
acceptance criteria.

MR. ALLEY: Well, the acceptance criteria
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i s that the boundaries have been defined, but not what
t hose boundaries are. W don't say that you've got to
have a mi ni numdetection limt of ten percent through
the wall. W don't get to that.

Wat we're saying is that you have to
define what your boundaries are as part of this
process. You need to understand we' ve got maybe four
players in this ball game. So there's not a ot of
vendors that are out there going through this
pr ot ocol .

CO CHAI RMAN  FORD: So there's no
acceptance criteria of the crack depth, seven inches
plus or mnus, that has been done by a qualified
person.

MR. ALLEY: No, sir.

CO- CHAI RVAN  FORD: And there's no
information on the probability of detection.

MR ALLEY: No, sir. Again, we were
trying to set the boundaries of this exam W did
have a di scussion, which we'll talk about perhaps in
a mnute, with the Tiger team about probability of
detection. That actually requires a different set of
nock-ups wth different flaw orientations and
di fferent nunbers of flaws and sizes of flaws.

Again, we're pushing the boundaries of
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t hese i nspections right nowjust trying to define the
limts.

CO CHAI RVAN FORD: So when are you goi ng
t hrough your decision path that you showed on the
eval uati ng cracki ng and t hen appl yi ng eventual | y Reg.
Qui de 1.1747

There's no uncertainties at all then.

MR. ALLEY: Normally what's | ooked at is
the m nimumdetectionlimt, and we detected that 100
percent of the tinme, but what we didn't do i s go back
and repeat that examten, 15, 20 tinmes to nake sure
that it's detected every single tinme. Again, that's
where you start shifting protocols when you start
addr essi ng the POD.

We're trying to set the boundaries of the
exam nation now. It may be later that we do address
POD, but to try to do all of that at one tinme and
devel op the techni ques did not seemto be a very good
goal .

So when we report, we woul d report m ni mum
detectability. Then normally the inspectioncomittee
and t hese people | ooking at assessment woul d assune
t hat fal se highs or however they want to do that, and
the statisticians can draw sone PCD from the flaws

that we've got here, although it may have a fairly
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wi de vari ance.

MR, SHACK: In MRP 75 you assuned a
failure to not detect at like .08. Does that
nunber - -

MR. MATHEWS: | thought it was nuch hi gher
t han --

MR SHACK: Much hi gher than that?

MR. MATHEWS: Yeah. |  thought the
volumetric failure to detect was nuch higher than
that. 1'd have to pull the docunment and | ook

The visual was -- | know on the visual it
was |ike only a 60 percent probability of detection
and then if you mssed it the next tine, it was |ike
20 percent of that. So you only had |ike a 12 percent
probability of picking it up a second outage.

On the vol unetric, he had put in sone ki nd

of POD curve based on vessel stuff, but | thought it

was nore than an eight percent. |t mght have been
ei ght percent. [I'mnot sure. |'d have to pull that
out for the peak. | nmean, that was just an

assunpti on.

CO- CHAI RVAN FORD: Al an, when you get up
| ater tonorrow, | guess, will you be addressing t hese
i ssues?

MR.  HI SER: These issues, can Yyou
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enunerate what "these issues" --

CO CHAI RVAN FORD:  Wel |, the issues that
| just brought up, the question of what acceptance
criteria is that the NRC is expecting.

MR H SER  Well, we have reviewed the
denonstrations that the vari ous vendors have been abl e
to perform W have reviewed the MRP docunents that
speci fy what the performance was, and we have found
those to be acceptable to providing, you know, the
reasonabl e assurance kind of |evel of inspection.

CO CHAI RVAN FORD:  Ckay.

MR. HSER. So bottomline, we found the
i nspections and the way they've been able to
denonstrate those to be to be acceptable.

MR. ALLEY: We knowthe ASME i s working on
this, and that's usually an organi zation that drives
out in the industry the personnel qualifications and
accepted standards for things. So we're looking to
the ASME to drive that out if it's going to happen

Agai n, what we're trying to do is define
t he boundaries of the exans.

MR. H SER And at this point the NRC has
found t hose boundaries to be acceptable. The probl em
is the ASME code is not able to turn as quickly as the

i ndustry is and we're able to do.
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CO CHAI RVAN FORD:  So do we keep pointing

in the other direction as to it's the NRC, no, it's
the MRP, no, it's the industry, no, it's ASME?

MR. H SER  Well, | think the MRP provides
a report card on what the vendors are able to do, and
we find that the grades so far have provided
accept abl e i nspecti ons.

CO- CHAI RVAN FORD:  Ckay.

MR. HI SER Utimtely the ASME codes
should be the ones that should becone a nore
aut omat ed process within the ASVE code, but we're not
t here yet.

CO- CHAI RVAN FORD:  (Ckay. Thank you.

MR.  ALLEY: Ckay. To carry on, the
denmonstration process, the protocol that was
devel oped, the vendors col |l ected data on t he nock- ups
and reported the findings. W evaluate the neasure
versus the true values of the flaws.

The detection of the nunber of flaws
versus total flaws; the location with respect to
pressure boundaries. Sizing results are docunented.
Fal se call performance i s docunent ed.

The NDE center docunents the essenti al
vari abl es. Again, we talked about this in the

procedure. There's things in the procedure, the way
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you set your sensitivities, the transducers that are
bei ng used, angles, frequencies, those are essenti al
vari abl es as defined by ASME and sone other areas.
Those essential variables are docunented as part of
t he procedure review

We verify that the vendors are actually
usi ng the procedures and the essenti al vari abl es t hat
were reported in the procedures.

MR. WALLIS: | have no idea about this
process. Is this a process where the technician
mani pul ates a | ot of things, and he flips on a screen
and has tointerpret them or is there a conputer that
anal yzes all kind of stuff and gives himan i mage of
what the flaws [ ook like in sonme way?

MR. ALLEY: Probably nore the first point,
as in they see, as you see, blips on the screen.
That's al | conput er enhanced and all of that, but they
have to -- in their procedure, they have to spell out
their decision meking process, and it has to be
consistent. It has to be applicable to Ainspector or
B i nspector or Cinspector. They have to follow the
procedur e.

So the procedure will say: if you see a
blipinthislocationand it has this orientation and

this definitiontoit, youcall it acrack or you cal
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it a false call.

Those are the essential variables in the
anal ysis part of the procedure.

MR, WALLIS: -- ultimate judgnment of the
per son.

MR. ALLEY: Well, in the application of
t he procedure it's not as nuch personal judgnent as it
is the application of the procedure. The procedure
spells out the decision making. W try to keep it
imune fromthis black box, and we don't look in it
and pull an answer out.

The procedure has to spell out the logic
that you followto get to that answer, and that has to
be ~consistent form one person to the next.
Theoretically that procedure should be able to be
foll owed by any i nspector and t hey woul d get the sane
answer consistently.

It's the same basic protocol that's
followed with the ASME Section 11, Appendix 8 PD
process. You denonstrate the procedures. You
denonstrate the adequacy of the procedures to do it.
You take out as much of the human error or human
j udgnent part of this as you possibly can.

And then to summarize, the results are

given to the utilities.
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MR. PONERS: Well, | guess I'm-- why the

enphasi s on getting the human judgnent out? There are
only four vendors that are doing this. One guy is
just really good. He |ooks at and is comuni cative
about what he sees.

MR ALLEY: Wwell, you'll certainly find
utilities expressing aninterest to have one i nspector
or one person on their site versus another. So it
gets to be a word of nouth idea, but what we're trying
to denmonstrate here is the capabilities of the
equi pnent and the capabilities of the procedures, not
the capabilities of the individual.

| f the procedures and the equi pnment are
capabl e of detecting and | ocati ng si zi ng and detecting
t hese flaws, then we have denonstrated that we have
adequat e techni ques to do that.

The next part of that may go into the
personnel qualification piece of this, how someone
applies the procedure, but right nowwe're trying to
denonstrate the capabilities of the procedures and the
t echni ques.

MR. HI SER: Dr. Ford, just one other
point. Where the NRC gets involved in this, for in-
plant inplementation of inspections we have a

temporary instruction that's wused by either the
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residents or regional staff to oversee and eval uate
the i npl enentation of the inspections. They go back
and verify that the essential variables that are used
at the plant are consistent with what the vendor
denonstr at ed.

So there is that |evel of review and
evaluation as well that the NRC does on these
i nspecti ons.

CO- CHAI RVMAN FORD: | was hoping to see a
plot of actual crack depth and |ocation versus
neasured crack depth and | ocati on.

MR. ALLEY: | have sone results to share
with you, but we don't have that plot. That's the
POD data you're actually | ooking for.

CO- CHAI RVAN  FORD: But such plots do
exi st .

MR. ALLEY: They exist wth sone
t echni ques and sone processes. That's true. That was
not the goal of this process, to define a bounds of
probability of detection as indicated in a |east
squares fit and all of that. That was not the goal of
t hi s denonstration process.

CO CHAI RVAN FORD: Wl |, reassure ne that,
for instance, if sonmeone goes in and | ooks at North

Anna or any reactor and they size a crack, what makes
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me think that | should believe that?

MR. ALLEY: They have denonstrated on
t hese nock-ups that their sizing has a certain error
associated with it. W have enough different size
flaws in there to say that they found this flaw and
that they size it X. W have data to support the fact
that they had the capabilities to do that.

What we don't have is the error defined
associ ated with that.

CO CHAI RMAN FORD: (Okay. So one of the
four teams goes in and does such a neasurenent.

MR ALLEY: Un- huh.

CO CHAI RVAN FORD: And it agreestow thin
a certain tolerance of the actual --

MR ALLEY: Well, that's sone --

CO- CHAI RVAN  FORD: -- and then they're
okay.

MR ALLEY: That's some of what we're
hoping to drive out when we cut up these North Anna
pi eces. | nean, ideally you'd like to have the
destructive analysis to go along with the NDE
findings. This environnent is very tough to do that,
and so we don't have that analysis, and that's what
we're hoping to get out of the North Anna heads.

We are asking all of the vendors to go
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t hr ough and reexam ne the North Anna nozzles prior to
sectioning sothat we will nowbe able to get a better
feel for what we're actual |y seei ng versus what we're
actually detecting, and it may be that we evolve to
this point you' re tal ki ng about now.

Ri ght now we' re pushi ng t he boundari es of
the capabilities of the vendors to even get sound
energy in these things and get data out. So we're
trying to define those boundaries.

CO CHAI RVAN FORD:  Ckay.

MR,  ALLEY: | nmean, vyou're talKking
probably a nore mature programhere versus one that's
still evol ving.

MR. WALLIS: Doesn't it really depend on
how you' re acoustically coupled to the thing you're
| ooki ng at?

MR. ALLEY: Certainly, and that's one of
the things that the denonstration has done, and this
has been a very valuable experience for everyone
involved inthis. And|'ve got sone pictures |ater on
that will show you we sinulated the nozzles through
the heads with the J groove welds that cause
di stortion on these nozzles. They're not perfectly
round on the I D, and what we saw many of the vendors

do as part of this process, they were at one tine
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scanning in the circunferential direction in what's
called a raster scan. They would scan the increnent
and scan the increnment, and what we saw was the way
t hey were | osi ng coupl i ng when t hey woul d go over sonme
distortion in the weld.

Now nost of the vendors are scanning in
the up and down direction. GCkay? So those are the

things that were driving through as a result of this

denonstration process. This is not only to
denonstrate the techniques. It's to inprove the
t echni ques, and we've got some things |I'Il tal k about

| ater on that we're doing to even further that sone
nor e.

As we nmentioned before, it's a very
conpl i cated wel d exam nation volune. It's very, very
difficult to inspect the weld netal itself. It's
very, very difficult to inspect through the tube into
the weld netal.

They' re asynmetrical wel ds, whi ch adds t he
whol e geonetry factor toit. Soit's just not a very
easy environnent to inspect.

There's a whol e host of different probes
and carriages and schenmes of which you can go about
i nspecting. There's open tube probes. This is when

the internals are pulled fromthe drives and you have
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an open di aneter tube that you can now i nspect. When
you have that | uxury, you can now depl oy a bi g scanner
that's got nultiple probes and nmultiple transducers
and eddy current probes and all of that stuff on one
scanner and actually goin andinterrogate the vol une.

I n service we typically use bl ade probes,
and a bl ade probe is Ii ke a probe on a Veneti an bl i nd.
W have to get in between the other conponents in
there, and sone of these areas | think Al will talk
about tonorrow. | think some of these relief requests
have to do with restricted areas. Things are not
perfectly concentric. So there's the thermal sl eeves
and the lead screws and the stuff will push to one
side or the other and you jam bl ade probes and t hese
types of issues we're having to deal with in actually
i mpl enenting these things in the field.

MR. ROSEN: Isn't it another confusion
factor that each nozzleis different interns of where
it isonthe circunference? The degree of ovality is
changi ng --

MR. ALLEY: That is certainly an issue.

MR. ROSEN: -- as you go fromthe center
to the outside periphery.

MR.  ALLEY: Yes, and then one of the

things that we al so wanted to denonstrate here is the
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ability to map the weld because you've got to know
where you are on that weld itself. And, again,
they' re asynmetri cal .

There are sone that are on the higher
sl ope, | ower sides, and of course, the one on nunber
one nozzle is pretty concentric. So all of those
vari abl es make this sonewhat difficult.

And probes are designed to acconplish
specific objectives. The specific volunes, flaw
orientations, detection techniques. There's quarter
traps, tip diffractions. There's just a nunber of
di fferent schenes that we can use to interrogate this
vol une.

MR. WALLIS: All of these are qualitative
argunments. 1'd like to go back a bit before. | used
to have sonme sort of a quantitative denonstration of
what's actually being neasured versus what's there.
What are the sources of error, and so on?

That coul d probably be put into one or two
sl i des.

MR. ALLEY: 1|'ve got some summary slides
to show you some typical results. W can certainly
conmpare the true versus the indicated size on a given
flaw, but again, what we don't have, in a statistical

word, you'd like to run that a nunber of times to be
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able to see what that error band is.

We knowt hat t he vendors have oversi zed or
under sized flaws. W have information and data to
support that, but in reality the way you apply this,
too, istypically thisis a detection. If you detect
these fl aws i n t hese nozzles, nost utilities are going
to invoke a repair imrediately. So it's alnost a
det ecti on gane.

VWhet her you si ze or under si ze or oversi ze
aflawto a relative degree doesn't really matter in
reality. W repair them

MR. MATHEWS: There have been a few that
have been left in service for one cycle, but believe
me, the UT data get scrutinizedtothe hilt to come up
with is it okay to leave this flaw in service for a
cycle. Is it going to grow through wall or grow 75
percent through wall?

And the NRC is buying off on that.

CO- CHAI RVAN FORD:  So t he ASME 11 book are
relying under the flaw -- it doesn't exist.

MR. ALLEY: The only place we have a --

CO CHAI RMAN FORD: If you find a flaw, you
repl ace.

MR. ALLEY: The only place we have a --

MR MATHEWS: | said sonme have been | eft
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in service. Very shallow ID flaws may be left in
service for a period of tine.

MR WALLIS: Okay.

MR. SHACK: The next, shallow axial s?

MR MATHEWS: Yeah, | don't believe
there's any that have been left in service.

MR ALLEY: Yeah, shallow axial flaws
whi ch were typical of what we saw back in the 9701.
There is sone analysis to allow you reasonabl e tines
to reinspect those flaws, but once you get on the OD
of the tube and then the weld netal of the tube,
detectionreally is what you're trying to acconpli sh.

Ckay. More than one probe, as nentioned
bef ore, can be used to exam ne a volune, particularly
when we' re deal ing with bl ade probes. 1t's a deci sion
to make with regard to which bl ade probe you want to
deploy in trading off the sensitivity of one bl ade
probe versus anot her.

CO- CHAI RMAN  FORD: Just to go back to
Grahami's point, if you have such a presentation at the
full conmttee neeting in a couple of weeks' tine
rather than all of these word slides, a graph of real
versus observed or observed versus actual --

MR. ALLEY: Ckay.

CO CHAI RVAN  FORD: -- it would be very
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hel pful .

MR. ALLEY: Ckay. Let's regress just
slightly and talk a little bit nore about the 2001
denp process. Again, we were | ooking for the safety
significant flaws in the two base netals.

The nock-ups consisted of two different
nock- up bl ocks or sanples. One was the stub-in pieces
off the Oconee penetration tubes, and |'ve got a
picture to show you there.

The concept behi nd that was to denonstrate
that the wultrasonic techniques were capable of
detecting a cracked H P, and this was a real PWSCC.
So you actually did -- the vendors did hand scanni ng
on this block to show that they could detect the
cracked HI Ps, which is the primary node that we're
usi ng for detection.

We had a good range of flaw sizes in the
Cconee pieces which you'll observe in just a m nute.
Then we had a full scal e nock-up, and that full scale
nock-up contained EDM notches, which are not
particularly challenging in the NDE worl d.

At the same time, thisis where we started
taking into account distortion issues, access to the
nozzle, scanning rates, patterns, those sorts of

nmechani cal devices probably as nmuch as ultrasonic
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devi ces were denped as part of that.

MR. SHACK: Now, these EDM notches, did
you try to squeeze themdown, tighten themup at all?

MR. ALLEY: This was the first round. So
t hese were EDMnot ches, and we di d use squeeze not ches
on the second round, which I'Il discuss that in just
a few nonments.

We had fl aws | ocated rel ative to t he wel d.
We had sone cluster tight flaws, notches. In this
case we call themflaws, but notches. W had triple
poi nt i ndications or notchesinthetriple point area.
Again, |'ve al ready nmenti oned we used EDMnot ches, and
theinitial deno here was blind, but i mediately after
t he vendor turned over the results, we unfol ded the
scal es on the keys to the bl ocks. W were able to now
negotiate with the vendor with regards to what they
detected and what they found, a very hel pful exercise
i n devel opi ng the techni ques.

MR. PONERS: | don't understand what you
nmean, "negotiate.” | nean you either found sonething
or you didn't.

MR. ALLEY: Well, you can try smaller
probe size. You can try a different frequency. Wy
don't you do this? Wy don't you do that? Trying to

work with the vendors at this point in time, show ng
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t hem what they missed and trying to explain to them
why they missed it.

This first round of denbs we started in
the fall of 2001, actually went on for about six
nont hs. We envi sioned first that we woul d have t hese
bl ocks and we'd run these in a week, and | think the
NRC actually was invited on many of these denps and
came down and w tnessed, and you stood around a | ot
because the vendor would go in and do sone of the
i nspection work and then have to go back and tweak a
pr obe.

So this process went on and on and on.
This bl ock was shipped all over the country; these
bl ocks were, trying to get the techni ques devel oped.

So when | said "negotiate,” that's what we
were trying to do, is basically push the technol ogy
and the devel opnent of the technol ogy. It was a
| earni ng experi ence.

kay. The next slide will show you the
Oconee i n-stub pi eces. This was the ends of the tubes
that were renoved at Oconee as part of the repair
process. You can see the flaws that were contai ned on
t hese tubes, I D and OD fl aws.

MR. WALLIS: Now, | can see a whol e | ot of

sort of vein like things. Those are all flaws?
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MR ALLEY: That's PT results from --

MR. WALLI S: Anything there which doesn't
| ook |i ke a honbgeneous substance is a flaw?

MR. ALLEY: All the bl eed-out there that
we see in the dye penetrant. This was a dye penetrant
picture of the stub-in pieces only, QOconee unit.
Those are all --

MR VALLIS: It's riddled with fl aws.

MR, ALLEY: Yes, it is.

MR. WALLIS: And you're |ooking for one
fl aw?

MR ALLEY: Well, we picked out fl aws that
were oriented at 45 degrees, the ID flaws and the OD
flaws, and we asked the vendors to take their probes
and manual | y mani pul ate their probes onthe surfaceto
see that they could detect the tips of these flaws.
That was part of --

MR. WALLIS: --looking for rivers froma
satellite. | nean, you can see them but if they're
smal | enough you won't see them

MR, ALLEY: True.

MR. WALLIS: So there must be sonet hi ng
that you can specify about the resolution or the
sensitivity or sonething. Isn't that a requirenent?

MR, ALLEY: It's looking at --
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MR, WALLI S: You don't have any

specifications; is that right?

MR. ALLEY: It's looking for the tips. |
nmean, t hey needed to denonstrate that their techni ques
wer e capabl e of findingthetips, andit wasn't al ways
done.

Excuse ne?

MR VWALLIS: Atom c size tip?

MR. ALLEY: No, we picked out a flaw in
here, the 45 degree off-axis fl aws t o denonstrat e t hat
t hey' re capabl e of doing that. Again, this wasn't to
define m ni numdetectabilities. This was to showt hat
they' re getting sound energy to the cracked tip and
they're able to see resident energy off of that tip.

VR. WALLI S: It just sounds so
qual i tati ve.

MR. ALLEY: This was the first cut through
t hese denos. So if they can't find crack tips
they' re not going to performon any denonstrati on. So
t he i dea here was you find the crack tips first. Then
we'll go to the next round. So this was kind of a
screeni ng process. It actually worked very well for
t hat .

MR. MATHEWS: And nost of those -- is this

the same? Well, these are two different -- npbst of
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those that all those flaws on the OD, nost of them
were not through wall by any stretch.

MR ALLEY: No.

MR. MATHEWS: Mar ked t hrough wal | fl aws of
various depths, and they picked out one or sone.

MR. ALLEY: The off-axis flaws is one we
were very interested in.

MR MATHEWS:  Yeah.

MR SHACK: You shoul d have been around i n
the days before they |ooked for the crack tip
reflection if you really wanted to see a qualitative
ar gunent .

(Laughter.)

MR ALLEY: The only thing in NDE worse
than finding sonething is finding nothing.

MR.  SHACK: Amplitude drop and all of
t hose exciting paraneters.

MR. ALLEY: Yeah. Then the next slide
just shows the full scale nock-up that was
constructed. Again, this had EDM notches in it, but
you can see here that we tried to enul ate sone of what
we had seeninthe field. Here are some cross-hatches
with a circunferential flaw on the 45 degree sl ope,
and the i nspection vendor has some difficulty not in

detecting that, but in trying to resolve the axial
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flaws fromcircunferential flaw

We had anot her circunferential flaw over
fl aw nunmber three there. It's a bit challenging.
It's got little cross-hatches on it as well. Again,
for the speed of trying to get this done for the fall
i nspections, these were just all of the EDM notches
that we put in place.

You can see a picture of that bl ock over
on the side there, and you see that that's full scale.

MR WALLIS: So these flaws, these are not
-- it can't be like the real flaw.

MR ALLEY: These are notches.

MR,  WALLI S: And they're nuch nore
m croscopic than the real flaws, aren't they?

MR MATHEWS:  Yes.

MR ALLEY: Yeah.

MR. MATHEWS: The goal was to denonstrate
the ability to detect the tip of a PWSCC flaw on a
real PWSCC fl aw. That was the goal with the two stub
pi eces from Cconee that had PWSCC flaws in them

Then using that technique in a nock-up
wi t h not ches, the purpose of the notch -- nock-up with
notches was to denonstrate the ability to deliver
sound to the location, with the presunption, if you

will, that if you get the sound there and you can see
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the tip, then it will work.

MR ALLEY: Yeah, the notices were not
chal | engi ng, but again, it was sonmewhat chal l engingto
pi ck out the axials versus circunferentials when you
have all of these axials lined up wth a
circunferential flaw cutting through it. That was a
bit chal | engi ng.

And we had WesDyne, Franmatone, and
Technat ome actually participated in these nock-ups.
We al so had eddy current nmock-up which I didn't show
here. it was an eddy current nock-up with a J groove
weld that just had three flaws |located init. So we
had some ability to do the eddy current.

The results were distributed by the MRP.
Vendors were capabl e of detecting the crack tips on
the COconee tube ends after enhancing their
procedures. So to ne that was the successful part of
this deno. The vendors came in at first and tried to
find crack ti ps on those tube pi eces and couldn't find
them So we changed t he procedures and t he techni ques
associated with that until they were able to find
t hem

Then you go to the full-scal e nock-ups.
that was a very val uabl e experi ence.

Vendors were able to detect the flaws in
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the full scal e nock-ups. As | said, those notches are
not very chal | engi ng.

