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P-ROGEEDI-NGS
8:33 a.m

CO CHAI RVAN FORD: The neeting will cone
to order. This is the joint neeting of the
Subconmittees on Materials and Metal |l urgy and
Ther mal - Hydr aul i ¢ Phenomena Subconmittee neeting

| am Peter Ford, Chairnman of the
Materials and ny Co-Chair is GahamWallis who is
t he Chairman of the Thernal - Hydraulics Conmittee.

Subcommi ttee nenbers are Mari o Bonaca,
John Sieber, Tom Kress and Vi ctor Ransom

The purpose of the Joint Materials and
Met al | urgy and Thermal - Hydraul i ¢ Phenonena
Subcomrittee neeting is to review the staff's
resolution of certain itens identified by the ACRS
in NUREG 1740, voltage based alternative repair
criteria. The Subconmmttees will reviewthe
resol ution of the steam generator action plan itens
whi ch are associated with the differing professional
opi ni on on steam generator tube integrity as well as
the status for resolution of remaining itens.

The Subcommittees will hear the
presentations by and full discussions with
representatives of the staff and its contractors and

other interested persons regarding this matter on
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particularly those itens in the SGAP which the has
staff has closed out.

The Subconmittee will gather
i nformation, analyze rel evant issues and facts and
formul at e proposed positions and actions as
appropriate for deliberation by the full Committee
on February 5th.

Maitri Banerjan is the designated
Federal official and the cogni zant ACRS staff
engi neer for this neeting.

And the rules for participation in
today' s neeting have been announced as part of the
notice of this nmeeting previously published in the

Federal Register on January 14, 2004.

A transcript of the neeting is being
kept and will be nmade avail abl e.

It is requested that speakers first
identify thenselves, speak with sufficient clarity
and volume so that they can be readily heard.

W have received no witten conments or
requests for tine to nake oral presentations or
statements from nmenbers of the public regarding
t oday' s neeting.

Before handing it over to G ahamfor his

personal comments, 1'd like to make a coupl e of
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requests.

The first is that it is ny understanding
that we are being asked to wite a letter commenting
on the closure of sone of the itens. One of the
items | would like to have discussed fairly early on
is the criteria which the staff have used for
closing out an item These are all specific itens
whi ch were brought up in the NUREG 1740 in their
very localized interest, however they all take part
in an overall marriage of all these tasks.

So ny second question is, is the
criteria given by the staff to the conpletion of
t hese various subtasks, does it take into account
t he overall objective of this whole program which
presumably is an assessnent of the risk associ ated
with these various severe accident actions?

Those are ny two requests that be
covered fairly early on

Graham do you have any conments?

CO CHAI RVAN WALLIS:  Well, | have the
same concern. | read a great stack of reports and
some of these are very interesting. For instance,
there's a beautiful CFD representation of a steam
generator. But out of this has to cone sone output.

So sonething has to be predicted in terns of
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sonet hing el se, which then goes into the big picture
whi ch presumably a PRA of sone sort.

It's not clear what the inputs are to
this analysis or what the outputs are; where they
cone from how they relate to the big picture if
it's an accident and here's a little piece of the
study which is very nice, but you have no idea how
it fits into nodeling an entire accident sequence
and nodeling a PRA.

When | | ook at the PRA reports they have
a structure. They say you've got to consider A B
C, Din a sort of a very, very general way. There's
not hing specific really which says | need this
par anet er out of sonebody else's work and this
paraneter -- this is howit fits together. Unti
you fit all of the bits of work together you don't
real ly know t hat your overall structure for
devel oping the PRAis going to work. So I'd like to
see that. | don't see it at all in any of the
reports | got.

| don't think you can close out a little
pi ece of this thing and say we've done sone CFD
until you know that the results of that CFD, what
it's able to take as input and what it is able to

give as outputs, fit into what you need for the
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overal |l structure. You cannot close it off by
itself. That's a concern that | have.

| think that there's been sone very good
wor k done on the thesis of this, and maybe it's al
clear to you guys howit all fits together and you
can tell us. Thank you.

CO CHAI RVAN FORD: Ckay. Joe, you got
to overall questions; if you could address themto
start with and then we'll go into the specific
presentation?

DR. MUSCARA: Yes. Good norning.

CO CHAI RVAN FORD: Joe Muscara of the
RES staff.

DR MJSCARA: Thank you, Peter.

Good nmorning. | think it's a nuch
better norning, weather wi se at |east, than was
pr edi cat ed.

Yes, | agree with your questions and
comments. And, hopefully, by the tine we're
finished with our today neeting, it will becone nmuch
clear how things fit together. And perhaps there's

alittle bit of confusion on the purpose of this

neeting, so maybe in ny short overviewl'Ill try to
clarify. 1'mquite confortable and confident that
t he questions will be answered and you will see how
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t he work cones together

In the | ast detailed neeting we've had
with the ACRS was back in Septenber of 2001. Around
that sanme tine frame we devel oped -- actually
updat ed our task action plan for steam generators,
and this was based on the NUREG 1740, that is the
ACRS reconmendati ons and conmments to address the DPO
i ssues.

And in October of 2001 the ACRS revi ewed
and endorsed this action plan. Well, since that
ti me consi derabl e research and eval uati ons have been
conmpl eted, particularly in the areas of inservice
i nspection and nondestructive eval uation, on steam
generator tube integrity particularly under main
steam i ne break conditions, on thermal hydraulics,
on primary system conponent response during severe
accidents, on PRA and al so the iodine spiking issue
was revisited.

CO CHAI RVAN WALLIS: Could | ask you
then, again, | nean | saw sone results fromtherna
hydraul i cs and steam generator tube integrity. PRA
| didn't see anyone try to put any nunbers into
anything or to try to calculate anything. And it
seened to be a general thing. |Is a PRA ought to do

-- it's sort of |like an ASME standard for a PRA.
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But that doesn't tell you what you need for this PRA
and that you've got it right.

DR MJSCARA: Yes, precisely.
Unfortunately, the PRA work got started a lot later
than the rest of the activities.

CO CHAI RVAN WALLIS: It should start at
t he begi nning because it's the structure under which
everything has to fit.

DR. MUSCARA: Yes. And you're precisely
correct. And unfortunate that presentation is the
| ast one of the two day neeting. But over the past
year a contract has been put in place for us to work
on the PRA. The PRA nethodol ogy we're using will be
simlar to what's been used on the PTS issue. And
we al so conducted an integration effort, which I
will talk about briefly as | go on with ny few
Vi ewgr aphs.

So what you have seen, unfortunately,
was very initial work on PRA, which was a very
general document. W're now getting down to the
speci fics on what are the inputs and what inputs are
com ng fromand how they'l|l be used.

CO CHAI RVAN WALLI'S:  Yes. And the
trouble is if you closed out sonething, you may find

when you do the PRA that maybe you shouldn't have
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closed it out because it's asking questions which
weren't answered in the work that was done and
cl osed out.

DR MJUSCARA: Yes.

CO CHAI RVAN FORD: Wen you say on the
third bull et down "Considerable research and
eval uati ons have since been conpl eted" and you' ve
got probabilistic risk assessnment in that |ist,
that's not true? The PRA has not been conpl eted, or
has it?

DR. MUSCARA: Well, | say considerable
research work and activities are ongoing. My view,
some of it is conpleted. You know, the PRA anal ysis
is not done. Those things will be finished in '05
and '06. But mmjor pieces of work have been
conpleted. And the idea here was that since the
ACRS has not heard fromus for quite a while, to
give you a progress report. And in that sense |
choose sone areas where | thought we had enough work
done that we could talk about it. And sone areas
we're not tal king about because there just isn't
enough work done, or it's to be done in the future,
or in fact has been conpl et ed.

So what | neant to say there by it being

conmpleted, it's conpleted enough for us to talk
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about it. It sone areas it is conplete enough to be
closed, and |'ll describe that also.

CO CHAI RVAN FORD: If our letter is to
address our approval or comnments on itenms which have
been closed out, will you nake it clear as we go
t hr ough the next couple of days which have been
cl osed out and which need a decision or coments
fromyes?

DR MJUSCARA:  Yes.

MR, WOODS: Joe? This is Roy Wods,
ACRS staff.

|'msort of the coordinator of the PRA
part of this effort. And on ny left here |I have
Dave Kunsman from Sandi a National Lab and Dave
Bradley from SAIC. W make the | ast presentation,
but as we go through all this if we can nake it nore
clear how all these pieces fit together, we wll.

CO CHAI RVAN FORD: | f you coul d do, that
woul d be a great help. Because | think as far as
Graham and | are concerned, at |east, the success of
this whole DPO resol ution rests on a nunber which
takes into account how much is the risk of
radi oactivity rel ease, how much has that been
i ncreased or decreased given the uncertainties and

all the proceedi ng subtasks.
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MR, WOODS: Well, our goal is to put

toget her a nethod that can be used to establish that
risk, calculate that risk for any given plant and to
denonstrate that nmethod on a sort of a hybrid plant.
It won't be any particular plant.

CO- CHAI RVAN FORD:  Good.

DR MJSCARA: Ckay. | think we're
getting ahead of ourselves. That's the final thing.

CO CHAI RVAN FORD: Wl |, the reason why
|"'mtrying to nail it down now, Joe, is that at
| east two of the nenbers of these Subcommittees are
concerned as to where are we going with this and
what are we being asked to approve, disapprove at
this particular juncture.

DR. MUSCARA: Well, | guess from our
side we're not asking for an ACRS letter. | nean, |
consi der this being a progress report on our worKk.
And the reason we're having this neeting is because
some ACRS nmenbers have expressed an interest in
hearing from us because they have not heard for a
coupl e of years.

CO CHAI RVAN WALLI'S:  So the useful input
to you may well just cone fromreading the
transcript rather than froma letter?

VEMBER BONACA: Excuse ne. Joe, | think

NEAL R. GROSS
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we have gone over that before. | think we need sone
of the issues we've said is closed out.

DR. MUSCARA: No. I'msorry. | have not
said the issues are closed. If | can get through ny
vi ewgr aphs, then naybe we can --

CO CHAI RVAN WALLI'S:  Yes. Joe, just
tal ki ng about the overview, | think it's very
i mportant to set the stage because we're going to
come back to these questions |later.

DR MJUSCARA: Yes.

CO CHAI RVAN WALLIS:  And if your
presentations don't address them we're going to be
in trouble.

DR. MUSCARA: | think I will try then --

CO CHAIRVAN WALLIS: So I think it's
worthwhile to take a little while now

DR. MUSCARA: At the end we'll go on.

CO CHAI RVAN WALLIS: So I'mgoing to
take not just PRA, but this primary system conponent
response.

DR, MUSCARA:  Sure.

CO CHAI RVAN WALLI'S:  What | saw agai n,
it's a very nice piece of work on CFD nodeling a
st eam gener at or

DR MUSCARA: Yes.

NEAL R. GROSS
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CO CHAl RMVAN WALLI'S: That's fine. But a

steam generator is part of the overall circuit,
right?

DR MJUSCARA: Yes.

CO CHAI RVAN WALLI'S:  And you cannot, it
seens to ne, analyze the whole circuit with RELAP
and then say now we're going to anal yze the steam
generator with CFD because the CFD predicts the
behavi or of that steam generator which is different
fromwhat -- we cannot predict this kind of current
flow and so on, right? So now that new nodel of the
steam generator has to be fit into a system nodel
because now you got to nodel the whole system
knowi ng what you know now about them steam
generator, right? It's not clear to ne that you've
addressed that problem

You cannot | ook at the conponent
separately wi thout seeing howthey fit into the
whol e nodel . Because as soon as you | earn sonethi ng
new about how one conponent behaves, it nmay change
t he behavi or of the whol e system

DR. MUSCARA: That's right. And those
are the kinds of things we'll be discussing.

CO CHAI RVAN WALLIS: And that isn't in

your reports.
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DR. MUSCARA: Ckay. Let ne address the

reports. Again, one of the comrents we heard from
ACRS was we haven't heard fromyou. W you have
cl osed out sonme of these tasks and subtasks, we
haven't seen the basis for it. WlIl, unfortunately,
sone of the close out letters are not yet to the
menbers. So the idea of the background information
we sent you was to give you an update of the work
t hat was done, the tasks that we had cl osed and the
supporting report for closing that task.
Again, | want to stress that these are
t asks and subtasks that are closed and not issues.
CO CHAI RVAN WALLI'S: That's very good. |
think we're both saying you can't cl ose sonet hing
until you know what effect it has on other things.
DR. MUSCARA: Ckay. Well, sir, let's --
CO CHAI RVAN WALLIS: It's naive to say
because you got a nice nodel for something that
that's done it. Because until you see howit fits
in with the other nodels in sone systematic way, it
may not be what you need.
MEMBER KRESS: Well, you can close out a
task because it has well defined m|estones and
stuff. And it may not be sufficient to resolve an

i ssue, but you can close out a task. You nmay have
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torevisit --

DR MJSCARA: This is why I'm
enphasi zing on closing out tasks. And | had a
couple of bullets in there, and | think I'Il get to
get eventually.

MEMBER KRESS: (kay.

CO CHAI RVAN WALLIS:  Well, we'll let you
go. But | think you see what we're saying.

DR. MUSCARA: Yes. And | totally agree
with you. But | amhoping at the end of the two
days, and probably a | ot sooner, this will be al
resol ved.

For this nmeeting we effectively thought
it was a good idea to have the staff and the
contractor who actually conducted the work to make
the presentations. Because | felt that it was good
to have a technical neeting for a change rather than
a procedural process kind of neeting.

CO CHAI RVAN WALLI'S:  Yes, well done.

DR MJSCARA: Now, the presentations
wi | | enphasize, again, the technical work that's
conducted to essentially describe the conpletion of
sone of the tasks and subtasks and m | estones.

Now, although sone of these nil estones

have been cl osed, work in sone of the these sanme
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areas is continuing. And this is based on | essons
| earned fromthe prior research and fromthe
refinements we find are needed. Now, in doing this
we have al so been updating our steam generator
action plan so that the action plan, you know, it's
a live docunent. So as we close our tasks and we
find we need to do additional work, that task is

cl osed but the additional work is set up and it's
identified in the plan

You know, again, we enphasize we cl osed
tasks. And the reason that these tasks are cl osed
i s because is because when you | ook at the action
pl an what we've said is conduct X tests. Wll, the
tests were conducted, the results were reported,
therefore that particular task could be closed. It
doesn't mean the issue is closed. It nmeans that
t hat specific task when we said conduct a nunber of
tests for |eak conversion --

CO CHAI RVMAN WALLIS: This is a
bureaucratic danger, though. You sort of set sone
tasks and when they're done, you say it's finished.
W' ve done our work. Forget it. And, in fact, you
may not have sol ved what you need.

DR. MUSCARA: But what we're doing with

these tasks is com ng up and devel opi ng the buil di ng
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bl ocks --

CO CHAI RVAN WALLI'S: | under st and.

DR. MUSCARA: -- upon which we depend
for doing the final resolution. And nuch of this
work we're tal king about essentially feeds into the
PRA, so that we can at the end of the program have
the right data inputs and do a realistic and an
accept abl e PRA.

CO CHAI RVAN FORD: So you're | ooking at
this purely as a creation of building blocks so in
2005 you can say, right, here's the building bl ocks,
how you going to resolve future issues and these are
t he i ssues that we have to do |like kinetic --

DR MJSCARA: That's right. And this is
how the action plan is set up. |It's set upin a
nunber of building bl ocks. And what we're closing
out is the building blocks. But if we find that we
need to do refinenments or additional work, we wll
cl ose that out but added a new task to do that
addi ti onal work.

CO CHAI RVAN WALLI'S:  As you know, in
order for a structure to work the building bl ocks
have to fit together.

DR, MUSCARA: Sure. Sure.

Now t he resol uti on of these issues
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really will be based on the staff's utilization of

t he conpl eted and ongoi ng research activities which

are scheduled in the action plan for 2005 and 2006.
| guess at this point | could mention

t hat sone issues we consider, you know, closed not

just the specific tasks. For exanple, the jet

i mpi ngenent issue. That issue has been studied and

resol ved and we presented to ACRS back in Septenber

of '01l. And we have an agreenent that that issue is

not an issue that we need to keep follow ng.

| think based on the information you
hear these next two days, and actually will be
covered today, the issue about the effects of
propagating flaws during a steamnline effect,
steanl i ne break event, can also be closed. | think
we have enough information that indicates that those
| oads are not hi gh enough to propagate existing
flaws to any degree of interest.

CO CHAI RVAN WALLI'S:  |I' m wonderi ng,
agai n, do you have an objective other than the
guestions raised by ACRS? | nean, is the objective
to develop a risk nmeasure for all these things? |Is
that your neasure? | don't think that's necessarily
what the ACRS asked for. W sinply said here are

t hese probl ens you ought to investnent.
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Does your purpose go beyond that and say
we're going to develop risk nmeasures of all these
t hi ngs?

DR MJSCARA: There are a nunber of
activities that we are working on steam generat or
research and issues. One of the key activities has
to do with devel oping some informati on on the
potential for contai nment bypass. That's where
we' ve done nost of our integration work and where
the PRA at this point is addressing. So it's
addressing the potential for the containnment bypass
during severe accident.

CO CHAI RVAN WALLIS: So is it fair to
say that the output of all this work is going to be
sonmething in a PRA?

DR. MUSCARA: It's fair to say that nuch
of the work. For exanple, one of the issues that
ACRS had had to do with our poor understandi ng of
stress cracking. Now we're doing work in that area.
That work goes on beyond the resol ution of the
cont ai nnent bypass.

CO CHAI RVAN WALLIS: But the ultimte
guestion really is what is the risk associated with
something like a main steanline break? Isn't that

the main sort of question?

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

22
DR MJSCARA: That's one key issue that

you' ve had, and we'll address that at this neeting.

CO CHAIRMAN FORD: Is it possible, Joe,
that is a very interesting point. | gathered that by
readi ng sone of your notes in the SGCB that there
are other projects ongoing, |ike this containnment
bypass. |Is it possible for tonorrow before we go
away and have to make some decisions, just give us
one vi ewgraph of how all these other GSIs fit
together like this contai nment bypass thing? |Is
this question of risk assessnent al so have been
covered in other work that's going on that we don't
know about? 1Is it possible for you to do that?

DR. MUSCARA: Wth the GSIs?

CO CHAI RVAN FORD:  Well, | don't know if
GSI's the word right word; other projects. You
nmenti oned you had another project going on on
cont ai nnent bypass i ssues.

DR MJSCARA: Right. No, this is part
of the action plan.

CO CHAI RVAN FORD:  Ckay.

DR MJSCARA: And nost of the work we
are doing is in the action plan, including the
under st andi ng of the degradati on.

But to respond to the question where

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

23

they cone in; it really comes in through the PRA and
the object of the PRA at this point is to evaluate
the potential for containnent bypass.

MEMBER RANSOM Whuld it be possible to
just briefly review what notivated this action plan
in terns of either accident sequence or how it
arose?

DR. MUSCARA: Well, there's an entire
ACRS report where a nunber of issues were identified
and where we were told that we were not doing a
credible job in certain area. And one of themwas in
t he PRA area.

MEMBER RANSOM  WAs this because of
severe acci dent concerns?

DR MJSCARA: This is nostly in severe
acci dent concerns, and at that tinme it was felt that
the PRA structure that we had been using wasn't
adequate nor were the data inputs. So a lot of this
work is ainmed at addressing the data inputs to
i nprove the PRA

MEMBER RANSOM  Any particul ar severe
acci dent sequence or was it just generic, any severe
acci dent ?

DR. MUSCARA: That, of course, is part

of what the PRA folks are doing to try to identify
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the scenarios of interest. The one we worked on
nostly in the past has been the station bl ackout and
with the dry secondary.

Wl |, besides the work that's in the
actio plan, I wanted to nmentioned this norning that
we have conducted an integration effort for the
steam generation research prograns in the different
di visions of the Ofice of Nuclear Regulatory
Resear ch

Thi s past sunmer, sonetinme between June
and Cctober, | held six one day neetings with the
technical staff and the technical |eads in the
different areas of the steam generator work to
essentially integrate all the work, to have a conmon
know edge and under standi ng of what the overall
obj ective of the programwas, and to develop a
detailed plan that we could foll ow and nake sure
that the work gets done.

Maybe | should nention that for the
technical leads in research for the various areas
are Chris Boyd is the lead for the therma
hydraulics. W have Roy Wod who is the | ead on the
PRA. JimDavis is the |ead for the steam generator
integrity work. And Joel Page is |ooking at the

work on primary system conponent failures under
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severe accidents conditions.

In addition to the NRC staff we al so
have the benefit of working with during these six
neeting with Dave Bradley from SAIC, who is our
contractor and al so Sandi a, but Dave was nearby so
he participated in our neetings and hel ped us get
t hr ough - -

CO CHAI RVAN WALLIS: 1'msorry. The PRA
is the whole. So you're saying essentially what
we' ve said; the PRA integrates everything? So there
nmust be an existing PRA which for sone reason is
defective and you're inproving it? And have you
found out what are the defects in the present PRA?

DR. MUSCARA: \What | was tal king about
is integrating the work that's going on in research.

CO CHAI RVAN WALLI'S:  You see, what
happened was ACRS | ooked at your stuff and said gee,
that doesn't | ook very good, that doesn't |ook very
good there. And so you're responding to that. But
the overall purpose is not that. It's really to
i nprove a PRA. So soneone really should begin. The
PRA shoul d stop first and you should say, | ook, that
part of the PRA isn't good. W've got to fix that.

So | don't know what you're starting

with as a PRA that isn't good enough that needs to
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be fixed.

DR MJSCARA: The integration nmeetings
started with the work we are doing, why we are doing
it, howit fits together.