Again, | had al ready nenti oned t hat we di d
mul tiple denos. This process went on for a very | ong
time. We changed inspection requirenents.

CO CHAI RMAN FORD: Just to go back, you
sai d you changed the criteria and then they found it.

MR. ALLEY: We changed probes, changed - -
| don't recall specifically what we changed now, but
t he probes and the depth of focus of the probes and
t he frequenci es and t he t echni que t hat was used, those
were changed as part of this denp process.

When t he vendors first came i n and scanned
t he bl ocks manual |y, they couldn't see the crack ti ps.

CO CHAI RVAN FORD:  Ri ght .

MR. ALLEY: So they throw that technique
away and got another technique and cane out and
started doing that.

CO- CHAI RVAN  FORD: You didn't make it
easier for themto find it. They had to go away and
sort it out for thensel ves?

MR ALLEY: Yeah, we were able -- "we,"
EPRI was pretty instrumental, |I think, in giving them
some gui dance in what they needed to do to do that.

CO CHAI RVAN FORD:  Ckay.
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MR ALLEY: So the EPRI NDE center is kind

of managing this system for us.

CO- CHAI RMAN FORD:  So you educat ed t hemof
it and --

MR. ALLEY: Used the 45 degree shear wave
(phonetic), you know, that kind of thing.

The resul t s were denonstrated periodically
as we had a chance to update this or sonething new
happened i n t he denponstrati on process. W updated the
i ndustry on where we were.

The next slide is just a table that shows
typical results. The vendors still treat this as
fairly much proprietary as far as what angl es and what
probes and what frequencies they're doing. There's
certainly acomercial aspect tothemhavi ng devel oped
nost of these techni ques.

Agai n, the goal of MRP was not to devel op
t hese techni ques. The vendors needed to devel op t hat.

Just to give you a feel for the types of
results that we were able to get, you can see a nunber
of different techniques or flaw sizes that were used
across thetop. The A, B, C, D, E, F, which is scaled
on the right-hand side, shows you the orientation of
those flaws, the techniques and whether they were

det ected and whet her they were sized successfully.
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These are the ki nd of tabl es that went out
along with additional information to the i ndustry for
all of the vendors that went through the exam nati on.

So that was the first round of denos done
very hurriedly and done wi t h not ches and what we coul d
get our hands on very quickly.

MR,  SHACK: Were the Franmatonme people
usi ng t he sane techni ques that they used on t he French
reactors? | mean, were they --

MR, ALLEY: Well --

MR. SHACK: They run with cracks.

MR ALLEY: The initial approach that
Framat one used at Oconee, for instance, when we found
Cconee 1 with sone issues, they deployed the
t echni ques that were devel oped as part of 9701: eddy
current I D, rotating probe, and went in and did that.
And t he performance of that was not anywher e near what
it is today. So those techni qgues have changed.

Now, t he eddy current techni ques are still
t he sane, but the ultrasonic techni qgues have changed
quite a bit in the last two years.

Agai n, what the French were | ooki ng at was
eddy current detection and then a very shal | owfocused
IDflawfor sizing, and it was backed into sizing. |If

you didn't seeit, you would assune it was the m ni mrum
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detection limts of the probe. So that kind of broad
brushed approach to the 9701 was very successful in
t hat program but in this programsince the flaws are
oriented fromthe OD and comi ng in, that approach was
not as successful. So we had to change.

Now, for the 2002 denps, we repl aced the
EDM notices with CIP flaws, which is cold isostatic
pressure. W actually EDMthe flaws in place and t hen
put it in autoclave and slamthe flaws shut and make
a very tight flaw

W were abl e to have depth sizing, |ength
sizing, and | ocation with respect to the weld. W had
an increase population of flaws, many nore flaws in
t he bl ocks. W had bl ocks manufactured to have fl aws
in the attachment welds. W had wanted to identify
flaws that reached the triple point, and the triple
point is the point where you have the two materials,
the weld netal and the buttering, all neeting at that
one point up there, which is the spot at which you
have to get across the triple point in order to | eak
into the annul us.

So, again, there's several different
schenes about how you m ght go about addressing this
problem Oneisif | don't see any indications to the

triple point, then | don't have | eakage. |If | don't
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have | eakage, | can't have circunferential flaws.

So there's a | ogic approach for a while.
W wanted to get sone information on that.

The effects of cluster flaws we know is
part of the 9701, that many of these nozzles contain
crazed type |Ds, shallow clusters. So what woul d
happen if we had a flaw Iine beneath that? So we
wanted to include that in the next round of denops.

So the Tiger team to go back to that real
qui ckly, the Tiger teamdi d design the next round of
nock-ups. These were the goals of the nock-ups.

W wanted to maintain a blind. W wanted
to denonstrate the sizing capabilities. W wanted to
mai ntain afull scal e nock-up. W wanted to establish
i nspection threshol ds. What's the  m nimum
detectability?

Agai n, we tal ked about the POD. That was
not part of the goal of this process. W wanted to
provi de practice bl ocks, and we wanted to i ncl ude the
craze cracking.

So those were the high | evel goal s that we
approached going into the next round of denops.

The nock-up fl aws nust be representative
and appropriate for the NDE nethods to be

denonstrated. For UT we needed specul ar reflection

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

189

off the flaws. W needed tipped fraction responses
and corner trap responses. So we needed to nmake sure
t hose were included in there.

For eddy current, we needed a realistic
el ectromagnetic properties and crack w dths.

The goal s as real i stic reproduction of key
detection and sizing variables. So any differences
wer e noni t or ed and consi dered duri ng t he denonstrati on
process. Agai n, numrmerous NDE nethods were being
appl i ed, a nunber of different probe frequencies and
schenes were being applied.

The CIP flaws we considered. The Tiger
teamconsi dered al |l different flaw maki ng techni ques.

MR ROSEN:. Wiat's sift?

MR. ALLEY: CIP, coldisostatic pressure.
We basically put it in an autoclave and just put so
much pressure in there that we're able to sl amthese
not ches shut and get a very tight flaw

W reviewed all of the different flaw
maki ng techni ques, fatigue cracks, thermal fatigue
cracks, m ca di sks, EDMnotches, CIPflaws, H P fl aws,
which is hot isostatic pressure, and we settled in on
the CIP as being a good approximte for the eddy
current. They are very tight and no unrealistic

el ectromagnetic features. They didn't give us fal se
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calls, in other words. They were appropriate for UT.
They gave good ti p responses, which againtip response
is the primary detection node now.

The reason that we use CIP rather than a
true SCCflawis because we can control the di mensions
of that. We machine the notch in it. W know how
deep it is, howlong it is, and the orientation of it
before we put it in an autoclave to slamit shut, and
t hat way we' ve got good sizing ability to knowwhat it
is.

If it's a true SCC flaw, we really
because of the sonic uncertainties, you don't
under st and what the true bounds are. So that was one
of the primary goals.

MR. PONERS: But the trouble is now you
don't know anyt hi ng about t he detection of true fl aws.

MR, ALLEY: Well, the true flaws, as |
nment i oned before, they neander, and t hey sort of break
up and scatter and work their way through the
material. So there's sone ultrasonic uncertainties
associ ated with that.

I n defining the boundari es of the exam we
wanted to nmake sure that we elimnate those
uncertainties.

MR POVERS: | understand that, but the
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result is that the skeptic says, "Geat. This is an
i napplicable.”

MR ALLEY: It's inapplicable?

MR. PONERS: Doesn't have anything to do
with reality.

MR. ALLEY: Because the true flaw may not
be truly represented?

MR, POVERS: Doesn't | ook |ike that at
all. It nmeanders and goes around, gets diffused, and
there are a lot of things that fool the detector.

MR, ALLEY: That's why we're very
interested inthe North Anna results. The only way to
truly understand detection versustrueinreal lifeis
to cut flaws up, and that's what we're going to
acconplish with the North Anna. W should be able to
answer that question better for you once we have
sectioned the North Anna conmponents and can conpare
the true ultrasonic responses to the true --

MR PONERS: And the scenario --

MR MATHEWS: W sinulate sone of that
though. We did try to sinul ate sone of the branching,
et cetera, by intersecting nultiple flaws in the EDM
bef ore they were squeezed, et cetera.

MR ALLEY: That's correct.

MR. MATHEWS: Sone of that was capturedin
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the way sone of these flaws were manufactured, and
plus what do you call it? The irregularity of the
flaw face, | think, was tried to be captured in sone
of the flaws or maybe all of them

So they do the best they can to create a
flaw that will represent what's in the field.

MR  POVERS: And then the question is
whet her that best you can is good enough. Now, the
problem we have with the North Anna is here's one
t hat' s unusual, uni que, and whatnot. So you get done
with that, what do you have?

MR. ALLEY: You've got several different
orders of uncertainty, and one is uncertainty in the
technique itself, which is where we need to have
clearly defined rules for how we can define that,
which is what the CIP flaws acconpli sh.

The other is the physical boundaries of
the technique itself, and that's what you're asking.
What are the physical boundaries when physics starts
to distort the answer?

And, again, the only way | know to
acconplish that is to cut sanples up. This protoco
here is not designed to answer the physica
boundaries. Wen we start pushing the physics beyond

its abilities, we can't define that in this protoco
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her e.

Does t hat answer your question? You still
| ook confused.

Do | continue?

CO- CHAI RVAN FORD: Pl ease.

MR. ALLEY: Again, what Larry nentioned
was we actually went in and machi ned the notches so
t hey woul d have some faceting to them again, to try
to enmulate a flaw that woul d tend to neander through
a material .

We did have branching in several of the
flaws. W also found out fromstudi es that when the
notched tip collapses, it actually forns a little Y
where the material col |l apses, and it gives us two real
good branches there to get tiprefractions off of. So
t hose flaws worked very well for that.

We did use accel erated corrosion cracks.
We had some nock-ups that we used, weld netal to
accelerate the cracks. W used this nostly with the
eddy current, which I'Il get intoin a m nute when we
show you the eddy current bl ocks.

We were abl e to use the SCCfl aws for eddy
current because eddy current, you have al nost no depth
i nformati on on eddy currents. So the actual depth of

flaw is not as inportant in that.
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Again, just to kind of go through what the
Tiger team had --

MR. POVERS: How did you make vyour
accel erated fl ans?

MR. ALLEY: Weld netal inthe tube that's
t hen put in an autoclave. So the weld netal has a | ot
of residual stress, and you put it in the autoclave
and then put it in the environment. It got slowto
start, and then it went pretty well. So we got a
l[ittle behind on that process.

"1l showyou a picture of one of those in
a mnute.

CO CHAIRMAN FORD: 1'd like to finish by
about five to one, 11 m nutes to one.

MR ALLEY: Okay.

MR, WALLIS: M. Chairman, are we doing
now what we would normally do after lunch on the
program or do we have sonet hing after lunch as well?
Are we doing Part 5 now or four or what?

CO- CHAI RVAN FORD: W did Part 5.

MR WALLI S: W did Part 5. So we're
doing this afternoon' s session now.

CO CHAl RMAN FORD:  Yes.

MR. ROSEN: Wy are we doi ng t he aft ernoon

session now? | thought we would go to |unch. I
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t hought we were going to go to noon when you took the
poll at 11:30.

CO- CHAI RVAN  FORD: Vell, | know that.
that's why | asked the question. Do you want to have
l unch at half past 11 or --

PARTI CI PANTS: O not at all.

(Laughter.)

MR, MATHEWS: He didn't phrase it that
way .

PARTI Cl PANT: Thisistheway it's working
out .

CO CHAI RVAN FORD:  Coul d | suggest Jack
rem nds ne that you m ght have problemgetting | unch
in the cafeteria?

PARTI Cl PANT: Yeah, if you wait |ong
enough they all go hone.

CO CHAI RVAN  FORD: Sine you're just
starting the 2002 topic, mybe thisis agoodtine to
break if that's okay with you.

MR. ALLEY: Very good, yeah.

CO- CHAI RVAN FORD: And then let's gointo
recess now until half past one, and then we'll start
up again at half past one.

(Wher eupon, at 12:28 p.m, the neeting was recessed

for lunch, to reconvene at 1:30 p.m, the same day.)
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AAF-T-EERNOON S-E-S-S1-ON
(1:33 p.m)

CO CHAI RVAN FORD: Ckay. We're back in
sessi on.

You're all well fed. MKke says |'d better
keep you awake now.

Ckay. Tom

MR. ALLEY: Okay. \Wiere | amis 2002
nock-ups. The next slide, |I think. Let nme get the
vi deo here and where | amon the sane page.

Ckay. Yeah, what the Tiger team has
decided to do in the 2002 nock-ups is have axial
circunferential and off-axis tube flaws. Now, | use
"flaws" to describe notches before, but these are
actually the CIP fl aws.

We had approximately 20 flaws, up to 100
percent in depth, ranging in length from21/100,000 to
three inches. W had cluster flaws in the tube, 25
flaws up to 20 percent deep, 1/100,000 to 1/ 250, 000;
axial circunferential flaws in the attachnent wel ds.
W |ocated them at the well head and weld to tube
interface, and flaws approaching and through the
triple point. So, again, it was one of the inspection
phi | osophies here was being able to |ook at that

triple point. So we wanted to be able to define the
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capability to do that.

The next slide is just a graphical
presentation, and this is typical because, again,
t hese bl ocks are steel blond (phonetic). So we did
hand this out to the inspection vendors and had tine
to show a representation of the flaws and the
| ocations and what we're trying to acconplish.

This isn't the actual drawing of the
bl ock, and it shows the orientation across the wel d.
You can see the little clustered flaws, 14 and 15 up
on the right-hand side. That was to |look at the
detectability through the craze crack along the ID
that we sawon the | eft-hand side. You could see sone
cross-sectional views of flaws that would be in a
circunferential directionandin the axial direction.

"1l have a fewnore details onthis as we
go al ong.

The J groove wel ds, thisis asinmlar view
for what was proposed to build and construct in the J
groove itself. You could see flaws al ong the | ower
part of the weld, through the weld, axial --

MR. ROSEN: It would help ne if you could
poi nt out as you're going along what you're talking
about .

MR. ALLEY: kay. We've got defects that
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woul d essentially be in the circunferential |ocation
even though it's on an off axis. You just talk a lot
about the off axis, but it's followi ng the weld root
ar ea.

W' ve got the axial flaws that would go
down through the weld approaching the triple point.
W' ve got flaws up through the triple point. These
are in the weld netal .

MR. WALLI'S: How do you nake t hose fl aws?

MR. ALLEY: Those flaws in the weld net al
were made by notches, and then col | apsed.

MR. WALLIS: Notches and then you squeeze
it all together again?

MR ALLEY: Yeah.

MR. ROSEN: Can you put the red dot on t he
triple point?

MR ALLEY: The triple point would be
right here.

MR. ROSEN:. Right there.

MR. ALLEY: So, again, you're thinking
this is probably on the ID. This is on the OD of the
weld. Soit's a --

PARTI Cl PANT: OD of the tube.

MR. ALLEY: | nean the OD of the tube,

even though it |looks like the ID. Exactly, you've
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opened up what's called a C scan view. So we've got
a variety of flaws proposed in here.

The next slide is just a copy of what we
call the J bl ock, which is, again, the tube weld -- 1
nean the tube defects that we put in here and the
| ocation. You can see the full scal e nock-up here on
the side, and we actually suspend it off the fl oor.
So we have to mani pul ate the equi pment underneath it
and then access up to the bottomof the tube and scan
t he tube.

These defects are in the tube thensel ves.
So you'll see ODcircunferential, IDcircunferential.
W see the axial flaws here, both OD and ID. This
particul ar bl ock was manuf actured as a piece and then
wel ded in place. W were able to --

MR. WALLIS: Excuse ne. These flaws are
straight, aren't they? They're relatively sinple
geonetry?

MR. ALLEY: Well, we tal ked about before
we' ve fastened them as nuch as we can. You have to
machi ne the notch in, and then we can col |l apse them
So there aren't absolutely straight specular
reflectors. They've got sonme twi sting and turning to
them W've tried to ermulate branching in sonme of

them They're just graphically shown here as being
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straight to show the orientation.

And thenit's very inportant to us that we
did sone work to show that the tip, as | nentioned
before, when it collapses it actually forms a little
Y. As all of that material collapses, it's very
i mportant because the vendors rely on cracked tip
detection as a nmeans for detection and sizing the
flaw. So now we have a couple of tips up here that we
can now detect with tip responses. If it was just a
specul ar reflector, we wouldn't get a very good tip
response off of that.

So that's the ones that are in the tube
mat eri al thensel ves. The next slide, again, shows the
K nock-up, we call it. This was the one with the weld
nmetal defects that are | ocated here, and then we've
got these defects are shown growing this way You
can't really see it in this slide, but they' re shown
growing circunferentially around the nozzle and up
t hrough the wel d.

So there are actual |y two bl ocks there for
that, and those, again, were ship flaws.

We did UT tests on the inside of the tube
to try to detect these. Again, we're interested in
seeing how far in the weld nmetal we can see things,

and we did eddy current inspections fromthe wetted
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surface to see the interface of these flaws to where
they interface to wetted surfaces.

MR. ROSEN:. How do you put the pressure on
the outside of this thing to close the --

MR ALLEY: It's done in autoclave.

MR. ROSEN. You meke this whole part and
put it in the autoclave?

MR ALLEY: Well, there's kind of a --
usual ly we end up having to crop it off here and crop
it off somewhere else and weld it together and
reassenble it. W nmake sure that the area that
contains the effects here is what goes through the
treatnent, and then we'll manufacture that in place.
W can't put that whole block in.

So it can cause us sone soni c concerns out
here and sonme soni c concerns down here, but that's not
the area of interest for us.

MR. ROSEN: So you put it in the autocl ave
and you t ake t he aut ocl ave up to a coupl e t housand psi
MR ALLEY: Yeah, | forgot.

MR. MATHEWS: Forty-five thousand.

MR.  ALLEY: |'ve forgotten what the
pressure is, but it's --

MR. PONERS:. Are you doi hg your own or are

you havi ng sonebody do it for you?
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MR. ALLEY: EPR does this for us.

MR. POAERS: Onh, okay.

MR. ALLEY: One of the fewfacilities to
do this is at the NDE Center. So we're able to do
that there. But we are very confined as far as the
size of the flaw. | think its axial length, and I'm
not sure what volune we're able to acconmpdate, but
it's --

MR. ROSEN. If it's something to 45,000
psi, it's too big.

MR.  POVERS: There's a guy up in
Worcester, Massachusetts that uses a bell off one of
the U S. battle ships, and so it has either a 14 or a
16 inch bore onit for doing both HHP and CIP. So if
you need a bigger one, there are bigger ones around.

MR. ALLEY: Yeah. C P works well for us.
We found the HIP actually will fuse some of the flaw
characteristics back together again. So sonically
we're kind of |locked into the CIP process.

MR. ROSEN: After all of this work, you' ve
gone back and fused --

MR. PONERS: It mght nake them | ook
realistic.

MR ALLEY: That woul d be debat abl e.

Okay. The next slideis goingto showthe
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nock-up that was designed for the eddy current
inspection, and here we just have a plastic
representation of the vessel and the nozzl e, and we' ve
machi ned into this receptacl es, square receptacl es for
t hese coupons. W're able to grow these coupons in
t he | aboratory.

As | nentioned before, they contain actual
SCC cracks. Then we're able to take these coupons and
inmbed them in this sanple and then run the eddy
current probe around the sanple. This allows us to
m x them up and change them around and keeps some
bl i ndness to these tests.

But we are actual ly usi ng SCC sanpl es for
t he eddy current.

MR. ROSEN. So that's fairly clever.

MR ALLEY: W have our nonents.

MR. MATHEWS: Except these wel d beads are
strai ght instead of curved, you know.

MR ALLEY: Yeah.

MR. NMATHEWS: But it is a way that you
could shuffle things around and give each guy a
different test.

MR. ALLEY: W're able to vary the width
and the length and the orientation of the flaws this

way because we grow themin the | aboratory, and then
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we can transport themover to the sanple. W don't
have to worry about trying to grow them in that
sanpl e, which would be a very difficult task to do.

The next slide just shows the cl ose-up.

CO- CHAI RVAN S| EBER: That rmakes an
interface though of materials, right?

MR ALLEY: Yeah, but the --

CO CHAI RVAN SIEBER: I1t's very hard to get
a sonic.

MR ALLEY: This is an eddy current.

CO CHAI RVAN SI EBER:  An eddy current.

MR.  ALLEY: Yeah. So we're just
interested in the service, and the flaws, if you'll
put the next slide up, I'mnot sure you'll be able to
see themin the view, but we can show it and see.

We've got -- well, yeah. See, there's a
flawright there, which is in one of the beads of the
weld. The flawis actually contained right in there.
So we're able to inbed that fromthe eddy current.
You know, we can just windowin on that area and test
t hat coupon.

MR. ROSEN: Is that difficult on the
surface that you see in the field?

MR. MATHEWS: It's pretty rough.

MR. ALLEY: It's pretty rough actually.
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There's probably sone vessels out there that aren't
t hat rough, but nost of themwe find the conditionis
much better than that. Sone of themhave been ground
snooth. There are just various states of condition on
t hese J groove wel ds, which is anissue we continue to
westle wth.

Ckay. You can change it to the next
slide. We'IIl start going over sone general rolled up
results fromwhat the vendors were abl e to acconpl i sh.

Again, for Vendor A if we look at the
bl ade probe UT or the penetration tube, now, bl ade
probe, again, is one transducer on a very flexible
metal stick. It's actually split up the side of the
nozzle. So we have to conbi ned different bl ade probe
results which 1'll show you a table of that in a
nonent. but we were able to detect flaws it raised
from15 to 100 percent through wall were detected as
part of this process.

When t hey' re ori ent ed per pendi cul ar to t he
beamdirection, we're able to detect flaws 15 to 100
percent through wall whenthey' re oriented parallel to
t he beam direction

MR. WALLIS: Now, does that neans you do
not detect them if they're 12 percent or just you

didn't investigate that?
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MR. ALLEY: No, they were not detected if

they were less than --

MR,  WALLI S: They have to be bigger
t han --

MR. ALLEY: That's correct. That was the
m ni nrum detectability.

MR VWALLIS: Is the resolution limt.

MR, ALLEY: That was the mninmm
detectability for those flaws. W had flaws in the

bl ocks that were smaller than that that were not

det ect ed.
Okay. Now, it's inportant -- excuse ne?
MR. POAERS: How is the probe coupl ed?
MR ALLEY: It's just water.
MR. POAERS: You i merse --
MR,  ALLEY: No. They've got a little

squirter that cones at the back of the probe and j ust
sprays the coupling on the nozzle to the bl ade probes.

Now, the rotating probes are usually done
with a boot or sonething on the bottomthat fl ood the
tube. It's inportant to note here one of the things
we wanted to try to understand better was just beam
direction orientation because with bl ade probes to go
in and try to do the sane |evel of exam nation you

woul d do with the rotating probe, which has seven or
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ei ght different probe packages on it, you would have
to do eight separate exans.

So you begin to swap off what you're able
to acconplish with a given exam Are you | ooking for
circunferential flaws or axial flaws, and are the
detection capabilities of one flawfor a flawthat's
not oriented right for that direction of sound? You
like for the sound to cone in perpendicular to the
flaws all the tinme, but what happens if it's comngin
the sanme direction of the flaws? VWhat's our
detectability?

There's two phil osophies in doing this,
and again, this gets tothe utility specific part of
this. It's certainly the prior information we had on
MRP 75 said you've got to have an axial flaw before
you can have |eakage to the annulus and get a
circunferential flaw.

So some utility said, "lI'm going to go
| ook for axial flaws. |"m going to look in this
direction to find the large axials because if | have
no large axials |I can't have circunferential."

O her wutilities have said, "Well, |I'm
going to go in and I'"'mgoing to | ook for the safety
significant circunferential flaw." So they want to

l ook in this direction.
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So inmedi ately the questionis: well, if
you didn't find any circunferential flaws, what kind
of detectability do you have for the axial flaws
| ooking inthe other orientation? That's part of this
nock- up. That's why you see the notes in here
indicating the flawdirection and the beamdirection.

So we found that we had very good
detection capabilities with the off axis probe. So
the circunferential probes did fairly well. For the
axial flaws and t he axi al probes, didfairly well with
the circunferential.