CO CHAl RVAN WALLI'S:  But you see ny
problenf? You' re responding to pinpricks fromthe
ACRS rather than the design purpose which is to nmake
a better PRA

DR MJSCARA: Again, we're devel opi ng
t he building bl ocks so we can achieve that. And the
work is ongoing. Unfortunately, it got started
late, but it did get started this past year to
i nprove the PRA

CO CHAI RVAN WALLI'S:  Okay. well --

DR MJSCARA: But the idea was that we
needed to get together and decide all the work that
we're doing, is it reasonable, does it fit
somewhere, is it needed by the PRA? And we' ve done
this. In effect, we identified a couple of areas
whi ch were not being addressed because we had not
had the integrational neetings. So we did discover
a few areas where we needed to incorporate and
i ncl ude- -

CO CHAI RVAN WALLIS: So let nme ask you a

specific question. The question that arose in ny
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mnd was you're trying to fix up the PRA. You have a
PRA al ready before the work?

DR MJSCARA: The staff had done a risk
anal ysis --

CO CHAI RVAN WALLI'S:  And for sone reason
it was not good enough --

DR MJSCARA: That's right.

CO CHAI RVAN WALLIS: -- to do certain
t hi ngs?

DR MJSCARA: That's right. The ACRS,
and | think even the staff concluded that that was
not good enough, needed to do better.

CO CHAl RVAN WALLI'S:  So you --

MEMBER KRESS: These sequences are
basically evaluated in every PRA

CO CHAI RVAN WALLIS: So it would be
fairly easy to say if we had a different tine
tenperature thing to put it in the PRA, we know how
it fits in there?

DR. MUSCARA: Well, | think we're taking
advant age of the | essons |earned fromthe PTS
studies in the PRA. And we are going to try and use
simlar process that was used --

CO CHAI RVAN WALLI'S:  So you know t he

pl aces where it's sensitive to assunptions and so
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on, you know all that stuff because you've got a
PRA?

MR. WOODS: Joe, can | help you here?
Do you want to --

DR. MUSCARA: No, go ahead.

MR WOODS: Roy Wods agai n.

Basically what we're doing, and this is
restricted to the severe accident in this part, but
that's the major place where we think PRA
specialists can interact with this. Anyway, that's
what we're doing now W intend to broaden it
| ater.

But we basically have obtai ned the PRA
W' re eval uating what needs to be changed and added
toit, what's insufficient, what's not conpl eted and
that's exactly what we're doing. W're trying to
put these pieces together into a coherent nodel that
woul d allow you to calculate the risk. And these
gentlenmen on ny left have the details of that, but
|"d be taking over Joe's neeting if | get into that
right now W have a presentation |ate tonorrow.
But we'll respond to whatever questions or
clarifications in the neantine if we an help.

CO CHAI RVAN WALLI'S:  But this doesn't

appear in, say, a CFD report. It doesn't sort of
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say the existing -- well, maybe it does and I m ssed
it. The existing PRA does this, and it takes this

i nput and so on. And because the phenonena are not
wel | nodel ed, there is uncertainly about howthis is
related to that, therefore we need a better neasure
of this. And that's why we're doing the work. And
we know when the work's finished because we've got
what we were looking for. |If that perspective were
put on everyone of these things, maybe it would be
cl ear.

MR. WOODS: That's what we're trying to
do, is to put the uncertainties and the things that
aren't included |ike sone of the human acti ons,
we're trying to see what the inadequacies are in an
exi sting up to date PRA and devel op a nodel that
will really do this much better than what exists at
t he nonent .

CO CHAI RVAN WALLIS: R ght. So | think -
- we're not going to ask so many questions, | hope,
from now on.

DR. MUSCARA: OCh, no. | hope you do.

At least you're hitting on things --

CO CHAI RVAN WALLI'S:  No, but | think

it's good to establish sone of these ground rul es.

DR. MUSCARA: But the integration
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neetings really had to do with we are doi ng work,
why are we doing, where does it fit and how does it
fit in getting to the final goal, which is having an
i mproved PRA.

CO CHAI RVAN FORD: Joe, | think this
particular graph is very inportant in resolving
Graham and ny concerns. Because essentially what
it's saying, if | read it correctly, is yes we are
taking into account all these integration of these
specific itens already and the DPO program whi ch
we're just evaluating today are just pinpricks, as
Graham says, in this overall program

Now, it would be very, very interesting
as far as hel pful just to show as a fl ow di agram for
each of these different prograns, including the DPO
program

DR MJSCARA: Unfortunately, | did not
make a viewgraph --

CO CHAI RVAN FORD:  On, no. Tonorrow wil |
be fine, Joe. It's just so that we know --

CO CHAI RVAN WALLI'S:  Maybe at the end
when you summari ze you can show it --

DR. MUSCARA: Ckay. It shows all the
di fferent things put together.

CO CHAI RVAN WALLIS: But that's
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m | estones. That's not a |ogical.

DR. MUSCARA: Ckay.

CO CHAI RVAN FORD:  And so that that we
can |l ook at that flow diagram and say, hey, this is
where we've got the critical gaps in technol ogy.

Li ke you did the PTS, basically. Exactly.

MR. WOODS: The thing he held up, it's
got 93 lines, 78 actual lines if you take out the
bl anks and it shows how all these pieces fit
together, at |east for the severe accident induced
part of it. But we do not want to go into those 78
lines with the ACRS.

CO CHAl RMAN FORD:  No. |'m not
suggesting that you should go into all of it.

MR WOODS: But we have done it; that
was what the six neetings were about.

CO CHAI RVAN FORD: But that resol ved,
just by showi ng us that, imrediately resolves our
probl em

DR. MUSCARA: |1'd be glad to. | avoided
doi ng that because | thought if we started talking
about this, we'd get bogged down for two days on
just this.

CO- CHAI RVAN FORD:  Sure.

DR. MJUSCARA: And | want to have a
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progress neeting, a technical neeting but |et you
know what the research results have been up to this
poi nt .

MR WOODS: | think it would be nore
like two weeks.

DR MJSCARA: But we'll nake sure that
you get this.

CO CHAI RVAN WALLI'S:  So you know how t he
t hermal hydraulic analysis of the steam generator
fits into a prediction of the course of an accident?
You know how Chris Boyd's work fits into a nodified
RELAP, or whatever it is that takes into account
t hi s new nodel i ng?

DR MJUSCARA:  Yes.

CO CHAI RVAN WALLI'S:  You know t hat ?

DR MJSCARA: Hopefully, we wll discuss
that as the two days go on. But that was the
obj ective of doing all this integration.

CO CHAI RVAN WALLI'S:  Maybe we'll see
t hat tonorrow then

DR. MUSCARA: And naybe | shouldn't even
get into exanple, but | thought since you had the
guestions of how things fitted together, | wanted to
tell you we have devel oped this integrated plan.

And as an exanple, the PRA may identify likely
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conbi nati on of events. Then the thermal hydraulic
defines the tinme, tenperature, pressure conditions
t hat one obtai ns based on these events. That
information is used by the steam generator tube
integrity area by nmaking use of flaw distributions,
probably of flaw detection, using integrity nodels
to evaluate the tube failure to burst and | eak
rates.

The sanme information is used for also
evaluating the tinmes to failure, water primary
system conponents, just the feed back were based on
these results, whether this | eakage or burst is fed
back into the thermal hydraulics into the PRA. And
eventually we'll have to make use of information
aerosol deposition to determ ne potential release of
radi oactivity. But this is just a very brief, a
very sinple exanple but | wanted to nmention that we
are integrating and taking a | ook at these areas to
be used in the PRA. And, again, we're right now
essentially putting together the building bl ocks.

MEMBER BONACA: Yes, | didn't
participate in the DPO | nean there are
essentially -- | nean clearly the -- the barrier
performance, those things the tubes provide both in

accident analysis and in severe accidents. And if
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you start fromthat, | mean | think it's a pretty
reasonably sinple picture of how you propagate the
needs to address, in fact, this barrier performnce
in both conditions.

DR MJUSCARA:  Yes.

MEMBER BONACA: And | don't think it
woul d be too conplicated to derive alnost, |ike, you
know a statenent from each one of them what pieces
you need and then these things fall in place.

DR. MUSCARA: Yes. And fortunately we
have done a lot of work in the past on eval uating
integrity of steam generator tubes. Well, what's
new in this integrated effort is the work we're
doing on the primary system conponent figures.
Because if those conmponents would fail before the
st eam gener at or tubes --

MEMBER BONACA:  Yes.

DR. MUSCARA: -- then that's a good
situation for contai nment bypass.

MEMBER BONACA:  Yes.

DR. MUSCARA: So we're spending a | ot of
time and attention also in comng up to speed and
doi ng better anal yses of the other tinme resistent
conponents.

MEMBER BONACA: Yes, even though, | nean
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you can address in the context of this issue. |
mean, you know will in fact the steam generator tube
provide that barrier of protection that you intend
to have or would |like to have during severe
accidents or will sone other conponent fail before
that. And that's why you're going to | ook at sone
ot her conponent to determine that?

DR MJSCARA: Right.

MEMBER BONACA: So | think the |ogic of
t he process you're follow ng doesn't seemto be
excessively conplicated. | nmean you could -- and
hopefully it will cone through in the presentations.

DR. MUSCARA: This integrated program
we're planning on having it finished by end of FY-
05. Again, there will be sonme other activities
goi ng on, for exanple, study in degradation. But
eval uation of the containnent bypass potential wll
be done by the end of '05. And hopefully all the
bui I ding bl ocks and all the bits and pieces that fit
together will be done. And our integrated plan
shows how t hose things are done, when and how t hey
fit together.

And | think | probably have taken up
nore than the tine you had allowed for nme. And

think we can go ahead and get started with the
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techni cal presentation.

CO CHAI RVAN FORD:  Wel |, actually, we
could put your final graph, five. Now you've got
two years of work for the end of the fiscal year
' 05, and you've already heard nurmurings, the
guestion about the conpl eteness of the therma
hydraul ics inputs, conpleteness of the PRA inputs.
Do you think as a technical guy this is doable by
end of fiscal year '05?

DR. MUSCARA: Well, yes. That
particularly why we had these six neetings with al
the staff involved. And we, in fact, you know by
doing this process we identified where the
bottl enecks were. So we then studied very
diligently whether the bottl eneck could be inproved.
And so we reiterate a nunber of tines, but the idea
was what we need to do, can it be done and can it be
done any sooner if the resources were there.

In fact, when we started out it was
about another additional year on this. But then we
found out by sone combi nati ons of tasks, sone
addi tional efforts, we were able to inprove that
schedule. And we feel quite confortable that by the
end of '05 we can --

CO- CHAl RVAN FORD: And the end netric in
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fiscal year '05 you'll have some sort of algorithm
t hat says that the risk of radioactivity release is
a function of, and then you have a whole | ot of
variables in PRA space for the uncertainties so
you' |l relate inputs to that?

DR. MUSCARA: W will devel op the
process and in addition we will run the process for
a typical plant.

CO CHAI RVAN FORD:  Yes. (kay.

The very last bullet, now you said that
the initial set of presentations for this neeting.

DR. MUSCARA: For this neeting, yes.

CO CHAI RVAN FORD:  And what | heard you
say was that you've essentially addressed the
concerns that were raised in the DPO associated with
NDE, the concerns that were raised about the
extension of a crack, a pre-existing deep flaw under
the QOps associated with an MSLB; that's been
resolved? And the iodine spiking issue has been
resol ved?

DR MJSCARA: Well, not resolved, but
the idea is we'll give you presentations in these
t hree areas.

CO CHAI RVAN FORD:  Ckay.

DR. MUSCARA: Then as we're going
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t hrough the presentations, |'ve asked the staff and
the contractors to identify which action plan item
t hey' re addressing.

CO- CHAI RVAN FORD:  Ri ght .

DR MJSCARA: And when we | ook at the
status in the action plan, we can see whether it's
conmpl eted or closed, or not.

CO- CHAI RVAN FORD:  Good.

DR. MUSCARA: But again, those areas
where we see it's conpleted we al so need to keep in
m nd that we m ght have conpleted it, but added
addi ti onal work where we felt it necessary.

CO CHAI RVAN FORD:  Jol 'y good.

MEMBER SI EBER:  Just to be clear the
i odi ne spi king issue has been addressed but not
resol ved?

DR, MUSCARA: Correct.

MEMBER SI EBER:  You just said we |ike
the way it is.

DR. MUSCARA: Right. W'Il give you a
progress report, we are on that. | don't think
you' Il hear anything new on that issue, but I
t hought since it was an inportant issue of interest
to the ACRS, that it should be on the agenda. And

so it is on the agenda and you have the chance to
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conment .

MEMBER SI EBER:  Well, that's right.
Well, there is one page in the pack that you sent us
t hat di scusses. So when we get there, we'll discuss

it.

CO CHAI RVAN FORD: Before we | eave this,
before we | et Joe off the hook, are all the nenbers
satisfied as to what the terns and conditions that
we have as we go through this neeting, what we're
bei ng asked to do? | nean just so Joe knows up
front as to--

CO CHAI RVAN WALLI'S:  |I'm not absolutely
sure.

CO CHAI RVAN FORD:  Ckay.

CO CHAI RVAN WALLIS: | think we'll come
around at the end and summari ze and see where we are
and what we have achi eved.

MEMBER BONACA: | nean, | know that the
action plan, it goes beyond the responses to the PPR

DR MJUSCARA:  Yes.

MEMBER BONACA: Ckay. But for the NUREG
that we wote, we did devel op a di scussion of those
scenari os under accident anal yses conditions and
under severe conditions for which you had

expectations on the tubes. And clearly | am
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confined to that kind of view still, because | see
all these pieces and |I'mthinking of those scenarios
we questioned in that DPO. | don't think there is
much nore than outside of that. But maybe, you
know, as you go through the presentation if there
are some issues -- well, they may cone up. They'll
come up.

DR MJSCARA: Yes, | didn't nention
we're concentrating on the three point X itens over
the action plan. The action plan is broader, but
those are the itens that really result fromthe ACRS
comrent s.

MEMBER BONACA:  Yes.

DR MJUSCARA: On the DPO issue.

So, | think if we could nove on, then
we'll get going with the NDE and Dr. Kupperman from
Argonne will do the presentation, the probability of
fl aw detecti on.

DR. KUPPERVMAN. Good norning. |'m Dave
Kupper man from Argonne National Lab. Bill Shack and
| will be presenting the work on the steam generator
eddy current NDE.

Thi s NDE anal ysis round robin that 'l
be di scussi ng address the conclusions in the ACRS

report that inprovenents can be nade over the
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current use of a constant probability of detection
for flaws. This round robin effort results in
probability of detection as a function of flaw
depth, voltage, location and m, for 7/8 inch alloy
600 tubing. m, is the stress magnification factor
in the |iganent.

In this presentation Bill and | wll
review the round robin and including discussion of
t he designs, fabrication of flaws, characterization,
validation of depth sizing. And then I'll present
the results of the round robin, which will be that
POD is a function of these three paraneters.

W' |l also | ook at teamto-team
variation of the POD. The round robin included 11
di fferent teans anal yzing exactly the sane dat a.

This review wi |l al so discuss the nature
of fal se cause and m sses.

O her issues addressed are the bottom
coil volt issue, the issue of signal-to-noise and
finally a discussion on the array probe, the so
call ed X-Probe as a potential advancenent in eddy
current NDE.

The objective then of this round robin
effort is to evaluate and quantify the inspection

reliability of the current methods being used for
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i nservice inspection for the flaws of interest
today. As | indicated, this will include the POD
and al so sizing accuracy. To validate the nethods
enpl oyed using both | aboratory and field generated
flaws.

On the left you see a photograph of the
Argonne/ NRC st eam generator nock-up. It sits on a
platformso that when we do inspect the tubes with
the flaws in it, we sinulate the nore or |ess
geonetry of the actual inspection in the field.

To the right of the stand is a hut that
contains the instrunentation and the conputers,
software, probe driving apparatus; all of which
exactly reproduces that which is used in the field.

On the right you see a schematic of the
nock-up. There are 400 tubes. Each tube contains
nine test sections for a total of 3600 test
sections. Over 300 of them have flaws in them

The |l ower part is a simulation of tube
sheet. These red lines indicate sinmulation of a
drilled hole support plate and the remaining five
| evels are free span. And all of the |levels have at
| east sone flaws in them

In this slide you see on the left a

m crograph of one of the flaws that indicates that
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we can have rather conplicated stress corrosion
cracks in addition to rather sinple ones, as m ght
be indicated on the right through the dye penetrant
indication of the log interest there.

Al'l of the text sections that have OD
flaws, OD cracks are evaluated with the dye
penet r ant

CO CHAI RVAN FORD: Could | ask a genera
question here, and it's nore for ny interest? The
fact that you' ve produced the cracks by
nonprototypi c environments and potentially different
crack methodologies -- | nean, |'mfishing here.
don't know what the answer is.

CO CHAI RVAN WALLI'S:  That's a good
guesti on.

CO CHAI RVAN FORD: Has there been a
qual i fication done of the type of cracks as to
whet her you're introducing a different flue
phenonmena or whatever it is in this crack? | know
you must have addressed it.

DR MJSCARA: Yes. | think all of us are
eager to respond to that. It's in the presentation,
so we could wait.

CO CHAI RVAN FORD:  Ckay.

DR. MUSCARA: But realistically we have.
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Now we made sure that the nmethodol ogy of the cracks
and the signal response is simlar to what one sees
inthe field. And we did this through --

CO- CHAI RMAN FORD:  So you have done --

DR. MUSCARA: -- nmetal ographic studies
and through an expert group. So we put together a
task group to make sure that the procedures we were
using are the sane procedure being used in the
field, that the documentation devel oped is the sane
docunmentation that a utility devel ops before an
i nspection, and to make sure that the signals likes
just like the ones you see in the field.

| nmean, there's a great variety of
signals that you see in the field. And the
concl usi on was, yes, these things are typical. And
' msure --

CO- CHAI RVAN FORD:  And they' Il come up
| ater on?

DR MJUSCARA:  Yes.

CO CHAI RVAN FORD: It's an obvi ous
guesti on.

DR KUPPERVAN. As Joe indicated, we had
a task group to review that the signals are
conparable to the field and that -- so on.

Al t hough there are many cracks in the
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nock-up that were created using a doped steam

t echni que by Westinghouse, nost of the stress
corrosion cracks are carried out using the sodium
tetrat hionate at roomtenperature.

MR SHACK: But again, the cracks are
prototypic both in terms of the general norphol ogy,
that is we had situations where we have a signha
pl ai ner crack, we have a raise of cracks, we have
liganent that cracks. The nost inportant thing from
here is, in fact, the eddy current response for the
NDE portion. And as Dave will nention, we have
peopl e that review the signals fromthese that
essentially kind of qualify the signals. So they're
typically in both the norphol ogy and the eddy
current response.

Now, obviously, things like the crack
growt h rate, you know, have absolutely no
rel ationship whatsoever to the real world. But the
t hi ngs that we're focusing on here are reasonably
pr ot ot ypi c.

CO CHAI RVAN FORD: |'ve got questions
along the same line. These are QD cracks,
presumably produced crevices.

DR, KUPPERMAN.  Sone are |ID

CO CHAI RVAN FORD:  Ckay.
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DR. KUPPERMAN:. The nock-up contains

bot h.

CO CHAI RVAN FORD: The anount of
variability between the various steam generator
designs and this tube support plate designs, the
circunferential ones versus the quatrefoil
etcetera, designs, that doesn't introduce another
variable, different environnents, different tube
support plate geonetries? |s that a big variable
t hat should be taken into account in this issue?

DR MJSCARA: Yes, it does. W' ve
addressed sone of those. But we are concentrating
on the drilled support plate.

CO CHAl RVAN FORD:  Yes.

DR. MUSCARA: But had we produced
conditions that the support plate at the top of the
t ube sheet where we in effect sinulated the
fabrication of a tube in a tube sheet so the tube is
very tightly --

CO CHAl RVAN FORD:  Yes.

DR, MJUSCARA: -- in an insert. There
is aroll transition. W varied the amount of the
depth of the roll transition to sinulate a nunber of
di fferent situations.

W have dents at the support plate.
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Different levels of dents again so that it can
sinmul ate dents at different |ocations.

So there's a long history with this
nock-up. It originally started with our first
i nternational programat PNL many years ago when we
started to assenble this nock-up. And originally
the idea was to use this nock-up for -- perfornmance
denonstration. Oiginally inspectors were going to
take this on the sides, much |ike they have done
with piping and | GSEC to have the inspectors
denonstrate their capability. So this was with an
i nspection programthat ran out of Region One for a
nunber of years. That programis no longer in
pl ace. The NRC no | onger goes out w th nock-ups.

At that point then we decided to change
the objective of this generator and then we used it
for conducting research and to sinulate typica
generators and be able to evaluate the probability
of flaw detection using the current techniques.

But in building these nock-ups we took
all kinds of pains to nmake sure that we were
produci ng the actual condition one sees in the
field, including things |like sludge and -- and
copper and dents and roll transitions and so on.

CO- CHAI RVAN FORD:  Thank you, Joe.
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CO CHAI RVAN WALLI'S:  Thank you for this

figure. | hope you'll talk about it, because the
report tells ne nothing about this kind of thing.

Okay. Please describe this figure so
under st and what's bei ng done.

DR KUPPERVAN. Wl |, the purpose of
this figure is to indicate that there are two probes
used in an inservice inspection. On the left is a
computer representation of the so-called bobbin
coal, which is essentially a screening probe. It
runs very quickly through the steam generator tubing
nodel, as | indicated here, nomnally around 20
i nches per second.