CO CHAI RVAN FORD: I n the newrevision of
MRP 75, you start to calculate the ampbunt crack to
grow, you assune that the crack grows 15 percent,
t hrough wal | thickness.

MR. MATHEWS: That would factor into the
rei nspection frequency. Were do you start and how
| ong can you grow?

CO- CHAI RVAN FORD:  That's right.

MR. MATHEWS: And |' mnot sure 15 woul d be
t he nunber we'd use. It may be sonmething bigger. |I'm
not sure, but when you're trying to figure out what
t he reinspection frequency is, you' d start there and
growfromthere. | would think that would be a way to

do it. Makes sense.
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MR ALLEY: So we saw on Vendor A the

bl ade probe performance, the open tube. Rot at i ng
probe performance, again, was a little better, 13
percent to 100 percent, again wth the ideal
orientation, andw th the non-ideal orientation we had
15 to 100 percent.

You' | | see t hese nunber s pretty
consi stently through here, which tends to indicate to
some we're probably pushing the boundaries of the
t echnol ogy.

Vendor B, we see the sane nunbers, 15 to
100 percent for bl ade probe and 15 to 100 percent for
t he non-opti mumorientati on bl ade probe. Open tube,
we see down to ten percent here for this particular
vendor, perform perhaps a little better, although
we're starting to get, you know-- the five percent is
starting to get kind of in the grass.

MR. ROSEN: What does the E in TWE stand
for?

MR. ALLEY: The through wall extent.

MR, ROSEN: Extent.

MR. ALLEY: Then the open tube rotating
probe, tube to weld interface. One vendor chose not
totry to qualify detection. Vendor A chose not to

try to qualify detection of flaws in the weld netal
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with the tube scanner.

Vendor B selected to try to denonstrate
that they had the ability to see through the tube into
the weld netal. So we saw that we were able to see
tube to weld netal interface flaws when the flaws
extended up to the triple point. So that big, |ong
flaw that we showed in that nock-up when you asked
where the triple point was, you're abl e to detect that
at the interface. The flaws that actually weren't
that |arge and went through that interface you were
unabl e to detect.

The wel d netal is highly attenuative and
very, very difficult to examne, and what we're
finding out i s even under the best of conditions right
now t o get sound energy through the tube and into the
weld netal and get any kind of detection there is
quite a chal |l enge.

CO CHAI RVAN FORD: | recogni ze, Tom that
you're not qualifying people, these vendors. |If he
chooses not to do it, then do you use hinf?

MR.  ALLEY: Well, it depends on your
phi |l osophy again. | mean, sone utilities said that
" mgoing to use as a basis for ny i nspecti on program
an exam nation of the triple point to showthat |I have

no leaking into the annulus and, therefore, no
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circunferential flaw.

So if that wutility used that as an
approach, they would go to this denp, and | would
t hi nk that they woul d have to have a vendor that woul d
be able to interrogate that interface. I f they
didn't, then to me then they would have to take an
al ternate approach.

That kind of |eaves some flexibility in
the situation as | nentioned before.

kay. Again, just toreiterate, the weld
nmetal flaws that did not extend up to the triple point
were not detected. So if we're seeing anything in
that weld netal, we're seeing just a very, very snall
volume of that weld netal right at that tube
i nterface.

Vendor C | ooked at bl ade probe UT as wel |,
16 percent to 100 percent, 18 to 100 percent. The
open tube scanner was 13 to 100 and fl aws ranged from
15 to 100 with t he open tube scanner that are oriented
parallel to the beam direction.

Again, we're seeing a |lot of consistency
in these nunbers. They are fromten to 15 percent to
100 percent through wall for all of these vendors.
Now, what that nmeans to nme personally is we're

starting to push that techni que about as far as we can
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get it. It's very consistent fromvendor to vendor,
and they' re using different transducers and di fferent
probes and things that are slightly different. It's
each their own approach to solving this problem yet
they're getting the sane performance fromit. So |
tend to think we're probably pushing the bounds
slightly.

MR. POVNERS: Does it also nmean that the
test is not very challenging to thenf

MR. ALLEY: It's not very chall engi ng?

MR POVNERS: Yeah.

MR. ALLEY: It's very challenging. It's
very chal | engi ng.

MR. PONERS: |If it was very chall enging,
woul dn't you see a scatter between the best and the
worst and things |ike that?

MR,  ALLEY: Well, when | say very
challenging, | think that if you | ook at the open tube
scanners, we're using the sheer wave data, tine of
flight data. We're using straight beamdata. W' ve
got about all of the sound energy in different nodes
t hat we can put into that volume we're putting in that
volume with those open tube scanners, and these are
the results that we're getting out.

And | think that's telling us that with
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everything we know to throw into that volune, these
are the best results we're going to get. And we're
seeing that consistently fromvendor to vendor.

| will say there's not a whole lot of
difference in the way that they have attacked this
problemwi th regards to their techni ques, but then,
agai n, those techni ques are pretty readily understood

by the i ndustry as bei ng t he best techni ques avail abl e

to do this.

The next slide gives us just the flaw
desi gnati ons and nonmenclature again. This will go
along with the table I'Il present in a mnute. You

have these in your handout, although they m ght be
hard for you to read, but it gives you the
orientation, the flaws, and the type of flaws that
were contained in that nock-up. Sothisis just a key
for the table I1'mgoing to show you next.

This is just a representative sanple of
the results that were obtained. The reason | wanted
to showthis to you is not necessarily to conmunicate
t he exact results that we achieved with this vendor,
but to showyou all of the variations that we have and
t he inspection capabilities that were there.

You see the A, B, and C type flaws that

were referenced in the previous slide. You see down
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the left-hand side the axial blade probes, the
circunferential blade probes, the open tube scanners,
you see different increments inthe open tube scanner.
You know, we're |looking at do we take five degree
slides through these probes or three degree slides
t hrough these problens. It basically doubles the
inspection tinme for the utility.

Soif theutility wanted to take a farther
B cut through it, what does that do to the detection
limts and the ability of the system and the
performance of the transducers to increase those
i ncrement s?

So we tried all of these different
variations. So this table here was just to basically
highlight to you that it's a very conplex set of
results that are used when an i ndi vidual utility would
go in to select a vendor.

The next slide |l wantedtotalk briefly on
t he eddy current denonstrati ons. One vendor chose to
denmonstrate eddy current at the tinme of the 2002
denmonstrations. W've got very, very nmixed results
with regards to eddy current.

As we've already alluded to earlier,
detection is very sensitive to the weld surface

conditions, and we'l | give you sone data that supports
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t hat concl usi on.

The ground surface condition, we had
smoot h surfaces of the welds to do the eddy current
i nspections on. W were able to detect 1/160, 000 i nch
long flaws with about 3/10 of a mi| in wdth.

To contrast that, on the unground, as
wel ded surface conditions, we did detect a flaw t hat
was a half inch long roughly by two mls wide. W
also mssed a 1.5 inch long flaw that was five mls
wi de. OCkay? So we're very sensitive to surface
condition with the eddy current.

And EPRI right nowis working onincreased
sensitivity with array (phonetic) probes and sone
other probes that we're trying to deploy to help
el i m nat e sone of these issues, but what we're finding
out with eddy current is that there's going to be
aswanp between the fal se call rates and t he detection
[imts of what we have and what we're able to find in
reality.

We could go in and we coul d i ncrease the
sensitivities and i ncrease the gains of these probes
so that we found everything and just paint the surface
bl ack, but that doesn't hel p us deci de what's real and
what's not real.

So there's this constant swap in eddy
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current in trying to find this mddle ground here
where you' ve got good sensitivity for the flaws you
want to find, but you re not out there increasing your
false call rates to a point that you can't nanage the
false calls. W' ve got sonme work to do in eddy
current.

CO CHAI RVAN FORD: |Is there any, quote,
control on the grinding that has to be done in order
to make this be nore sensitive?

MR ALLEY: Well, there is no grinding
that we do in the field because if we grind in the
field, we induce cold work in the weld, and that's
going to cause us a lot of problenms with crack
initiation. So we're stuck with what we were
delivered during the original manufacture.

CO CHAI RVAN FORD:  Ckay.

MR ALLEY: So, you know, one of the
chal l enges that goes to a utility if they want to do
the eddy current exam nations or to |look at the
surface conditions of their welds and nake certain
that that's a good exam phil osophy for themto adopt,
and if it's not, then they need to go to the
volunmetric exans of the two materials.

So, again, it's pretty much utility

specific.
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MR. MATHEWS: Correct nme if I'mwong. |

believe that long flaw that was m ssed was on one of
t he rougher sanpl es.

MR. ALLEY: It was a very rough sanple.
| mean, this is the extrenme, but it does give you an
i dea.

Future denps. The Technatone fol ks are
going to denmp eddy current of the attachnent wel ds.
That's scheduled for next nonth. W' ve al ready
conpl eted the volunetric exans there, open tube and
bl ade tube scanning capabilities for one of the
vendors there.

Framatonme is going to eddy current the
attachment wel ds. We just conpleted kind of a
prelimnary scan | ast week wi t h t he Framat one scanners
depl oyi ng the new EPRI array eddy current technique.
They had sonme scanner probl ens, sone cont act probl ens.
So they' ve gone back to work on that sone nore.

There's other surface nethods that are
being | ooked at by the various vendors out there.
Framat ome and WesDyne both are | ooking at a therma
i magi ng process where they induce a |aser thernmal
fieldinthe weld surface, and that's affected by the
track, and you get a thermal inmage back

So they' re bot h worki ng on t he depl oynent
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of that.

WesDyne is |ooking at the UT end of the
tube to weld interface steel. Again, that's |ooking
at the critical point. They're trying to increase

sensitivity of that area, eddy current of the
attachment weld and, as | nentioned before, thernal
i magi ng.

B&W Canada has recently conme onto the
scene as far as inspection capabilities for pre-
service i nspection of new heads. W basically invoke
t he sane requi renents for pre-service i nspection that
we do for in-service inspection. So we're able to
basel i ne what's out there.

One of the biggest i ssues we have to deal
with right nowinthe inspection conmunity is we don't
have a basel i ne of what was originally manufactured.
So that's a lot of the issues the utility has with
doi ng eddy current today and doi ng penetrating exans
today, is that we know the crack growth rates in the
weld nmetal are difficult to manage. Yet we know t hat
these weld netals contain point type defects and
little defects in themthat have been there since the
day they were manufact ured.

So we continue to westle with howwe're

going to handle that. Now, we're going to get ahead
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of that on new heads, as I'lIl nmention here in a
m nut e, but B&WCanada i s schedul ed next week actual |y
to start doing the UT exam nati on of the nock-ups, and

then in May they're |ooking at doing eddy current

exans.

Future activities for the inspection
comm ttee. W have a new set of nock-ups under
construction. W got a lot of feedback from the

vendors that indicated that the nock-up process that
we use now gave thema very good opportunity to train
people. They goout inthe field and they may not see
aflawfor two or three exans, and we' ve got bl ocks in
here that have got 30, 40, 50 flaws in it.

So we'd really like to have the key to
t hese bl ocks so that we can train people on what we
have. W thought that was a very nobl e cause.

We' re goi ng to manuf act ure anot her set of
nock- ups that can be used as blind nock-ups, and we're
going to turn over all of this data to the i nspection
vendors in hopes that they will be able to train
peopl e and inprove their capabilities.

Repl acenment head inspections. We' ve
issued -- is the letter issued now, the pre-service
letter? W' ve got a letter either issued or pending

to be i ssued recommendi ng t he pre-service requirenents
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f or anybody havi ng a head manuf act ured now, which wi ||
i ncl ude surface wel d, eddy current, PT, volunetric of
t he tube.

W' re al so goi ng to do equi val ent studi es.
W believe there will be no acoustic differences
bet ween Al'l oy 82 and 182 and t he 52 and 152, but we're
going to build a mniature set of bl ocks i nto acoustic
studi es on that so that we now feel very confortable
i nusingthe denonstration process that we have denoed
for the All oy 600 on the newfabrication. So we'rein
t he process of doing that work.

Now t he nock-up drawi ngs are already in
pl ace, and then as we have nentioned before, we're
very nmuch tuned to what's going on with the North Anna
head. We've asked the inspected vendors to provide
i nspection data or rescan the tubes that are going to
be destructively analyzed. I think it's vitally
i mportant that we're able to conpare the truth to the
i ndi cat ed.

So in sunmary, the MRP has an organi zed
and conprehensive approach to the recent industry
events. W believe we've nade consi derabl e progress
considering the short amunt of tinme we've been
working on this. W didn't have techni ques for doing

this two, two and a half years ago. | think we have
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come a long ways with the denonstrations and the
devel opnent of equi pnent.

The denonstrati ons are an ongoi ng process.
| don't see it comng to an end any tinme soon. W're
getting ready to go through another round as you saw
on the future correction, and we don't see that com ng
to an end.

W realize that there needs to be
i ncreased enphasis on the attachment welds and
i nspection frequencies. W' re working on arate probe
ri ght now, eddy current, to do the J groove wel ds and
i mprove inspection capabilities on that.

And t hat concl udes the comments | have for
you.

CO CHAI RMVAN  FORD: Tom thank you very
nmuch.

| believe, Alex, you would Iike to nake a
conment? A couple of mnutes. The industry --

MR. PONERS: | et me just ask one questi on.
This was very interesting and nobel effort to devel op
and test the capabilities to detect cracks, but you're
still doing it with artificial cracks, cracks not
produced by chem stry, but you're goingtoapplyit to
| ooki ng at structures that, in fact, have root cracks,

root cracks produced by chem stry.
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When do we get a report card or how do we
go about getting a report card that says, "Cee, these
guys inspected all of these |ocations and they got
99. 3 percent of all the cracks"?

MR ALLEY: That's going to be very
difficult because you'd have to cut wup sanples
essentially to understand what you mssed. | think
it's pretty easy -- | won't say it's easy because it's
difficult just froman access standpoint, but it is an
easi er question to prove that you saw what you saw.
What's difficult to prove is that you didn't see
sonething that's out there, and the only way to do
that is just to take good sanples and start cutting
t hose up because we don't have a way to know that
there's anything in them

So that half of that question is doable,
and | think the North Anna piece is certainly a
component to that. The other half of that | just
don't understand how you would do that. | don't
understand how you would understand what you' ve
m ssed.

The other that | think is an inportant
coment to nmake with regards to real flaws versus
fabricated flaws, and that is we continue where we

have real flaws and where we have renoved real fl aws
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from service and understand what they are. We
continue to conpare the ultrasonic signals, the wave
fornms that were generated fromreal flaws to those
from manufactured flaws, and we have very good
correlation of the signal responses of the
manuf actured flaws to the real fl aws.

So we continue to try to get better and
better information with regards to showi ng that the
fabricated flaws have sim | ar responses to the real
flaws.

MR.  POWERS: The difficulty is there
doesn't seemto be -- | mean, | never see a plot that
says, "Here is the real ness of ny fabricated flaw, the
fraction of real ness,"” you know, sone neasure of, you

know, what a real flawl ooks |Ii ke versus a fabricated

flaw. |'ve never seen anything like that. | never
know. They say, "Well, it's a good characteristic,”
but you know, |I'ma very generous person. |'ll say

that sonething is good that Peter here would say
that's bl oody awful or sone equival ent expression.
MR. ALLEY: Well, again, what we have done
is we have taken ultrasonic responses. | believe we
t ook some of f of V.C. Summer actual |y and di d acoustic
studi es | ooki ng at the way forns and t he way t hat t hat

data was generated by and conpared that to the
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manuf actured flaws to nmake sure that the way forns
appeared the sane.

We do those where we have the opportunity
to do that. W have sone data on that. | don't know
how extensive it is, but we do have sone.

MR. MATHEWS: And it seens |ike in the PDI
process where they were com ng up with how you build
the | ots of sanples you' ve got to have for doing PDI.
They went through extensive discussions with Dr.
Doctor and others at the staff about what's an
acceptable way to build the flaws to put into the
sanples to do your PDI testing, and so sone of that
was, you know, |I'msure used in the thought processes
of the people who were designing these flaws.

VR. ALLEY: And, again, for the
qual i fication and denonstrati on process you have to
know t he di nensi ons of that flawto be able to answer
your ot her questions that you have about how accurate
are the results. So you've got to wei gh the accuracy
of the information that you're treating as truth.

M5. VESTON: Tom are the heads that have
been repl aced, candi dates for | ooking at actual fl aws
of those you m ght have m ssed?

MR.  ALLEY: Certainly North Anna is.

That' s one of the things we want to dowith with North
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Anna. | don't know that there's any work proposed
right now on any of the other heads to do anything
i ke that.

Certainly the Duke head, I know, we fixed
all of the flaws we found. We ground them out.
They' re on chips on the floor. So | don't know what
opportunities we'd have.

The North Anna head certainly presents us
with a great opportunity, and we're going to seize
t hat .

MR. MATHEWS: And the nice thing about
North Anna -- well, | won't call it nice. The North
Anna 2 head was replaced in an outage in which there
was a | ot of inspection done, and then the decision
made to replace. Most of the time when you're
repl aci ng the head, you've planned it.

We're not going in and spend two or $3
mllion to inspect something that's going to the
gar bage dunp, and so you don't have that |ast cycle
i nspection result unless you go pay to do it.

CO CHAI RVAN  FORD: Are there any other
questions for either Tomor Larry?

(No response.)

CO CHAI RVAN FORD:  Okay. Al ex.

Thank you very nuch
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MR. MARI ON:  Thank you.

For the record, ny name is Al ex Marion.
|'m Director of Engineering at NEI.

And during the di scussions this norning,
| realized that it may be informative and useful to
you folk to get a sense of what we have in place
within the industry to take a nore holistic view, an
integrated view of how industry deals wth the
managenment of materials issues noving forward.

And let ne just make it very clear that
when the EPRI materials reliability program was
formed, the basic objective was to position it to be
totally proactive, and as you heard this norning,
| ooking at the regul atory docunents that have been
i ssued over the past couple of years, specifically
three bulletins and an order, it's very difficult for
a group like the MRP to be proactive in that kind of
envi ronnment .

Now, here we are today with new findi ngs
com ng out of the South Texas project, and we have to
wait and see what the results of the anal yses are and
t hen det erm ne what the generic applicability is going
to be, et cetera. And, again, we're in a reactive
node in dealing with the planned experiences.

Last sunmer as aresult of the Davi s- Besse
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event, questions were rai sed anong the i ndustry chi ef
executive officers sa to whether or not the industry
was dealing with these issues wth the proper
perspective. Are we | ooking at themas conpletely as
possi bl e, as objectively as possible so that we can
determ ne what needs to be done and then apply the
i ndustry resources to do that, and can we position
ourselves to deal both with the reactive el enent of
these issues, as well as the necessary proactive
el ement ?

And from those di scussions an executive
task force was fornmed and a working group, and the
initial thrust of the effort was to conduct a self-
assessnent of the industry programs, of the major
i ndustry prograns dealing with materials performance
i ssues.

And the self-assessment was conpl eted.
Fi ndi ngs and reconmendat i ons were conmuni cated to t he
i ndustry chi ef nucl ear officers, and we've devel oped
a gui deline docunent for a nore bal anced and a nore
integrated, industry-wide nmanagenent schene for
mat erials i ssues noving forward.

And t hat docunment was just distributedto
the chief nuclear officers last Friday for their

revi ew and approval, and we hope to get their support
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to endorse a formal industry initiative that
establishes this new nmanagenent process in an
integrated manner as the industry noves fowards in
dealing with materials issues in the future.

This is not in any way a criticismof any
of the prograns, and it does not in any way suggest
t hat t he exi sting prograns have to change drastically,
but what we're trying to acconplish with this effort
is to position the industry overall to be nore
proactive when -- let me give you an exanple -- when
an issue occurs at a plant.

The first question that cones to m nd:
what do we know about this degradation nechani sn?
VWhat do we not know? \VWhat do we need to do to
i mprovenent our intelligence base so that we can nove
forward with the right course of action in terns of
i nspection and repair mtigation, what have you?

And as you can appreci ate, sone of these
are very conpl ex, technical issues. As we talked
about today, alot of informati on needs to be brought
to bear if you're going to nake the right decision

So clearly operating experience and
i mprovi ng your knowl edge base on this degradation or
t hese degradati on nmechanisns is very inportant, and

we' re hopeful that we can position the industry and
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deal with a lot of this information on an
i nternational |level to make our actions in the future
much, nmuch nore conpl etely inforned.

Qur goal is to be sufficiently proactive
so that we can prevent events at plants or incidents
at plants, as Chairman Diaz |likes to characterize
Davi s- Besse, at a minimum and that's what we hope to
achieve. And | thought it would be of some interest
to you to get a brief discussion of that.

And that conpletes what | had to say. |
don't know if you'll have any questions about the
effort or not. Qur intent is to have this new process
in place effective the first of 2004.

CO CHAI RVAN FORD: Thank you very much
i ndeed.

MR. MARI ON:  Thank you.

CO CHAI RVAN FORD:  Any questions?

(No response.)

CO CHAIRVAN FORD: 1'd like to thank the
i ndustry presentations, representatives. Thank you
very much, i ndeed.

We're going to change nowto the NRC and
Bill Cullen.

MR. CULLEN: Al right. Let's go here

because we've got the TV and we've got the handouts
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and we' ve got everything el se.

For the record, 1I'm Bill Cullen from
Mat eri al s Engi neering Branch here at the U S. NRC s
O fice of Research.

Just a quick word. | joined this agency
just a hair over a year or so ago, and wi thin about 30
days after | started we got notification about Davis-
Besse.

MR. POVERS: Oh, so you were the
responsi bl e party here.

MR. CULLEN: Sonethinglike that nust have
happened.

Sothisis ny first presentationinthis
go-round in front of the ACRS, but about 25 or so
years ago when | was a contractor to the NRC, | had a
few opportunity to appear before the then ACRS.

|"ve got several things we're going to
tal k about today, but they do all fall into the very
general categories of CRDM cracking i ssues, which of
course we've been tal king about virtually the whole
nor ni ng.

And then in the second al nost half of the
presentation | want totalk alittle bit about sone of
t he specifics on Davis-Besse and what the Ofice of

Research i s doi ng to address sone of the i ssues rai sed
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by that.

So noving ahead here, there's a half a
dozen or so individual itens. W're going to talk a
little bit about the research that we're currently
funding in those areas that are shown; a little bit
nore on some additional prograns that are not funded
by the NRC, although we may participate in sone of
these efforts, but these are efforts in other
countries and by other groups that really do bring an
awful lot to bear on the topics that we're talking
about here.

| want to talk a little bit to get a
little noreinto some specifics about some t hi ngs t hat
| feel could be done or could be certainly thought
about to be done here in the US. to |ook at sone
heat - by- heat anal yses of the tubing material s that are
in some of our plants; look a little bit at a topic
that has been nentioned and, in fact, somewhat
extensively this norning, but nonmention of this topic
coul d be extensive enough for my liking. 1 think that
stress anal ysis of these penetrations of fers an aw ul
| ot of potential for our understanding of what it is
that is going on in these things.

l"mgoing totalk alittle bit about the

potential for NRC-industry col | aboration, a potenti al
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that -- and I'Il be very honest about this -- is not
approachi ng activation nearly fast enough to satisfy
nme, and |'mgoing to try to nake a point of that when
we get to it.

And then 1'Il close with a fairly
ext ensi ve di scussion on sone of the findings that the
i ndustry has provided to us on their exam nations of
t he Davis-Besse cavity and specifically what that
means to the NRC and to the Materials Engineering
Branch as research, in particular

Also, just as a little bit of an
advertisenent, I'mgoing to talk up here about sone
LLTF, lessons learned task force, issues that they
rai sed about stress corrosion cracking in the Al oy
600 and then the boric acid corrosion issue. But down
here -- and you'll hear about both of these things in
a much nore detail tomorrow. One of ny col |l eagues,
Danny Santos will be talking specifically tonorrow
about the LLTF recomendations on the Dbarrier
integrity or on |l eakage, and that's anot her i ssue t hat
was raised sonewhat extensively this norning and |
think will be a good deal tal ked about tonorrowon the
| eakage i ssue and what t hose reconmendati ons nean and
what we might be led to in that particul ar area.

Ckay.
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MR. PONERS: Let me -- | nean, you've

given me quite a list of research activities that
you're involved in either as a principal or as a
partner and a fewresearch activities that you'd |like
to be involved in.

And what |' mstrugglingwith herealittle
bit is why are you involved at all. | Mean, isn't
this an i ndustry problenf? They've got tofixit. Al
the NRC has to do is say prove to ne that your vessel
has sufficient integrity for ne to let you keep
runni ng.

MR, CULLEN: It sounds to nme like a
guestion you have asked before.

MR POVERS: I|"'m practiced at this
guesti on.

MR.  CULLEN: You' ve practiced this
guestion. W've practiced our answer.

There are two reasons. One is that we
must do an ASP, an accident sequence precursor
analysis. 1T s a congressional requirenment, and for
t hat ASP anal ysis, we have got to do cal cul ati ons of
the properties, the situation, if you will, at the
Davi s- Besse pl ant, starting fromone year before this
was found up until the tinme that it was found.

In order to do that sort of cal cul ati on,
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there's a lot of information that we need about the
shape and the size and the characteristics of the
cavity and of the exposed clad. That's why I, in
particular, as a materials kind of guy, amvery, very
interested in the findings that the industry has
produced i n showi ng what those findings are and what
t hey mean to us.

It isnot my position, however, to present
these findings to you, to discuss them You are
absolutely correct in that regard. 1t's an industry
problem what it was that they found t here and what it
was that led to that. It's their responsibility to
create the root cause.

The second reason that we're involved in
this thing is that it is of enornobus interest to a
great percentage, great fraction of our stakehol ders,
internally and external ly, the |icensees, the general
public, and for that reason we are doi ng a reasonabl e
amount of research that addresses sone of those
specific things in which we have an interest.

MR. PONERS:. |t seenms to e that what your
st akehol ders want coul d be adequately served if you
wor ked as a cl eari nghouse and revi ewer of infornation
generated by the industry. 1'Il give in to you on

ltemA(2). You need sone information, but the rest of
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it, I nmean, it seens like all you have to do is read

Corrosion and Corrosion Science and keep --

MR. CULLEN: Were that the case. Well, a
coupl e of ways of responding to that. Oneis onthis
issue of corrosion -- and, again, there wll be
anot her opportunity a little deeper into the
presentation to get intothis alittle bit nore --
was quite aghast, is a reasonably good word, in the
mddle to later part of March when | went into the
research to try to dig out sone of the properties of
corrosion of lowal |l oy steel and boric acid sol utions,
and while there is quite a lot that has been witten,
EPRI had put together the "Boric Acid Corrosion Guide
Book," with which you are fam liar, and there's a | ot
of experinents that are di scussedinthere. Virtually
none of them nodel accurately the Davis-Besse
experi ence.

Now, you've heard this norning -- and
it's correct -- EPRI has an RFP out on t he market now
to create sonme nock-ups, anong other things, that
woul d per haps do t hat somewhat after the fact and wil |
add to our research base, and we in the Mterials
Engi neering Branch al so have a corrosion -- work as a
corrosion programthat | certainly want to admt, if

you will, that it was spurred on by the Davis-Besse
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experience, but our program is not Davis-Besse
specific in any sense of the word. It is nore
generically nore broad based, broad brushed | ook at
corrosion of low alloy steels.

MR. PONERS: | don't think the Chairman
wants to spend an enornous anmount of timeonny little
heartache here, but what | will comrent is that when
| 1ook at this slide | cannot understand where you're
trying togowth this corrosion program what you're
trying to achi eve, what capabilities you want to have.
kay?

It looks like a bunch of things that
you're plucking up to respond for the current
incident, whichit's worth responding to the current
i ncident, | suspect, but I'mnore concerned about the
next 25 years where |' mvi si bly | ooki ng at things that
have |icense renoval and stuff |ike that.

MR, CULLEN. Well, | would agree with you
that it is not in our mandate at all to address
I i censee specific issues and solve that issue for the
licensee. W all understand that quite well.

But when sone of these i ssues either cause
us to recogni ze that there's a nore generic substrate
that underlies that, then | think that it is our

business to go about investigating that generic
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substrate, and there are sonme other things that bear
on this, too.

| tend to think that we do have sone
mandate to resolve issues that are of concern to a
reasonabl e fraction of our stakehol ders, and | think
this is certainly one of those things.

kay. Let's nove on a little bit here,
and | do want to discuss one of these issues that
maybe falls into this category. W are doing a
structural integrity assessnment of the cavity and the
exposed clad at the Davis-Besse plant. That
information is very specifically absolutely required
by the ASP analysis, and it is for that that we are
doing this predom nantly.

MR, POVNERS: Were do | go to find sone
docunent ati on that says what's required and how wel |
it's required to understand it?

MR CULLEN: What's required? Are you
asking for the statenment of work that was generated
for that progranf?

MR. POAERS: Maybe that's the docunent.

MR. CULLEN:. That's the first thing that
comes to ny mnd, and certainly tha t--

MR. PONERS: Somewhere sonebody has said

todothis ASPI've got to have this information, and
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it has to be this good.

MR, CULLEN. Well, asking the question
that way |'mnot quite the right person to answer it,
and | don't see anybody fromthe group doing the ASP
t hat woul d be qualified, but | suspect they al so have
a statement of work that is required. Pat Bernowski's
group and Gary DeMoss specifically is crunching the
nunbers and gat hering the data.

We have, you know, a fraction of the input
tothat that | will describe sonmewhat briefly sonmewhat
deep into ny presentation here, and then as |I've said
now, |'mgoing to show sone of the results that the
| i censees has provided to us about what they found in
that cavity and what it really means, and then sonme
ot her things that are spinoffs of all of this and why
we are doing those things as well.

Okay. Expanding a little bit now on one
of these itens fromthe second slide, we have had for
a great nmany years an environnentally assisted
cracking program going on at Argonne National
Laboratory, and this invol ves sone tasks that are very
specific to what we're tal king about today: stress
corrosion crack growth rate testing of nickel based
super alloys both in BWR and PWR wat er because many of

these alloys are used in both types of reactors,
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al though we're here today to tal k about the cracking
in the PAR nuch nore.

W are doing nore than just |ooking at
stress corrosion crack growh rates. In nost cases
we're also taking a look at sone of the other
properties of these alloys that can be brought to
bear, may have neaning for understanding the
mechani sms of the stress corrosion crack growh
process.

Thi s program has been ongoi ng; this task
i nthis programhas been ongoi ng si nce about 1997; has
generated a couple of NUREGs, which are certainly
avai l abl e, and we've been tal king today a | ot about
stress corrosion crack growh rate in Alloy 182, and
what | can point out is that we are due to receive a
report on stress corrosion crack growth rates out of
this Argonne program about a year and a half or so
from now.

And then after much nore testing has been
conpl eted, we're going to get another NUREGw th the
schedule in | ate 2005.

| can see a question com ng.

MR. POVERS: I'"'m going to ask another
question |'m practiced at.

MR CULLEN: Go for it.
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MR, POAERS: But | never get an answer to
this one. Maybe |I'I|l get one now.

W have 600 we don't |ike because of
cracks. Now we have 690 that we |ike better because
at least it's slower to crack. But ny European
friends, they're just ape over 800. Wiy aren't we
excited about 8007

MR CULLEN: | don't know the answer to
t hat . |'"d be happy to try to find that out. [ m
aware that in the German plants particularly in sone
of the Bel gium plants they --

MR. POAERS: They got religion over this

subj ect .

MR. CULLEN: Now, they are using that in
steamgenerators. | amnot aware of its use in |arger
di ameter, thicker section penetrations, but |'m

guessing a little bit on that answer.

Does anybody have any idea? Keith?

PARTI Cl PANT: Germans' use of steam
gener at ors.

MR.  CULLEN: Yeah. Let ne paraphrase
Keith's answer, which was the sane as the one | gave.
We knowit's bei ng used extensively in steamgenerat or
tubi ng and retubing, but again, I'mnot aware of any

use of that allow in thicker sections. |It's pretty
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expensive stuff, and that may be a reason that --

MR. POAERS: How expensive is it relative
to pulling out a steamgenerator and putting it back
in?

MR CULLEN: It certainly --

MR. PONERS:. | nean, it seenms to nme you
can spend an awful ot on an alloy if you don't have
to change your steam generator out every 20 years.

MR, CULLEN: Yeah, that's just not
something that | can coment on at all.

MR. POAERS: | was just curious.

CO CHAI RVAN FORD: |'ve got a question.
When you say eval uating strength, isthat specifically
for this question about | owtenperature enbrittl enent?

MR CULLEN: Not at this point. \What |
was referring to there is that as you know, Peter,
there's sonme dependance or proposed dependance of
crack growth rates on yield strength, of grain
boundary carbi de coverage, things |ike that.

Let ne junp ahead to sonmething | was goi ng
to say because | knowthis is very high on your m nd.
Can | give a little bit of a preanble though?

" m not sure that everybody in the room
under stands what you nean by the |ow tenperature

degradati on, but about a year or so ago, in the
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sunmertime of last year, there was a couple of
publ i cations generated by what's now cal | ed Bechtel -
Bettis Atom c Power Lab, where they presented sone
results of alowtenperature degradation in fracture
t oughness, in fracture toughness of Alloy 82 and sone
of its near neighbor variations.

That degradation happened under sone
rather specific set of circunstances. It was at 130
degrees Fahrenheit that the degradati on maxi m zed. It
was al so maxi m zed i n very hi ghly hydrogenat ed wat er.
Nor mal hydr ogenati on woul d be around 30 to 50 cc' s per
kil ogramof hydrogen. This degradation really kicked
in at higher hydrogen concentrations. | f menory
serves right they were up in around 150 or so cc's per
kil ogram when it got to be really strong.

So this was a degradation in fracture
t oughness in Alloy 82 and some of its kin.

There al sois arather well knowductility
dip cracking issue, which is a weldability issue.
kay. First off | was talking about a hydrogen
assi sted cracking issue. Now |'m tal king about a
wel dability issue, also in this sanme alloy, and that
data | argely conmes out of what we know is Lockheed-
Know es (phonetic) Atomc Power Lab. So it's

basi cal | y t he nucl ear Navy peopl e that have generated
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the bulk of the work to establish the problens with
Al'loy 52, 152, and simlar materials.

Some of these sane problens are also
found, by the way, in 182 and also in 690. | think
that's inportant to renenber, but the problem wth
stress corrosion cracking tends to disappear as the
t enperature increases.

So at reactor operatingtenperatures, this
i S a nonexi stent problem So there's two things going
agai nst this probl emunder normal operation. One is
the tenperature is too high. The other is that the
hydrogen is too low. So we're not likely to get this
degradation or | certainly wouldn't think we woul d get
t hi s degradati on under nornmal operating circunstances,
but this may be an issue of where there's snoke
there's fire.

My position, and 1'll speak really for
nmyself, is that we want to stand back a little bit,
continue to watch the work that is generated by the
nucl ear Navy, watch the work which is generated by the
i ndustry and nmake our own deci si ons about whet her or
not this really appears to be an issue that may have
saf ety inportance.

The other thing that we're going to be

finding out starting quite soon is that the first of
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the French plants to replace their heads i s com ng up
for their ten-year inspection rather shortly, |ater
this year, next year. |'mnot sure, but very soonis
t he answer.

We're going to get the first eval uati on,
if you wll, the first information about the
performance of these replacenent heads from the
experience that the French wll have in these
i nspections, and of course, you know they've been
repl acing heads at the rate of three, four, five a
year. So they're going to be generating an equal
nunber of ten-year inspections fromnow over the next
ten years.

So we will be getting an awful |ot of
i nformation, precursing information that should be
very, very useful to us. Again, | have a few nore
things | want to say regarding that, but it all bears
on what | think we will be able to find out going
forward on this issue of Alloy 52 and 152.

So goi ng back to Peter's question, totry
to bring closure to that now, Peter asked ne whet her
or not we're evaluating strength in the sense of the
| ow tenperature degradati on and toughness, and the
answer here is no. W are evaluating strength within

our programsinply as correlative information to the
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stress corrosion cracking determnation on these
particular materials.

CO CHAI RVMAN FORD: | don't doubt. | agree
with you entirely. You're not going to get it at
operating tenperatures. My concern is nore accident
conditions. W mght have a --

MR, CULLEN:. Starts, shutdowns, standbys.

CO- CHAI RVAN  FORD: Well, also thernal

shock situation during an accident.

MR. POVERS: But if it's hydrogen
enbrittlenent -- is that what | understand it to be?
MR, CULLEN: | would not use the word

"enbrittl ement.”

CO CHAIRVAN FORD: | don't know if it's
hydrogen enbrittlenent in the classical nechanistic
sense. It is associated, as Bill rightly says.
You' ve had hydrogen absorbed into the material. Wen
you have the high chromi um content, energy changes
and, therefore, your plasticity changes, and it's a
known fact as Bill says.

VR, PONERS: But it seems to me that
certain events -- the hydrogen can't organi ze itself
to do whatever it is that it does in the face of
sudden events | i ke pressurized t hermal shock and st uf f

like that. | nean, it gets up to high tenperatures.
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The hydrogen is either desorbed or it has diffused
ki nd uniform (phonetic). It's no |onger creating
anything that's vulnerable. You suddenly cool it.
That hydrogen can't nove fast enough --

MR CULLEN: That's correct.

MR. POVERS: -- to respond. So it
couldn't affect a pressurized thermal shock event.

CO- CHAI RVAN  FORD: Maybe |I'm using the
wrong word, pressurized thermal shock, because maybe
you're getting sonething in your m nd about nmechani sm
of pressurized thermal shock. |'m talking about a
t hermal shock on, for instance, the stub tubes into
the top head, and if you had a burst of cold water,
regardl ess of howyou got it, could you get a thernmal
shock on a pre-cracked stub tube sheer-off?

That's purely nmy scenario. | think it's
rather low possibility, but it's interesting.

MR, CULLEN. But | think it's our job to
try and think about these sorts of --

CO- CHAI RVAN  FORD: The worst case
scenari o.

MR. CULLEN: The right tenperature, the
right stress, and the right hydrogen content, and t hen
we coul d have a bad probl em

CO CHAI RVMAN FORD: The ot her question |
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want ed t o ask you about that first line and then we'l |
get off it is PWRs. | understand why you' re worKking
on BWRs. Is there anyone in research or in NRR
| ooki ng at the question of cracki ng of BWR bott omhead
penetrations?

MR. CULLEN: | woul d say not | ooking at,
so far as | know.

CO CHAI RVAN FORD:  Eval uati ng?

MR. CULLEN: Yeah, we're aware of the one
issue -- | think it's only one -- in Japan to this
point. That was a rather small flaw. They found it;
t hey di sposed of it.

| know froma research point of view, we
are not doing any specific research other than trying
to mai ntain an awar eness.

CO CHAI RVAN FORD: | ' msort of inviting Al
to say sonething.

MR HSER Ch, boy. W'IlIl talk about
t hat tonorrow

CO CHAI RVAN FORD: Fant asti c.

MR H SER  How does that sound?

MR. CULLEN: Ckay. Itens Band Cl put on
here because | want to create a lead-in to a great
deal nore discussion| want to have alittle bit later

on. W are doing sone testing of materials renoved
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from Davi s-Besse, both the Alloy 600 from nozzle
nunber three, which is the heat that appears to crack
the nost predomnantly and Alloy 182 from the near
nei ghbor nozzle J wel d.

We're doing this sort of testingsinplyto
create data on what rmay be susceptible materials and
add that to the overall database of Alloy 600 and
Al'l oy 182 stress corrosion crack growh rate.

The LLTF nmade a nunber of recomrendati ons.
A great many of themfall into the stress corrosion
crack area. One of their recomendations was to
create or wite a critique of the susceptibility
nodel . This also cane down to us as a user request
from NRR |"ve conpleted this report a couple of
nont hs ago. It has been circulating internally, been
revised, and will be available nuch nore generally
wi t hi n about three or four weeks. And certainly | can
see that it will get sent down to you.

" mgoing to tal k about this a great deal
nore four or five slides down the road because | want
to mention sone of the things, some of the issues,
sone of the additions, inprovenents that m ght be
possibly nmade to the time at tenperature
suscepti bility nodel that was tal ked about a good deal

t hi s norning.
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There are two ot her deliverables that are
both comng forward from here. One is to wite a
report, collect the worldwide A loy 600 cracking
experience and produce that report |late at the end of
this year and another to collect the boric acid
corrosi on experi ence wor |l dwi de and produce t hat report
| ater on in 2004.

CO CHAI RVAN FORD:  Just to make sure we're
tal ki ng about the same thing, the report tal ked about
on CG1lis the Rev. 1 of MRP 757

MR. CULLEN. No, no. This is absolutely
i ndependent. Do you nean the susceptibility report?

CO- CHAI RMAN FORD:  Yes, your C-1.

MR. CULLEN: No, that had nothing to do
with MRP 75. That was sonething generated entirely
within the MEB.

CO CHAI RVAN FORD:  No, but it's the nodel
t hat was used.

MR. CULLEN: Ch, it's the nodel that was
used, yeah. I'msorry. Yes, yes. Yeah, |I'll show
the usual chart that you expect to see in a few
m nut es.

CO CHAI RVAN FORD:  Ckay.

MR, CULLEN: Okay? And tal k about some of

the things that | think could be done to fix that up.

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

250

Ckay. There are a number of additional
prograns that, as | said in my prol ogue, we're aware
of; we're participating in to sone degree or other.
W are not funding any of these things.

| thinkit's inportant for everyone who's
interested to know a little bit about these things.
The Japanese are doing an awful |ot of crack growh
rate research on the alloys in which we have an
i nterest.

As you m ght expect perhaps, it'salittle
bit difficult sonetines to find out about this data.
|''m going to nmake sonewhat of an effort using the
appropriate international channels that we have here
avail able to us at the NRC

MR POWERS: Just ask our subcommittee
chairman. He spends half of his tinme in Asia.

MR, CULLEN: Ah-ha, there we go. But
there's alot of data that the Japanese are generati ng
that would be very, very helpful. Sonme of the data
fromthis electricjoint research project whichis now
conpl eted actually is beginning to show up in the
literature.

In fact, we'll talk about the postpones
conference that | was goi ng to have towards the end of

March. There was going to be one paper in there with
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sone of the results fromAl|oy 182.

There is a nmuch larger program the
nati onal nickel based alloy material project which
conti nues through 2006. It's a multi, multimllion
dol I ar funded program al nost exclusively directed at
stress corrosion crack growh rates, and at this
particul ar point | have no know edge, cannot find any
know edge at all on when we woul d expect to get any
results out of that at all. I'dlike to find that out
sonmehow.

Another thing that's going to provide a
| ot of data is the International Cooperative G oup on
Envi ronnment al | y Assi st ed Cracki ng, | CGEAC, whichisin
t he begi nning stages of conducting a round robin on
Al'l oy 600 crack growh rate testing.

At the present time the specinmens for
testing have been distributed. Sone tests have been
conmpl eted, and we will begin to get the first of the
dat a next nonth.

MR POVERS: And you say we're not
participating in this one?

MR. CULLEN: We are nenbers of the | CGEAC,
both the NRC -- | nean, | attend those neetings.
Argonne Laboratory people attend those neetings.

There is 100 or so people that attend those neetings
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wor| dwi de. So we participate in the neetings.

Argonne is actually participating in the
round robin, and they will use NRC RES fundi ng to pay
for the testing.

MR. PONERS: Okay. So we're -- that's
good.

MR.  CULLEN: Yeah, we're an active
partici pant on the sane plane with everybody el se.

MR POAERS: That's good.

MR. CULLEN: Okay. The Phase 1 of the
test was just to collect data on how people did the
testing and shake down a test routine that everybody
coul d use.

Phase 2, which is the one that we're in
right nowis to test a 30 percent col d-worked All oy
600, then conpare those results and prove t he net hods
and do a followon test. Thirty percent col d-worked
Al'l oy 600 shoul d crack fairly expeditiously, shall we
say? The test should | ast about a nonth or so, given
what the specific test paraneters are. |t should not
be an inpossi bl e onus on any | aboratory.

In Phase 3, we will go on and test All oy
182. So we will get a good deal of data on both All oy
600 and Al l oy 182 out of this particular round robin

experi ence.
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MR PONERS: And what do we do with that

dat a?

MR CULLEN: We will throw it up on that
curve, that data plot that you saw earlier this
afternoon and I'mgoing to show next, and I'll talk
about that, again, in just a couple nore mnutes.

Just very quickly and qualitatively,
there's also testing underway in France, Spain,
Sweden, and perhaps in other places that | have not
heard about. These are individual | abs or individual
agencies that are doing their own test progranms, and
again, we would expect that over the |ong haul that
data al so ought to be nmade avail abl e.

W're currently in a dialogue to obtain
sone of the nock-ups from replacenent head
fabrications. Specifically we're working with Duke
Energy to get a nock-up that was created just prior to
t he Oconee 3 head being fabricated.

We wi || use that nock-up as a test bed for
resi dual stress determ nation, for obtaining materials
on which to do testing. O course, those materials
woul d be Al l oy 690 and Al l oy 52-152. |'mnot exactly
sure what the weld materials were that went into that
head.

kay. I'"d like to take two slides and
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digress a little bit about what know edge m ght be
gai ned fromsone of these heads that we're di scarding
for one reason or another. As an exanple to start
with here, if we ook at the head that canme off the
Davi s- Besse plant, there arethree alloysinthere, in
t hat head, that are also used in other plants.

Now, as it turns out those other plants
are Cconee 3, Ark. Nuke. 1, Oconee 1, and -- oh, |I'm
sorry. This one here is a heated material that is
actually not found, but it's a heated material that
may have sone sensitivity or susceptibility to stress
corrosion cracking.

Now, these plants over here i n which these
materials are found are all having their heads
repl aced. So there's no particular need to learn
sonet hi ng speci fi c about stress corrosion crack growh
rates in these particul ar heats of Alloy 600 in order
to apply that information to these heads. That's a
nonst arter.

So the conclusion here is that specifics
about those particul ar nozzl e heats fromDavi s- Besse
are not applicable in the long term

However, that's not the situationw ththe
North Anna 2 head. W saw over here a listing of al

of the heats of Alloy 600 that were found in North
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Anna 2 and where those heats show up in sonme of these
ot her pl ants.

Now, as we just |earned this norning,
North Anna 1 is also replacing its head, as is Surry
2, but these other plants, Sequoia 1 and 2, Watts Bar,
Cat awba, McGQuire, don't have any i nmedi ate plans. |
t hi nk Sequoi a has got a long term maybe 2006 pl an.

But what the inplication here is is that
if some licensee would |like to have specific crack
growth rate data in order to use in sone sort of a
di sposition presunably of aflawthat they have found,
t hey know where to go and get that information.

So there's a great deal to be learned, to
be obtained potentially at |east fromsome of these
heads that are coming off, and | think it serves
everybody well to kind of keepalittle matrix, as the
MRP is doing, by the way. Al of this information
came from docunents that were provided to ne by the
MRP, and | just want to point out that this potenti al
for learning, very hel pful informati on does exi st.

CO CHAI RVAN FORD: Bill, we often ask the
guestion can you identify the heat in a specific head
penetration, and you get m xed answers. You're saying
you can. But every particular tube penetration --

MR. CULLEN: Okay. |'ve got to stop short
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of saying we can. |'ve heard al so the sane anecdot al
information that you have, that the individual
| i censees probably have this information. Certainly
in the case of the BMNpl ants we know for a fact that
the pin by pin information does exist, has been
docunent ed.

For sone of the other vendors, | have not
had a qualified vendor representative | ook ne in the
eye and say, "Yes, we know exactly what is in
penetrati on nunmber such-and-such at pl ant so-and-so."

But | would tend to think that that
information i s avail able. Now, we rmay have a probl em
with a few heads that were fabricated by vendors that
are now out of business, but other than that, | would
tend to think that the information is avail able and
that is what | have heard.

Okay. Just a quick word. | think nost of
you were aware that we were supposed to have a
conference March 24th t hrough the 26th, but due to the
geopolitical situation, to use a politically correct
term that conference was cancel ed when we found out
t hat several representatives fromforeign countries
that we really needed to have attend in order to have
a conpl et e pi cture about what the worl dwi de situation

was were not going to be permtted to travel to the
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United States during that particular time period.