And | have a probe that I'Il pass
around. And it looks for -- this conputer
calculation is actually showi ng you the currents
that are generated. But the main point is that as
the --

CO CHAI RVAN WALLI'S:  Tell ne again,

what's the input? Are the coils excited in sone

way ?
DR KUPPERMAN:  Yes.
CO CHAI RVAN WALLIS: \What's its neasure?
DR KUPPERVAN. Excite currents in the

t ube --
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CO- CHAI RVAN WALLI'S: Does it neasure so

me i npedance or --

DR. KUPPERMAN:. And then you can change
an i npedance as it passes a defect.

CO CHAI RVAN WALLI'S:  So okay.

DR KUPPERVAN. And it's reflected in --

CO CHAI RVAN WALLI'S: So that the current
that it's able to generate when it's given voltage
i s dependent on what it sees around it. So when we
see things like current -- voltage and phase angel
and so on, does that nmeans you' ve got a certain
current and you're | ooking at the voltage you need
to drive it or sonething?

DR. KUPPERMAN: You're | ooking at the
vol tage. You unbal ance the bridge and you see the
vol tage run --

CO CHAI RVAN WALLI'S:  Your output is
vol t age and phase angel .

DR. KUPPERMAN: Ri ght.

CO CHAI RVAN WALLI'S:  So current and
inputs, is that what it is?

DR. KUPPERMAN:. Ri ght.

CO CHAI RVAN WALLIS:  Well, that's great.
Because the voltage of a tube didn't mean anyt hing

to me at all.
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DR. KUPPERMAN. No. The voltage was

related to a --

CO CHAI RVAN WALLIS: Ckay. So there's
mllions of mles of w ggles conme out of this thing,
right? MIllions of wi ggles cone out of this thing.
And it wasn't clear to nme do the experts | ook at
mllions of mles of wggles or does a conmputer tell
you there's a funny wi ggle here, you d better | ook
at it? There nmust be a conputer that sorts the data
and gives the experts sonet hing.

MEMBER SI EBER:  Initially.

CO CHAI RVAN WALLI'S: Limted set to | ook
at. They don't ook at mllions of ml|es of data.

MEMBER SI EBER:  Initially, right?

DR KUPPERVAN. They | ook at every inch
of the tube.

CO CHAI RVAN WALLI'S:  They | ook at
everything? They look at all the w ggles?

DR KUPPERMAN:  Yes.

MR. SHACK: And if they blink they m ss
somet hi ng.

CO CHAI RVAN WALLI'S:  They | ook at an
infinite nunber of figures like the ones on the |left
si de.

DR. KUPPERMAN: Well, they don't have an
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infinite -- it's a continuous trace and they're
| ooking --

CO CHAI RVAN WALLI'S:  Why do you have an
expert? Wiy don't you just have a conputer that
says if we get sonething anonmal ous, we're going to
make an anal ogous or this blah, blah, blah and we're
going to decide if it's significant or not, and if
it is howsignificant. Wy do you need an expert at
all'?

DR KUPPERVAN. \When you see a signal it
doesn't necessarily nmean it's froma crack and
that's the problem

MR SHACK: Right.

CO CHAI RVAN WALLIS: Oh. And what
happens when this goes through a tube sheet?

Doesn't that change the inpedance of everything?

DR. KUPPERVMAN. We use a different probe
for the tube sheet.

CO CHAI RVAN WALLI'S:  Oh, you do?

Okay. The one on the right is so called plus point
and that's --

CO CHAI RVAN WALLI'S:  This thing goes up
the tube and the experts | ook at the wi ggles and
squi ggl es?

DR. KUPPERMAN:. That's right.
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MR. SHACK: And when it goes through a

tube support plate it does -- you know, things do
happen and people do process signhals to try to --

CO CHAI RVAN WALLI'S: And there's a
person | ooking after that, it's not a computer
anal yzing the data? That seens very strange to ne,
but | guess it's all right. 1It's |like a col ostony,
you know. Several doctors |ook at this and say, gee
whi z, there's an anomaly here, we'd be investigate
it.

DR KUPPERVAN: It is an art.

CO CHAI RVAN WALLIS: GCkay. It's an art.
Thank you. That seens very surprising to nme. It
seemed to ne it ought to be conputerized.

DR KUPPERVAN. There is autonmated data
analysis that is used as a secondary review of the
data. But it's not --

CO CHAI RVAN WALLI'S:  They actually
manage to look at mllions of mles of squiggles?

DR KUPPERVAN: W have |ots of
i nspectors | ooking at data.

CO CHAI RVAN WALLI'S:  Okay. Al right.

DR MJSCARA: That's a good point. You
see, that's one of the reasons why sonetinmes for us

it's missed and shoul dn't be m ssed because, you
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know, inattention.

CO CHAI RVAN WALLI'S:  Woul dn't a conputer
be better? It doesn't get an attention span.

DR MJSCARA: A |lot of research work has
been done in trying to use automated systens. It's
been fairly successful in UTl. There's work done in
eddy currents also, but it's not something that's in
practice. And the reason is that, you know, no two
signals ever look alike so it's very difficult to
come up with paraneters.

CO CHAI RVAN WALLI'S:  So what they do,
they're looking at a screen, let's say. And it
doesn't have to be on real tinme, but they' ve got a
record. And they say now we're |ooking at this
thing going up the tube. W see all these wi ggles
and squiggles. Gee, there's a big squiggle. W'd
better like at that. |It's |like an EKG or sonething,
sonet hi ng anomal ous about this particul ar signal.

DR MJUSCARA:  Yes.

CO CHAI RVAN WALLIS:  Very qualitative?

DR. MUSCARA: That goes on in the
process of an inspection, that does go on.

CO CHAI RVAN WALLI'S:  Yes. (kay.

DR MJSCARA: There's five different

i nspectors, they look at the signals. And it goes
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up --
CO CHAI RVAN WALLI'S:  If they blink?
kay. Ckay.
DR KUPPERVAN. The idea is that there
are several people looking at -- there's two people

initially looking at the same data and they could
have a conputer that would trip a further analysis.

CO CHAI RVAN WALLI'S:  And this surface
witing thing is kind of simlar, only it goes al ong
the surface instead of down the m ddle.

DR. KUPPERMAN: Yes. This is a probe
that's typically used. There are three coils on it
and it rides against the inner wall of the tube and
it's rotating.

CO CHAI RVAN WALLI'S: And they rotate it?
That's what the rpm neans?

DR KUPPERVAN. But it's slow And it's
used -- for the tube sheet this probe is used for
100 i nspection of the tube sheet, so this is --

CO CHAI RVAN WALLIS: But it can't go
around the outside. It only goes around the inside?

DR. KUPPERMAN:. Yes, it goes around the
i nsi de.

CO CHAI RVAN WALLIS: Ah. So it doesn't

go around the outside? So you can't |ook at the
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outside of the tube inside a tube sheet? You can't
| ook at the outside of a tube at all?

DR. KUPPERMAN:. You can only | ook at the
out si de of the tube through the penetration of the--

CO CHAI RVAN WALLIS: GCkay. So this
rotating thing is nore likely to | ook at the inside
of a tube than the outside of the tube. You don't
have a rotating pancake for the outside of the tube?

DR KUPPERVAN. Well, there's three
coils on here. One of themis a high frequency snall
coil that is used for the flaws that would be on the
inner wall. And then there's a | arger pancake coil
that an penetrate through to the outside wall of the
t ube.

MR. SHACK: The probe al ways goes
t hrough the tube.

DR. KUPPERMAN: But the probe is al ways
i nsi de the tube.

MR. SHACK: You change sonme of the
paraneters so that you intend to pick up nore
signals fromthe ODs and the |Ds.

CO CHAI RVAN WALLIS: Mre stuff fromthe
out side. Ckay.

MR. SHACK: One of the things about this

rotating probe is that perhaps isn't as quite as
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apparent here is that it's focusing on a very small
area of the tube. And so you're neasuring the

i npedance change over a very snall |ocalized area.
The bobbin coil is integrating over the whol e tube.

CO CHAI RMAN WALLI'S:  Right.

MR. SHACK: And so you get different
types of information fromthe tube. You get much
nore detailed information fromthe rotating pancake
coil. The price you pay for that, of course, is you
have to anal yze.

CO CHAI RMAN WALLI S:  Right.

MR. SHACK: If you think you have mles
going this way, just imagine rotating around the
thing as you're doing the pitch. Yo know, you've
got gazillions of mles as it screws through the
t hi ng.

CO CHAI RVAN WALLIS: That's true as it
screws around in the tube.

Ckay. And it's able to see the outside
of the tube about as well as the inside?

MR SHACK: We'll come to that.

CO CHAI RMAN WALLI'S:  Okay. Ckay.

DR KUPPERVAN. It's easier to see the
flaws on the inside in general, unless --

MR. SHACK: But the basic physics gives
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you the answer that you think you know, which is
it's easier to see --

CO CHAI RVAN WALLI'S: Al this jargon
about over coils and spin coils and various words
that | don't understand at all neans --

MR SHACK: He'll explainit.

CO CHAI RVAN WALLIS: He's going to
explain it? You're going to explain it? Thank you.
Because it's not explained in the report.

DR KUPPERVAN. We'|l address these
i deas.

CO CHAI RVAN WALLI'S:  Ckay.

DR KUPPERVAN. It's all in the book.

CO CHAI RVAN WALLI'S:  So they | ook at
things |ike the next figure?

DR KUPPERVAN. No, those are two
different coils.

CO CHAI RVAN WALLI'S:  No, but they have
to look at -- look for hours at something |like the
figure on the right hand side which is wggling
around all over the place?

DR. KUPPERMAN. Twel ve hour day and they
wor k seven days a week

CO CHAI RVAN WALLI'S:  And then they see,

gee, we'd better stop. Turn it back, let's | ook at
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that in nore detail because it |ooks funny?

DR. KUPPERMAN:. Yes. You're precisely
right.

CO- CHAI RVAN WALLI'S:  Ah, a conputer
ought to do it rmuch better

DR. KUPPERMAN:. The conputer can tel
you -- it's automated data, it can tell you that
there is a signal of interest.

CO CHAI RVAN WALLI'S: Right. Do that
first as a screen and then | ook at them

DR. KUPPERVAN: But we still rely on the
humans.

CO CHAI RVAN WALLI'S:  Ckay.

MR SHACK: As a pattern recognition
devi ce, a human being is not bad.

DR. KUPPERMAN. The brain is really
better than the conputer.

CO CHAI RVAN WALLI'S: That's right. As
long as the attention can be maintained for 12
hour s.

DR. KUPPERMAN: And these people are
trained very well.

CO CHAI RMAN WALLI S:  Right.

MEMBER BONACA: This al ways assumes t hat

the defects are known so you can characterized this
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type of defect with this kind of trace, right?

DR KUPPERVAN. |If you have a history of
a certain kind of flaw, you know the pattern and
that's fine. But the problemarises when a new fl aw
is generated that you haven't seen before.

MEMBER BONACA: Yes. And then that woul d
challenge their ability to interpret?

DR KUPPERVAN. That's absolutely right.
O if it was a flaw that you thought coul d not
appear in this location, you mght not spend a | ot
of time at that | ocation.

CO CHAI RVAN FORD: Then coul d you j ust
wal k us through the --

DR KUPPERVAN: Yes, | have a lot to
revi ew.

So basically what the analyst will do is
|l ook at this linear trace with -- it's the verti cal
conmponent of a -- figure. And they'|ll looking for a
junp in the signal. |If they see it, then thy | ook
at the Lissajous figure, which can give you sone
i nformati on. But what happens mainly is that you go
to that point with this rotating point that | passed
around, which generates a three di nension imge of
the anomaly. And even thought this is just am

anpl i tude product, just plots the anplitude fromthe
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rotating coil, that plus point coil, it does gives
you a general idea of what's going on. And through
experience and through training and through
val i dation procedures and testing they can get
information also fromthe Lissajous figures to comne
to a conclusion --

CO CHAI RVAN WALLI'S:  So the anal ogy with
all kinds of nmedical instrunmentation is very good.
| mean, I'mnore famliar with that than with this
stuff. But very simlar.

CO- CHAI RVAN FORD: But there is enough
enpirical information, presumably, to correlate
t hose signals that you showin that little box on
the right hand side to a physical phenonena such as,
for instance, say surface region versus a cracked
regi on, versus crude on the surface on the OD? |
nmean, there's enough enpirical observation to nake
t hat j udgnent ?

DR KUPPERVAN. Well, there are certain
rules that they follow For exanple, how does the
Li ssajous figure rotate, does it change the
frequency? Does it rotate counter clockw se or
cl ockwi se? That already tells nme sonething.

CO CHAI RVAN WALLI'S: Do the frequencies

vary throughout the experinment or he has a choice of
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changing it?

DR. KUPPERMAN:. As you go deeper and
deeper into the analysis of an indication, you vary
t he frequencies, see how the frequency changes.

CO CHAI RVAN WALLIS:  Well, you go back
and do the experinent again?

DR KUPPERVAN. The data is all
col | ect ed.

CO CHAI RVAN WALLI'S:  They just collected
a response to frequencies. Ah.

DR KUPPERVAN. It's all collected once.
And then you go back and you say well these --

CO CHAIRVAN WALLIS: So it's a signa
whi ch has a m x of frequencies in there?

DR. KUPPERMAN:. Yes, you use four
frequenci es.

CO CHAI RVAN WALLI S:  Ckay.

DR KUPPERVAN. And you screen with one.

CO CHAI RVAN FORD:  So in other words,
when it comes down to | ook at probability detection,
you're | ooking at not only teamtiredness, hunman
errors plus uncertainties in the physical analysis
of those wiggles --

MR SHACK: That's correct.

CO- CHAI RMVAN FORD: -- i.e., crack,
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crude- -

MR SHACK: Geonetry.

CO CHAI RVAN FORD:  You never know unl ess
you do a direct exam nation. Ckay.

DR MJSCARA: Maybe | could comment very
briefly, make sure that you don't have the w ong
i npression. Eddy current tests you do not really
get the kind of detail that you were discussing.
You can get fairly easily whether you' re |ooking at
a flaw that's volunetric, for exanple, corrosion
| arge patches of corrosion or whether it's crack
like. But to break it down nuch finer, it's not
qui te possi bl e.

By | ooking at the way the signal noves
and the different planes you can tell whether it's
ID or OD, etcetera. But to get down things like
code work, nostly information we get from eddy
current is really based on our experience we have
with observation of particular |location. So the
i nspectors depend a great deal on |ocation and what
t hey expect to see at that | ocation.

As Dave nentioned, if it's sonething
that's new for the first tine, very often it's
m ssed by the inspection. So, you know, you can

tell it's IDor OD, is it volunetric, is not
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volunetric. And by knowi ng the |ocation you assune
it's a--

CO CHAI RVAN WALLI'S:  You have to have a
| ot of experience.

DR MJSCARA: Right.

CO CHAI RVAN WALLIS: It's sort of |ike
sonar in the submarine or something. Unless you' ve
had a | ot of experience, you don't know what it
means at all.

CO CHAI RVAN FORD:  So in terns of
ranki ng uncertainties, a big question will be is the
crack circunferential or axial? |Is the anount of
information that we have to show it would indicate
that the uncertainty in making that decision is very
| ow?

DR MJSCARA: Yes, it is. | nean, if
you can detect the crack, you can determine if its
circunferential or axial. Detecting it is another
pr obl em

CO CHAI RVAN FORD:  Ckay.

DR. KUPPERMAN. Mbst of the time you can
determne if it's circunferential or axial. It's
possible to have a series of small axial cracks
going around the circunference that could | ook Iike

a circunferential crack but a really good anal yst
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could sort out the data and come to that concl usion.

CO CHAI RVAN WALLI'S:  Ckay. Could we ask
about this really good analyst? |Is this someone who
has been trained for a week or is it soneone who has
had ten years of experience?

DR. KUPPERMAN: Years of experience, and
then they have to pass qualifying exam nes to nake--

CO CHAI RVAN WALLI'S:  This is why, again
you got very small band of people who understand how
to do this right?

DR KUPPERVAN. They're very well
trai ned.

MEMBER SI EBER:  Well, you end up with a
team You have a | evel two guy --

DR. KUPPERMAN: There are five people
that are involved in that, in |ooking at this data.

MEMBER SI EBER:  And anything that's
strange, the level one guy will |ook at, you know.

DR. KUPPERMAN: Sonebody col |l ects the
data, and then nore trained people analyze it.

MEMBER SI EBER  Yes.

CO- CHAI RVAN WALLIS: It's even nore
reason for having conputers sort it out first so you
-- you're relying on this. There's a huge anount of

experience. You've got to have an expert with years
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of experi ence.

MEMBER SI EBER: They actually watch the
probe nove. The conputer is looking at it and
trying to characterize it. Somebody is watching it
there. You know, it can't be --

CO CHAI RVAN WALLIS: But it's a
difference. | nean, they have ways of sort of
observing. There's all this stuff, invasion of
privacy where they're | ooking at what's happening in
some area, as to sonething anomal ous, |ike a
terrori st appearing somewhere. And you have a guy
| ooki ng at that screen all day and in case sonething
anonmal ous appears; that's not the way to do it. You
have to have a conputer that |ooks -- gee, there's
sonething | want to see. You go and look at it now
in detail and see what it is. That's the only way to
do it.

DR MJSCARA: Well, that's been tried.

CO CHAI RVAN WALLIS: Only way to do it.

DR MJSCARA: You know Dave nenti oned
there is qualification performance denonstration
requi renments.

What has happened in sone cases with the
computeri zed systemis that you mss flaws, and you

m ss them because the sinple paraneters that you can
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set up, for exanple, anplitude, is not always an
i ndi cator of a crack being present.

CO CHAI RVAN WALLI'S: Then it's not smart
enough. It's not smart enough. But if the
conputer could be nade as smart as an expert,
because the expert is |ooking for the same specific
t hi ngs.

DR MJSCARA: And maybe | ater on you'l
hear about an al gorithm we've been devel opi ng at
Argonne --

CO CHAI RVAN WALLI'S:  Yes, | noticed
t hat .

DR MJSCARA: -- that makes use of sone
of those kinds of things.

CO CHAI RVAN WALLI'S: Yes, it sounds

good.

DR MJSCARA: But it's nowin the
future.

CO CHAI RVAN WALLI'S: Sounds good.

DR KUPPERVAN. Wl | continuing then --

CO- CHAI RMAN FORD:  Joe, |'mjust | ooking
at -- thisis really very interesting indeed. 1|'m

just | ooking at the clock here.
CO CHAI RVAN WALLI'S:  Yes.

CO- CHAI RVAN FORD: Do | understand that
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we're going to get through not only this one, 3.6,
but also 3.7 and 3.8 before the end of the norning?

DR. MUSCARA: Yes, | think you are
correct. Right, by 12:15 we'll finish up. But I
don't think there's a great deal of discussion on
3.7 and 3.8. Louise is here, and she'll be naking
t hat presentation. |Is that right?

CO CHAI RVAN WALLI'S: What is 3.7 and 3.8
about ?

CO CHAI RVAN FORD: \What were they about?

CO CHAI RVAN WALLI'S:  Just remi nd ne.
This is the one where you threw away the French
dat a?

DR MJUSCARA:  Yes.

CO CHAI RVAN WALLI S:  Ckay.

DR MJUSCARA: And |'m not too sure what
3.8 is about.

CO CHAI RVAN WALLIS: IS it about the
seven eighth inch tubing or sonething? Seened to be
sonehow di fferent fromthe --

CO CHAI RVAN FORD:  Yes, 3.7 is to do
that. And 3.8 has to do with -- I'mnot too sure.
It's only a one page nenb. |'mnot to sure what
it's saying. They're not going to take up a half

hour of discussi on.
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CO CHAI RVAN WALLIS: | think, M.

Chai rman, now we know what we're doing we m ght go
pretty fast from now.

CO CHAI RVAN FORD:  Ckay.

CO CHAI RVAN WALLI'S: Because it's not as
if it gets very conplicated later on. Specific
out put s.

DR KUPPERVAN. We're trying.

On this slide | want to point out that
at Argonne we have devel oped a mnulti-paraneter
algorithmto inprove on the characterization of
flaws. And this algorithmuses the anplitude and
phase information at several frequencies to provide
both 2-D and 3-D fl aw profil es.

So, for exanple, here's a representation
of aflawin a roll transition |ooking down on the
flaw. And down here is the reconstruction of its
profile. And the geonetry can be subtracted out so
we just see the flaw.

And the beauty of this is is that you
get not just anplitude as a function of position,
but you get the actual depth of the profile as a
function of position. And you can cut through it
and get slices --

CO- CHAI RMAN WALLI'S: Now, an expert
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couldn't generate that out of his head, just |ook at
the -- that's nuch better than the expert.

DR KUPPERMAN:  Yes.

CO CHAI RVAN WALLI'S:  GCh, good. Thank
you.

CO CHAI RVAN FORD: Could | ask Joe, this
Argonne nulti-paraneter algorithm is this used and
approved generally within the nuclear fleet?

DR MJSCARA: It is sonething we have
been devel oping for a nunber of reasons. One is we
needed to have an accurate nethod for characterizing
the flaws in the nock-up because we can't destroy
all of them And so we have been working on this.

And the other one is, of course, that
it's making inprovenments in the technol ogy.

Now, we've been working on this for a
nunber of years. You know, our programin general
is an international program so we have people from
Korea and from Canada, and Westinghouse in the U S.
and EPRI; all these people have been interested in
this algorithm They' ve asked for themto have
access to it so they can try on field data. So sone
of this has been going on. 1t's not sonething
that's out there that's qualified yet, but there's

an interest. People have |ooked at it and they're
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trying to see how they could use it.

Unfortunately right now, you know, it's
not necessarily a conputer friendly algorithm and
you need an expert who really understands it to get
best results. But there is, you know, some
activities going on to try in nmaking it nore user
friendly and being able to transfer the know edge
that needs to go into this to others.

CO CHAI RVAN WALLIS: Well, this is where
the action is in all imagining technol ogy right
across the boards using the conputers. Because they
can now do so nmany things better than experts if you
know how to tell themwhat to | ook for.