We again polled these people | ast week,
and there are still a handful who are not permttedto
travel even within Europe at this particul ar point.
W' re going to continue to keep polling the peopl e who
said they're going to attend and others as well, and
when the restrictions have been |ifted, when t he coast
seenrs a little nore «clear, we'll get about
rescheduling this conference so that we can bring
together all of the people who have good information
on the inspection, on crack growmh rates, on repair
i ssues, on plant operation issues, get themall into
one roomfor three or four days, and have a real good
neeting to try and cone up with a good eval uati on of
where we are and where we are going, in particular

kay. |"ve got three or four slides |
want to present here that talk alittle bit about the
NRC sponsored work on stress analysis, and | said
again in ny prologue that | really feel like this is
very, very inportant work. As far as | know, this
sort of work i s being carried out by a nere handful of
vendors here in the United States. | can only think
of three: Structural Integrity Associ ates and Domi ni on
Engi neering, both of them doing work for the

licensees, and EMCC, which is doing work under
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contract to the Materials Engineering Branch. O
course, this is the EMCC results that 1'm going to
show to you

Fortunately from what | have seen, all
t hree vendors are generating results which are nore or
| ess the sanme. That in a sense may be good news, but
| dolosealittle bit of sl eep wondering whether al
three of us are wong.

The question was rai sed this norning how
isit that you calibrate this stuff. Has this stuff
ever been cali brated?

| felt the answer was only partial. There
was sonme nmention, Al Hiser nmentioned correctly, and I
mentioned that there had been sone experinental
verification of these conputation al gorithnms done by
Electricite de France in the early 1990s, but nost of
that work, in fact, | think, even all of it was done
on pressurizer nozzle designs.

The resi dual stresses were nmeasured using
the X-ray techni ques, whichis quite areasonably good
net hod, gets only the el astic part of the strain, not
the plastic part, but it's a reasonably good way to
eval uat e resi dual stresses, and the agreenent was at
| east in the publications | have read stated to be

rat her good.
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| am not aware -- and if sonebody does
know, |'d appreciate hearing that information -- | am
not awar e of any extensive, well qualified, calibrated
work, if youwll, onafull scale CRDMnozzl e, which
woul d be typical of a power reactor head. That is
sonething that | personally would like to do. W' ve
got the heads com ng off that allow us the potenti al
to do that kind of thing. W're also exploring the
possibilities of doing that kind of thing in sone
nock- ups.

And | amaware that the industry is al so
at least thinking about that. David, do yo u know
where you are in your thinking? Is it nore positive
than just thinking at this point?

MR. STEININGER: | renenber tal king to Al
McEl ry about whether he was going to put something
like that in the RFP, and he indicated at that tine
t hat he was.

MR. CULLEN. Ckay, all right. So --

MR. PONERS: This is one of those things
that you do once or is it something that you have to
do all thetime? | nmean, is it a one shot deal or is
it answers all of your questions or does it have to
be --

MR CULLEN: | think the answer from an
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i deal i stic standpoint, the answer is you do it once
and you' re done.

However, there are so doggone nany

variables that you will be doing an alnost infinite

nunber of cases once, and what |' mthinking, what |'m
alluding to is not only the fact that you have the
geonetry problens or the geonmetry issues. What ' s
showi ng up here just as an exanple is the nunber one
nozzl e, the absolute center nozzle. That's the only
axi-symetric position in the whol e head.

You' ve got all of these nozzles that are
on the side-hill. Each one of themhas -- well, not
each one of them There obviously are sonme nultiples,
but a great nmany of them naybe eight to ten
conmbi nations, all at different inclinations.

Then you' ve got the potential i ssue of how
these things were actually assenbl ed. During the
course of the assenbly, how nmany weld beads were
ground out and | aid back down a second tine or athird
time or whatever?

Then you have the issues of repairs.
There's a |l ot of issues which | think you could or a
| ot of considerations that you coul d basically sumup
by sayi ng geonetry differences that youreally needto

have a | ook at in order to get the whol e big picture.
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We may get to a case or to a situation, a
time frame with the ever increasing conputational
speed that we have available to us where this m ght
not be such a big deal no matter what the differences
m ght be for a nozzle that you' d |ike to know about in
particular. You could devise the input necessary for
that, run that into your conputer, go hone for the
ni ght and cone back the next norning and you' ve got
t he answer.

Ri ght now, this whol e busi ness, whichl'd
like to describe briefly at this juncture, all three
of the vendors that |'ve nentioned earlier proceed in
roughly the sane way. Using finite elenent
t echni ques, you cast a wel d bead, a single weld bead.
You allowit to cool, contract, build up the strain
You do that cal cul ati on. Then you put down t he second
wel d bead, allow it to cool, contract, and put down
its strain, and so on and so on.

You build up this weld bead in the way
that is shown in this figure provided by AMCC, and at
the end you then have a couple nore steps that you
have to do.

This entire thing is then -- again,
nunerically you sinmulate the hydro test, the 1.25

hydro test that is applied pre-operation, and that
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gi ves you then the final stress state that obtains in
t hat particul ar nozzle wel d.

MR. POAERS: If thefinite elements are no
nore dense than what's shown on your figure, this is
a few mnutes on a good machi ne.

MR. CULLEN: Thi s whol e process of casting
these in bead by bead, allowing the cooling, the
contracting for which you need stress-strain
properties for the whole tenperature curve, thernmal
conductivities for the whol e tenperature curve -- it's
a good thing you're sitting dowmn -- takes about a
nonth on a two nmegahertz personal conputer.

MR. POAERS: Onh.

CULLEN: Ckay?
PONERS: On a PC

CULLEN: Well, yeah.

2 3 3 %

POAERS: (n.

MR. CULLEN: That's what's available to
us. we don't have Crays underneath our desk
unfortunately, or whatever.

MR. PONERS: A fewnore Crays. |'ve been
mar keti ng machines |lately.

MR. CULLEN: But you get the drift of what
I mean.

So that's where we are wth these
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cal cul ati ons these days.

A coupl e of exanples. An exanple of the
axi al stresses. Now, red is bad; blue is good. Red
is tension; blueis conpression. And you can see t hat
as far as axial stresses -- now, axial stressinthis
direction causes circunferential or wuld drive
circunferential cracking-- is maxim zed hereright at
the toe of the weld on the outside dianmeter, which by
itself would not be a particularly problematic area.

What would be alittle nore problematicis
t hat you' ve got another elevation in stress right up
here which is above or at the triple point of the
weld, and if you get a crack growing up in here
emanating fromthat particular elevation in stress,
admttedly it's not so high as down here at the toe,
bt it is in positive territory. That's the one that
could drive a circunferential crack

But that's not the whole story. There's
nore than just axial stresses in there. There's also
hoop stresses, and hoop stresses would tend to drive
the axial cracks, and as you know, we've got as we
heard this norning at | east by current count slightly
nore axials than we do circunferentials. So the size
of the high tensile area is quite a bit |arger,

extends essentially throughout the entire vol ume of
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the weld, with the exception of this toe back here
near the clad, and well up into the Alloy 600.

So that's why at least in the center
position we can understand why we're getting a good
many axi al cracks.

The last slide in this series is that if
you conpute both the axial, the circunferential, and
the radi al stresses, it turns out that the resol ution
of these stresses is on an inclined plane. [|'mkind
of waving the |l aser here in parallel with the arrows,
which | presune are visible to you nore in front of
the screen. But what this says since a crack tends to
grow normal to the principle stresses is that cracks
shoul d grow per haps sonewhat al ong -- these woul d be
a circunferential crack now -- perhaps al ong about a
45 degree incline plane.

' mnot tal king here about the fact that
inaside-hill nozzle that the cracks are growing in
a kind of oval, which is on an inclined plane. |I'm
tal ki ng about through thickness they're also on an
i nclined plane.

Remenber this particular nodeling is for
t he center hol e position, whichis the axi-symetric.
You know, there's no side-hill in this particular

case, but we don't know whether this is the case or
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not because all of the cracks that have been found to
dat e have been ground out and repaired.

However, with sone of the heads nowcom ng
of f, we again have the potential to find out whether
or not these stress calculations are predicting
correctly the inclination of the cracks.

MR,  ROSEN: Bill, these are great
pi ctures, but | don't think you' d be showing themto
us unl ess you t hought stress mattered, and what we' ve
heard over and over againis just tell me howlong the
stuff has been at a given tenperature, and I'II| tell
you what the problemis or if there's a problem

And now what | think | hear you sayi ng or
getting ready to say is stress matters.

MR. CULLEN: Yeah. | really believe that.
| saw the slide this norning that stress is a
secondary consideration. Crack growh rates are the
primary consideration. | don't disagree with that
conclusion at all. But --

MR ROSEN:. Crack growh rates are the
primry -- you nmean --

MR. CULLEN. Well, crack growh rates are
t enper at ure dependent.

MR. ROSEN:. Yeah, tenperature.

MR, CULLEN: You know, through the
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t enper at ur e dependence of the crack growth rates. |
t hought that -- correct me if |I'm wong. | can't
remenber whether it was Larry or David that had that
slide, but | think the inference at | east -- do | have
it right? -- was that the stress was secondary to the
crack growmh rates or did you say stress was secondary
to tenperature?

MR. MATHEWS: |t was a secondary i npact on
the core danage frequency relative to the --

MR CULLEN: Al right. Well, so we're
nore than once renoved.

The nmessage wants to be here that crack
growth rates are tenperature dependent. They are the
nost inportant consideration in the calculation, if
you will, of susceptibility of an individual plant.

But 1'mheretosay that | think stressis

important. The nessage |'d like to deliver is that

after all, we call this stuff stress corrosion
cracking. If we didn't have stress to start with, we
woul dn't be here, folks. |If these guys 30 years ago

understood al | of theramfications of residual stress
and also figured out sone way to get rid of all or
nost of it, we wouldn't be here today.

MR. ROSEN. Well, I'mgoing to say that up

until now I've been thinking that all | know is the
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ef fect of degradation years, and |I'mat a given spot
and |' mcool .

Now what you're saying is stress matters
and we' ve got some i ndication here particularly if the
Sout h Texas stuff turns out to be cracking that maybe
stress matters nore than we thought and m ght even
matter nore than effective degradation years.

MR. CULLEN: That woul d be my opi ni on, and
|'m pleased to get a little bit of validation back
her e.

MR. ROSEN: Well, I'mjust trying to see
if I"mputting these tea | eaves together here into a
pattern.

MR, CULLEN. Well, | think you are, but
|"ma materials kind of guy, and inaway, | thinkit's
a bit funny for me to stand up here and tal k about
stress, which is not ny business. | nean, |'msaying
it's the ot her guys who shoul d have a | ot of business.

| nmean, certainly we've got materials
probl enms, too, but, yeah, | think we could benefit a
| ot nore fromunderstanding howthe stress varies as
a function of the geonetry issues that |'ve talked
about and a I ot of other things, and then how these
two are going to play together to calculate the

potential for cracking a plant.
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Boy, they're lining up back there now.

MR. ROSEN: W have these ant hills in
Texas, fire ant hills, that if you just take a big
stick and you poke it once or twi ce, you want to get
out of the way real quick, and that's what | just did.

MR MATHEWS: This is Larry Mat hews.

| guess we've never said stress is
irrelevant, and we've never said material properties
are irrelevant. We all know that both of those play
into the stress corrosion cracking.

All we've said is that we don't know
enough about them at the tine we were naking these
rankings and trying to figure out which plants ought
to be doi ng what kinds of inspections; that we would
assune they were simlar, if you will, and we would
rank plants based on tinme at tenperature.

Not to say that if you're below sone
t hreshol d you can go hone and everybody el se has got
to a problem but to sinply say this is the ranking
nmechani smto determ ne at what poi nt peopl e shoul d be
t hi nki ng about doi ng i nspecti ons.

It's not a nodel that is, you know,
unequi vocal ; that, you know, if you calculate 8.2
you're okay, and if you calculate 8.3, you' ve got a

pendi ng di saster. W' ve never said that.
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It's just aranking nodel. That is all it
has been, to help us rank when we ought to be doing
what kinds of inspections. Okay?

CO- CHAI RVAN SIEBER: It seens that there
is an underlying assunption that the stresses were
simlar in --

MR. MATHEWS: Yes. All of these nozzles
were put together, not identical properties clearly.
Al'l of the materi al s were put together, not identical,
but they were all 600 and they were all welded with
interference fits and J groove welds, and there wll
be variation fromnozzle to nozzle on the sane head
and from head to head, and depending on who's
manuf acturing it.

But we just didn't have enough i nformati on
totry to hone in and say, "Ckay. Here is the point,
and if you reach here, you' ve got a problem Before
that, you don't."

It was just a nechanismto hel p us rank
the plants for inspection, and that's all we were
really tryingtodow ththe tinme and tenperature, not
to reach, you know, here's a threshold. Below that
you absolutely don't have an issue.

And stress is a factor in all of the

nodel s that we' ve used i n our PFMwork, probabilistic
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fracture nechani cs work. The material properties are,
too, but I'mnot sure we're nodeling everything, but
certainly all of this stuff goes into the nodel.
We're not ignoring any of it.

MR SIMS: (Going back to the statenent
about stresses though and proving it inthe industry -

PARTI Cl PANT: You have to identify
your sel f.

VR. SI VE: WIlliam Sins, Ent er gy
Oper ati ons.

The B&W units in general have stress
relieved all of their nozzles except for their |arge
bore CRDM nozzles, and they have not had any --
there's only been one B&Wnozzl e failureinthe entire
i ndustry.

And the CE fl eet, on the other hand, they
did not stress relieve the nozzles after fabrication,
and there have been, you know, several of those
nozzles fail.

Sothereis correlation between stress and
probability of failure due to PWSCC, but | think the
bottomline goal of the MRP is to take that part out
of the equation because with B&W the CRDM nozzles

that we had, they were actually center ground on the
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OD surface of these nozzles. It caused higher stress
and actual ly the fabrication process of straightening
the tube cold-worked the tube back and forth and
caused hi gh residual stress.

But if you hold everything constant and
only change it due to tenperature, then we're bounded
by the rest of the plant. So | think that's what the
MRP's final goal was.

It is highly dependent on stress for each
of these | ocations.

MR. CULLEN:. Bill Shack had it right this
norni ng when he said -- he made the point that in
t hese nozzles --

MR. PONERS: This is dubious, to begin

MR. CULLEN: It's very difficult in any
gi ven nozzl e, subject toissue of triaxial constraint,
to get the stress higher than the yield stress of that
particul ar nozzle material. True statenent.

And since the yield stresses of these
nozzl es vary over a 20 to maybe 25 KSI range at best,
t hen, yeah, that does confine youto afairly, fairly
narrow range of possible stresses in these nozzles.

You have your choi ce. You can either have

a high stress or you can have a higher stress, and
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that also tends to nmake the stress issue a wee bit
secondary to the crack growh rate or tenperature
i ssue.

Wiile we're on this business of finite
el ement analysis at the nozzles, a couple other
questions that were raised this norning that | can
give at least a partial answer to.

One, we tal ked about | eaks and | eak rates
and who's working on that kind of thing. EMCC, the
same vendor that's doing this work for us, is also
doi ng | eak rate cal cul ati ons.

Now, as anybody who has been in the steam
generator business can tell you, leak rate
cal cul ati ons have a spread invariability that is just
ast oundi ng, dependi ng on what assunptions you punp
into that. For a 45 ml or 60 mll thick piece of
st eam generator tubing you can get |eak rates which
cover a coupl e of orders of magnitude under ot herw se
reasonabl e assunpti ons.

And if you think that's bad, try doing
t hat sane cal culation on a .62 inch thick CRDMnozzl e
With a stress corrosion crack init, and it gets, you
know, pretty dicey.

MR POVERS: Ofhand, 1'd say the

experinmental data on the |leak rates for at |east one
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t hi ckness of steam generator tubes also has huge
spr eads.

MR. CULLEN: |'mnot sure which specific
set of data you're tal king about, but I'mnot at al
surprised by that kind of a statenent.

All right. So |l think 1l tried to deliver
a fewm nutes ago the nessage, if youw ll, that if we
had | earned a | ong ti ne ago howt o manage t he resi dual
stresses in these things, we wouldn't be in such a bad
position as we are today.

That's a nessage that applies going
forward as well, and I do know that the vendors who
are working on the replacenment heads for domestic
pl ants are concerned about that, but there are at
| east two vendors that are involved. | don't have any
detailed evidence from either one about how
specifically or what they are doing specifically to
mtigate stresses. That is proprietary information.
There's a good reason that | don't have that.

But it does raise in ny mnd the concern
about whether or not those two vendors are doing
things with a reasonable simlarity or reasonabl e end
results, and that brings ne to the i ssue of whether or
not we're going to have to be vendor specific in our

nodel i ng of these replacenent heads.
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The last issue that | want to raise is
t hat people, nyself included fromtinme to tinme, talk
ad nauseam about the cryptomum |ike properties of
Alloy 690 and the fact that that's going in our
repl acement heads and that should solve all of our
probl ens.

A lot of other people wll say any
material placed at or near its yield stress and | eft
in a warm environnent for a long period of tine is
going to crack, and that may well be the case with
Al'l oy 690 also. W just don't yet have the kind of
experience that we need to have.

Certainly in | aboratory tests it is nuch
better than All oy 600 and the All oy 152 i s much better
than its corresponding Alloy 182, but those are |ab
tests, and I'mnot so sure --

MR. PONERS: When you say "better," do you
nmean better or slower?

MR. CULLEN: Slower. | don't mean faster
crack growmh rates. | nmean a better quality materi al,
| ess susceptible, slower crack growth rates, however
you want to say that.

But we do have sone of these issues, the
| ow t enper at ur e degradati on and toughness and t hi ngs

that may come back to haunt us in another way that we
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haven't yet quite figured out.

Peter, 1'mnot so sure exactly when you
want to break, but I'd like to stir up a couple nore
ant hills before a break if that's at all possible.

CO CHAI RVAN  FORD: Sur e. You're just
going to go through this?

MR. CULLEN: This one andif you' dIlike ne
to do one nore quick one, | can do that.

CO CHAI RVAN FORD:  Ckay.

MR, CULLEN:. But this one will probably

CO- CHAI RVAN  FORD: Well, this one wll
really stir up ant hills.
MR, CULLEN:. No, no, it's not.

(Laughter.)

MR PONERS: [I'msitting here waiting.

MR CULLEN: [|'ve got sonething to say
about that. | don't Iike what | hear.

Okay. Inthe mddle of | ast sunmer, June
or July, | proposed to the industry, specifically to

EPRI and Christine King, that we've got so many
common interests in the whole nickel based alloy
busi ness that we woul d real ly benefit froma nmuch nore
close NRC-industry collaboration on all of these

i ssues.
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O course, that went over very well. W
had a great conference call in Septenber. W had
anot her great conference call in Novenber, and out of

the Novenber conference call we developed seven
particul ar tasks on which we were going to have NRC
i ndustry col | aborati on.

Since that tinme we have not heard word
one, and | amhere to whine about that very plainly.
Any backing that | can get fromthe ACRS that can be
provided to kick this along would be very, very
wel cone.

| don't need to go into reading all of
t hese things, but, inparticular, thefailure analysis
of the North Anna RPV head. W put this line item
into our budgets for 2004-2005. Christine King
provided me with Craig Harrington's initial plan for
doing this kind of work, and beyond that | have not
heard a single thing fromthe industry until what we
just heard today, but I"'mnot at all sure howit is
that we' re supposed to col | aborate with the i ndustry,
i f indeed the industry even wants our col |l aborati on,
on failure analysis of the North Anna RPV head.

MR. PONERS: Well, it seens to ne that
that particular one poses real challenges for the

i ndependence of the agency. | mean, we've been
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reasonably happy with the i dea of col |l aborationinthe
i ndustry when it consists of going out and getting
data, and then each side goes and takes the data and
anal yzes it as they see fit.

But now you're saying here let's
col | aborate on the anal ysis of the data, and | think
t hat poses real conceptual chall enges on the proper
role of the NRC as an independent regul atory body
her e.

MR. CULLEN: What | hear in your voice and
in your concern, and | wuld agree wth one
interpretation that | believe you are making of the
word "col | aboration," whi ch you know, invol ves wor ki ng
cl osely with produci ng results to which we bot h agree,
| osing our independence. That is not at all what |
woul d propose, what any of us woul d propose.

But | really would like to get the
opportunity for the NRC to get its own | ook at the
North Anna head, to do things that perhaps the
i ndustry woul d not choose to do that m ght serve the
particul ar purposes that we have in mnd.

" m not suggesting that we do a second
time what it is that the industry woul d propose to do.
My sense of the word "collaboration" would have a

synonymthat's nore |ike coordination.
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Remenber that our business in the Ofice
of Research is to do confirmatory research, and that
is one of the things that | think we could do with
pi eces of that North Anna head.

Anot her thing that | believe we could do
would be to take a look at sonme of the inspection
rel ated questions that we nmight have specifically.
Per haps the i ndustry woul d choose to | ook at them W
woul d want to | ook at themal so in a confirmatory way
or even using our own initiative or for reasons that
woul d fall intothe category of antici patory research.

So | realize that there is an inplicit
danger when we woul d begin to work closely with the
i ndustry that we m ght | ose our sense of i ndependence,
but that is sonething that we just have to go into
t hese progranms and be very careful of.

There are a great many precedents for the
NRC working with industry even to the extent of co-
funding. |1'mnot sure what nechani sm what fi nanci al
nmechani sm m ght be involved here. It could range to
sonmet hing as reasonably intricate as co-funding. It
coul d si nply mean fundi ng our own i ndependent |y chosen
vendors to execute statenents of work that we woul d
put together on our own.

Does t hat response reasonabl y sati sfy your
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concern?

MR. PONERS: Well, | caution that | would
wor k on ny | anguage here.

MR, CULLEN. Ckay.

MR. PONERS: Because | think you can set
this up as a reasonabl e col | aborative programif that
program consi sts of, the collaboration consists of
acquiring the data.

But the analysis of the data has to be
i ndependent, it strikes ne.

MR CULLEN: Absol utely.

MR. POVERS: It absolutely has to be
i ndependent .

MR. CULLEN: No, there is no question
about that.

MR. PONERS: And so |I'd be cautious about
t he | anguage that | use here.

MR.  ROSEN: As far as backing up your
whine, is there a quid pro quo here, | nean, where
they send you a quid and you send them a quo?

MR. CULLEN: No, | don't detect that. At
| east at the beginning what | would Iike to achieve,
and there are a couple of specific things | can
nmention here in a second as exanple, 1'd like to

achi eve better coordination naybe is a better word
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now, where we m ght have a topic and t he NRC woul d do
t hese four things and the i ndustry woul d do t hese f our
t hi ngs, and we woul d prepl an so that they interl ace or
intercalate a little better.

Now, what I'd l|ike to point out
specifically as an exanple of what | feel isreally a
| ack of coll aborationis that we kicked off our boric
acid corrosion program-- and 1 will tell youalittle
bit nore about that shortly -- inthe August- Sept enber
time frame | ast year. As you've heard this norning,
EPRI has put their RFP out on the streets something
like five weeks ago, |let ne say, plus or mnus a week
or two.

If you |ook at that industry RFP, it is
nore broad based than the programthat |'ve put in
pl ace at Argonne, but it contains everything in that
programthat | put in place out at Argonne. Wy are
we doing this twice? | have no idea.

MR. ROSEN: Argonne will get twi ce as nuch
noney?

MR. CULLEN. No. Argonne won't do their
work for the industry. That would be a conflict of
interest. Boy, would that get some peopl e excited.

But you know, sonebody sonewhere i s goi ng

to do this programfor the industry, and t hey' re goi ng
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to generate the sane doggone col |l ection of data that
we're generating at Argonne. | have no idea why.

MR VWALLIS: I'mnot sure they will. |
nmean, it seenms to nme this mght be one of those areas
where the science is so poorly understood that havi ng
two groups wor ki ng m ght not be such a stupidthingto
do.

MR. CULLEN: | hear what you're saying,
and | think that sone overlap i n a coordi nated program
isjust fine, but why you woul d overl ap 100 percent of
the programis a little bit beyond ne.

Now, we are having a few things
specifically done by the Argonne people that are not
in the EPRI program |1'll grant you, but --

MR. WALLIS: Are they going to do the sane
experiment, exactly the sane?

VMR, CULLEN: It looks like it if the
vendor responds to the EPRI RFQ in the way that it
| ooks |i ke they should. | would say yes.

MR POVERS: There's nothing |ike
replication to give you confidence, is there?

MR CULLEN: | nean, that is --

MR. POAERS: We'd love to see replication
even once in this field.

MR. CULLEN. That's one way of | ooking at
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it, but why woul d you take a six figure programand do
it a second tine in its entirety? |'mnot so sure
why.

Okay. Now, the last one | want to point
out here is something that in the area of mtigation
testing, that for the present tinme, as |'ve pointed
out here, this is fully an industry effort. Even
t hough we've listed it in the NRCindustry
col l aboration scheme of things, for the nonent
mtigation testing is sonmething that |I'm quite
confortable just letting the industry go for it as
much as they want to.

I ndustry is going to |look at stress
mtigation. They're going to |ook at environnental
mtigation, and | just want to sit back and watch
what's happening for the tine being.

If it cones to a point where we may need
some confirmatory research of something that the
i ndustry has shown, then we may entertain proposalsto
take a look at that, but for the noment, this
particular item on mtigation is an industry only
item

The nozzle 46 may turn out to be just an
NRC item |'mnot sure about that. Again, we don't

seemto have the kind of | evel of conversation going
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that 1| would Iike to have here, but again, I'lIl say a
little bit nore in a few slides from now.

We are harvesting a coupl e of secti ons out
of the Davis-Besse head in a way that is simlar to
the way the industry described harvesting pieces of
t he North Anna head, and one of the pieces that we're
harvesting from the Davis-Besse head is Nozzle 46,
whi ch had an anomal ous UT indication that nay or may
not be a | eak path.

Nozzl e 46 al so had sone circunferenti al
indications in the J weld that were never fully
di sposed, and 1'd like to get about nore conpletely
di sposi ng those indications, finding out whether or
not they linked up to provide a |l eaker, andif so, did
that | eaker create a |l eak path that, indeed, is the
expl anation for this, quote, anomal ous indication?

The ot her nozzl e that we' re harvesti ng out
of Davis-Besse is Nozzle No. 2. That's the one with
the small cavity, if you will, "small" being just
what, a half an inch in depth, not seven inches in
depth. Many people |l ook at that Nozzle 2 as being a
yout hful version of the -- the cavity around Nozzle 2
as being a youthful version of the cavity that was
di scovered at Nozzle 3 and nmy give us sone

i ndication, sone enlightenment, if you will, on how

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

284

t hese corrosion cavities get started.

Al'l right. Shall we do one nore thank or
shall we break?

CO CHAI RVAN FORD: | t hi nk we shoul d break
her e.

MR CULLEN: Let's do it.

CO CHAIRMAN FORD: O else we'll have a
revol uti on.

|'m going to recess until half past.
W' ||l start probably at half past.

(Wher eupon, the foregoing matter went off

the record at 3:18 p.m and went back on

the record at 3:33 p.m)

CO- CHAI RVAN  FORD: Let's get back into
sessi on, please.

Ckay, Bill. It's all yours again, pl ease.

MR. CULLEN:. Al right. Nowyou all know
what's coming from the handout. This next slide
al ways gets a few chuckles, but the nessage that |
want to bring today is that here we have crack growth
rates in Alloy 600. Alloy 600, depending on its heat
treat ment, depending on the nornal al | owabl e
differences inits chem stry, can take on a wi de range
of crack growh rates as its normal property.

It's nobody's objective to fit a line
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through this data. That is not what this line is.
It's not a fit. This line is intended to be
representative. It's the 75th nean percentile Iine of
data from alloys that actually exhibited a crack
growm h rate.

|"mnot here togointo along lecture, a
| ong nonol ogue on howit was that all of this data was
generated and qualified, but suffice it to say that
this particular slide does showthat Alloy 600 takes
on a variety of possible crack growmh rates, spanning
a couple of orders of magnitude.

The main reason that | wanted to put this
slide up here is to take a nore forward | ook at the
data that's going to be added in a couple of years,
and | alluded to that or described that briefly on
sone of the earlier slides.

| described a coupl e of Japanese prograns
t hat generated data that spanned a fairly w de range
of stress intensity factors. None of that data is on
this plot at the present tine. | can't possibly tell
you where that data is going to wind up, but suffice
it to say that when the results of the Japanese
program have been produced and publicly distributed,
that we will have quite alot nore data fromthat that

wi || appear on this graph
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MR. POAERS: One of the problems with this

ki nd of graph, and we get to see a lot of themin the
nmetal | urgi cal business, and we're assured that there
are 10,000 reasons why these things show a |ot of
scatter, and ny col | eague, Professor Wallis, will | ook
at a plot like this and say, "Cee, this is proof
positive that there are sone other variables in this
thing," and that's what you' ve alluded to.

Metal l urgi sts are good at coming up with
| ots and | ots of candi dates. What we never see is the
nmul tivariate plot in which you say, "Okay. Here are
the effects not only of stress intensity factor, but
everything el se i ncl uded, and here are the ones that
are inportant and the ones that are not inportant.”

Instead all we hear is, "Here are all of
these factors that are inportant, potentially
i mportant."

MR CULLEN: Just a list.

MR PONERS: Yeah. We never see a
quantification of what's inportant and what's not
i mportant.

MR.  CULLEN: | described a, quote,
critique of the susceptibility nodel that I wote and
finished up a couple of nonths ago and said | would

make it available to you all in a nonth or so. There
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are sone of those sorts of plots in there that you're
describing, plots of crack growh rate versus yield
strength, plots of crack growth rate versus grain
boundary car bi de cover age.

MR. PONERS: But any tine you pl ot agai nst
one of these variables, you' re going to have a pl ot
like this. What you need is one of the nmultivariate
plots that says, "Okay. |"ve set up a nodel. It
could be linear or nonlinear, and here is predicted
ver sus observed, and here is ny factor anal ysis on al |
of those things that |'ve included to show you whi ch
one makes a difference and which ones are never
m nds. "

MR CULLEN: | suspect you know the
discipline called artificial neural network design,
ANNs, neural networKks.

MR. POAERS: | have stayed away fromt hat
assi duousl y.

MR, CULLEN: | kind of thought when you

used the expression "mul tivariate anal ysi s" that that
woul d be one of the technol ogi es or techniques --

MR. PONERS: It is atechnique that people
use.

MR. CULLEN:. -- that you were thinking of.

You know, they all fall into the genera
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category of | call it pattern recognition. You can
use a vari ety of approaches. Neural networks i s one.
| have just received a draft NUREG report
from anot her contractor that | asked to do a neural
networ k anal ysis, which is what | think you're asking
for, suggesting a nmultivariate anal ysis of exactly,
well, not this data because the details of this are
still proprietary, but we had a reasonably well
condi tioned set of data from other sources that did
have all of the information about chem stry and
processi ng, netall ography and t hi ngs that we wanted to
be able to punp into this neural network analysis.

That anal ysis will be published ! will say
inacouple of nonths, the kind of tinme frane it takes
to turn around a NUREG

So this sort of work is being done. |'m
not sure what, if anything, the industry mght be
doing along this line. Perhaps sonething. | just
don't know.

MR. PONERS: Well, the question is: when
does it creep into our discussions of what the
research --

MR. CULLEN. Well, it needs to mature, and
| think we're a long ways from naturation.

MR. PONERS: Sonehowa regression anal ysi s
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is not a triunph --

MR. CULLEN. O nodern day technol ogy. |
realize it, yeah. It was not exactly yesterday that
sonmebody di scovered | east squares regression, but the
application of that to this sort of database where,
you know, everything has variations is sonethingthat
| think is much nore nodern day and still at this
point |less mature and |l ess reliable than, you know,
fitting data to something el se.

MR WALLIS: Well, where does this cone
fronf Is this just from this steel, sone other
situation, or is it for steel under reactor
conditions, the environnment that you have there or
what is it?

MR. CULLEN: Again, to try to be brief
because this was descri bed by John Hickling and his
coll eagues to the ACRS -- oh, | don't know. Tell ne
when. Septenber, October, sonme -- June of | ast year.
Ckay.

Thi s data was very, very carefully vetted
by this All oy 600 task group. | sat in those neetings
and listened to their discussions. Yes, it is data
generated for materials that are reactor typical in
environnents that are reactor typi cal, and believe ne,

inthetotality of the data that was consi dered, there
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are a far greater nunber of data points that were
di scarded as being not valid for inclusion in this
dat abase.

MR WALLIS: Well, if you had nore data,
you' d just get better coverage of the paper.

(Laughter.)

MR. CULLEN:. You're absolutely correct,
and that is the point. In a way, we want to know what
the full extent of the variability is. We're not
| ooking to have all of this data col |l apsed onto a very
thin line and, you know, at some point in tine
sonmebody finding out that, you know, the lowliers or
the outliers were bad data sets for sonme particul ar
reason. That's not what we're |ooking for at all.

We're | ooking for a plot of data that is
representative of all of the materials that could
possi bly be found i n the heads of our donestic pl ants.

MR. WALLI'S: What are you going to do with

MR. POVERS: | mean, this is like the
heavy section steel program W' Il just keep | ooki ng
until we find another variable that affects things,
and then we can go experinment on that for another six
nont hs.

CO CHAI RVAN FORD: Let ne try and hel p.
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| don't think it's quite as bad as you're saying.

The end result is to cone up inthis case
using artificial network approaches, to cone up with
this multivariable algorithm that you're talking
about .

MR. POAERS: Peter, | do not need neural
networks to do a nultivariate anal ysis.

MR, CULLEN. But it's one technique.

CO- CHAI RVAN  FORD: But by getting the
mul tivariate anal ysis whether you artificial network
approaches is goingtocome upwiththis nultivariable
approach, but it needs the data, the good quality
dat a.

Your objection is if you put sone nore
data on there, you cone up with a nmass of data. |If
it's unqualified data, | agree with you 100 percent,
but this wll be qualified data. If that 1is
acconpl i shed, then he has got hope of coming up with
this nultivariable algorithm

MR. WALLIS: Isn't scatter here because of
t hese nysterious heats which are all sonehowdi f f erent
because of what has happened to themin the past?

MR. PONERS: Well, that mi ght be one way

MR WALLIS: The variable to quantify.
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CO- CHAI RVAN SI EBER:  That's one factor.

MR. CULLEN: That m ght be one way of
saying it, but it's not getting to the root cause of
the scatter, which is di fferences in the
m crostructure of the material.

MR. KRESS: Ckay, but do you know what
t hose differences are?

MR. CULLEN: We're getting onto that, and
that's another point that I want to nake, is as tinme
goes on, the experinents that we do get better and
better, and the correlative data that we cone to
understand is necessary gets to be nore and nore a
part of the overall package.

MR. KRESS: On this plot do you know t he
di fferences between the Xes and the squares?

MR. CULLEN:. | can't stand here and say
that | do. | mght be able to dig and, you know,
maybe guess that these mght be very low yield
strength materials as a possible exanple, and if so,
then I would say, well, that probably explains why
they're sitting down there at pretty | owcrack growh
rates, and you know, this stuff up here m ght turn out
to be highly col d-worked, highyieldwithrotten grain
boundary coverage. See, now we understand why that's

hi gh.
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| think we're getting onto this. Do we
have it for every data point that's on the plot?
Well, | doubt that, but | think we're getting on to
understanding what it is that produces these valid
di fferences.

MR. WALLIS: What kind of Kdo you get in
t hese control rod drives?

MR CULLEN: Up to about the yield
strength of the material, which would be up here in
about the 60 --

MR. WALLIS: It is not a yield strength.
You have to have floor size and things.

MR. CULLEN: Wwell, yeah. I"'msorry. You
wer e asking the right question. | was just givingthe
wrong answer, but --

MR. POAERS: Thirty-five.

MR CULLEN:  Yeah.

MR, WALLIS: Onh, the mddle.

MR.  CULLEN: Yeah, somewhere in here
because these things have .625 thickness to them

MR WALLIS: And they're highly stretched.
So that's where the K cones from

MR, CULLEN: That's where the K cones
from Now, you have to worry a little bit about

constrai nt.
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MR, VWALLIS: -- material. 1Is it applied

K? The applied K fromthe stress condition, do you
know the stress condition well enough to know the
appl i ed K?

MR. CULLEN: | think we do, yes. | nean,
if you believe the finite elenent plots that | put up
a hal f hour ago, Kis beingroutinely cal cul ated usi ng
those stresses, and you know representative crack
| engt hs through the thickness of the housing.

So yeah, and in fact, those sorts of K
rel ationships are being --

MR. WALLIS: Well, what are you going to
do when you get scatter |ike this? Are you just going
to keep on correlating until you try and get sonet hi ng
with | ess scatter?

MR CULLEN: Well, the goal of this --

MR. WALLIS: -- engineering decisionwth
sonmething |like that?

MR. CULLEN: The goal of this particular
report was to cone up with a proposed curve that coul d
be used to disposition flaws, and the MP is
suggesting that this curve reside at the 75th
percentile.

MR. PONERS: This will be the nost obscure

nunber to pick as a percentile. A 65.3 or sonething
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i ke that.

MR. CULLEN. But, again, you have to keep
this in the bigger context of there are other
conservatisnms inthe overall anal ysis that are part of
t he overall package.

VR. POVNERS: Wiich is the nost
catastrophic way to do an uncertainty anal ysis that |
can think of.

MR, CULLEN: Well, yes, | realize, but
we're trying to --

MR. PONERS:. Put conservatisns here, put
conservati sns here, and put conservatisns here, and
then tell ne what you' ve got at the end. You have no
clue what you've got at the end.

MR CULLEN: You're tal king about the
di fference --

MR. WALLI'S: You're tal king about the top
poi nt, | mean, the highest points. | mean, you' ve got
a whol e popul ati on of reactors whi ch maybe have steel s
which lie all over this map. Sonme of them are going
to be up there growing a few centineters a year.

MR CULLEN: That is a possibility.

MR. WALLI'S: And therefore, you' re nmaki ng
deci si ons based on that.

MR. CULLEN: You are correct.
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MR, WALLI S: You have your inspection
i nterval s accordingly.

MR CULLEN: Again, correct.

MR. WALLI S: Forget about everything el se.

MR. KRESS: O you use a Bayesi an update
for each specific reactor. State with that one and
Bayesi an update each one of them

MR VWALLIS: As you |earn.

MR. KRESS: As you go along and | earn.

MR VWALLIS: Yes.

MR KRESS:. | agree.
MR. CULLEN: In aslideor two -- | can't
remenber -- yeah, two slides, |"mgoing to tal k about

the susceptibility nodel, and | think sonme of the
guestions that you' re aski ng now m ght be addressed a
little better when | get to that opportunity.

CO- CHAI RVAN FORD:  Ckay, guys. If you
coul d I ook at your root thing because the technician
is going to play with the quality of this picture.

CO CHAI RVAN SIEBER: It might get worse?

(Laughter.)

MR. PONERS: 1|s he going to add sone data
to this picture?

MR WALLI S: You mean after the two

previ ous works on that graph, all of the points wll
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come down?

MR. ROSEN: That's right.

MR. CULLEN. Ckay. Let's nove ahead j ust
alittle bit.

MR ROSEN:. Artificial neural network.

MR, WALLIS: Just tell the guys where to
| ook out.

CO CHAI RVAN FORD:  Thanks, Bob.

PARTI Cl PANT: That nmeans no nore probl ens
her e.

(Laughter.)

MR. CULLEN: Ckay. Let's forget ahead
here a little bit.

The point I'm trying to nake on this
particular slide is that we have several research
prograns that relate to the overall CRDM cracking
i ssues other than the ones that I'mmainly invol ved
in, which are stress corrosion cracking. But we have
a contract out to look at inspection techniques and
probability of detection, issueslikethat that relate
to inspection.

We have t he programthat | tal ked about to
nodel residual stresses; another programtask aspect
t hat i nvol ves devel opi ng a probabilistic nodel, and so

on, and --
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MR. POVNERS: For sonething called T sub F.
MR MATHEWS: Tine to failure.

MR CULLEN: Tinme to failure.

MR. POAERS: You are bright.

MR. CULLEN: And all of these different

contract tasks are conbined and fed into inproved ri sk
anal ysis nodels. | want to nake again the point here
t hat we are continuing the testing of stress corrosion
crack growmh rate determnation in these relevant
al l oys and that we are usi ng sone materials that we' ve
harvested out of the Davis-Besse head.

MR WALLIS: Does this probabilistic nodel
have any physics and chem stry in it?

MR. CULLEN: There's a nenber here of the
ACRS who coul d perhaps coment on that a little bit
nor e.

MR, SHACK: It will have some chem stry
and physics in it.

MR. PONERS: All things in life, G aham
are chemstry. So you know that there's sone
chem stry init.

VR. SHACK: It will include the
mechani stic pictures that we've developed for the
resi dual stresses.

There are things that we know well. I

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

299

t hi nk we know a | ot about residual stresses. W know
a lot about K | think we know a | ot about crack
grom h rate.

MR. WALLI S: About | eakage t hrough cracks?

MR. SHACK: We're going up to the place
where the |eakage starts. W actually know a | ot
about | eakage through cracks, too. You know, it all
has to cone together.

MR. CULLEN: Let ne stress that the
probabilistic nodel that we are developing is to
cal culate an inspection interval which would be
optim zed to di scover a |l eak very, very soon obvi ously
after it may energe after we go through a wall.

So it's not to provide any inspection
interval calculations for a plant that already has
known | eakers in it. \Wat we're trying to do is to
come up with intervals for inspection that will help
us or assist us to discover |eaks as soon as they
reasonably can be discovered in a given plant.

MR. KRESS: What do you do when you
di scover a leak? Go fix it?

MR. CULLEN: [|'d rather have the |icensee
answer that, but | think generally you have the right
i dea, yeah.

MR. KRESS: Do you fix it the next
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shut down?

MR, CULLEN: Well, of course, they would
be shut down at that particular point.

CO CHAI RVAN SI EBER: NERC does not al | ow
you to operate with a | eak except --

MR. KRESS: WE operate with a |l eak through
t he steamgenerator tube. Wiy is this any different?

CO- CHAI RMAN S| EBER: W didn't operate
with a [ eak. W just didn't operate with |eaks.
That's the way we interpreted the ASMVE code.

MR. KRESS: Tech specs allows a certain
amount of | eakage.

CO CHAI RVAN SI EBER: I dentified | eakage,
but it can't keep from--

MR. SHACK: If you identify it as a crack
inthe reactor cool ant boundary, it's got to be fixed.

CO CHAI RVAN SI EBER:  There are fair anount
of bolted joints or gasketed joints in a plant, sone
of which may | eak. You know, a packing gland
(phonetic) on a valve may drip a drop of water on the
floor once in a while, and so you're allowed to
operate under those circunstances, but you aren't
allowed to operate when you have a breach of the
physi cal material of the plant. That's what the code

says.
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MR. ROSEN:. Except for the steamgenerat or

t ubes.

CO CHAI RVAN SI EBER: W didn't interpret
it that way.

MR. ROSEN: The tech specs interpret it
t hat way.

CO CHAI RVAN SI EBER: Yeah, | know. There
is a tech spec that says you can't have nore than a
gall on a day or sonething.

MR. KRESS: So when you detect a crack
that's going to be 70 percent through wall by the tinme
of your next shutdown or it's goingto -- you're going
to repair it at 70 percent through wall or are you
going to wait for it to | eak?

CO CHAI RVAN SI EBER: Wl | --

MR. KRESS:. Since you can't have a | eak,
you' ve got to decide how far through the wall you're
going to let it.

CO CHAI RVAN SI EBER: When you' re operati ng
you aren't going to know.

MR,  POWERS: You have flaw eval uation
gui del i nes.

MR, KRESS: Oh, yeabh. | haven't read
t hose yet.

CO- CHAI RVAN SI EBER:  The only way you're
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going to know that you have a leak is when your
uni denti fi ed nunber changes, your | eak rate nunber, or
you get <changes in containnment |ike additiona
particul ate activity or i ncreased hum dity. There are
indications that you're |eaking, but you can't tel
where it's comng from That's why they call it
uni denti fi ed.

CO- CHAI RVAN  FORD: Bill, this construct
| ooks very simlar tothe NRP construct. WII we have
two i dentical nodels or two different nodels or what?

MR. CULLEN: This, | think, falls in the
category of confirmatory research

CO CHAI RVAN FORD: Wl I, what happens if
it gives a different answer?

MR, CULLEN: We need to resolve an issue
i ke that.

CO- CHAIRVAN FORD:  It's bound to give a
di fferent answer.

(Laughter.)

CO- CHAI RMAN FORD: | guess |' mwondering
what do we do in a case |like that. Do you have an
argunent, a di scussion?

MR CULLEN: | think | don't have an
answer to that right now [It's kind of a wait and see

once we get there kind of a thing.
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CO- CHAI RVAN FORD:  Now, the industry are

saying that they will have this for Aloy 600 for
cracking by the mddle of this year. Wat is your
time scal e?

MR, CULLEN: Vll, this is a work in
progress. | think the time scale is roughly the sane,
but it is definitely a work in progress.

CO CHAI RVAN FORD:  Ckay.

MR SHACK: Sout h Texas may cause sone
upset to the nodel.

(Laughter.)

MR CULLEN: Ckay. Let's --

MR SHACK: Because the nodel doesn't
predi ct South Texas at the nonent.

MR. CULLEN: Let's nove on here a little
bit. 1've nmentioned a couple of tines nowthat |'ve
been a couple of nonths taking a look at this
susceptibility plot. As we've heard a few tines
today, the current nodel depends only on tinme at
temperature, and the current nodel, | would have to
admt, and it's very easy to see, is doing a very nice
j ob of projecting when the plants will devel op obvi ous
| eaks.

Al'l of the red squares down here at the

bottomare bare netal visual observations of |eaking
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CRDMs. So the nodel works. That's indisputable.

There are a couple of orange triangles
over here which are NDE cracks, discovered by NDE and
repaired. So you know, where these boundaries are
maybe sonet hing that could be discussed further.

Remenber, of course, thisis astatistical
di stribution. So you know, you're going to find sone
t hi ngs el sewhere ot her than ri ght up here at t he upper
tail.

MR. WALLI'S: \What does pl ant ranki ng nean
her e?

MR. CULLEN: Ch, we just nunber fromthe
plant with the highest nunber of EDYs to the plant
with the | owest nunber.

MR  VWALLIS: Then it should be a
nonot oni cal |y i ncreasing curve.

MR, CULLEN. And it is.

MR. WALLIS: It's not. It has got w ggles
init.

MR. CULLEN. | think if you take a | ook,
every data point is a little further to the right.
Now, you won't see any back-ups except for something
like this which is in there tw ce.

MR. WALLIS: It should be up as well if

it's just a ranking based on EDY
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MR,  MATHEWS: The growth mark plant

ranking, it was ranking as of a given date and tine,
and the plots were the inspections for that tinme of
t he i nspection.

MR CULLEN: Yeah, that's true

MR, WALLIS: Ah, that's the only
di fference.

MR. CULLEN: "' m thinking maybe what's
confusing thingsis |likethat orange triangle al so has
anot her data point out here for that same plant. You
know, if you elimnated the duplicity where a pl ant
had - -

MR POVERS: The duplicity. Let us
elimnate the duplicity at all opportunities.

MR. CULLEN:. If you elimnate the double
counting of the plant? Ckay.

You know, sone plants had an observation
and disposition at one point in tine, and the sane
pl ant had another observation and different
di sposition at a second point in tine. Ki nd of
bel aboring that in order to straighten it out.

CO- CHAI RMAN  FORD: | know we asked the
guestion why the discontinuity in the curve up here
and, boom |Ilike that.

MR, CULLEN: Yep
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CO- CHAl RMAN FORD: And | know t he answer

was given, but |1've forgotten what it is.

MR CULLEN. Well, these are all col d head
pl ant s. So they build up EDYs very, very, very
slowy. |'mnot sure what that plant is. You know,
everyt hi ng has an expl anati on, but you know, these are
basically all of the cold head plants. These are all
of the really hot head plants.

CO- CHAI RVAN FORD:  But Grahami s point is
if you have the sane algorithmhere, it should be a
snoot h curve.

MR.  CULLEN: | wouldn't say a snpoth
curve.