DR MJSCARA: Well, this is a
conbination. |It's based on -- we're calling it an
expert system So it's based on the kinds of things
that the experts does to evaluate the signals, which
are them pernetized and conputerized.

CO CHAI RMAN WALLI'S:  Right.

DR. MUSCARA: But you certainly do need
to know how to set it up, etcetera, and that's the
portion that's not field ready yet. But it has very
good potential for being able to fully characteri ze
degradation with respect to its |l ength and depth and

| ocati on.
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CO CHAI RVAN FORD: So as we go through

this presentation, the probability of detection
figures will cone out of this are the best that
you' Il ever do and in fact on other plants which are
usi ng ol der techni ques, below --

DR MJSCARA: What we'll show you is the
probability of detection with the currently used
techni ques as they are used in the field.

CO- CHAI RVAN FORD:  Ri ght .

DR. MUSCARA: This process -- procedure
we're using to essentially it's a true state -- to
devel op the true state of the flaws. Eventually
something like this could be comerci al i zed.

CO CHAI RVAN FORD: So the correl ation
function, if you |like, between observed and assuned
by cal cul ati on were nmuch better for this than it
will be for a comrercial instrunent?

DR MJUSCARA: Yes.

CO CHAI RVAN FORD:  And that will be
taken into account in your concl usions?

DR MJSCARA: Yes. | think Bill wll
cover how that is being used in devel opi ng those POD
curves.

MR SHACK: Yes. But the inportant

thing is the POD curves you're going to see are for

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

72

the current techniques that are used by industry.

We use this technique only -- you know, you're going
to see POD curve as a function of depth. Well, how
do you know the depth of that crack? W know the
depth of the crack because we did this to it.

W al so had the advantage that we knew
exactly where that crack was because we put the
crack there.

You know, we knew | ots of things about
t hat crack that the poor inspector doesn't know.

CO CHAI RVAN FORD: But this is the best
you could ever do with the current state of
t echnol ogy?

MR SHACK: W don't neasure POD here.
| mean, we don't need a probability of detection.
W know there's a crack there.

CO CHAI RVAN FORD: So you' ve got POD of
what ?

MR, SHACK: The PCD you see is what the
-- the actual field inspector using his techniques
uses.

DR KUPPERVAN. On the nock-up

MR. SHACK: Now, again, we wll discuss
what you see on the nock-up is probably better that

you can do in the field because: (1) you' re under a
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tech -- well, | don't want to steal Dave's thunder.
But the POD curves you see are not POD for this
fancy PHD | evel technique. They're the work a day
i nspector's techni ques.

CO CHAIRVAN FORD: |I'mw th you.

DR KUPPERVAN. Let nme make a conment
and maybe you can understand why this is so
conpl i cat ed.

Eddy current is a diffusion phenomenon.
You can't back out what created the signal |ike you
can in ultrasonic scattering where you can | ook at
the scattered signal and recreate what was there to
cause the scattering signal. This is a diffusion
phenonenon and you cannot cal cul ate what was there
that created the signal. And that's why it cones
down to pattern recognition application, and sone
peopl e looking at it.

MEMBER RANSOM  \What as the axis on the
figure on the left?

DR KUPPERVAN:  You tal king about this?

MEMBER RANSOM Right. Are those
frequenci es?

DR. KUPPERVAN: | don't want to get into
this. These are standards that are used to set this

up. These are notches and this is going around the
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circunference. This is axial.

MEMBER RANSOM Wl |, are those units
| ength or --

DR KUPPERVAN. Those are units. You
can get the axial and circunferential position in
mllimeters or whatever. But those are not --

MR. SHACK: For the non-inspector
person, the figure on the right is the one you want
to look at. It sort of |ooks |ike cracks.

DR KUPPERVAN. This is mllineters.

Now, in this round robin exercise we
want to point out that --

CO CHAl RMAN FORD: | can see you
pl agiarized fromltaly.

DR MJSCARA: Dave's not famliar, but
Bill is.

MR. SHACK: Yes, we plagiarized from
Italy. GCeovana's round robin exists forever.

CO CHAI RVAN FORD: Her's used to be in
color, right?

MR. SHACK: No. This is scanned right
from her sketch.

DR. KUPPERMAN: Let ne go through the
round robin in a little bit of detail.

First of all, the data that was
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collected was collected by a teamfromindustry that
was qualified for collecting data and fol | owed the
current practices.

El even teans anal yzed the data, two from
Sout h Korea and one from Canada. And all nenbers of
t he team have had to pass qualification exam nes.
So these are all qualified anal ysts.

CO CHAI RVAN WALLI'S: These are typica
of teans who will be doing actual inspections on
st eam gener at or s?

DR. KUPPERMAN. These are people --

CO CHAI RVAN WALLI'S:  They have five
people in their teanf

DR. KUPPERMAN:. -- that do analyses in
the field. These are field anal ysts.

And each team consisted of five nenbers.
There's a primary and secondary anal yst, two
resol ution analysts and a fifth qualified data
anal yst, which woul d resol ve any di sagreenents.

CO CHAI RVAN WALLI'S:  So there's nothing
technically at all? 1t just deals with people?

DR KUPPERVAN. Mdst of the tinme
everybody agrees on everything, but not all the
time. And, of course, the not all the tine flaws

are the ones that are causing m sses soneti nmes.
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So, in addition to that we had a task
group make up of nmenbers of experts fromindustry;
EPRI and then the various organizations | nention
here. And they | ooked at our docunentation. W
followed all of the procedures that are involved in
an inservice inspection. There's a | ot of
docunentation that has to be put together,
gui del i nes, assessnent of the degradation that
t hey' re supposed to be looking at. There's a
trai ni ng manual --

CO CHAI RVAN WALLIS: I'msorry. | think
| was being flippant there. Really, the qualified -
- really it's like the senior guy in the energency
room The other guys that process the patient and
say we think this guy has sonething or other, it's
so bad we'd better bring in this senior to resolve
sonething and figure out what's really going on. So
the really qualified data analyst is the guy who has
t he nost experience and know edge, w sdom but
doesn't have to | ook at the screen all day?

DR KUPPERMAN:  No.

DR. MUSCARA: Practically, as Dave
nmentioned, there are five nenbers of the team
There's a | evel one and two, which have certain

training but they're the lowest level. But there's
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also levels two and three who are the next step. But
the qualified data analyst only gets invol ved
rarely

CO CHAI RVAN WALLI'S:  The buck stops
there, right?

DR MJSCARA: Yes, but he's usually not
necessarily the best qualified person. He's usually
t he person who works for the utility that has
qual i ficati ons.

CO CHAI RVAN WALLI S:  On.

DR. MUSCARA: And he may turn out to be
t he best person, nmaybe not to be the best
technically qualified person for eddy current.

DR. KUPPERMAN: | think the analogy is
the QDA is the guy when they can't decide if the
patient needs a heart bypass operation or not, he'l
come in and resolve the issue.

CO CHAI RVAN WALLI'S:  Especially if he is
the best qualified, otherwi se you may have sort of
four technical people arguing and a | awyer trying to
decide who is right. It may be the worst way to
make a techni cal deci sion.

MR KARWOSKI: This is Ken Karwoski from
the NRR staff.

When pl ants anal yze eddy current date,
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peopl e who actually anal yze the data, even the
primary and secondary anal ysts are consi dered
qualified data analysts. And they analyze the date
i ndependently. \Whatever calls they make go to
what's ternmed a resolution analyst. All these
people in this process are considered qualified data
anal ysts or QDAs. And they follow an EPRI
qual i fication process.

And so everybody who is analyzing this
data as QDAs, the people on the resolution teans and
on sone of these senior review panels have revi ewed
the calls by the primary and secondary anal ysts are
nore senior, but all the people in this process are
consi dered qualified data anal ysts.

CO- CHAI RVAN FORD:  Thank you.

MR. SHACK: They're qualified by tests.

DR. KUPPERMAN:. They're qualified by
exam nes through EPRI

So continuing on then, the task group
| ooked at our docunentation and | ooked at our flaws
and concluded that we were follow ng current
i ndustry practice and that the flaws in the nock-up
had eddy current signals simlar to those observed
under field conditions. To the extent that it often

| ooked at a flaw, a signal in the nock-up and say
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this | ooked -- and they woul d remenber sone
indication in a plant sonewhere; oh, yes, that | ooks
like a flaw | renenber from sonepl ace.

So the -- first the teans | ook at the
bottom coil data and then they | ook at the MRPC, the
rotating coil for those test sections that woul d
have indication that would require further analysis.

Al'l of the analysts analyze the sane
data. The data is copied onto optical disks.

They' re brought to the | ocation where the anal yses
is carried out. Argonne provides a proctor. And
then their reports are taken back to Argonne and
revi ewed and anal yzed and from whi ch we established
the POD using logistic fits to the raw data. And we
end up with POD. And Bill is going onto how these
curves are created in nore detail

But basically you get a POD curve as a
function of crack depth, voltage and m, with
confidence limts that reflect the errors in the
reference state.

CO- CHAI RMAN FORD:  Now what was m,?

What is m? Sorry.

DR KUPPERVAN. m, is the stress

magni fi cation factor in a |iganment.

CO CHAI RVAN WALLI'S: That's the thing
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with the square root dinension and stuff.

DR MJSCARA: It depends on the geonetry
of the tube.

DR KUPPERVAN. | just want to show j ust
an exanple of a field Lissajour figure and an
Argonne LODSCC figure, and these two are the sane.
And then the anplitude plots for the sane.

CO CHAI RVAN WALLIS: It shows that they
| ook very simlar.

DR KUPPERVAN: Very simlar.

Al so, we just took a |ook at -- you
know, when we have a flaw in the bottom coil phase
and both it should follow a general trend. W see
t hat general |y speaking the higher voltage is
associated with | ower phase angels as it would be in
the field.

DR MJSCARA: But the key point of the
graph is that the McGuire sanple will essentially
trip out of the operating plant. And those were
conpared to the sanples fromthe | ab

DR. KUPPERMAN:. That's right. This was
a retired steam generat or

DR. MUSCARA: You can see that they
foll ow about the sanme trend.

DR. KUPPERMAN: So to characterize the
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flaws. First of all, as | indicated before, we do

have dye penetrant indications for all the OD fl aws.
And we' ve destroyed sone of the nock-up specinmens to
hel p validate the sizing techni qgue because we use --

CO CHAI RVAN WALLI'S:  You use the
penetrant after you' ve done the electrica
nmeasur enent ?

DR KUPPERVAN:  Par don?

CO CHAI RVAN WALLI'S:  You put the dye in
after the eddy current experinment?

DR. KUPPERMAN: Ch before.

CO CHAI RVAN WALLI'S: Doesn't the dye
effect the --

DR KUPPERMAN:  No.

CO CHAI RVAN WALLI'S:  The dye and the
space are the same?

DR KUPPERVAN. We checked that. It
doesn't effect the signal.

For nost of the flaws, because we can't
destroy all of them we used a nulti-paraneter
algorithm and that's through blind testing we've
establ i shed the uncertainty in that neasurenent.

CO- CHAI RVAN FORD: Do you m nd j ust
goi ng back to the previous one, thirteen. Wat is

that telling us?
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DR. KUPPERMVAN: Well, we just wanted to

make sure that generally speaking if you have a high
vol tage, you are going to have a | ow phasi ng.

CO CHAI RVAN FORD:  Ckay.

DR KUPPERVAN. That's an indication --

CO CHAI RVAN FORD: Regardl ess of the
dept h?

DR KUPPERVAN:  Not regardl ess.

MR. SHACK: Basically it relates to the
dept h.

DR. KUPPERVAN: But there's a genera
trend that doesn't really correlate to the depth.
But we don't want to find out that nost of our -- if
we found out that nost of our bottom coil voltages
that are high were associated with a very |arge
phasi ng, we woul d have a probl em

MR SHACK: |If we found our data
followng a 45 degree line, while this curve is
going this way, that wouldn't be good.

CO CHAI RVAN FORD:  Maybe because --

MR. SHACK: They'd | ook different.

Ri ght .

DR. KUPPERMAN. This is just another way

to help us to convince ourselves --

CO- CHAI RVAN FORD:  You're | ooking at the
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same physical --

DR KUPPERVAN. The view of that, we are
in the same -- | guess.

DR MJSCARA: Steam verses |ab test,
that is the key.

CO CHAI RVAN WALLI'S:  When the voltage is
zero, the phase angel was random

MR, SHACK: It's sort of anything you
want .

DR KUPPERVAN: Yes. You pick it.

CO CHAI RVAN WALLI'S:  Pretty random but
it should be --

DR KUPPERMAN:  Yes.

Now, you m ght say well can't you just
correlate the bottomcoil voltage to depth? Wy
doesn't that work? And it doesn't. And there's
just too many variables involved in the bottom coil
volt that comes from an anonaly.

CO CHAI RVAN WALLI'S: Even with a 100
percent depth you get a very small voltage
soneti mes?

DR KUPPERVAN:. Yes, sir.

So these are the flaws that we destroyed
so that we have accurate depth neasurenents on

voltages. And this isn't a revelation. |'mjust
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showi ng you as an exanple that this is the case.

MR SHACK: It's a rem nder.

DR. KUPPERMAN:. The bottom coil voltage
does not correlate with depth.

DR. MUSCARA: | don't want to delay the
nmeeting, but nmaybe if you can state in a few words
why in sone cases this mght not help. You know,
the signal that you get is essentially is a back EMF
fromthe test. Now, for you to get back EMF the
current has to travel.

So if you have a notch that's nicely
separated, the eddy current has to travel to the end
of the notch to get through the material. So that
provi des a | arge back EMF

What happens in the cracks is that the
notches they're tight, they touch and they have
| iganents. So you could have a crack that
defectively froma structural point of view nmay be
two inches long but has a liganents. So as |ong as
the electrons can travels through the smal
| iganents, the currents go straight through and
provided a small signal. Therefore, you can get a
crack that's critical size or one that's smal
giving you a low voltage. A big crack doesn't give

you al ways big voltage unless it's separat ed.
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CO- CHAI RVAN WALLI S: But did the crack

nmake a difference or is the inpedance of any cracks
sort of infinite in the crack itself? Doesn't it go
t hrough -- a narrow crack which is so small --

DR MJSCARA: Yes, that's what |'m
tal king about. If it's very tight --

CO CHAI RVAN WALLIS: It goes back to the
guestion when is a crack a crack?

DR MJSCARA: Well, it's so small --

CO CHAI RVAN WALLIS: | nean it may not
have any inpedance at all.

DR. MUSCARA: But that's the key
problem is that the currents can couple through the
ligaments or the faces are touching. |If there's a
nonconductive crack that's conducted, the crack
faces are clean, the signal goes through, doesn't go
around the crack providing that signal.

MEMBER BONACA: And you would find, just
for exanple, next year when you do again, will find
suddenly --

DR. MUSCARA: That's right. Sometines
you see large changes in voltage. Wll, maybe the
Il iganent has finally broke.

MEMBER BONACA: (Go back to the --

DR. MJSCARA: You know, we do find in
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our sanples sonetines we have very large cracks with
very small signal response. And | think this is
under st ood by the comunity.

CO CHAI RVAN WALLIS: This is like ground
wat er flow and cracked rocks.

MEMBER SI EBER:  An analogy is the angle
is the depth and the voltage fromthe -- the voltage
is the electrical link fromthe crack which may be
different than the physical |ength of the crack.
That's generally the way | see it.

DR. MUSCARA: The voltage rel ates very
nicely to volume that's m ssing.

MEMBER SI EBER:  That's right. 1In fact,
that's why they use eddy current probes for waste --

DR. MUSCARA: Yes, it works very well on
t hat kind of flaw.

MEMBER SI EBER:  But when you go through
a tube support plate, everything just goes wild. So
you have to reexan ne those nost of the tine.

DR. KUPPERMAN. |f you had a series of
mat ches that were all one centineter |ong, the
vol tage would correlate with depth very nicely. In
fact, that's how you set up --

CO CHAI RVAN WALLI'S:  Actually, | think

you can go through all these details but the only
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real question and what really matters here is did
t he guys detect a crack or not?
DR KUPPERVAN. W're getting to that.
CO CHAI RVAN WALLI'S:  You spent a | ot of
time on these, whether this profile and this profile

will conme out the sane.

MR SHACK: Well, if you're willing to
bel i eve our curves, we'll skip directly to them
CO CHAI RMAN WALLI'S:  No, no. | was just

wondering just exactly is there anything to do with
how wel | the guys detect the crack?

MR SHACK: No, but they have everything
to do with as whether our curves are neaningful or
not .

CO CHAI RVAN WALLIS: On.  Yes. (kay.

MR, SHACK: If you're willing to
believe, we're willing to tell you.

CO CHAI RVAN WALLI'S: This is now the
Argonne algorithm --

DR. KUPPERMAN: Yes. Now we're getting
to the neat of it.

CO CHAI RVAN WALLI'S:  But is this what
the round robin people look at or is this --

DR. KUPPERVAN. No. W want to show you

t he accuracy that we have in knowi ng the --
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DR. MUSCARA: Let ne try quickly. W're

trying to grade the inspector. And the way we grade
himis to say he's detected a flaw and what size was
it, or did he detect the large flaws, the snal
flaws? So we have to know what size flaws we have
in the sanples; the nunbers and sizes. And unless
we know the size, we can't really evaluate him

CO- CHAI RVAN WALLI'S:  So you're using the
PHD nmet hod to figure out what the crack really is?

DR MJSCARA: We're qualifying him

CO CHAI RVAN WALLI'S: | don't understand
why they don't use the PHD nethod everywhere and
everypl ace.

DR. MUSCARA: Well, we'll try. W takes
time for this to get outside.

CO- CHAI RVAN FORD:  Coul d you go back to
t he previous one? Convince ne so far the voltage
means nothing in terns of -- you' re show ng two
graphs now and saying that there's no correlation
bet ween vol tage and --

DR. KUPPERMAN: | would phrase it as the
correlation is very poor.

CO CHAl RVAN FORD:  Yes.

DR KUPPERVAN. And it's al so when we

|l ook at the field data we find the --
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CO CHAI RVAN WALLI'S:  But the Argonne

nmethod is very good. And there's a lot of stuff in
your report. Many figures, like figure 17 show ng

t hat Argonne nmethod is great. And | think | we're

| earning to accept it's great.

CO CHAI RVAN FORD:  And what was your
poi nt about the -- your -- this is sonmething there
was that changed? You got probably of |eakage
versus volts.

MR SHACK: We tried to make it clear

CO CHAI RVAN FORD:  COh, | see.

CO CHAI RVAN WALLI'S:  That's what makes
it difficult to figure out. Wat's the volts?

CO CHAI RVAN FORD: Okay. Do you want to
go through an expl anation of that second bull et
there, probability of |eakage? 1Is this inportant to
our under st andi ng?

CO CHAI RVAN WALLIS: | don't know that
we need to.

DR KUPPERVAN. Wl l, we have sone flaws
from McGQuire that under pressure | eaked. And we
just point out that our results for |eakage versus
volts are consistent with what is out there in the
i ndustry.

MR. SHACK: They have 48 data points, |

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90

believe, to develop a correlation for probability of
| eakage versus voltage. Qur points would not change
that correlation. And, in fact, if anything it
woul d -- you know, since we didn't get any | eakage,
you know, it only is going to shift the curve to the
right if we added our data points to their data
points. But basically when they predict a | ow
probability of |eakage, we're not finding | eakage.
The only crack that we woul d have expect -- we have
about a 50/50 chance of seeing | eakage for the high
vol t age crack

CO CHAI RVAN FORD: Ckay. So carry on.

MEMBER KRESS: This has to do with the
vol t age based - -

MR. SHACK: The vol tage based criterion

MEMBER KRESS: Wiich | recall was good
for sone tubes and seened to be weird for other
si zed tubes?

MR, SHACK: Better and worse, yes.

MEMBER KRESS: Ckay.

MR SHACK: O worse and worse.

CO CHAI RVAN WALLI'S:  But you just said
there's no correl ation between and vol t age?

DR MJSCARA: And the reason is because

of lack of a physical basis for that correlation.
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So we can't make that correlation any better. It is
what it is.

DR. KUPPERVMAN:.  Well, this is an exanple
of how well the multi-paraneter algorithm can
profile a crack. And the blue is the result of
applying the algorithmand the red is a result of
the profile generated by fractography. So sonetinmes
it can be very good.

It's not always this great, but we have
t he uncertainties devel oped as a result of | ooking
at many, many fl aws.

CO CHAI RVAN FORD:  Now j ust very
briefly, there's not obviously just voltage, it's --
t he vol tage paraneter.

DR. KUPPERMAN:. This is --

CO CHAI RVAN FORD: Phase angle, the
frequency?

DR. KUPPERMAN: Vol tage and phase at
different frequencies plus rules. There are certain
rules that are applied to the data.

So in this slide we point out that if
using this Argonne mnulti-parameter algorithm
soneti mes when the cracks are sinple, you got a very
good correl ati on between depth and predicted depth

and actual. But then when you get to nore
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conplicated flaws, there's sonme scattering of data.

CO CHAI RVAN WALLIS: Well, there are
sorts of ligaments. | nean, what's the depth?

DR KUPPERVAN. The depth is the maxi num
dept h.

CO CHAI RVAN WALLI'S:  The maxi num dept h.
But the --

MR. SHACK: Well, we profile the cracks
sonetimes and sometines we use nmax depth so that the
depth can be one or the other.

DR. KUPPERMAN: When you see the PLD
curves there, it's maxi num dept h.

MR SHACK: Yes, | can take over at this
poi nt .

Bill is now going to take over.

MR. SHACK: Ckay. W just sort of want
to tal k about the determ nation of the POD curves
and what do you get out of the round robin. Well,
you have 11 teans that go through and they | ook at
this crack and, you know, eight out of the 11 teans
will find the crack and three won't. And so we get
sort of ones and zeros are the results. W don't
get continuous data. W get a binary result.

The probability of detection that we've

di scussed depends on many vari abl es; crack |length
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and depth, the orientation, the norphol ogy, do we
have a single plane or crack or many of them the
material grain and degree of cold work interferes
with the signal, do we have artifacts |ike the rol
transition or the tube support plate itself. W
have ot her ones |ike dents, nagnetite type, copper
deposits.

We can't analyze all of these things.
We don't have a nodel that incorporates all of these
into a single picture. And what's done, and what's
done in the industry, is that we try to deal with
this by considering the data for a fairly specific
procedure, a specific way of doing it and specific
| ocations. And so you'll see POD curves for OD at
the TSP, POD curves for OD cracks at the tube
support plate. So rather than trying to build all
that geonetry and variations into the nodels, we
just use different correlations. And in fact, in
i ndustry they will come in with even nore
speci al i zed correlations that apply only to specific
things. So they're trying to elimnate as many of
t he variables as they can.

So the only variable that we -- we
typically concentrate on one variable at a tine for

a specific location, and that one that's nost
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conmonl y used is the maxi num dept h.

MEMBER KRESS: And you can only do this
i f your specinmens you used to develop the POD are
assunmed to be typical of what's out there.

MR SHACK: Right. A representative.

MEMBER KRESS: Representative of what's
out there?

MR SHACK: Right.

MEMBER KRESS: Because it's going to
have all those variables in it?

MR. SHACK: Because it's going to have
all those variables init.

DR. MUSCARA: Just one nore sinple point
is that these techniques have qualified in industry.
They're qualified for a specific probe and procedure
and | ocati on.

MEMBER KRESS: (kay.

DR MJSCARA: So it's broken down into
fairly defined situations. And we've conducted the
POD work for those probes, techniques and | ocations

and types of flaws the way it was qualified.

MR. SHACK: So we'll typically -- | say
"we," the only one that we consider here explicitly
is crack depth -- | nean maxi mum depth. Actually,

we do maxi mum depth, we do voltage because it's
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reported that way sonetines for the TSP. An we use
this m paraneter that we've discussed, which is the
stress magnification. |It, in many ways, is the nost
meani ngf ul one because it incorporates the whole
crack profile. So it incorporates the crack |ength.
It tells you whether the crack has got a maxi mum
depth that's uniformover a fair anobunt or it's just
got a slight deep point and it's fairly shall ow

And so it really reflects nmuch nore clearly the
structural inpact of the crack.

But the usual way of reporting data is
primarily in terns of max depth, and that's what
we' ve done nost of the tine.

Now, |'ve mentioned detection data are
bi nom al, we get ones and zeros. If we try to fit
data by -- you know, you don't use |inear squares
di scretion when you're trying to fit binom al data.
It doesn't make sense. We use essentially maxi num
i kelihood estimtes to choose the paraneters to fit
t he dat a.

Again, we pretend that the probability
of detection is really a binom al probability.
Again, it depends on all these variables, but we've
| ocalized them by | ooking at the probability of

detection for OD cracks at the tube support plate.
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And so we're going to assunme that our probability of
det ecti on depends only on crack depth.

CO CHAI RVMAN WALLIS: | think that -- |
don't know. Maybe we should tal k about this off the
record. It seens to ne that there's a correlation
If ateamis bad, then it's not -- it's response
isn't random for each one, it's got sort of a bias
to being bad on everything it does. |s that
reflected --

MR. SHACK: No, that's not true.

CO CHAl RVAN WALLI'S: It's not.

MR SHACK: We'll conme to that. But we
do see variations between -- but unlike -- you know
20 years ago when Joe did sone UT round robbins you
found that. You know, there was the super team

CO CHAI RMAN WALLI S:  Right.

MR. SHACK: And then, you know, there
were ot her people. But we didn't really see that in
this case.

CO CHAl RVAN WALLI'S:  So you' ve got sort
of five statistically identical teans or sonething.

DR MJSCARA: It's because there's been
alot nmore training. | nmean, both UT and eddy
current there's training and qualification.

CO CHAI RVAN WALLIS: Ckay. So there's
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nore experience at interpreting data. Yes.

MR SHACK: But that is one of the
nodern qualification thing is that we seemto have
smeared out nuch of this variability.

CO CHAI RVAN WALLI'S: So they all have
t he sane probability profile?

MR SHACK: To the extent that we can
tell fromwhat we have. W don't see a real
di stinction.

CO CHAI RVAN WALLI'S:  That changes the
way you deal with the statistics.

MR, SHACK: And, again, so | can
construct a likelihood function for this and --

CO- CHAI RVMAN FORD: Bill, before you go
on with that, can you just go back. Sorry. The
very first bullet, you say "detection data are
bi nom al ." Detection by comercial nethods?

MR. SHACK: Yes. This is the commerci al
teamnow. That's what we're trying to eval uate.

CO CHAI RVAN FORD:  And t he commerci al
team - -

MR SHACK: And the commercial either
says there is a defect there or that he m sses the
def ect .

CO- CHAI RVMAN FORD:  Using voltage as the
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sole --

MR SHACK: Well, no, no. He's using
his pattern recognition schene to do that. Voltage
is certainly one thing he's looking for. That's the
thing that triggers himto | ook. But basically he
has to look at this signal and | ook at the way the
signal is behaving and make deci sion whether this --

CO CHAI RVAN FORD:  But if as you showed
just previous voltage per se as a trigger point is
not a good physical --

MR SHACK: No, no. W said it didn't
correlate well wi th depth.

CO CHAl RMAN FORD:  Yes.

DR. KUPPERMAN:. [It's possible that
you'll mss a flaw because there is no voltage | arge
enough over the --

MR. SHACK: Yes. And you know, voltage
isn't a good neasure. But if you have no signal, |
guarantee you're not going to any anal yze any
pattern. So it's a necessary but not sufficient
condition for --

CO CHAI RVAN WALLIS: | nean there are
al ways flaws there.

MR. SHACK: Right.

CO CHAI RVAN WALLI'S:  And you coul d say
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every time you get any wiggle at all, we'll call it
a flaw

DR KUPPERVAN:  Above a certain
pressure.

CO CHAI RVAN WALLI'S:  Yes, but that makes
the different, doesn't it?

MR SHACK: Right.

CO CHAI RVAN WALLI'S: So just detection
of one or zero is --

MR SHACK: No, but his result is a one
or a zero. He either finds -- you know, whet her
he's doing it with a weegee board or an eddy current
probe he's either find detected or not detected.

CO CHAI RVAN WALLI'S:  That nust depend on
how fam liarized he is before he --

DR MJSCARA: It's the way we grade him
You know, he has a set of sanples. W know there are
flaws in there, and he either detected or not.

CO CHAI RVAN WALLI'S:  You al so know t hat
there's a bigger probability that there being lots
of little flaws than the big ones?

DR MJSCARA: Ch, sure.

CO CHAI RVAN WALLIS: So if he's nore
sensitive in his detection, he's going to pick up a

lot nmore flaws, isn't he?
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MR. SHACK: He'll have a very high POD.

CO CHAl RVAN WALLI'S:  Yes.

MR. SHACK: And he could have a high PCD
even at shall ow depths of he's very good.

CO CHAl RVAN WALLI'S:  Yes.

MR SHACK: We'll see how that works
out .

DR MJSCARA: But the point again,
Peter, is that we're gradi ng himbased on the
qual i fi ed procedure which set out -- it's witten
and they've been tested on their procedure. The
procedure indicates what size probed, what kind of
probe, what the frequencies are; all the essenti al
paraneters. So whatever the man does to qualify and

he used in the field, is what is done on these set

of sanples. And he either detected or not. | nean,
and it's not just necessarily voltage. It depends
on the |l ocation, the type of -- etcetera. But it

according to the procedure that he uses in the field
that's been qualified.

DR KUPPERVAN: In the anal yst report
t he resolution anal yses, the final report that we
| ook at, for each test section there is a three
letter code. And NDD is no detectabl e degradation

or it'll be sonething else.
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CO- CHAIRVAN WALLIS: So it seenms to ne

you m ght get a m stake where one observer --
essentially one for all cracks above a certain depth
and then falls off.

DR. KUPPERMAN:. Ri ght.

CO CHAI RVAN WALLI'S:  You know, that's
what you' d expect to find. And different people
will fall off at different places?

DR KUPPERVAN: Exactly.

MR SHACK: And different |ocations that
fall off occurs at different depths because sone
| ocations are nore difficult than others, right.

CO CHAI RVAN WALLI'S: Are harder to see?

MR SHACK: And again, this cones down
to okay, now we're going to fit curve. You know,
what curve are we going to fit? The curve we happen
to pick is the so-called linea logistic . [It's very
related to essentially the cunul ative distribution
function for the normal distribution. And, you
know, why would you do this? WelIl, I"mgoing to
really denonstrate that it's nostly because we can
fit any kind of a curve we want with it that seens
reasonabl e, but a sem -physical argunent that ['1]I
bring up because I'mgoing to use it again |ater,

and that says that our signal anplitude is generally
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related to the size of the defect in some way. You
know, it's not a perfect correlation, but it's
correlated in some way.

The responses we get fromthese depths
have a distribution which we'll assunme, wll be
normal |y distributed. And so | say a crack depth of
.9, we won't always get the same response, but we'll
get some range of responses that we'll assune is
normal ly distributed if we had a whol e bunch of .9
dept hs.

And we'll assune that the POD is the
probability that this response we get exceeds the
noi se. Now, again, this is all kind of picturing
the signal as being a voltage, and it's a little bit
of a fudge to apply it to a pattern recognition
scheme, but we choose as we usually do. So, you
know, it's a reasonable formto pick

Now, again, perhaps the best argunent is
that we can represent just about any kind of a POD
curve that you expect to get. W night say that
this would be the typical POD curve. Again, high
probability of detection for deep cracks, for big
cracks; | ow probabilities of detection for very
shal | ow cracks.

We can get cracks where we have higher
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probabilities of detection, but we get false calls.
He think he's calling everything that m ght be a
crack a crack. So he ends up essentially calling

t hi ngs cracks that aren't cracks.

CO CHAI RVAN WALLI'S:  You're integrating
is you're actually saying it's cracks above a
certain size that you're |ooking at, a percentile
type thing, a cumnul ative probability rather than a
error function thing --

MR SHACK: No, no. It's a cunulative
function but you're actually |ooking at the binom al
probability at a given depth.

CO CHAI RVAN WALLI'S: | know. |
understand. | understand that.

MR SHACK: It's a constrained sort of
t hi ng.

CO CHAl RVAN WALLI' S:  Yes.

MR SHACK: And again, the perfect PCD
is where he doesn't call any zero depth cracks
cracks, but as soon as the crack has a little bit of
depth he's up here at one and he just goes -- you
know, so it's basically a step function

CO CHAI RVAN WALLI'S:  He's counting
zillions of themwhen they're very snmall?

MR. SHACK: But he's finding everything.
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So it's very good froma POD point of view And as
| ong as he's not nmeking false calls, then he could
then tell you sonething about the size, this would
be wonderful .

The case, of course, is when he can't
see anything until the crack is through wall, and
even then he has a poor probability of doing it.
And then you mght have the difficult situation
where you can't see anything but very |arge cracks.

And so, again, we can represent all of
t hese.

CO CHAI RVAN WALLI'S:  But what matters is
t hat you detect the cracks that you care about?

MR SHACK: Right.

DR. KUPPERMAN:. Exactly.

MR SHACK: Again, | won't go through
the math of the maxi mumlikelihood estimates. It's
t here.

We get uncertainties in these paraneters
for two reasons. One, you know we have binom al s
probabilities but we have relative small sanpl es.
And so we have uncertainties in our binom al
probabilities because of the snmall ness of the
sanpl e.

W al so have additional uncertainties
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because we pretend we know the depth of the crack
and we really don't. W have an estimate from our
PHD | evel nulti-paraneter technique, and it's good,
but it's not perfect. And it turns out that we have
to account for those errors because of the smallness
of the sanple and the errors that we're making in

t he depth.

And agai n, we've been through this
bef ore, we've benchmarked the PHD techni que agai nst
t he destructive anal yses.

We al so do a sensitivity anal yses where
we | ook at forns at the POD curves other than this
i near | ogistic normal distribution kind of curve
that we pick. And the one that's sort of good is
this log-log | ength where instead of having the |og
of the probability be linear, we nake it
expedi ential with depth. And I'd sort of argue that
t hese are kind of bounding the ranges of responses
we m ght expect to get. That you get a one where it
sort of gradually goes up, the other where it goes
up like -- very, very rapidly.

It turns out in industry they use a
third one where they have a | ogarithm c dependence
onit. This, in fact, gives you singular behavior

at zero. So you're probability of detection really
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goes up in a singular way as the crack is non-zero.
It turns out that this is not really different than
the others. You know, when you have a behavior |ike
t hat, obviously what do you do with the fal se cal
rate? Well, if you say that the false call rate you
neasure really applies to all cracks, say, up to 15
percent deep because you can't detect any of those
anyway, you'll get sonething that | ooks Iike our
linear logistic. |If you say that it applies to
cracks that are only very, very shallowso it's .1
percent depth, then it |ooks like ny expediential
type grow h.

And so the two |'ve picked, | think
can argue sort of do bound the ranges of behavi or
t hat we woul d expect.

If | apply themoverall, what |I find is
that in fact the expediential growth gives ne
slightly better statistical fits to the data.
However, we decided to go with the Iinear logistic
because in our expert judgnent we just felt that it
was unrealistic to have the rapid increase in the
probability of detection for these |ow cracks. And
so we've chosen to go with the linear |ogistic even
though it may not necessarily give us the best

statistical fit.
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CO CHAI RVAN FORD: Coul d you go back?

You're really stretching ne here, Bill.

In sinple termtell nme why these
| ogi stic approaches give a nore physically realistic
resul t?

MR. SHACK: Mstly because when you | ook
at a crack that's 50 percent through, well he says
there's no way that you have a 25 percent chance of
finding this thing. It's a very small probability.
So we think that curve starts very -- fairly shall ow
at the shall ow depths and then begins to steeply
rise.

CO CHAIRVAN FORD: And | didn't listen
until you got sone data there. Those circles?

MR. SHACK: Yes. Those are zeros are
ones, right.

CO- CHAI RVAN FORD:  And just because the
bl ue curve approxinates nore to the --

THE COURT: Well, you know, you want to
do a least square fit in your mnd, and it's not the
right way to do it. It's hard for your brain to do
a maxi mum | i kel i hood estimate of a bi nom al
probability. So you're used to seeing |east squares
that your brain works that way, but it's not what

you' re | ooking for.
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VEMBER KRESS: But the curves are a

maxi mum | i kel i hood - -

MR SHACK: Yes.

MEMBER KRESS: -- fit to that data is
what you're sayi ng?

MR SHACK: Yes.

DR MJUSCARA: Can | also nmention in the
same area, many years ago we did work simlar to
this for UT. W also | ooked at simlar work for
radi ography and radiology in the nedical field. And
in the prior work we had hundreds of sanples. You
know, specific crack sizes, many of themat a
certain crack size, a whole bunch in different crack
size. \Were we devel oped the POD base on the then
data. And this is true Uls. |It's true with x-ray.
And the data follows this kind of a fit.

So when you run an experinment we have
| ots of sanples and you bend the data we have lots
of sanples for each crack size categories. And you
actually plot how many of those were detected and
m ssed. So you actually plot the probability
detection for the different teans, it has this kind
of a --

CO CHAI RVAN WALLIS: It's alnost like a

curve fit. Wen you get an A and a B you say that a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

109

ceratin teamhas a certain A and a certain B. So
what ever the logic, you essentially eventually end
up as a curve fit and it seens to work fairly well.

CO- CHAI RMAN FORD:  Again, could you go
back one? Stay there.

Those data points mss are based on 11

teans?

MR SHACK: Yes. That's one team

CO CHAI RVAN FORD: Oh, that's one team

MR SHACK: If | put the 11 teans in
there --

DR KUPPERVAN. Because there's nunbers
i n between.

MR SHACK: You'd see sone sort of solid
band of green at the top.

CO CHAI RVMAN FORD: My question really
was headi ng toward, though, what happens to those
curves, your conclusion nore physically realistic if
you did a 100 teans? |Is the nunmber of data points
you have there any -- does that conme into this
gr aph?

DR KUPPERVAN. W have the | aw of
confi dence --

CO- CHAI RVAN FORD: Do you understand mny

qguesti on?
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MR SHACK: Yes. Yes. | nean, the

nunber of teans, essentially gives me ny confidence
on nmy binom al probability. And if | had a 100
teans, | would have nuch nore confidence that | had
the true binom al probability of detection

MEMBER KRESS: You coul d have put al
those teans on there if you add another dinmension at
the top which was the height of some sort of bar on
there to represent the nunber of teans, sort of a
conti nuous fashion that hit those |evel s?

MR SHACK: Yes. There are various
ways.

MEMBER KRESS: You woul dn't have to just
a bar, is all |I'm saying.

MR SHACK: Yes. | could present the
data in various ways.

MEMBER KRESS: But this illustrates what
you' re doing, and that's kind of good.

MR SHACK: Yes.

CO CHAI RVAN WALLI'S: Ckay. And are you
going to show you sone data?

DR. KUPPERVMAN. And now we're going to
show you sone dat a.

MR SHACK: Sone results.

DR. KUPPERMAN: The slide shows the --
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now remenber, these are the results for the
resolution analysts. So this is the final result of
the team The primary and secondary resol ution
anal ysts --

CO CHAI RVAN WALLIS: This is for one
particul ar teanf

DR KUPPERVAN. Well, all the results
you're going to see now are the average for 11
t eans.

CO CHAI RVMAN WALLI'S: This is the average
for 11 teams then?

DR. MUSCARA: And it's the call they
woul d have made for the field procedure. |In other
words, not the primary nenber of the team It's the
final call. It's the teanmis call, not the
i ndi vi dual

MEMBER KRESS: Now, when you say
average, you nean you took all 11 teans and nade a
maxi mum | i kel i hood and this is --

DR. KUPPERMAN. Yes. And one flaw may

MEMBER KRESS: It's not quite an
average, it's a maxi mum likelihood?
MR. SHACK: It could be an exanpl e of

where only five teans called it correctly and six
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m ssed and so it's the average.

MEMBER KRESS: Ch. You could do a
maxi mum | i kel i hood that way, you're right. It could
be an average.

DR KUPPERVAN. Ckay. So this is a
result for axial ODSCC at the tube support plate for
exanmple. And the blue line is the PLD and the red
line is the | ower 95 percent confidence Iimt that
takes into account all of the uncertainty.

CO CHAI RVAN WALLIS: So it's pretty well
perfect?

MEMBER KRESS: No. Now your code up
there is tube support plate, actual OD stress
corrosion crack is that the way you read that?

DR KUPPERVAN: Yes, that's correct.
Longi tudinal ly.

MEMBER KRESS: Longitudinally.

DR. KUPPERMAN:. It's the | ongitude of
ODCC, right.

MEMBER KRESS: Ckay.

MEMBER SI EBER:  So the point is that
we're showing the results as a function of |ocation.
So this is tube support plate. There are other
curves for tube sheets, there are other curves for

freespan.
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CO CHAI RVAN WALLI'S:  You're saying this

is the characteristic of the nethod of detection
plus the method of observing? And this is a curve?

This doesn't say anythi ng about what you
need to do in terns of measuring depths or
somet hi ng, but you could at least put this into a
PRA?

MEMBER KRESS: This is for PRA

CO CHAI RVAN WALLIS: It makes you an --
when you do PRA, say gee wiz, we'd better get a PRD
that's ten times as big as this. This is a critica
thing. That's good.

DR KUPPERVAN. We want to point out
that this is a test. You know, these analysts are
comng in an they're really given a test. And there
was the possibility that they would just cal
everything just so that they would not mss
anything, ever. But they're follow ng procedures
and they're professionals. And we feel that they
did a very conpetent job of assimlating how they
woul d react in the field.

CO CHAI RVAN WALLIS: It seenms to ne that
this is related to the safety culture of the plant.
| nmean, there's a managenent person saying "CGet this

thing over with, I don't want to see any cracks
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t oday" or sonething. You're going to get a
different result than if you have another kind of

manager that says "Take your tinme. Mke sure you do

everyt hing."

DR. KUPPERMAN:. The culture is very
i mportant.

MEMBER BONACA: These teans, they're not
necessarily only teans. | nean, there are teans of

expert coming fromvendors, right, to do --

MR SHACK: Right. But they work for the
pl ant .

MEMBER BONACA: They only work for the
plant for the particular job. They go fromplant to
pl ant .

MEMBER KRESS: And best | re nenber, the
POD was a very sensitive paraneter in determ ning
the actual |ist due to these events. As best | can
remenber in the PRAsS that we've seen. So it's very
i mportant to get that.

THE COURT: But, | nean, we're not only
relying on their professionalism and we just have
a low false call rate here

DR KUPPERVAN. Yes, that's what we want
to point out that in nost cases the false call rate

is very acceptable and within limts that you want
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to get to.

The ot her point --

CO CHAI RVAN WALLI'S: | don't know you
nmean by false call. | nean, if there is a crack,

whi ch there are cracks at depth .4 and you only
detect themat --

MR SHACK: No, no. It's the cracks at
depth zero we're worried about.

DR KUPPERVAN. Only around ten percent
of the test sections have a flaw. There's over 3200
test sections with nothing init. But there's --

CO CHAI RVAN WALLI'S:  Maybe |' m not
understanding this curve. |f you have a depth of
.5, this says the probability of detection is only
30 percent? |s that acceptabl e?

MEMBER BONACA:  About 50/ 50.

DR. KUPPERMAN. It's about 45, yes.