VR. WALLI S: The different times
apparently. They ranked themat different tinmes when
t hey cal cul ated EDY, but it should be essentially a
snoot h curve. There's no newinfornmation involved by
plotting plant ranking. It's really on the basis of
EDY, the points to the right.

MR. CULLEN: Yeah. The worst plant is the
nunber one plant, the worst in terns of the maxi mum
EDY, and the best plant is up there.

CO- CHAI RVAN FORD:  Ckay.

MR. CULLEN. It's just a convenience to

pl ot things that way.
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kay, but the point that | want to meke
here is that, you know, in a statistical basis we can
all envision the day perhaps where a plant down in
here i s going to devel op a | eak, and we may know about
this already, but I'mnot going to stand up here and
mention nanes.

So you know, there are other factors that
are going to affect this susceptibility ranking one
way or another. Sone of these |owplants are goingto
devel op a crack, and we're going to have to fi gure out
why.

Sone of these plants up here in the high
ones, maybe that star right there which so far is a
good pl ant, no observations fromNDE. You know, this
may go on out as a green star for a long, |ong period
of time, and we're going to have to cone to sone way
of understanding why that is.

Again, it's not ny role to take a pl ant
position, but | can well inmagine that |icensee asking
for some sort of relaxation fromthe NRC. You know,
why are we driving ourselves nuts just because we're
in the high susceptibility category? But, you know,
we' ve got ot her rational e for why we' re stayi ng cl ean.

So | can see that some of these other

factors that |'ve nentioned, yield strength, grain

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

308

boundary carbides, actual neasurenents of stress
corrosion crack growh rates in nozzle materials,
m ght be sonething that we m ght want to take a | ook
at and have sone consideration of going forward.

Okay. I'mgoing to |aunch into kind of
the | ast part of this, but | actually thought the | ast
part mght generate nore questions than the first
part. |If that's the case, bring in the sl eeping bags.

Ckay. The Davi s-Besse |icensee, FENCC
(phonetic), has conpl eted t he experi nental work onthe
i nvestigation of the cavity dropout fromthe Davis-
Besse plant, and they have provided that information
to us at the NRC, and | do have explicit perm ssion
fromthemto show you the pictures that I'mgoing to
show you

And t he reason that | want to show sone of
t hese pictures to you, sone of the descriptions of
what t hey f ound met al | ographical |y and
fractographically is because this information plays
directly into the research progranms that we're
conducting here in the MEB. Basically they | ooked at
t he axial and circunferential cracks inthe J weld and
also in the small section of the nozzle that's still
Nozzl e No. 3 that renmined.

They took a look at the cracks in the
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clad, and they took a |l ook at the walls of the cavity,
and |I'm going to show one example in all four
cat egori es: the axial crack in the nozzle, axial
crack and circunferential cracks in the J weld, the
cracks inthe clad. the fourth thingis the walls in
the cavity. Because all of those things are i nportant
to some of our research prograns.

Okay. As an exanmple of what they did --
and al |l of this work was conduct ed won i n Lynchburg by
BWKT -- here's a portion of the cavity. Now, actually
t hey have sliced essentially horizontally through the
head and renoved what woul d have been the top part of
t he head at about two thirds of the way up or at the
poi nt where the nose of the cavity was, actually had
its greatest extent.

So not to belabor or point out the
obvi ous, but the Nozzle No. 3 was right in here. The
zero degrees is always downhill for reference, and
you'll need that point of reference as | go through
and tal k about all of this.

The | argest cracks i nthe nozzl e were very
near ten degrees, right about there, and that is the
one t hat was spewi ng water into the cavity and causing
this corrosion.

There' s anot her very | arge crack, actually
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sonmewhat | arger crack, at 180 degrees which was non-
| eaki ng.

MR. WALLI'S: Coul d you tell ne again while
' m | ooking at then? Am 1 |ooking down into a hol e?

MR. CULLEN: Yes. You're |lookingfromthe

t op down.

MR. WALLIS: It looks as if it's com ng
out to ne. It's actually going away from ne.

MR, CULLEN: It's going away from you,
yes. That's hogged out or dug out. The illum nation

isalittle bit --

MR. WALLIS: And you're |ooking at the
bri ght cl addi ng.

MR CULLEN: Yes. This, of course, isthe
exposed cl addi ng that has been cl eaned up now, and
it's shining back at you. This is the low alloy
st eel . This is the J weld. There's a very nice
pi cture of that com ng up in the next slide.

MR, WALLI S: But the boundary is very
sharp on the surface of --

MR. CULLEN: No, no. Renenber if nmy hand
i s describing the thickness of the head, we've sliced
t hrough that at approxinmately two thirds of the way
up.

MR. WALLIS: On, through the head.
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MR. CULLEN: Yeabh. So there's another

mat chi ng piece that would sit on top of this, and if
you coul d see the outside of that, you' d be | ooki ng at
the original top of the head.

MR. SHACK: GCh. The 180 degree crack was
al so through wal | and netal | ographically was a | arger
extent than the ten degree crack?

MR. CULLEN: One, point, two inches versus
1.1.

MR SHACK: Was it through wall?

MR, CULLEN: Yes.

MR. SHACK: Okay. Wy do you |abel it
non- | eaki ng?

MR, CULLEN: Because it didn't |[|eak
There's no corrosion. There's no |eak path.

PARTI Cl PANT: Non-eroding at any rate.

MR. CULLEN: If you look at this wall,
it's as pristine as sonmething |like that should | ook.

Okay. Now, this is apicture of alittle
section of the J weld. Now, renmenber this surface has
never been seen before by man or woman. This is the
surface that was exposed by t he corrosi on of the boric
aci d.

Here is the low allow steel that [|'ve

| abel ed over here, and this is J weld deposit, and
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this surface, of course, was inintimte contact with
carbon steel once upon a tine.

So I'mjust showing this as kind of a --

MR, WALLI S: But the J weld was not
touched. That's --

MR. CULLEN: The J wel d was not attached.
That is correct.

MR. WALLIS: Isit simlar material tothe
clad or is --

MR. CULLEN: No. Cadis basically a 308
stai nl ess steel, sonething that | ooks vaguely like --

MR. WALLI S: The stuff that you weld
stainless to carbon with?

MR. CULLEN: Yeah, this is the Alloy 182
t hat we've tal ked about repeatedly this norning.

MR VWALLIS: | didn't know what it is.

MR. CULLEN. Ckay.

MR. ROSEN: It doesn't get attacked by
bori c aci d.

MR, CULLEN: That's correct, and the
stainless steel clad does not seem to be attacked
wi ther. The reason that this section was made at this
poi nt was that this distance here happens to be the
very thinnest that the clad got anywhere within the

cavity. |If nmenory serves right, this is .208 inches
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thick right here at this little tucked in corner.

MR. WALLIS: This is a place where the
hole is pretty narrow. So it's really in the corner.
It goes into a --

MR. ROSEN:. Maybe you can go back to the
pi cture before and show us roughly from above where
that is.

MR. CULLEN: Ckay. You're lookingat this
pi ece right here.

MR WALLIS: [It's amazi ng how narrow t hat
what ever you call it is.

MR. CULLEN: Yeah. Well, you know, it was
corrodi ng.

MR WALLIS: It would carve out in that
pattern is really remarkable that you would cut so
deep and so narrow.

MR. CULLEN. Well, | nean, the depth of
the cavity was al nbst seven i nches.

MR WALLI S: | know, but isn't this a
remar kabl e pattern?

MR.  CULLEN: Well, it certainly is
i nteresting. Yeah, "remarkable" is a fine word.
| nt eresting, stupendous.

MR PONERS: Elicited a |lot of comment.z

MR. ROSEN: Earth shattering, curious.
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MR. CULLEN: All of these ki nds of things.

Curious. Al right.

MR. WALLIS: One hastoreally think about
how t hat pattern coul d be devel oped.

MR. CULLEN: Are you tal king about this
pattern right here?

MR. WALLIS: Onh, no, no, no. The pattern
of the hole, the --

MR CULLEN: Ch, the geonetry of this --

MR WALLI'S:  Yes.

MR CULLEN: -- overall cavity at that
| ocation. Well, in the sane sort of line, | think,
there is a little bit of a corrosion undercut right
here. Oiiginally | actually thought that maybe there
woul d be a substantial undercut. That turns out to be
not true.

This is alnost the wundercut in its
entirety. |If | had included nore of the picture, it
ki nd of goes up very quickly up al ong here.

This photo is a 180 degree reversal of
t his because of the difference in the type of canera.
This is an ordinary canera. This is a telegraph. So
this little undercut is actually that little thing
right there that you can see.

MR. ROSEN:. And there's a crack ext endi ng,
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right?

MR. CULLEN: No, that is not a crack
That is just sinply the boundary between cl addi ng and
low alloy steel. It does | ook sharp. | agree.
Visually it looks |like a crack, but it is not a crack.

MR. ROSEN:. Looks like a crack to ne.

MR. CULLEN: No. Take ny word for it.
It's not.

MR. WALLIS: |Is there any pattern on the
| ow al l oy steel that indicates convection patterns or
anyt hi ng?

MR CULLEN: W're going to get that in
the second and third slides fromthe end.

Ckay. As |'ve said two or three or four
times now, we're doing actual crack growth rate
testing of the Alloy 600 that was in Nozzle No. 3.
This is some netall ography on that nozzle material.

This is the remmants of the non-I|eaking
crack, the longest one, that was in Nozzle No. 3.
Basi cal | y what happened, as the | i censee was, on March
the 8th, boring up to prepare this nozzle for its
repair, they got up to a certain point where they had
actually gotten rid of three of the four cracks that
were in this nozzle when it tipped on them but there

was the tail end of that fourth and | ongest crack, the
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uphil I crack. The one at 180 degrees was still partly
inthe nozzle. So that's the one that still remains,
and that's what you see. Right there is the tip end
of that particul ar crack.

Looki ng at the netal | ography of this, and
| also would Iike to nention, and it comes out |ater
actually, the yield strength of this particular
material is known, and | would call it noderate, in
the mddle of the range of yield strengths that we
know for this particular material, and the grain
boundary coverage is pretty good.

That darkened line right there s
basically carbides all along this particular grain
boundary. |If you do an anal ysis of the carbides, you
get this huge chrome peak right there. Over here
there it is right there. You can see it's nothing
like what it is over here.

On the other hand, here's the iron peak
and here's the nickel peak, and they are virtually
nonexi stent over here. So there was essential chrone
depl etion nearby and chronme carbides right on the
grai n boundary, very lowin iron and nickel, but the
matri x has the normal Alloy 600 chem stry.

Basically ny nessage here is that

consi dering the chem stry of this material, the yield
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strength of this material, the fact that the mcro
hardness traverseonit isfairly flat, basically this
is pretty good Alloy 600.

MR. WALLIS: So downhill onthis thingis
the furthest extent of the hole, is downhill, isn't
it? So the debris fromthe hole is flow ng out of the
downhi || edge presunmably.

MR. CULLEN. At the downhill edge, yeah.
That is not this crack that we're tal ki ng about here.
This is --

MR. WALLIS: Going back to the previous
picture, yeah. It's flowing-- no, no, the one before
that. This is uphill somewhere. It's flow ng out
over there. It's com ng out on the right.

MR. CULLEN: It is com ng out at probably
about this angle right here, pretty much, you know,
com ng out of the ten degree crack, and | would say
pretty nuch com ng --

MR, WALLIS: Ch, that's where it's coning
out of the crack, fromthe crack.

MR CULLEN:  Yeah.

MR. WALLIS: Ckay. So that's also on the
side of the npbst erosion or corrosion.

MR. CULLEN: Right, but the crack that I'm

showing in that slide, two slides ahead, is up back
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here. That's the only crack that remai ned after the
nozzl e ti pped over on them 1t's the only one that we
have to | ook at. The downhill crack, the ten degree
crack, the |eaking crack is a goner

Okay. This is a netallograph of that
stress corrosion crack that you sawin a normal photo
on the previous slide. |I'"mshowing this sinply to
reinforce what we talked about this norning, the
tortuosity of --

MR. WALLIS: The crack growth rate you
mentioned i s what, the actual di stance with a strai ght
i ne between the end?

MR CULLEN: No, it's the linear crack
growh rate. It would be what you would see if you
| ooked strai ght down normal --

MR. WALLIS: When it wanders around |ike
this, doesn't K vary?

MR. CULLEN: On a highly, highly --

MR. WALLIS: -- then it nust be changi ng
its Kall of the tine.

MR. CULLEN: But fracture nechanics don't
think of the driving force behind a crack in that
regard.

MR, WALLIS: Onh, they don't?

MR. CULLEN: You may be correct on a very,
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very |local basis, but fracture nmechanics is a nore
gl obal analysis of crack driving forces.

MR WALLIS: But the K fornms sort of an
anal ysis of an ideal crack and t he square root |awfor
the stress distribution.

MR CULLEN: That's correct.

MR. WALLIS: Is that the radius? That's
where K comes from

MR CULLEN: That's correct.

MR  WALLI S: And this doesn't |ook
anything like the nodel that K is based upon.

MR CULLEN: That is --

MR WALLI'S: How can you use a K?

MR. CULLEN: Well, in a highly | ocal way
that's true. 1t doesn't |ook |ike, you know, a |linear
crack with an infinitesimally sharp notice.

MR. WALLIS: Thetip, it'sstill doingthe
same thing. See?

MR, CULLEN: VWhat we do know is that
cracks that ook like this still, if youwll, observe
the | aws of fracture mechanics.

MR WALLI S: Except that you can't
correlate the data.

MR. CULLEN. No, let's not go that way.

kay. If you open this crack up, thisis
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what you see: classic intergranul ar stress corrosion
cracki ng. You couldn't get a picture that's nore
t ext book perfect thanthat, and that's the reason t hat
the licensee did this, is to prove, if youwll, that
a stress corrosion crack in a field typical nozzle
really |l ooked |ike that.

It's not the first tine that we' ve been
able to do that, but it's helpful to know that.

MR. POAERS: Maybe you shoul d tell nme what
| am not seeing here.

MR, CULLEN: Well, I'mgoing to sidestep
t hat question because | think what we are seeing is
what we woul d expect to see.

MR. PONERS: | nean, what you're sayingis
because you see lots of dodecahedral kind of
structures, you' re breaking in between the cracks.

MR. CULLEN: Exactly right. So this is
classic textbook | GSCC You don't need another
expl anati on.

MR. WALLIS: Nothing elselooks |ikethat?

MR. CULLEN: Now we're getting into a
Pandora's box. Are you | ooking for an answer to that
guesti on?

MR. WALLIS: Well, yeah. You saidthis was

now we know sort of for certain that this is an | GSCC
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crack.

MR CULLEN:  Yeah.

MR. POVERS: | nmean, alnost ipso facto
because it's obviously intergranular and it's
obviously a crack. He doesn't know that stress
corrosion caused that crack.

MR. CULLEN: Well, you know, it has been
suggested, as an exanple, that thermal fatigue nmay
drive sonme of these cracks in the head. W don't see
any evi dence of that, and I' mhappy for that. | nean,
that woul d conplicate our lives enornously.

So, |I nean, it's those sorts of things
that we don't see that gives nme sone ability to
understand better what it is that is driving this
t hi ng.

MR SHACK: You don't see the river
patterns that you would get if you saw sone sort of
hydrogen enbrittl enent.

MR WALLIS: That's sone tip.

MR. PONERS: The thing that puzzles ne
about this crack, the speakers that precede you a | ot
said, "Cee, these cracks are very tight."

And | |l ook at that and say, "GCee, that
doesn't look like a tight crack to ne."

Is that a tight crack to you?
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MR. CULLEN: No. You're not |ooking at

the crack tip though. You were | ooking at the crack
tip.

MR. WALLIS: Thereis nocrack tip. There
are thousands of crack tips.

MR.  CULLEN: That's true, and that
rei nforces the point that was made by anot her speaker
this norning, is that stress corrosion cracks
typically branch all over the place and give you |l ots
of NDE signatures to | ook at.

Now, back in here, you know, this is the
original 1D and so, yes, the crack has a large
opening at this particul ar point, but if you come down
at the end of it and you take a | ook at some of these
tips, you know, they're pretty tight. Up in here it
| ooks open. |I'mnot so sure we're really | ooking at
the tip of the crack.

And remenber this is just a slice.

MR. POAERS: | understand.

MR. CULLEN: And the tip nmay be who knows
what ?

MR. PONERS: Inor upinthe material that
you --

MR. CULLEN: Yeah. So I don't think we

should be misled by what appears to be a certain
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openness in the crack encl ave.

MR. PO/ERS: But it is that, those
stringer kind of things that you see out there that
are being described as tight.

MR CULLEN: That's correct.

MR WALLIS: Now, tell nme about stress
corrosion. That corrosion part nust inply sonme kind
of chem stry going on. There's sonething going
through the crack which is causing this to pop
t hr ough?

MR. CULLEN: Well, | could launch into a
| ong nonol ogue at this point, but --

MR. WALLIS: No, but thereis sonethingin
t he crack? The environnment nakes a difference?

MR. CULLEN. The environment absolutely
makes a difference, yeah. Now, exactly mcro
nmechani stically, mcro chemcally what's going on,
let's not go there.

MR WALLI S: The environnment has to
di ffuse an awful |ong way through those netal cracks
to relate what's in there to what's back in the
reactor.

MR. CULLEN: Well, but remenber this was
solid netal .

MR WALLI S: | know.
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MR. CULLEN: So solid nmetal with water out
here, what happens when that netal opens? | nean
somet hi ng has got to get sucked up in there and --

MR. WALLIS: There nust be a trenmendous
gradients in the chem cal environment going on in
t here.

MR CULLEN: | would tend to agree with
you. There probably are, and that's been several
t housand t heses generated on that issue.

MR. WALLIS: Didthey ever resolveit? Do
you have a nodel for it?

MR. ROSEN:. Yeah, there are lots.

MR. CULLEN: Lots of nodels. Very, very
difficult to prove. Now you get into how do you
sanpl e the environnment that's up there in the crack.
You may be aware there's some attenpts been nade to
sanmple the environnent in the crevice in steam
generator tubing, tube sheets, but all of this
sanmpling business is very, very difficult.

MR. WALLIS:  You probably influence it
just in trying to sanple it.

MR CULLEN:  Yeah.

MR. WALLIS: You change what's there.

MR. CULLEN:. You know, when you go sanpl e

somet hi ng, you probably are extracting a vol une of
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material that is totally disruptive to the total
vol ume of the crack

MR WALLI S: So what's in the crack?
There's a liquid in the crack?

MR CULLEN:  Presumnably.

MR. WALLIS: \Where did the material go
t hat di sappeared fromthe crack?

MR. CULLEN: | don't think anything has
di sappear ed.

MR. WALLIS: Well, how is it opened up

t hen?

MR, CULLEN: Stress.

MR. WALLIS: It has opened up. It has
noved. It has noved apart.

MR. CULLEN: Yeah. There's a
di spl acenent .

MR VWALLI S: There's a displacenent.
Ckay.

MR. CULLEN: Ckay. | just wanted to show
this as exanples of the cracks in the J weld, and
agai n, we have got sections of the J weld at Argonne.
W' re going to be doing our own crack growth rates on
this material.

Going nowto the clad --

MR WALLIS: That was wonderful .
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MR, CULLEN. ['msorry?

MR WALLIS: That's wonderful, | said,
wonder f ul .

MR CULLEN: | still didn't hear.

MR, WALLIS: It's wonderful, the shapes of
t hese things.

MR CULLEN: ©h, okay.

MR WALLIS: Remar kabl e.

MR. CULLEN: Well, you know, initiallythe
first observation that was made of the exposed cl ad
did not provide any indication that there were
actually cracks in the stuff. The black right here
was originally low alloy steel. Okay? So this
surface here, absent alittle bit of wastage that has
occurred, was the surface that was in fused contact
with the lowalloy steel. Okay? The surface that is
in contact with the reactor coolant is down here
sonewhere. | don't know where. This is only a part
of the thickness of the clad. So this is the exposed.

So this was after the cavity devel oped
hi ghly concentrated boric acid solution, probably at
a tenmperature approaching the boiling point, the
normal anbi ent pressure boiling point, say, 200 and
somet hi ng degrees Fahrenheit.

And these cracks, if you open themup as
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we have right here, the crack path is interdendritic
inawldthat is the analog to intergranul ar stress
corrosion cracking.

MR WALLIS: Well, why do you say it was
212? Doesn't the boiling point go up on --

MR. CULLEN: It does. G ve ne a nunber

MR. WALLIS: It goes up quite a |lot.

MR. CULLEN: 1'd be happy with 215. |
don't know. We don't know the concentration of boric
acid. That's why, you know, |'ve got to hesitate on
t hat .

MR WALLI S: It's got to be pretty
concentr at ed.

MR,  CULLEN: Pretty concentrated is
definitely the answer, but what the boiling point
el evation is I'mnot sure, but the nessage |' mtrying
to deliver there is not 605 degree tenperature water.
It was down quite low, and we do know that |ow
tenperature, concentrated boric acid solutions wll
corrode the low al l oy steel, and that's why 40 pounds
of it di sappear ed.

MR. ROSEN: | didn't just disappear. It
just kind of flowed out. It wasn't magic.

MR CULLEN: It was not magic. That's

true.
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The message that | was trying to deliver
is that initially we didn't know that these cracks
existed in the clad. So the safety analysis,
structural integrity assessnment that we had originally
tried to do used the entire thickness of the clad on
an assunption that the clad had its original
t hi ckness. Ckay?

But now, just a few weeks ago when these
phot ographs were presented to us, we found out that
we' ve got cracks in this stuff. WelIl, the good news
is that the cracks are, quote, only about 40 to 60
mls deep in clad that is between 200 and 300 mls
t hi ckness dependi ng on where you are. So they only go
a fourth or a fifth of the --

MR WALLI S: Only produce the stress
concentration and all of that kind of stuff?

MR.  CULLEN: W're in the process of
trying to calculate that right now It will be two or
three nore nonths before we get to the bottomline
answer .

MR. WALLIS: Very interesting because t he
assurance we were given was that this thing was al ong
way from di saster.

MR. CULLEN: We still believe that to be

t he correct answer.
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MR WALLIS: Just include these cracks in

t hat .

MR. CULLEN. Even including the cracks, we
still believe that that's the correct answer.

MR. ROSEN: Now, this stuff was yiel ded,
right?

MR. CULLEN. There was a bulge. This is
a point I have to be kind of careful with right now,
and it is going to be part of our ultimte
di spositioning of this thing. It is correct that
there was a bulge in the clad, a bul ge of the |licensee
tells us approxi mately an ei ghth of an inch. W take
that to be reasonably accurate. W' ve got the data.
It's reasonably accurate.

However, the interesting thing is that
t hese cracks which are |located right on top of the
bul ge show no evi dence of plasticity at all, zero. W
don't quite understand that yet. W' re working on
that, but it is very, very perplexing that these
cracks appear to be driven entirely by intergranul ar
stress corrosion cracking, no evidence of ductility,
plasticity, void formation, whatever you want to | ook
for that woul d gi ve you sone i ndi cati on that there was
plastic deformation going on in addition to stress

corrosion cracking. W see no evidence of that, and
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it is, very frankly, a dilemma

MR. ROSEN. Because there's a bul ge.

MR. CULLEN: Because there's a bul ge.
Now, that bulge, it was not a case of the cracks
grow ng and then the bul ging because we would see
rounded crack tips.

MR. WALLIS: This is the bulge which is
left. It isn't the plastic deformation alone. The
el astic deformati on woul d have nade a bi gger bul ge on
top of that.

MR CULLEN: Well, we wouldn't see the

el astic deformation. No, that woul d have snapped back

when the --

MR WALLIS: | know, but it would have
been there. It would have been there on top of.

MR. CULLEN: On, it woul d have been there
on top of that. That's absolutely true, but, you

know, to a much --

MR. WALLIS: So it would have opened the
crack some nore maybe.

MR. CULLEN. Well, that, you know, stress
corrosion cracks are driven by the elastic stress
field. Generally stress corrosion cracks don't |ike
plastic stress fields, plastic strain. That tends to

blunt themand stop them W don't see any evidence
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of that.
And it's very, very hard to i magi ne t hat

t he cavity opened, the bul ge occurred, and then al |l of

these cracks got started. That's not a very
confortable scenario. | nean, it just doesn't sit
wel | .