CO CHAI RVAN WALLIS: It has to be all
the way through before it's a very high probability
of finding it.

MR. SHACK: It has to be deep.

CO CHAI RVAN WALLI'S:  That doesn't sound
very good to ne at all.

MEMBER KRESS: Well, | nmean, .5 is still

a pretty sturdy piece of steam generator tube. So
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when you do the risk analysis for say not detecting
it over the next inspection --

CO CHAI RVAN WALLIS: Well, personally it
doesn't | ook very good. | nmean if the thing is --

DR MJSCARA: When you | ook at the MRPC
curve which relates to structural integrity, you get
a better feel for that neans.

CO CHAI RVAN WALLIS: GCkay. | think you
got to do that.

DR KUPPERVAN: Yes. That probably wll
make you feel a little bit better.

CO- CHAI RVAN WALLI'S: Because | nean
superficially as a nenber, just looking at this, 1'd
like to see a higher curve.

MEMBER KRESS: But this is the curve for
the way we do it.

CO CHAI RVAN WALLIS: So if this were
breast cancer and you said there's a probability of
detecting sonet hing which was half centineter, only
50 percent, it would not be acceptable. For a scale
of zero to one for nodal size, which would not be
accept abl e.

MEMBER KRESS: Yes, but if this the
detecting of breast cancer that's not curable, then

there it m ght be.
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CO CHAI RVAN WALLI S: Yes. But here

you're saying the only thing that really matters if
the really long cracks or the really --

MEMBER KRESS: Yes.

CO CHAI RVAN FORD: Okay. Joe, if |
could just again, a question of timng. |If |I take a
break for a quarter of an hour, is this a good pl ace
after the next graph to take a --

DR. KUPPERMAN: | think we should spend
a fewnore mnutes to --

CO CHAI RVAN WALLI'S:  Yes, when you give
us the bottomline, | think it'll be tine.

DR KUPPERVAN. Because | think Joe's
going to cone back.

CO CHAI RVAN FORD:  Ckay.

DR KUPPERVAN. The only other point we
have to nmake is that this is not the final POD.
This triggers another analysis by the rotating coil
and it's possible that the bottomcoil could have
correctly picked up a flaw and then the rotating
coil could result in dismssing it. Soit's the
probability to PODs.

MEMBER KRESS: That would be |ike a
fal se detection?

DR KUPPERMNAN: If there's no flaw, it's
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a false call.

MEMBER KRESS: Yes.

MEMBER SIEBER: If there is but it's not
confirmed, then it's a m ss.

MEMBER KRESS: So this is not the curve
you actually put in the PRA? It's the one you get
when you factor in the --

DR. KUPPERMAN:. The MRPC.

MEMBER KRESS: -- the MRPC? Right.

DR. KUPPERMAN:. The ot her way of
applying the PLDit's a function of voltage, and
this slide shows the PLD as a function of voltage
and with the 95 percent |ower confidence limt. And
we just point out that the PLD approach is .9 for
t he vol tages, you know, one to two volts. And that
is consistent with the observation in 1740.

MR. SHACK: We're sucking up.

DR KUPPERVAN. And | tried to indicate
alittle bit an idea of why you might mss a | aw,
and that is basically that there is a very high
noi se level, the signal was too conplex and it
results in analysis that doesn't lead to a call

And very inportant, of course, are the
human factors; fatigue, distractions.

CO CHAI RVAN WALLIS: O it mght be
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reluctance to pay attention to little flaws because
you know they're uninportant.

CO- CHAI RMAN FORD:  Again, could you go
back?

The one to two volts is the imt
current given in 9505, and yet as | understand it
the POD that the staff uses is .6. Were do these
concl usions that you're comng to right now i nmpact
on those two statenents?

MR SHACK: They'll be tal king about
that, | believe.

CO CHAI RVAN FORD: Ckay. So in other
words, their current position they're taking at .6
is an over conservative approach?

DR MJSCARA: It could be, but this is
the reason for having the data as a function of
different paraneters. One question that often cones
up is how does this information relate to what you
see in the field where your noise level in the
generators out in the field may be different, nmay be
even higher. So we've been doing sone work and try
to adjust this kind of data to take into account the
ef fect of noise.

Those are sonme of the things that need

to be considered before we really decide that sonme
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of these curves can or cannot be used. But |I'msure
t hat NRR may have sone conments on that al so.

DR. KUPPERMAN. We can al nost skip this
slide where we discuss these points that -- a call
be made when there's no flaw. And even though the
partici pants mght --

CO CHAI RVAN WALLI'S: What is an

overcal | ?

DR KUPPERVAN. They're saying that
there's a flaw, a false call, an overcall or false
call.

CO CHAI RVAN WALLI'S:  They' re sayi ng
there's a flaw when there isn't one.

DR KUPPERVAN. \When there isn't one.

CO CHAI RVAN WALLI'S:  That wasn't cl ear
to me.

DR KUPPERVAN. And it's a very low rate
except a little higher in the tube sheet.

CO CHAI RVAN WALLI S:  Ckay.

DR. KUPPERMAN. Now, for mssing flaws,
this slide summarizes that. And mainly there's sone
distortion of a flaw signal that would be very
clear. And this could be caused by geonetry of
deposits or the crack could be very tight and

doesn't generate a signal above the threshold that
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t hey' re | ooking at.

And the last bullet indicates that
someti mes when you' re going through this conplete
anal ysis, one coil mght say there's a flaw and
anot her one mght say there isn't. And that |eads
to confusion and di scussion by the resol ution
analysts. And it's related, often, to the
possibility that there's a very high phase angel
which is generally attributed to no flaw even though
there is one.

CO CHAI RVAN WALLIS: It's nunber three
there. |If you have a flaw that ran the whole | ength
of the tube, it would becone the norm and you m ght
not see it at all.

DR. KUPPERMAN. Yes. If it's a very
long flaw, the circunferential coil while it's going
t hrough the mddle of it, would not give you a |arge
signal. It's the beginning and the ends that you
pi ck them up.

And the other point that we discussed is
that there could be a perceived idea of what a flaw
response should be |ike and then m ght not pursue
anomal ous indications. And then the human error.
Sonetines it's a recording error, actually. And

often | ack of concentrati on.
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This gives you a little bit of an idea
of how a problem could arise, and probably the nost
difficult situation for an analyst to deal with
regardi ng the bobbin coil signal. This is when you
have a stress crack in the dent. And the first |ist
that you would figure A shows the tube support plate
signal without a dent or a crack

CO CHAI RVAN WALLI'S:  \Where's the dent in
the tube as it goes through the --

DR KUPPERVAN. The dent is in the tube
at the tube support.

CO CHAI RVAN WALLIS: As it goes through
t hi s whol e thing?

DR KUPPERVAN. And then B shows a tube
support plate. B and C showed with a dent, and the
crack -- the figure gets conplicated. And then D and
E show a shall ow and a deep crack. And they're
supposed to figure this all out.

And what they do in this kind of
situation is they' re very conservative and they
basically, if they can't resolve this cleanly,
they' Il just call it with a bobbin coil and rely on
the rotating coil to resolve the issue. So what that
leads to is a very high false call rate, which gives

you this kind of PCD curve. But what really happens
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is that after the call, even though there's an
overcall, you have to look at it with the rotating
coil generally speaking. And the rotating coil is

very good at separating out the crack fromthe dent,
and so the final result is nore reasonabl e although
it's still mss themin this kind of situation

MEMBER SIEBER: It seemed to ne it was a
matter of practice to just automatically use the RPC
in certain tube support plate |locations for pretty
fl awed steam generator rather than go with the
bobbi n and nake calls and reexam ne the ones that
get call ed.

DR. KUPPERMAN:. It's possible to do a
100 percent exam nation of the support plates with
the rotating coil, but it would certainly take a
l ong, long tine.

MEMBER SIEBER: It's tinme consuni ng.

DR MJSCARA: Well, in effect, it's
typical to do a 100 percent at the tube sheet area
where the inspect was, but they only inspect
something like three or four inches.

MEMBER SI EBER:  Well, maybe five or six
because you're down in the gap of three and you got
to get above and below. It depends on nuch crude is

sitting there, too.
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CO- CHAI RVAN WALLI'S: | have a question

for Bill. And it looks as if all this work was done
by a subcontractor called Pioneering Science and
Technol ogy. Who is that?

MR SHACK: That is a directive fromthe
| aboratory director that we will put that on al
Vi ewgr aphs.

CO CHAI RVAN WALLIS: But it doesn't say
anyt hi ng about you guys.

DR KUPPERVAN. That's Argonne's sl ogan

CO CHAI RVAN WALLI S:  Ckay.

MR SHACK: We didn't choose it.

DR KUPPERVAN. | wanted to use this
slide again to point out that even in a clean,
rel atively clean straight tube three span no tube
support plate, no dent you still can mss a flaw
because the signal just doesn't junp out as it's
flying past. But in this particular case we
anal yzed this tube section and found a nice
correl ati on between the nulti-paranmeter algorithm
result and the destructive analysis --

CO CHAI RVAN WALLI' S:  Everybody shoul d
use it. Yes.

DR KUPPERVAN. But that's the kind of

thing that can happen, just an exanpl e.
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MR, SHACK: Not all the teans m ssed it,

but sone did.

DR, KUPPERMAN:.  No, no. Just sone. Not
everybody m ssed this.

CO CHAI RVAN WALLI'S: How would it be if
we read a report saying forget about all these
t eans, just use the Argonne nethod? It seens to be
so nuch better for many purposes.

MR SHACK: You know, there's a economc
penalty to the anal yses.

CO CHAI RVAN WALLI'S:  GCh, maybe not.
These teans nmust be expensi ve.

MEMBER BONACA: Al so these people are
pi oneeri ng.

CO CHAI RVMAN WALLIS:  Well, | know. This
is a fast noving area.

DR MJSCARA: | think people are | ooking
at it.

MR. SHACK: A couple of nore slides
before we take a break.

Just indicate that with all these
qual i fi cations, procedures and so on we find
generally that the results are consistent. And this
shows the teamvariation. This is the 11 teans and

straddling the PLD curves for the 11 teans. But this
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doesn't al ways happen.

And so this one is difficult to explain
because there's a teamthat's way out of line here.

CO CHAI RVAN WALLI'S:  That extrene one is
al so a team that green team

MR. SHACK: Yes, the green line is a
team And you might find that one teamis better in
t he tube support plate and one is tube sheet --

CO CHAI RVAN WALLIS: So that the utility
with the good safety culture would pick a green team
to hire. The one with a bad safety culture would
pick the --

DR KUPPERVAN. No, but as Dave said,

t hey up and down dependi ng on the --

CO CHAI RVAN WALLIS: Onh, it's not
consi stent .

MR, SHACK: Sone are good, you know
better at tube sheets, sone are --

CO CHAI RVAN WALLIS: It's random whi ch
one happens win the game with which crack or which
| ocati on?

DR KUPPERVAN. The bottomline is there
wasn't really one | ousy team

CO CHAI RVAN WALLI'S:  Ckay.

MR. SHACK: And then you can al so
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present the results for the -- and you see the PCOD
curve and the 95 percent |low confidence Iimt. It's
alittle higher false call rate for that one.

CO CHAI RVAN WALLIS:  So all these
curves, we need to establish themor go into some
sort of a PRA that says that you're likely to detect
a crack of a certain kind of a tube sheet and detect
a crack sonewhere else, so on and so on?

MR. SHACK: It tells you sonething about
t he popul ation of cracks that you m ght have. You
know, although you do inspections, you m ss cracks.
And so it tells you what kind of cracks that you
m ght be m ssing.

CO CHAI RVAN WALLIS:  So the whol e
guestion of how you should do inspections and how
many tubes you should inspect and how frequently is
a different question altogether, isn't it? But this
woul d be useful information for making that --

MR SHACK: It's part of that question,
right.

DR. KUPPERMAN:. As al ready pointed out,
t he depth does not fully characterize the structura
i npact. And what you might want to | ook at is the
PDL is a function of m,. And that's what we've

done. And this is an exanple of the tube support
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pl ate LODSCC. And what you're |looking for is what's

the PLD for ms greater than 2.3, which is the --
and it's very high

CO CHAI RVAN WALLI'S: This is very good.
But to get back to ny previous remark, the decisions
made about inspection frequency seemto be someone's
al nost picked out of the air and nade a very
sinplified way rather than using -- maybe they could
use this kind of information and a know edge about
how cracks develop with tine.

DR. MUSCARA: They could use and they do
use it sonmetines, this kind of information

CO CHAI RVMAN WALLI'S:  They do?

DR. MUSCARA: \When they do an
operati onal assessnent.

CO CHAI RVAN WALLIS: It's such a leve
of detail conmpared with sonme of the way decisions
get made in inspection.

MEMBER BONACA: Now, if you did inspect
steam generat or tubes at every refueling, okay, when
it shutdown, wouldn't the probability inprove in
that you have a history of previous signal that
gi ves you sone intelligence on what may still
propagate, etcetera?

DR. KUPPERVMAN:. History is very
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i mportant. Wen you say an indication, you | ook back
and see was there an indication on the previous
out age.

MEMBER BONACA: That's right.

THE COURT: W don't have that history.
There is a difference.

MEMBER BONACA: No, | understand that.
But I'm saying the real world, because | know in
sone cases the inspections are being faulted for not
having identified previously the effects that should
have been identified, hopefully, and that may be
sone of those cracks which are lingering init. But
inreality, | mean it should be the reverse will be
true that in general when you stay with the steam
generator | guess you are |earning about which
defects may be there, which may propagate and then
if you don't see themagain next time, that confirns
that's probably not a defect and so on and so forth.
So you woul d have quite an effect, | would inmagine,
on this probability distribution.

MEMBER SI EBER: Wl |, you actually have
to make that conparison because that's where you get
the crack growth rate from

MEMBER BONACA: Yes. You see these

tests are done --
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MEMBER SIEBER:  It's an inportant

paraneter to say prospectively | can safely operate
for the next cycle. If you don't have that history,
you can't make that prediction.

MEMBER BONACA: Because here you have no
previous intelligence, but there you do. | guess
| " m curious to know how nuch it would effect your --
you know, because people, you are going to call in
the same teamthat did the previous eval uati on and
t hey renmenber which one that were put aside, which
one were questi oned.

DR MJSCARA: Part of the process in
i ndustry before the inspection is to conduct a
degradati on assessnent. \WWen they conduct this
degradati on assessnent with the inspectors, they're
going to inspect the plant. They essentially take
into account prior histories, so the inspectors know
what that history is.

When we conduct our tests, of course,
our nmock-up was, let's say new, this was the first
time that sonmeone | ooked at the cracks. But we al so
had a degradati on assessnent. And that degradation
assessnment with the teanms. And they had information
on the kinds and types of flaws that m ght be there,

the conditions that m ght be there. So they had sone
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information, and it's not as if this was all cold.
They had information about the history of our nock-
up.

CO CHAI RVAN WALLIS:  Well, | think the
bottomline is you ve got a nmethod here for
establ i shing these POD curves. And | think we'll
accept that. | wonder if we need to see anynore?
But I'mvery interested in the X-probe, because it
seens to be getting nore data, therefore nore
i nformation. And by processing it analytically, you
can get far better understanding of what's going on
than just getting for an expert to | ook at even nore
terabytes of data. That seens to be the way to go.

DR. KUPPERMAN:. Well, | agree with you
that the array probe is the way to the future, is
t he probe of the future.

CO CHAI RVAN WALLI'S:  Well, | mean
i magi ning is an area of engi neering which has
devel oped at an extraordinary rate. You can buy
better imagining things in all kinds of fields
because of the way conputers and understandi ng goes.
It's devel oping very, very quickly. So it seens
i ke an X-probe out to be available for use.

DR KUPPERVAN. Well, it's used quite

ext ensively in Canada.
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CO CHAI RVAN WALLI'S:  Yes. So why do we

have this antique way of |ooking at things which is
subject to msinterpretation?
DR KUPPERVAN. The X-probe is being

used in the United States nore and nore, but right

now, | don't know. | don't know how many plants
have actually used it, but sone -- certainly in a
repl acenment steam generator, |'mpretty sure they

did a 100 percent inspection with the X-probe.

| think this is a time for break.

CO CHAI RVMAN FORD: Ckay. Could |
suggest that we adjourn for a quarter of an hour.
So, say, 11:00 back here.

And t hank you nuch.

(Whereupon, at 11:43 a.m a recess until
11: 03 p. m)

CO CHAI RVAN FORD: WE' re back in
sessi on.

W' ve got an hour and a quarter to
finish off this whole question of 3.6, 3.7 and 3. 8.
I's there a lot nore to be done on 3.67

DR MJSCARA: About half of an hour, |
t hi nk.

CO CHAI RVAN FORD: Hal f an hour?

DR MJSCARA: | think on the other itens
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it's just -- it's barely 15 m nutes or half an hour
on the other itens.

CO CHAI RVAN FORD: Ckay. Jolly good.

DR KUPPERVAN. So we'll continue now to
address the eddy current noise issue. The question
is how nmuch eddy current noise can you tolerate
before the data quality is affected and detection
capability degraded. As a result of |ow signa
noi se there are several things that could take
pl ace.

If the noise is the result of sone kind
of an el ectronic problemor maybe the probe is worn
out too much and resulting in high noise |levels, you
could just recollect the data. Do it again. O you
coul d even possibly result in the change of
technique. O you could determ ne what the
detection probability is in this noise, in the
presence of this noise and adjust the POD and si zing
uncertainty accordingly. O all these options may
not be exercised, you mght just repair the tube if
its an isol ated case.

CO CHAI RVAN WALLI'S: | think a question
m ght be whether there's nore noise in the plant
than there is in Argonne.

DR KUPPERVAN. Mdst plants have a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

134

hi gher noise level than in the nock-up, but not all.
The question then is how can we adjust the PLD
curves for situations with better noise. That's one
of the issues which we address.

MEMBER KRESS: What causes the noise in
an eddy curve probe? 1Is it flaws in the tubes or in
actual --

DR. KUPPERMAN:. Coul d be --

MEMBER KRESS: -- isn't that what you're
| ooking for and how you run the probe in and out.

DR. KUPPERMAN. Well, part of it could
be the probe. And then if you realize if it's the
probe, you can just change the probe.

MEMBER KRESS: Change the probes, yes.

DR. KUPPERMAN:. But it's deposits,
permanently variations, it could be sonething in the

m crostructure, maybe it can be |ocalized, geonetry

MEMBER KRESS: But it's not sonething
that's externally applied? It's just because of the
tube characteristics and the way the --

DR. KUPPERVAN:. Well, the deposits on
t he tube --

MEMBER KRESS: The deposits on the tube.

But I"'mnot calling that's external.
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DR. KUPPERMAN:. Cold walling and

rippling fromthe working.

MEMBER KRESS: So these are natura
things that are there?

DR. KUPPERMAN: One issue is how do you
nmeasure the noise and this is an issue that's
di scussed extensively throughout the industry.

W had a neeting at Argonne with experts
fromthe industry to discuss the noise i ssue and how
to deal with it. One of the sinplest things you
could do is to neasure the RVS noise, but it really
isn't a good neasure for detection because in the
way that the signal is generated by a flaw, you
really want to look at the so called vertica
conponent .

| nmean, you -- at Y axis and Y axis and
you're basically looking at a junp in the signal in
the Y axis. So you don't necessarily want to
nmeasure the entire signal because it could account
for the noise that you could easily -- a signal that
you coul d even di sni ss.

Now, the other problemis that a noise
| evel that might significantly affect detection --
that may not significantly affect detection could

have a profound effect on the attenpts to sizing.
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CO CHAI RVAN WALLI'S: 1'mgoing to ask
you again about this noise. | nean, this is the
noise -- if you just |eave the probe in one place,
you're not traversing at all, do you get wiggles in

t he signal because maybe the probe is isolating in
t he tube or sonethi ng?

DR. KUPPERMAN:. Wbbbling the probe is a
pr obe?

CO CHAI RVAN WALLIS: It isn't centrally
in the tube? And isn't there's always sone
cl earance and so on --

DR KUPPERVAN: Resol ve the cl earance
changes, things |like that.

CO CHAI RVAN WALLIS: | noticed that the
rotating one that you handed around wasn't straight,
so that m ght nmake a difference. Soneone dropped
it.

DR, KUPPERVAN. Well, | didn't bring one
t hat we use.

CO CHAI RVMAN WALLI'S:  So there are things
like that that it's -- | mean, the real physica
causes for this?

DR. KUPPERMAN:. There are physica
causes --

CO- CHAl RVAN WALLI'S: You know, even if

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

137

it started in the tube just sitting there, it could
pi ck up sonething which is oscillatory?

MR. EMERSON: The probe itself could be
a problem That's, of course, the sinplest thing to
fix. That's true.

MR. SHACK: U bends are associated wth

probe wobbl e, for exanple.

CO CHAI RVAN WALLI'S:  Well, | guess a
dent, | mean if it goes by a dent it nobves over to
one side and -- because it's got to be smaller than

the tube to get in there by a certain amount to
account for the variations in the tube.

DR MJSCARA: The el enents are al so
spring | oaded, so you get a larger fill factor as
you can get. So, yes, there is sonme probe wobbl e,
novenent, but that's also limted. | think a |ot of
the noise we're tal king about is noise that's there
i nherently in the generator because of things |ike
copper deposits and magnetite treat treatnents.

CO CHAI RVAN WALLI'S: So there are rea
things there which are not cracks that effect --

DR. MUSCARA: Right, that produce --

CO CHAI RVAN WALLI'S:  Not what | would
t hi nk of as extraneous noi se due to picking up radio

signals from sonething or sonething like -- an
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external signals which have nothing to do with it.

MEMBER KRESS: Yes, that's what | was
aski ng.

CO CHAl RVAN WALLI'S:  Yes.

DR. KUPPERMAN:. One of the key probl ens
is that that's how you measure noi se and you measure
it at sone |ocation away fromwhere the flawis
actually located. That may not give you the
i nformati on you need. You really need to know what
the noise level is at the location of the flaw. And
that's one of the difficult issues to deal wth.

At Argonne with the nmock-up we have
noticed that we need a signal-to-noise ratio greater
than 2 to 1 to assure that you've have a 90 percent
probability of detection for those nock-up fl aws.
And this ratio of two to one is consistent with the
results that have been presented by our Canadi an
col |l eagues. They also cone to that, pretty nuch the
same conclusion, that that's the kind of a signal-
to-noise ratio that you need to get very high
probability of detection.

CO CHAI RVAN FORD:  But presum ng that
ratio is a good deal higher for the current
commerci al techniques, not just your m, techniques,

the analysis of it?
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THE COURT: We're tal king about using

the current conmmercial techniques.

CO CHAI RVAN FORD: Okay. It's just that
you said that Argonne --

DR KUPPERVAN:  You can detect flaws
| ess than -- you can detect flaws when the signal -
to-noise ratiois 1.1 if you're famliar enough with
the pattern that m ght be generat ed.

CO CHAI RVAN FORD:  Ckay.

CO CHAI RVAN WALLI'S:  But this nust
depend on the size of the floor. | nean, you have a
pi ece of size nmagnetite there which shouldn't be
there, that it nmeans that it behaves as if it were a
flaw, which is .2 thickness or sonething. So | have
real trouble detecting small flaws. But a big flaw
woul d be fine.

DR. MUSCARA: Well, again, it depends on
the earlier discussions. |If the big flaws don't
have a big response, and very often they don't.

CO CHAI RVAN WALLIS: Well, then that's
t he problem too.

DR MJSCARA: Then it's buried in the
noi se.

CO CHAI RVAN WALLI'S: That's the problem

t oo, yes.
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DR. KUPPERMAN:. The work at Argonne

regardi ng the nock-up invol ves sinulating the noise
that we observe in the field. and we can do these
electronically. W can add noise to a flaw signa
and then determine if the flow coul d be detected,
and we coul d vary the noi se.

So here's a flaw, here's noise and we
can conbine it to create this --

CO CHAI RVAN WALLI'S:  Jungl e.

DR KUPPERVAN. -- signal which is not
to easy to --

CO CHAI RVAN WALLI'S: | think the right
hand thing woul d baffle.

DR. KUPPERMAN. And we're doing this to
a variety of flaws in the nock-up. And then we wll
have readjusted POD curves for the various noise
| evel s that we --

CO CHAI RVAN WALLIS: Well, is this an
aggregation here? | nean, that noise |ooks as if
it's overwhel mi ng the signal.

DR. KUPPERMAN: Well, this is an exanple
of it.

CO- CHAI RVAN WALLIS: It's an extrene
case?

DR MJSCARA: No, | don't think so. I
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nmean - -

CO CHAI RMAN WALLI'S: No? This is really
what you can have?

MEMBER SI EBER: Wl |, no, you can have
noi se | evel s that high, but that would be on the
upper end of noise. Because the applitude is
conparabl e to anplitude of the flaw

CO CHAI RVAN WALLI'S: That's terrible.

DR. KUPPERMAN. So it can, as you can
see, create a | ot of problens.

CO CHAl RVAN WALLI'S:  Wow.

DR KUPPERVAN. Bill will now finish up
this part.

MEMBER BONACA: Yes, | don't know nuch
about this field here, but the question | have is
averting SCs at the current, is there any other
t echni que that one could inmagine that could
suppl ement or conplinment what you're doing here?

DR KUPPERVAN. Efforts to evaluate
ul trasound probes.

MEMBER BONACA: Ckay.

DR. KUPPERMAN:. The Bel gi uns use
ul trasonic probes in sonme cases. There have been --
there's been sone work in the United States to | ook

at all kinds of ultrasonic techniques.
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On the treating possibility is to use a
ramwave, the platewave that would send a signal to
the entire tube and you woul d be | ooking at echoes
in the scattered pattern that would give information
in a second about the entire tube, but the results
have not been satisfactory.

MEMBER BONACA: \What about in
suppl ementing with sonmething eddy current? | nean,
| understand that there is a concern about the tine
you spend doing this, but --

DR KUPPERVAN:. U trasonics are al so
rat her slow because -- well, after the ramwave, but
that didn't work. But if you have a rotating probe
going around, it's very slow. But the advantage
woul d be, especially in crack depth nmeasurenents, if
you coul d get enough of a signal off the cracked
tip, then you could use a crack tip echo to estimate
the depth. And a lot of work is being done by EPRI
totry to validate a technique that they're
devel oping for that specific purpose. But, you
know, it's still inthe -- it's not ready to be used
ri ght now.

CO CHAI RVAN WALLI'S: If you go back to
your previous slide, | can't believe this is

realistic. | nean if the real signal should be on
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the left, and that's how | see a flaw --

DR. KUPPERMAN: Ri ght.

CO CHAI RVAN WALLI'S:  The one on the
right, the guy looking at that can either say it's
al nost all noise except for the big one, which is a
crack. Al he could say |'ve got a thousand cracks
in here, whatever. | nean, they could all be
cracks, all those giggles could be cracks. How does
he know which is a crack and which is noise? Does
he sort of say | can't believe there are that many
cracks, therefore it must be noise except for the
bi g one?

DR. KUPPERMVAN: Well, what you woul d say
is that the noise level is so high that the
probability now of detecting a flaw with a depth of
80 percent drops from let's say, 90 percent to
maybe 50 percent. So basically the idea is that you
could still see a flawin very large --

CO CHAI RVAN WALLI'S: Because it would be
a deviation of this pattern of noise?

DR. KUPPERMAN: It would stick up, way
out .

CO CHAI RVAN WALLIS: It would be a
devi ation fromthe background pattern.

DR. KUPPERMAN: Vi ch the ones that have
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a smaller anplitude are conparable to the noise
woul d not be there at all.

CO CHAI RVAN WALLI'S: It woul d di sappear
it woul d disappear, right.

DR. KUPPERMAN: And so you woul d have an
adjustnment in the POD or you would plot the two.

DR MJSCARA: If there's a question
about the signal and the inspector decides to call
it, then the next steps are to use at that section
of signal, use the different frequencies --

CO CHAI RVAN WALLI'S:  What sort of
frequenci es do they use?

DR. MUSCARA: And they also take a | ook
at the data --

DR KUPPERVAN. 100 to 400 kil ohertz for
the bottomcoil. Typically 300 kil ohertz --

CO CHAI RVAN WALLI'S:  Three hundred
ki | ohertz.

MR, SHACK: One of the things we're
concerned about is to estimate the inpact of noise.
As we've said, we've tal ked about characterization
of the noise. W've also noted that the noise |evel
in the nock-up is less than in nost plants. So we
sonehow have to be able to estimate the inpact of

this higher noise on the PODs that we determne in
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the round robin. And we've | ooked at two approaches
to do that.

| di scussed the Berens nodel for
probability of detection before where, again, we had
a response that was nornmally distributed and the POD
was basically based on the idea that the response
woul d achi eve the noise level. And so it turns out
that in that case the shift in the curve of very
sinmple, it's basically the delta noise over that
thing that characterizes the spread in the response.

Now, again, the limtation of it is of
course is we pretend that the response is in fact
t he vertical conponent of the bobbin coil, and
really the response is a pattern recognition schene.
So we're making a kind of an assunption here that
it's a good enough surrogate for the response that
we can use it. And, again, that's sonething -- we
wanted to | ook at a different way of approaching
this that didn't have to nake that assunpti on.

And then the other one was to go back to
an enpirical determ nation of the probability of
detection at the function of the signal-to-noise
level. And we could do that with the data in the
nock-up, but we had a probability of detection for

each of the curves. As |'d nentioned before, we had
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neasured the depths of each of the curves. W could
al so neasure the signal-to-noise |level of each of

t hose curves and instead of characterizing the
probability of detection of detection in terns of

t he depth, we would characterize the probability of
detection in ternms of the signal-to-noise.

| f you take that piece of data, PODis a
functi on of signal-to-noise, then we have a
different correlation which is signal-to-noise is a
function of depth and we can essentially convol ve
the two to get back to a POD as a function of death,
whi ch is our classical POD curve. W can account
for the noise by essentially changing the signal-to-
noi se as a function of depth. That is, we would
sinple say that for higher noise |levels we would
decrease the signal-to-noise for those depths and
adj ust the noi se that away.

And, again, the limtation of the bobbin
coal response is sort of accounted for in this
enpirical POD versus S/N curve; that we don't sinply
have a sinple threshold Ilevel which is kind of the
Ber ens nodel which says, you know, when your
response gets to sone |evel, bingo, you suddenly can
detect it. W actually have a kind of a POD curve

that takes into account the fact that not al
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signal -to-noise levels are equal, and in fact --

CO CHAI RVAN WALLIS: | don't think al
noi se levels are equal either. There nmay be noi ses
that | ook |ike cracks and the noise that |ooks |ike
a --

MR. SHACK: Yes. Now again, we've
al ready assuned that we're characterizing the noise
in the best way we can, which is the verti cal
conponent of the voltage local to the flaw.

CO CHAI RVAN WALLIS: But if the noise
were a randomsort of thing, then that's very
different froma noise which is a nagnetite deposit
whi ch | ooks |ike a crack which nmay be here, there
and there and therefore it produces a blip w thout
any background noi se anywhere el se. That woul d
probably be called a crack, although it's really
noi se.

DR MJSCARA: Those noi se doesn't | ook
i ke a crack once you start |ooking at the base.

CO CHAI RVAN WALLIS: So it doesn't | ook
like a crack. But if you have things that | ook |ike
cracks which were noise, then you would be in
troubl e.

DR. MUSCARA: The only thing we run

across that | ooks like there's a cross i s when
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there's a tubing that's cover with copper and if for
sone reason there's a little chink of copper

m ssing, that produces a crack-like signal. But the
ot her noi se sources --

CO CHAI RVAN WALLI'S:  The ot her noise
doesn't look like a crack qualitatively. That's a
different -- okay. So the quality of the noise
makes a di fference here?

MR. SHACK: Well, Joe's argunent is an
argunent for the Berens nodel where the only thing
that counts is the kind of |evel of response.

CO- CHAI RMAN WALLI'S:  Now this 300
kilohertz is the range of frequencies of some AM
radio stations, isn't it? You ve got a big antenna
sitting up there in Argonne --

DR. KUPPERVMAN: It's not in the range of
area stations.

CO CHAI RVAN WALLIS: It's not? It is.
Long waves.

DR KUPPERVAN:  AM

CO CHAI RVAN WALLI'S:  Yes, |ong wave AM
is -- anyway.

DR. MUSCARA: WE' re tal king kil ohertz.

CO CHAl RVAN WALLI'S:  Yes. Long wave AM

Long wave AM  The kind of |ong wave that conmes from
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t he ship-to-shore.

CO- CHAI RVAN FORD:  So from a procedura
point of view, Bill, if you walk into a plant, plant
A, and you're looking at their steam generator
tubi ng do you just do an eddy current analysis on a
part of the tube that you're pretty sure is not
cracked as you use that as the patent recognition
formul ation that you use or then you're subtracting
that out from anything el se? Because that can vary
with cold work, magnetite, copper all these other
background - -

DR MJSCARA: That's how - -

CO CHAI RVAN FORD: Is that procedurally
how you do it?

DR. MUSCARA: They go into a green
portion of the tube to neasure the noise. And our
reconmendati on we go into the area where we expect
t he crack and neasure the noise around that area.

DR. KUPPERMAN:. -- and then they see if
the noise level is Iower than the EPRI guidelines so
that they can proceed.

THE COURT: And that's a very good way
to treat certain kinds of noise, you know. The
probe ware noise, that's a reasonable sort of thing.

It may not be the best way to determ ne a noise
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level to use in this adjustnment of the POD curve,
in which we suggest that you use a noi se nmeasurenent
essentially in the area where you're | ooking for the
crack. It's nore difficult to characterize as a

si gnal .

And, again, when we | ook at this -- you
know, our noise level is not -- that is, we think
the noise level in the field is somewhere between
what we have in the nock-up and about tw ce the
noi se |l evel we have in the nock-up. That if
sonmebody actual ly had hi gher noise, they'd be out
there working in the inspection to find sone way to
get the noise |l evel down. They probably woul dn't
try to actually do an inspection with noise |evels
much hi gher than that. So there is a certain range
of levels of interest here that we think that people
actually do work in.

And what | wanted to show here is that
|"ve shown ny essentially originally determ ned POD
curve and then ny reconstructed curve used the POD
as a function of signal-to-noise, and then the
signal -to-noise with depth to reconvol ve back a POD
as a function of depth. So, again, ny mechani sm at
| east gives ne back ny original curve. | then apply

nmy hi gher noise |evel and then convol ve that back

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

151

with my POD as a function of signal-to-noise and |
get a new | ower curve at the higher noise |evel.

And | can conpare the two approaches.
The Berens approach where | sinply shift the nmean
curve by the noise over the spread and responses and
the nore conplicated case. And at |east the
conforting thing is that | seemto get answers that
aren't too different. So |I've taken two fairly
di fferent approaches to doing it and come up with
answers that are not too different. And our feeling
is that these curves kind of bound the range of
responses that one would expect. |[If you don't
expect to find noise |evels nuch higher than those
represented by the | ower curve --

CO CHAI RVAN WALLI'S: So when you say
signal -to-noise ratio, your netric is anplitude or
maxi mum anpl i tude or what is it?

MR, SHACK: It's the vertical voltage.
The vertical conmponent of voltage.

CO CHAI RVAN WALLIS: It certainly isn't
an RM5, because the signal has a very low RVB. It's
only there sone of the tine. It's a peak.

MR SHACK: Yes.

CO CHAI RVAN WALLIS: It's a peak. The

signal is an occasional blip.
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DR. KUPPERMAN: W have been --

CO CHAI RVAN WALLI'S: Wl |, they already
establ i shed the signal is nothing because nost of
the tube there's no signal at all.

MR SHACK: There's a wi ndow that you
sel ect over which to do the averaging.

CO CHAI RVAN WALLI S:  Ah.

DR. KUPPERMAN. And with that, we
recommend a side wi ndow rather than a fixed w ndow.

MR SHACK: Starting to get down to the
details we hope to skip over here.

CO CHAI RVAN WALLI'S:  Well, you're in
pretty deep detail already.

DR KUPPERVAN. Ckay. The last topic is
the --

CO CHAI RVAN WALLI'S: This is the one
everybody shoul d be using.

DR KUPPERVAN:. The advances in the
array probe, and specifically we'll talk about the
X- probe.

It has 36 coils essentially going around
its circunference and it's based -- rather than a
pul se echo type probe.

It has great advantages, one of which it

can nove through the tube as fast a bobbin coi
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while at the same time gathering information al nost
as detailed as a rotating pancake one. The
difference is that since there's only a limted
nunber of coils going around the tube, you don't get
as many points in a circunferential scan as you
would with a surface riding pancake coil that's
picking up 83 tines -- so there is a slight
difference in the spacial revolution

The use of this, | believe and | think -
- wll increase in tinme as automated procedures for
the data anal ysis are devel oped and they are
currently being devel oped by industry. To do a full
generator with an X-probe would require terabytes of
data. And that tends to slow the anal ysis down, but
as | said, as these procedures that are being
devel oped cone validated, | think that you'll see it
no nore. And there are plants in the United States
t hat are being scanned -- inspected with the X-
pr obe.

CO CHAI RVAN WALLI'S: These ones that are
bei ng used -- you've got part of the schenme, but not
the rest?

DR. KUPPERMAN: Ri ght now they're done
wi t hout aut omat ed procedures.

CO- CHAI RVAN WALLI'S:  Yes.
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DR KUPPERVAN. But there's devel opnent.

Argonne's actually involved a little bit with --
actually a lot but not necessary nme, with the
devel opnent of these automated techni ques --

CO CHAI RVAN FORD: Now where is this X-
probe, who has devel oped it?

DR KUPPERVAN. The X-probe is AECR and
RD Tech conbined effort.

MR SHACK: But we should nmention there
are other array probes.

DR KUPPERVAN. There's another one from
-- there's the VMH intelligent probe that is
conparable. And that's being | oaded by a conpany --

DR. MUSCARA: |'d nake a comrent maybe.
It's not in our mssion to develop -- to |ook for
whi ch probe is the best. Wat we're doing is
clearly for those techniques that are currently used
inthe field, we needed to quantify their
reliability. So when industry conmes in with a claim
that they've detected or not detected a flaw, we
woul d i ke to know what was the probability.

Now, the reason the X-probe was in the
program because in the programwe al so have a task
to eval uate evol ving techni ques that have a good

chance of being fieldable and used in the field.
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And so we want to get ahead of the gane to quantify
its capability al so.

And since the Canadians are participants
in our steam generator international program we've
made use of their technology and their teans to
evaluate this probe also. But we're not out there
to look for what's the best probe. W want to know
what is the capability of the probes that are being
used or have a good potential of being used in the
field.

DR. KUPPERMAN:. This slide gives you a
conparison of the imagining techniques. The
imagining results. So the lower left would be the
standard X with the standard plus point anplitude 3-
D image of the flaw. And you would have to go in
and anal yze either the -- figures and it's somewhat
complicated for this kind of flaw. But when we took
a look at the same flaw with the X-probe the result
is divided up into two i mages, one of which is
| ooking only at axial indications and the other one
is looking at circunferential indications. So you
imediately see in this case that this a
circunferential crack and it's obvious.

CO CHAIRVAN WALLIS: I'mtrying to think

about what the ACRS intended, and it's all in
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menory. But |I'mjust trying to think what Dana was
sayi ng.

The inpression | got fromsonme of the
t hi ngs Dana said was that we were not just saying
you need to know better how good your mneasurenents
are today, | think we were also saying you really
need better nmeasurements. | think that was part of
the ACRS intent. And this is in response to that,
that idea. | don't think we were just saying you
want to know better, though you certainly did, the
faults of some not very good way of measuring but
really there ought to be nore reliable better ways
of nmeasuring. | think that's what we were saying.
But, again, this is just from nenory.

DR. MUSCARA: | think the key coment
really in the ACRS recommendati on was that the
points -- that the fixed value of POD was not
realistic. And at that time we already had a great
deal of work going on. And you said well [ ook,
we're | ooking at POD, not just at the point val ue
for a single paraneter, for the different flaw
paraneters and their value entirely over the entire
si ze range

And | guess | nust say we're doi ng other

work that's related to eddy current which we're not
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covering, but the idea here was |let's address the
speci fic comrent of the fixed val ue and ot her
related interesting information. But | don't think
we're responding to the need to do better

i nspecti on.

CO CHAI RVAN WALLIS: This is a very
strange kind of industry this, because there's all
this enphasis and knowi ng better how good or bad
what we've got is whereas the engineering solution
to nost things is to have a better design and a
better way of detecting than -- that's the natural
thing you do in nost industries rather than falling
over to get better understandi ng of how bad your
present nethod is.

DR MJSCARA: Well, how better, how

good; this information goes into probabilistic

fraction --
CO CHAI RVAN WALLIS: | know. | know.
DR. KUPPERMAN:. Wl |, finishing up on
this slide, | just wanted to enphasi ze agai n t hat

t he X-probe and the plus point probe provide an
anplitude profile, whereas the nulti-paraneter

al gorithm gi ves you the depth profile that allows
you to do cross sections.

| can go fairly right to this last curve
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t hat sunmarizes the difference between the results
for the nock-up using the X-probe versus the
conposite teamresult. And you can see that it's at
| east as good, if not alittle better -- it is a
little better, actually, for the deeper flaws. And
that was a pretty -- you know, that was a result

t hat we got.

Down at the bottom --

CO CHAI RVAN WALLI'S: It's surprising
it's not nmuch better, is it?

THE COURT: Well, | nean axial cracks
are somet hi ng bobbin coils are pretty good at, you
know. The thing about this is if we | ooked at the
tube sheet and then the cracks, you get a higher
speed --

CO CHAI RVAN WALLI'S:  This is indicating
to ne that al nbst any one of the select eddy current
or -- sophisticated you make it in terns of |ooking
at small depth cracks.

MR. SHACK: That's probably true.

CO CHAI RVAN WALLI'S: Must be.

DR KUPPERVAN. Ckay. Let ne point out
that this curve is a result of going through the
entire nock-up with a bobbin coil and then going

back with the rotating coil and doing an anal ysis
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and so on. And this is one fast scan w thout

anal yzing the data. This does take, obviously,

| onger to analyze the data but it's enmpirical in the
integrated effort right nowto the integrated effort
with the bobbin coil -- you can review the sumrmary
sl i des.

kay.

DR MJSCARA: All right. Then | think
we nove on to 3.7 and 3. 8.

CO CHAI RVAN FORD: There are so nany
slides that are just repeating what's already been
sai d.

DR KUPPERMAN:  Yes.

CO CHAI RVAN WALLIS: Well, it addresses
the issue that inprovenents can be nmade and you' ve
made i nprovenents. Now, how well did you do?

DR. MUSCARA: Well, | guess we were
addressing again the item which was 3.6 which
related to POD. And I think we've characterized the
t echni ques that we use quite well. And provided you
with information that was beyond that fixed val ue of
POD and goes beyond just the voltage. W have the
MRPC and the actual crack size correlations. So |
think that's what was in the action plan. That

certainly has been achieved. And | think we have
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gone beyond and have provided you with additional
i nf ormati on.

CO CHAI RVAN WALLI'S:  Well, do the
i nprovenents have any inpact on reactor safety?

DR. MUSCARA: Well, you know, there are
a nunber of different ways to get there. \Wen we
| ook at perfornmance based regul ati ons, we don't
specify the techni que that they should be using.