CO CHAI RVAN FORD: So this is relevant to
the wultimaite safety analysis, this particular
i nci dent .

MR, CULLEN: Yes.

CO CHAl RVAN FORD: \What does it tell us
about --

MR. CULLEN: Can | defer your question for
one or two nore slides? Because there's another
nmessage com ng.

CO CHAI RVAN FORD:  Ckay.

MR.  CULLEN: There is a nmessage about
t hat .

CO CHAI RVAN FORD:  Ckay.

MR. CULLEN:. So | nean these ot her things
are just nore of the same, but one part of the nessage
-- well, | guess |'ve bel abored that point. There's
no tearing even near the bul ge.

l"msorry. | didn't mean to switch quite

so fast, but we'll leave it. That's okay.
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Anot her part of the nessage, the |icensee
made nmeasurenments on the depth of those cracks on the
remaining |igament. No matter where the cracks occur
inthe clad, no matter what the thickness of the clad
at that particular | ocation, there's about 200 m | s of
clad remaining intact, in other words, intact,
unfl awed t hi ckness of the cl ad.

Wiy did those cracks all pop in? I
shoul dn't use that. FErase the tape.

Wiy did those cracks all devel op, nove
down, and with 200 mls of clad remaining stop? W
don't know.

Could it be they are driven by stress?
Possi bly, and the stress just ran out of gas.

MR WALLIS: Shut down the reactor.

MR. ROSEN:. That could be.

MR, CULLEN: Vell, but renenber this
cavity probably did not devel op overnight, and these
cracks are distributed throughout the cavity. So
you've got to assune that the ones near the nozzle
probably got an early start.

MR. WALLIS: They should be | onger.

MR. CULLEN. They shoul d be | onger, but
they're not. | nean, all of these cracks go down and

| eave about, you know-- so ny guess is that they were
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probably driven by sone sort of residual stress, and
we do know t hat when you apply cladding to | ow al |l oy
steel you create a tensile stress field as the
cl addi ng contracts and solidifies and cool s.

So it nmakes some sense that we do know

there is areasonably thinlayer of residual stressin

t he cl ad. So maybe the crack got nucleated, got
started, grewuntil it just ran out of stress gas, so
to speak.

Anot her possibility is that it's

t enperature control | ed because renenber you' ve got 605
degree water on the underside and you' ve got 200
degree Fahrenheit, 218, whatever you want to say
concentrated boric acid solution on the top. So
you' ve got a tenperature gradi ent through the clad,
and maybe that influences crack growmh rate in clad.

We don't know because we've never seen
stress corrosion crack growh rates in essentially, |
nmean, pure water. Agree it has lots of boric acid in
it, but no other contam nants.

MR WALLIS: It would be worse, wouldn't
it? | nmean if it's colder on top it would tend to
open up nore.

MR. CULLEN: You would tend to think so,

yes. | agree with that, yeah.
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Lots nore questions than we have answers
ri ght now

Okay. Peter, we're getting a little
closer to the answer to the question that you were
trying to ask ne a few m nutes ago.

MR. WALLIS: Well, the big question for ne
has al ways been why was the hole the shape it was.
Have you got any handle on that at all?

MR. CULLEN:. | don't at the present tine.
| " mnot sure where the industry programthat we heard
about this norning is going to take us, but it m ght
take us in that direction.

W may learn -- | say "we" in the sense of
NRC RES -- may learn something from our probable
i nvestigation of the cavity around Nozzle 2 and the
shape that that had relative to the crack that was in
Nozzl e 2. W just don't know the answer to your
guestion in a sentence today.

MR, WALLI S: Wiy did it nake a cavity
instead of just ariver or sort of an erosion pattern
under the river?

MR CULLEN: Don't know.

kay. What we're looking at here is a
nor mal phot ograph, J groove weld. The difference in

coloration here is probably due just to the etching.

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

335

It doesn't nmean anything particularly about deposits
to the welds or anything like that, and this is the
clad. This, of course, is where the cavity was, upin
here, and this i s where reactor cool ant was down here.

Here's alittle bit of an expansion. What
"' mgetting at and you'l|l see much better in the next
slide, is there's a bunch of little stress corrosion
cracks right over here in the corner as well. There
they are netallographically now. This is the clad,
and you can see that there's quite a | arge nunmber of
very fine, relatively short cracks, some of which
actual ly penetrate the boundary. This is J weld down
here. This is 308 stainless -- |I'msorry -- yeah
that's right, 308 stainless up here, 182 J wel d down
her e.

This type of cracking only occurs very,
very near the J weld. So |I'mpresumng that it has
got sonething to do with the residual stresses that
were set up when the J wel d was deposited, and again,
they only run down to and just barely into the J weld,
and they seemto stop nore or |ess, you know, where
t hat boundary is.

The point that | want to make here, and to
sone extent in the previous slides at the cracks in

the cladding is that we have known; you folks in the
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ACRS are well famliar with irradiation assisted
stress corrosion cracking in stainless steels,
sensitized stainless steels. You're very famliar
with boiling water reactor cracking problens in
sensitized stainless steels, but we do not generally
see stress corrosion cracking in stainless steel weld
netal in the weld.

We usually see it at the heat affected
zone or in some other sensitized part. W don't
general |l y see stress corrosi on crackinginweld netal
and here we have it in abundance.

W also have sone IGA in abundance,
intergranul ar attack, and sonme wastage, sone grain
dropout. These are things admttedly we' ve got a very
of f chem stry situation here w th highly concentrated,
probably highly oxygenated boric acid sol ution.

But, again, we've never seen this sort of
a thing, and sone of the people, sonme of the
researchers, science regulators that | have talked to
about this feel like this may becone an issue,
somet hi ng that we m ght have to take a deeper | ook at
going forward from here.

Whether this is the precursor to nore
stress corrosion cracking issuesinanmterial that we

t hought was going to be fairly imune to this stuff |
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don't know, but that's the message that | wanted to
deliver here, is that --

MR WALLI S: You've got this thin
stainl ess steel there. You' ve got a trenendous heat
flux through there presumably --

MR, CULLEN:. Yes.

MR. WALLIS: -- conpared wi th what you had
originally. So you have to supply a lot nmore liquid
to keep it cool.

MR. CULLEN. That's absolutely correct.

MR WALLIS: Soneone has done al |l of those
cal cul ations and figured out what was goi ng on?

MR CULLEN: In MRP 75, | think it's
Appendi x C, you m ght take a | ook at that. Wile |I'm
not a TH kind of guy, | can read through that enough
and see through that. | really believe that they have
got the right handle, the right nodel for why liquid
at 200 and sonething degrees accunulated in that
cavity. | think I can understand that even though I
don't understand the conplexity of the cal cul ation.

And | would reconmend that. It's good
readi ng, good background readi ng.

Okay. W had a question just a few
m nut es ago about the walls of the cavity and what do

we see on the walls of the cavity. So this is the
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|l ow al l oy steel now, and actually I've changed.

| f you think back to the very first slide
in this series where | showed how a typical hunk of
t he cavity had been sectioned up every which way from
Sunday and | said the thing had been split
horizontally, well, nowwe' re | ooking at the top part
that was lifted off, but we're | ooking at the top part
fromthe cut side.

Sothisis the opening that was visibleto
the Iicensee on March the 8th. GCkay? And this is the
nose, the deepest penetration of the corrosion, and

this is the saw cut, horizontal or nearly horizontal

sur f ace.

Al'l right. So three exanples. This then
woul d be about at the 180 degree or downhill side.
The leak, in other words -- the orientation has
changed -- the leak is, you know, back up here and

stream ng water pretty nuch straight into the nose of
the cavity here.

And we have side walls. Again, if you're
standing at the top dead center of the head | ooking
down at Nozzle No. 3, this would be to your right
side. This would be to your left side, and you can
see that there are slightly different norphol ogies,

nore of the sort of pock marking on this |eft-hand
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side, nore of the striations and sort of linearized
texture on the right-hand side, and straight ahead
al nost not hi ng but pock marks.

So people will |l ook at this and say, "Oh,
ny gosh, that is classic fl ow assisted corrosion.” |
personal ly have a problemw th that because | don't
t hi nk . 01 gpmsquirting through this nmurky sol ution of
concentrated boric acid and hitting this wall seven
i nches away i s going to have very nuch fl ow assi st ance
i mpact to it, but you know, |I've heard that spoken by
some people in --

MR WALLIS: Well, if the water is nore
like boiling, | would think is going onin this hole.

MR. CULLEN. That is definitely true. |
nmean, you've got enornous what you just said a few
m nutes ago: a |lot of heat flux com ng through that
quarter inch thick piece of clad down there. So al ot
of the stuff spewing into here.

As it turns out, if you | ook at Appendi x
C, 80 percent of the water that's com ng out of the
crack at 0.1 gpm about 80 percent of it goes off
i medi ately as steamand only 20 percent of it has a
chance of remaining as |iquid. But of that 20
percent, a whole lot of that is going to be boiled

away.
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But there's still enough. | mean, the
| eak rate i s enough, accordingto the cal cul ati on t hat
you still have residual aqueous sol ution.

Early on the people were fussing with the
possibility of nolten boric acid, a kind of gooey,
gumy concoction. | don't see any chance that that
exi sted i n any anount that woul d nake any sense or any
di fference.

Okay. | put this slide up because in the
Argonne programwe are doi ng wastage neasurenents in
bot h qui escent and slightly flow ng environnments. So
t he ki nd of attack that we get may, indeed, | ook |ike
some of this stuff. | hope it does because then we'l|
kind of have a rationale for why these sorts of
patterns devel oped.

So, you know, it's nice to have actual
phot ogr aphs of what happened to this | ow all oy steel
as a way of correlating or validating our |aboratory
i nvesti gati ons.

The sane sort of thing, the last slide in
this particular series. Again, this is a cross-
section that shows how rough that |ow alloy steel
surface was.

Two enl argenents that show you what sone

of these dinples |ooked like in cross-section, and
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again, I'"mjust showng this and waiting to see what
t he Argonne results --

MR. WALLI S: Those di npl es have nothing to
do with the mcro structure. They're too big.

MR. CULLEN. Well, you know, ny experience
insimlar environment -- | won't say exactly simlar
environnments -- but concentrated acid, concentrated
sul fate environnents of lowalloy steel is that these
sorts of dinples usually devel op where you have an
inclusion that acts as a | ocal corrosion accel erant.

So, yeah, they are related to the mcro
structure. The point that the licensee is going to
make is that these depressions are related to this
| ayering, this segregation, banding, whatever you'd
like to call it. You can see this cutout right here
is kind of related to these bands. This here is
related to that black band. You have another --

MR. WALLIS: This | ooks nore geol ogica
all the time.

MR. CULLEN: Oh, yeah, yeah. But you
know, this bandingis relatedto the inclusion content
in the alloy and does provide what | think is a
reasonable rationale for why you get the highly
textured surface, the voiding.

MR, WALLIS: Well, you've al nbst got the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

342

old man of the nountains up there.

MR. CULLEN: Yeah, yeah. You can |et your
mnd run in a lot of directions on sonme of those
profiles.

Okay. So talking alittle bit now about
t he specific programthat we've got in place out at
Argonne, | want to stress that although we started
this program as a result of finding this nmassive
corrosi on at Davi s-Besse and as a consequence of the
fact that | really couldn't find data that we needed
to have to help with the dispositioning and the
understanding of that right at the beginning, we
devel oped this program at Argonne.

There is a lot of work on the generic
description of corrosion of pressure boundary all oys
and concentrated boric acid solutions, |ow alloy
steel, Alloy 600 and 182. | think we've goingtotry
to get sone 308 in here as well.

So even t hough t he programwas spurred on,
if you will, by the findings at Davi s-Besse, we've
designed this programto be very generic and not at
all specific to the particular issue at Davis-Besse.

MR. WALLIS: Are they doi ng experinmentsin
boi li ng boric acid?

MR. CULLEN: Yes. The tenperature range
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is fromjust what you said, fromboiling sol utions at
various concentrations up to as high a tenperature as
we can get and whatever solution we can get in the
aut ocl aves that are avail able, something around 600
and extrenely concentrated is the answer.

W' ve encountered sonme experinmental
difficulties in elevated tenperatures in nore highly
concentrated sol utions, whichis not surprisingto ne,
but nost of the work in boiling solutions has been
conpl et ed.

MR. WALLIS: When the boric dissolves the
steel, what formof chem cal ferreting stuff cones off
or whatever it is?

MR  CULLEN: A question that | can't
answer. |'mnot the kind of guru that gets into that
ki nd of thing, but I do knowfromsone steamgener at or
rel ated research there are lithiumion borates, the
usual |ist of suspects and cul prits that I think you'd
expect when you corrode lowalloy steel in boric acid
sol uti ons.

And sone of themare very conpl ex, and we
may not have a full set of thernodynam c data for al
of the conpounds that are going to be forned, but
there i s sone nodel i ng of the environnent that's goi ng

to go on here that's going to be conpl et ed.
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| talkedalittle bit earlier on about the
comput ati onal nodel and the inputs into that nodel,
and |'ve tal ked qui te extensively about the fact that
we've harvested sone of the alloys and that we're
going to do some actual crack growth rate.

MR. WALLIS: When they took off the head
and tried to, | think, bore it out and the thing fell
over and all of that --

MR CULLEN:  Yeah.

MR. WALLIS: -- the material in the hole
was solid?

MR. CULLEN: 1've got other pictures. The
hole was there. The hole was not full of sonething.
MR VWALLIS: It was not full?

MR. CULLEN: No, and presumably because
what ever was there --

MR. WALLI S: Liquidwoul dhave evapor at ed,
but solid would have perhaps stayed in.

MR, CULLEN: Yeah. Now, the cavity was
crudded up, and that may be putting it lightly.

MR. WALLIS: Analyzing the crud m ght be
very useful. [|I'msure it's being done.

MR. CULLEN. The analysis of -- some of
the crud was recover ed.

MR. HI SER But before they realized
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t here was a hol e, they cl eaned t he head, and t hen t hey
said, "Oops, there's a hole," and yeah, there were
some trace deposits that were found. [|'m not sure
that we've seen the analyses of those, the chem
anal yses, but not nuch.

| mean, unfortunately, things got further
away before they realized they had a problem

MR, WALLIS: It was the first tine they
cl eaned the head, wasn't it?

MR, CULLEN: |'msorry?

PARTI Cl PANT: Until then they had never
cleaned it?

MR, CULLEN: The licensee is going to
deliver a final report to the agency sonewhere in a
nonth or so kind of time frane, as far as I know, and
presumably all of that information is going to be in
t hat report.

And we're also going to do the
el ect rochem cal pot enti al and pol ari zati on
nmeasur enent s of these sol utions against the material s
that are rel evant.

A couple of slides here now on the
structural integrity assessnent. Renenber | said a
few m nutes ago that we needed to know t he properties

of the clad, the extent of the crackinginthe clad in
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order to revise and redo a structural integrity
assessnment that was underway.

That i nformati on has been provi ded t o our
contractor. W expect to get answers to this in a
coupl e of nonths, but the approach is both analytic
and experimental. Afinite el ement nodel of the head
containing the cavity and the exposed cl addi ng.

There are two possi bl e approaches, sinple
plastic -- well, | say "sinple." Easy for ne to
say -- plastic instability nodel that's calibrated by
sone experimental data that already exi sted, and then
al so to take a | ook at whet her those cracks woul d have
extended in length by a ductile tearing process.

Al'l of that is going to be a part of this
deliverable which will arrive in a couple of --

MR. POAERS: Excuse nme. Do | understand
that you're doing this to say, "Ckay. | got a quarter
of aninch of this stainless steel cladding | eft. How
much pressure can it tolerate to fail?"

MR. CULLEN: That is one of the two
questions that we're trying to deliver to our
col | eagues doing the ASP. That's correct.

MR. POVNERS: kay, and could you tell ne
t he second question before | ask ny second question?

MR. CULLEN: The second question gets a
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little more difficult to articulate, but part of the
ASP process istotry to predict where this |icensee,
where the plant was a year ago. So we have to sort of
back-cal cul ate what we think the size of the cavity
was.

MR. PONERS: And so you want to say, okay,
what's the failure probability with the cl addi ng pl us
alittle bit of material.

MR CULLEN: But in both cases --

MR. PONERS: Suppose that you find out
that it's 8,000 psi.

MR. CULLEN. Ckay.

MR. PONERS: Are you going to announce,
oh, okay; everybody can go ahead and | et their vessels
corrode?

MR. ROSEN:. They' ve got this really robust
| ayer lying there.

MR. CULLEN. O cl ad.

MR. PONERS: | nean suppose you get the
answer to this question. Wat are you going to do
wthit?

MR, CULLEN: Well, you know, froma nunber
i ke 8,000 psi, not that people are goingto let their
heads corrode or let the |icensees get away with a | ot

of | eakage or anything like that, but we would, |
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t hi nk deri ve some better understandi ng of the overall
robust ness of the design of these plants.

And you know, it gives you a warm fuzzy
feeling. | don't want to say that we're sinking tens
of thousands of dollars into trying to get a warm
fuzzy feeling, but it's a requirement for us to
provide this data to this analysis, and we're doing
t hat .

MR KRESS: Are you going to ask the
guestion how big that hole has to be before it fails?

MR. CULLEN: |'mnot sure whether that's
going to be part of this or not. | don't think so.
It's not a requirenment for us to project going
f orward.

VMR PONERS: Tom even if | had that
answer, | mean, what would | dowithit? Say, "Okay.
W can nmeke these vessels out of Playdough or
somnet hi ng" ?

It seens likeit's an answer to a question
that | don't know how I'd utilize it.

MR VWALLIS: Well, the story woul d be nore
conplete. It would make a nuch better story and a
drama if you knew the answer to some of these things
whet her you're going to do anything with it or not.

MR. KRESS: But Dana is right. There's
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not hing you would do with it in a regulatory sense.

MR. PONERS: Yeah. Am 1 going to tell
t hem okay, you know, go ahead and build them out of
tin sheeting or sonmething |like that?

CO CHAI RVAN SI EBER:  There may be sone
public confidence aspect.

MR, POVERS: |'"m pretty sure that the
public reaction to you saying that the vessel wasn't
goingtofail is going to be |l oss of confidence inthe
NRC.

MR. KRESS: Maybe it's an input into the
signi ficance determ nation process.

MR. POVERS:. You know, it seens to ne that
there's just no choice in this matter. You're going
to have to say, "Look. The ASME code says build the
dammed thing this thick. You're going to build it
that thick and keep it intact.”

| don't care how thing the stuff gets.
Don't let it get thin.

MR. WALLIS: | think when you're up there
and sone Senator asks you these questions you don't
have an answer. O herw se you nmight just --

MR. POVERS: No, the answer to these
question is this was a bad thing. W don't like this

to happen to our reactor heads.
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MR, WALLI S: That doesn't sound very

t echni cal l y sophi sti cated.

MR POVNERS: | don't think |I have to be
very technically sophisticated to tell himthis was a
bad thing. He knows it fromthe face of it.

CO- CHAI RVAN FORD: Let's nove on.

MR PONERS: Ckay, all right.

MR, CULLEN: Summarizing now, this
structural integrity assessnent has both an anal yti cal
aspect toit and an experi nental aspect to it shown on
the next slide. W are constructing a sinplified,
adm ttedly, nodel of the cavity with stainless steel
that sinmul ates the unbacked cladding, and | can't
remenber exactly how many of these nodels are goingto
be constructed, but several is definitely the answer.

MR. POVNERS: Let ne ask you a question.
You say it simulates the unbacked cl adding. | nean,
how in the world do you do that?

MR. CULLEN: Does sonebody here know t he
answer to that? I'mnot the PMfor that particular
program

PARTI Cl PANT: (Unintelligible), NRC

W are wusing cutout from the vessel
cl addi ng, and so t he di sks have been cut out, and t hen

they will beinthis chanber. This is the pressurizer
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chanber.

MR. PONERS: So it's not simulating the
cladding. It is the cladding.

PARTI CI PANT: It is the cladding.

MR ROSEN: Is it from P.D. Ruff
(phonetic) or Mdland or --

PARTI Cl PANT: P.D. Ruff.

MR. WALLIS: You're going to boil boric
acid in the hol e?

MR. CULLEN: No, I don't think that's the
poi nt of this particular program

MR. KRESS: Pressurizeit at tenperature?

MR. CULLEN: Yeah, just pressurize it and
find out when it's going to bl ow out.

MR. WALLI'S: -- experinments where you boi |
boric acid in holes and see how fast the hole grows?

MR, CULLEN: No.

MR. KRESS: This is to validate your
pressure.

MR,  CULLEN: Yeah, right. It's the
val i date the cal cul ati onal nodel with these sorts of

admttedly sinplified experinents, but --

MR. POVERS: You nean there are
cal cul ati onal nodels on what happens to a -- it
amounts to a rupture di sk problemhere -- are so bad
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that we have to do a whole suite of cal cul ations?

MR, CULLEN: Vell, | nean, you say
"rupture disk,”™ and you know, that was ny first
i npression, too, is, ny gosh, these guys have been
maki ng rupture di sks for years. The equations have to
exi st .

But you know, the simlitude is not that
perfect. The claddingis norethick ina proportional
way than you would get in a rupture disk.

MR. PONERS: That's right.

MR. CULLEN: The disk cladding had fl aws
init. That's the point | want to get to.

MR. POAERS: That's right. You're going
to find out how many flaws you have in this cladding.
| f you do any one particul ar one of these tests you'll
get a pressure. Now, repeat exactly that sane --
you're going to end up with anot her one of your plots
with data all over the place.

MR. CULLEN. Possi bly.

MR PONERS: | nean it's all going to be
because  of little flaws that you haven't
characterized.

MR, WALLIS: So we need 59 experinents.

MR, POVERS: To create a plot we can't

use.
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MR ROSEN: M . Chair man.

MR WALLIS: | think we should nove on,
yes.

CO CHAl RMAN FORD:  Yes.

MR. CULLEN: But at any rate, we are goi ng
to pressurize and neasure the bursting pressure on
t hi s unbacked cladding that is not flawed, that is
flawed, flawed in various geonetries so that we kind
of get a spectrumof the performance of the sinulated
cavities that |look like that.

Okay. These things are com ng in kind of
one by one here.

MR,  WALLI S: Now you said you were
duplicating the EPRI work. Are they doing the sane
t hi ng?

MR, CULLEN: No, | don't think EPRI is
doi ng anything like this. | was sort of whini ng about
that with respect to the boric acid corrosion program

Now, this is sonmethingthat we're doing on
our owninitiative, and again, principally asinput to
t he ASP.

CO CHAI RVAN FORD:  Ckay. Good.

MR. CULLEN. GCkay. One last thing here
now just to review a little bit and point out again

what' s happeni ng going forward. The licensee has
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taken a | ook at Nozzl e No. 3 and you' ve seen a sumary
of that sort of work. Very soon the Nozzle Nos. 2 and
46 are going to be renoved fromthe Davi s-Besse head
and to be sent a couple of different places for
different types of exam nations.

One last time we're doing crack growh
rate testing on the all oys that came out of the Davis-
Besse head, and as you heard this norning, the North
Anna Unit 2 head is being harvested by the industry
and hopefully wll have some coordination of the
research and the failure analysis that will be done on
t hat thing.

And with that, | finally made it through.

CO CHAI RVAN FORD: Thank you very nuch,
and you're just in tinme to get your flight.

MR CULLEN:  Yeah.

CO CHAI RVAN FORD:  Any questions for Bill?

(No response.)

CO- CHAI RMAN FORD:  Thank you very rmuch,
indeed. | appreciate it.

| was told earlier on that for the full
comm ttee neeting that the MRP or industry will not be
present because of prior -- aml correct? -- because
of prior engagenents. Therefore, the presentations

will beprimarily restrictedto the NRCregul ators and
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research.

So when you' re t hinki ng about what advi ce
we're going to give, bear in mnd they will only be
t here.

Do | have a notion to retire for the
ni ght ?

MR KRESS: You do.

MR, POVERS: You can do it in a high
handed, cavalier fashion.

MR. KRESS: You have absol utely power to
do this.

CO CHAI RVAN FORD: W will recess until
t onmorrow norning at 8: 30.

(Wher eupon, at 4:50 p. m, the neeting was
adj ourned, to reconvene at 8:30 a. m, Wednesday, April

23, 2003.)
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