But if it is a technique that it is not reliable,
they may have to do nore frequent inspections. |If
they use a technique that's nore reliable, they
don't have to be quite as frequent.

Some of the inprovenents conme about not
necessarily because we're using a better technique,
but if in your personal assessment if you need to --

CO CHAI RVAN WALLIS: So | guess we could
conclude that if it turns out that all the decisions
are the sanme as they woul d have been wi thout the
i mprovenents -- it's sort of interesting, but the
ACRS was asking you to do sonething which really
didn't have any effect.

CO CHAI RVAN FORD: The issue | think has
been addressed in 3.6 in NUREG 1740, was this whole
question of POD, do you have a process or a

nmet hodol ogy to predict the changes of POD as a
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function of voltage that -- things of nature, rather
than relying on the POD at .6, which is what you're
currently using. And the answer you've got a

net hodol ogy. How good it is in answering the overal
guestion about PRAs, that's still to conme as you
devel op your program

As to the question of the POD at .6 as
to whether that is always conservative or not, |
t hi nk what you're showing is and you nentioned that
Loui se was going to address that particul ar topic,
is that correct, and right now? |Is that right?

DR MJUSCARA:  Yes.

CO CHAI RVAN FORD: Okay. And the other
guestion that came up in 1740 was this observation
t hat sone of these nethodol ogy devel opnments for POD
must be a function of inprovenents in techniques.
And you' ve addressed that to a certain extent with
the X-probe. In fact, it doesn't change that nuch
fromthe graph that we showed you. But okay then,
that's the fact. It doesn't change that nuch. The
resol ution m ght change, but not the POD

DR MJSCARA: | think we need to be
careful al so about whether it changes the
capability. Because if you | ook just at the bobbin

coil -- this is used for screening inspection.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

162
CO CHAI RVAN FORD:  Ri ght.

DR. MUSCARA: So the bobbin coil by
itself may mss flaws in different |ocations. This
ot her probe, the X-probe has better capability on a
single step to detect the flaws. Wat you're
| ooking here is the conbination of the result when
you' ve | ook at with the bobbin coil plus the
rotating probe for a specific |location at the
support plate, because that's the procedures that's
in place these days. But if you're | ooking for a
fl aw anywhere in the generator and you have not pre-
know edge of it, the X-probe should be doing a | ot
better with respect to detection on its first step
wi t hout any other follow up than the sinple bobbin
coal .

And I'mnot sure also that | -- you
know, when you say we devel oped for POD, we in fact
have quantified the probability of detection for the
current used techniques for the different kinds of
degr adati on.

CO CHAl RVAN FORD:  Yes.

DR MJSCARA: And we've done it as a

functi on of

CO CHAI RVAN FORD:  But if you've done an

i ndi vi dua

- at DPO, there's a whole question of
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whet her you should -- for POD prediction, there's a
question of whether you should be using a | og-Iog
process or this one that you're using. | think what
you're showing is that the one that you're using is
def ensi bl e because it wasn't clear that it was
bef or e.

CO CHAI RVAN WALLIS: Are we going to
nove on or are we going to stop here?

CO CHAI RVAN FORD:  No, no. W' re going
to quarter past 12:00.

| have one | ast question. Al of these
devel opnents we've been tal ki ng about, | would
assunme they'd apply equally to 690 as it does to
600? | can't think of a physical reason why it
shoul d not, but is that true?

DR MJSCARA: W have in this work not
| ooked at 690, but nmy feeling and I think in general
that there are not that many differences. 690 tends
to be alittle bit I ess noisy, so any difference
it's going in the right direction. 690 will not be
wor se than the 600.

CO CHAI RVAN FORD:  Ckay.

DR MJSCARA: W haven't at this point
physically tested 690.

CO CHAI RVAN FORD:  Ckay.
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CO CHAI RVAN WALLI'S: Do you have this

PCOD versus depth. And what matters is is the tube
going to bust and presumably it busts if the flaw
has a depth close to one. So what really matters is
the |ikelihood of not detecting a flaw when the
depth is big. That's the only thing that really
matters. So the tail of the right hand corner there
whi ch sort of disappears; the probability of not
detecting it if it's one percent or five percent
makes a trenendous difference. A little difference
fromone at the right hand end is really what
effects the safety, isn't it?

MR SHACK: Well, a nuch better neasure
of the structural integrity is the MP curve.
Because, again, the depth if it's only a deep curve
over a very short portion, you know, it results in a
very small leak. So it's the conbination of the
| ength and depth that is the concern. And so the M
curve gives you a nore --

CO CHAI RVAN WALLI'S:  Then this business
about half -- 50 percent probability or the 50
percent depth, that doesn't necessarily effect |eaks
or anything. It doesn't effect MP nuch at all.

DR MUSCARA:  So.

CO- CHAI RVAN WALLIS: So there's a | ot of
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effort on getting nice curves when what really
matters is that end of it where it's likely break,
it seemns.

DR. MUSCARA: Well, it depends where
you're using it. If you're using it in doing an
oper ational assessnent and you' re dependi ng on
detecting small flaws to get the grow rate
i nformation, you still need to know --

CO CHAI RVAN WALLI'S:  You still need
t hat ?

DR MJSCARA: Right.

CO CHAI RVAN WALLI'S:  Ckay.

DR. MUSCARA: Did you say that it's a
matter of a gauge that when you | ook at MRPC -- a
val ue of MRPC of 2.3 corresponds to a tube failing
at three tinmes Aap?

CO CHAI RMAN WALLI S:  Right.

DR. MUSCARA: So, you know, anyt hing
below 2.3 it will not fail under any realistic
condi tions.

CO CHAI RVAN FORD: Ckay. Do you suggest
we nove on. W would like to close this particul ar
session right about quarter past 12:00.

M5. LUND: | think we're start. |'m

Loui se Lund. |'mthe section chief of the steam
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generator integrity and chem cal engineering section
in the Ofice of Nuclear Reactor Regul ation.

This is kind of a little shift, because
you' re no |l onger going to be hearing about the
research results, but people over at the regulatory
side. So | just wanted to kind of set the stage
t here.

| also wanted to recogni ze Ken Karwoski
is also the senior |evel advisor for the steam
generator workover in NRR. And he's here also to
answer questions and help with this presentation.

|*"mgoing to be covering two on the
steam generator actio plan itenms 3.7 and 3. 8.

And also | think we need to kind of get
alittle nore tightly focused, too, in that the
di scussions I'mgoing to have are relative to the
plants that are inplenenting the Generic Letter 95-
05, the voltage based criteria. And these two
particular itenms are specific to things that cane up
and were discussed in the NUREG by the Cormittee on
two different itens for Generic Letter 95-05.

The first one, 3.7, has assessed the
need for better | eakage correlations as a function
of voltage. Actually, let nme page down here. Ckay.

Assess the need for better |eakage
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correlations as a function of voltage for 7/8-inch
st eam gener at or tubes.

CO CHAI RMAN WALLI'S: Vol tage -- excuse
nme. There is no | eak because of voltage. The
voltage is what's measured on sone standard coil --

M5. LUND: Right.

CO CHAI RVAN WALLI'S:  -- in sone standard
situation excited in a standard way.

M5. LUND: Right. And | also wanted to
ki nd of set the stage, too, in that for this
particul ar correlation for the 95-05 plants there
are seven plants that are currently licensed to
i mpl enent this. And five of themactually are
currently inplenenting it; this is for the 7/8-inch
tubes. Okay. There are seven plants licensed to
i npl ement, and five are currently inplenmenting.

And in three years there's going to be
two plants of this population that are going to be
replacing. So after three years fromnow, there's
only going to be five plants that are actually going
to be licensed to have the 7/8-inch tubes to
i npl ement the Generic Letter 95-05 met hodol ogy.

I n NUREG 1740 the ACRS Ad Hoc
Subcommi ttee had concl uded that the | eakage

correlation used for the voltage-based alternative
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repair criteria, the 95-05, for the 7/8-inch
di amet er steam generator tubes was poor. And in
addition, they said that the Commttee could
identify for nechanistic reasons why data for the
7/ 8-inch tubes should so poorly relate to the
correl ations achieved with the data for the 3/4-inch
tubes. And went on to say that the lack of the
rel ationship may reflect the scatter and the Iimted
size in the database. Because as | was menti oning,
there is not a lot of plants that are actually
i mpl enenting this.

The database for the 3/4-inch tubes
exhibited a better correlation

And separate correlations do exist for
the 3/4-inch and 7/8-inch databases, and both
dat abases exhi bit sone |evel of scatter. The 3/4-
i nch | eakage database contains 48 data points. And
the 7/8-inch | eakage dat abase contains 31 data
poi nt s.

CO CHAI RVAN WALLI'S:  Tell ne something
about what you nmean by these correl ations.

MS5. LUND: Yes.

CO CHAI RVAN WALLI'S:  Sonebody took data
about tubes that were |eaking and | ooked at the

vol t ages --
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M5. LUND: Right. Right. Because --

CO CHAI RVAN WALLI'S: But they were only
t ubes whi ch | eaked?

M5. LUND: Right. As far as what
dat abases they're putting it into, when they take
the tube -- they renove the tube and they test it.

CO CHAI RVAN WALLIS: Was it | eaking?

M5. LUND: If it |eaks during the test
that they perform then it's put into this |eakage
dat abase.

CO CHAI RVAN WALLI'S:  And then they | ook
at the voltage that went with the | eak?

M5. LUND: Right.

CO CHAI RVAN WALLIS: And then it doesn't
t ake any account of the same voltage havi ng been
nmeasured on many tubes which did not |eak?

M5. LUND: Well, they also have that in
t he dat abase.

CO CHAI RVAN WALLI'S:  Have that as well.

M5. LUND: But as far as the
correlation, you're going to want to see in a
correlation if | have this nmuch voltage |I'mgoing to
expect this much | eakage.

CO CHAI RVAN WALLIS: But that's the

whole point. | nmean, if you only |ook at |eaking
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tubes, what's --

M5. LUND: But they're looking at -- |
nean the database itself, you know, has that
information for the tubes that |eak as well as tubes
that don't |eak. But as far as devel opi ng your
correlation, you're also going to want -- what's of
interest to you is what tubes are actually going to
exhi bit | eakage for a certain anount of voltage.

Do you want to say anything, Ken?

MR KARWOSKI: No, | think you're on the
right -- the nmethodology is basically there's a
dat abase that says what is the probability that a
certain voltage will |eak

CO CHAI RVAN WALLI'S:  That's what you
want to get?

MR KARWOSKI: R ght.

CO CHAI RVAN WALLI'S:  That's what you
want to get?

MR. KARWOSKI: Right. And so we have
t hat piece. When the ACRS reviewed that a coupl e of
years ago, they didn't have a concern with that
dat abase. But then the question becane once the
i ndication | eaked and you tried to correl ate that
| eakage to a specific voltage, for the 7/8-inch

dat abase there was a | ot of scatter. So that's why-
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CO CHAI RVAN WALLIS: So it's a very
di fferent question. Because | would think there
woul d be many tubes which don't leak at all, even
t hough they have quite a voltage.

MR KARWOSKI: Right. And there is --

CO CHAI RVAN WALLI'S:  But they woul dn't
be in this second database, which would only I ook at
t he | eakers and see what kind of voltage they have?

MR, KARWOSKI :  Yes.

CO CHAl RVAN WALLI'S: It's a very
di f ferent question.

MR, KARWOSKI :  Yes.

CO CHAI RVAN WALLIS: And that's why it's
such a skinmpy small database, is it?

M5. LUND: Right.

CO CHAI RVAN WALLI S:  Because there
weren't many | eakers?

MR. KARWOSKI: Yes. The probability of
| eakage dat abase woul d have nore |ike 130 data
poi nts versus --

CO CHAI RVAN WALLI'S:  Still not very
many.

M5. LUND: Right. And also realize, too,

t hat database, in the 3/4-inch database 25 of them
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are fromdonestic pulled tubes and for the 7/8-inch
dat abase nine of these database points are from
domestic pull ed tubes.

CO CHAI RVAN WALLI'S:  Excuse nme. \Wen
t hese guys do what we heard about in the previous
presentation, they stick this thing up the tube --

M5. LUND: The eddy current probe.

CO CHAI RVAN WALLI'S: -- and they get
sone vol t ages.

M5. LUND:. Yes.

CO CHAI RVAN WALLIS: Don't they get lots
of voltages which are in this range that you're
tal ki ng about here? Does the voltage quite often
go, at least in the Argonne experinments, up into
this range you're interested in or above six or
whatever it is? | don't know what the range is.

M5. LUND: Right. This information is
fromtubes that they're pulling and they're actually
testing in a | ab, okay. They can neasure the
| eakage from these tubes. So these are actually
frompul |l ed tube data.

CO CHAI RVAN WALLI'S:  Well, | guess since
you' re not showi ng me any nunbers in data, | don't
quite know what |'m | ooking at here.

None of the Argonne tests |eaked, did
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t hey? You | ooked at zillions of flaws and found out
if you could detect them and none of them | eaked.

DR KUPPERVAN. Four -- we had four
| eakers.

CO CHAI RVAN WALLI'S:  There were four
| eakers?

DR KUPPERMAN:  Yes.

CO CHAI RVAN WALLI'S:  So what voltage are
we tal king about here? What range of voltage are
you concerned with for | eakers?

| thought you showed us this -- there's
a correl ation between vol tage and depth, that's what
t he nessage was this norning; that there's little
correl ati on between depth of crack and voltage.

M5. LUND: Right. But we're not
correlating --

CO CHAI RVAN WALLI'S: Wiy are you
correlating sonmething --

M5. LUND: We're not correlating this
with depth. W' re actually correlating this with a
probability of |eakage or a probability of burst is
what we're correlating it wth.

CO CHAI RVAN WALLIS:  So there's no
correl ation then between depth and burst?

M5. LUND: Right. W're not trying to
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correlate it with depth.

CO CHAI RVAN WALLI'S: That's very
strange. But that's probably why it doesn't work
very well. GCkay. | have difficulty with this
al t oget her .

CO CHAI RVAN WALLI'S:  They got a | eakage
of this eight -- they got a voltage of eight and it
didn't burst. But it didn't even go 60 percent
through walls. It's not going to | eak. So why
correlate with sonmething that there's no | eakage at
all? 1t doesn't make any sense.

M5. LUND: You know, part of the topical
t hat describes this has this information, this data
in bins where, you know, it'll go fromlike one
volt, zero to one volt, one volt to two volts, two
volts -- for the 3/4-inch and for the 7/8-inch
tubes. And we'll show how many | eakers they have at
each vol t age.

In fact, | think in that database for
the 7/8-inch tubes, | think they didn't have any
t hat | eaked under two volts. |Is that the kind of
i nformation you were | ooking for?

CO CHAI RVAN WALLI'S: Wl |, maybe.

CO- CHAI RVAN FORD: | guess the

frustration here is even if you |l ook at the report,
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the 3.7 --

M5. LUND: Right.

CO CHAI RVAN FORD: There's no data.

CO CHAI RMAN WALLI'S:  There's no figures
or anyt hi ng.

CO CHAIRVAN FORD: So we're trying to
wor k out, you know, when you're saying a |ack of
correlation what's the data which has not been
correlated? 1Is it leak rate versus voltage?

There's no correlation with the 7/8-inch tubes where
there is for the 3/4-inch? Wat is the relationship
for which there is no apparent correl ation?

M5. LUND: Well, this is the probability
of | eakage and probability of burst correlations
with voltage. That's the two correlations we have.

It | ooks Iike Ken wants to say
somet hi ng.

MR KARWOSKI: But to specifically
answer your question, the correlation which we're
tal ki ng about, the correlation is weak, is the
correlation of leak rate to the bobbin voltage.

M5. LUND: Right.

CO CHAI RVAN FORD: R ght .

MR. KARWOSKI: So that is the specific

i ssue that we're trying to address.
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Wth respect to the data, all the data
was presented to the Conmttee two years ago and
that's why the report, basically, just addresses the
t echni cal issue.

CO CHAI RVAN FORD:  Ckay.

MR. KARWOSKI: It doesn't get back into
here is all the data. | nean, we have nunerous
reports where all the data is shown again and you
can look at it and see that --

CO CHAI RVAN FORD: But i guess what's
frustrating here is that we have just |earned that
there is no fundanental physical relationship
bet ween vol tage and crack depth. And therefore, why
shoul d you woul d expect it therefore to be a
rel ati onshi p between voltage and | eak rate?

MR KARWOSKI: | guess we've known that
the industry has had a curve simlar to what you saw
this norning since the early 1990s. W knew t hat
voltage did not correlate to depth. If it did, the
i ndustry probably woul d have just nade a proposal to
voltage size -- to size the cracks with the voltage
and apply a depth base repair criteria.

CO CHAl RVAN FORD:  Yes.

MR. KARWOSKI :  What the industry deci ded

to do was correlate voltage to the structura
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integrity, the burst pressure of the tube and al so
to |l eakage integrity. Wth that there is scatter in
t hese databases, just |like with any database, there
is scatter in the data. So a given voltage you have
a probability of leaking. You may test a 3 volt
flaw. Fifty percent of the tine it may |eak, 50
percent of the tinme it may not |eak. And that fact
is included in their assessnment of |eakage
integrity.

But then the concern is, is once it does
| eak, how nuch will it leak? And that's the issue
we're tal king about here is because the correl ation

for the 7/8-inch tube is alittle --

CO CHAI RVAN WALLIS:  Well, | guess the
problem | have -- | get the inpression of what
Argonne is doing is they're looking at -- you

nmeasur e sonet hing, you get a crack, you | ook at your
MP, you | ook at the |oading conditions and you
decide is this crack going to grow, is it going to
be a leak? So it's a physics behind why there's a
| eak.

| get the inpression that's what
correlated here is just with no physics what soever.
You just have sone | eakers and sone --

MR KARWOSKI:  Well, it is --
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CO CHAI RVAN WALLI'S: Is that you knew

nothing, you're just trying to fit some points on a
pl ot .

MR. KARWOSKI: It is an enpirical
correl ati on between the voltage that they can
nmeasure in the field versus what they observe
through the testing. It is an enpirical
correl ation.

CO CHAI RVAN WALLI'S: Ckay. There is no
physics, there's no cause and effect or anything in
this at all?

MR KARWOSKI: Well, in general what the
-- you know, the voltage is a neasure of the anopunt
of interference the crack -- essentially the
interface that the crack will have to the eddy
current. And so there is sone physics, you know.

But with that said, you can have a very tight crack
which in general we don't observe. A very tight
crack with a | ow voltage that could have a | ow bur st
pressure. But fromfield data in general, that type
of crack in general doesn't exist.

CO CHAI RVAN FORD: So the specific
guestion that was raised in 1740 was that, okay,
even given there's an enpirical relationship between

vol tage and | eak rate, why physically should there
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be a difference between 3/4-inch and 7/8-inch tubes?

M5. LUND: Well, why should the data
| ook different? Wy -- yes.

CO CHAI RVAN FORD:  And now you' re goi ng
to tell us that?

M5. LUND: Right. And | think there are
t hi ngs that have been done since then, okay. And
that's sone of the stuff that | wanted to discuss
t oday.

| guess the next thing, just kind of
getting through this slide. I would say that our
bottomline is is there's a sinple explanation the
di fferences and correl ati ons could not be
established. And | think that when we | ooked at
this, you know, possible source of scatter are that
the pre-pull voltages are used. Either the cracks
may open up through the pulling process and this
woul d I ead to higher |eakages, you know, actually
when neasured in a lab, which is a conservative
t hi ng because, you know - -

CO- CHAI RVAN WALLI'S: Excuse ne. You
don't have a sinple explanation. Do you have a
conpl ex expl anati on?

M5. LUND: Well, we have --

CO CHAI RVAN WALLI'S:  You just have a | ot
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of hypot heses, but no expl anation?

M5. LUND: Well, one thing that we --
think that as far as a -- one explanation or one
t hi ng that has been done since then is renoving the
French data. And actually the next slide gets into
t hat .

CO CHAIRVAN FORD: |I'msorry. Before
you confuse us nore.

MS5. LUND: Yes.

CO CHAI RVAN FORD: A question about the
pre-pull voltages. D d | understand, therefore,
that the 3/4-inch database was all done on not
pul | ed tubes?

M5. LUND: No. No. That's not what |'m
trying to say. Wiat we're trying to say is, is that
bot h dat abases exhi bit scatter. 7/8-inch exhibits
nore scatter, but it's not because the 3/4-inch does
not exhibit scatter. In fact, if you look -- and
that's what | was trying to get to in the discussion
| had earlier of how many plants are actually
represented in the database, | think it's a small
dat abase to begin with. You know, when | was saying
for the 3/4-inch database you have 25 data points --
| mean as far as the | eadage data points from

donestic pulled tubes and in the 7/8-inch database

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

181

you have nine fromthe donestic pulled tubes. You
know, there's about the sane anobunt in the

| aboratory. Twenty-three for the 3/4-inch database
fromthe | aboratory and 7/8-inch database you had 22
fromthe | aboratory. But that's still a relatively
smal | data set.

And in order to try to inprove the
correlation, industry proposed renoving the French
dat a because they were able to show that they were
fromdifferent popul ations. They were able to
establish the statistical differences.

CO CHAI RMAN WALLI'S:  So how many data
points did they throw out then?

M5. LUND: As far as the French data?

CO CHAl RVAN WALLI' S:  Yes.

M5. LUND: Do you -- Ken has actually
t he graph fromthat.

MR. KARWOSKI: In the | eakage dat abase
there are approximately 2 data points. But those
two data points --

CO CHAI RVAN WALLIS: So there are two
out of 31?7 Ckay.

MR KARWOSKI:  Two out of 31.

CO CHAI RVAN FORD: Ckay. Now why were

the French data pulled? You say it's different
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ci rcunst ances?

M5. LUND: Vell, right. Right. In fact,
that's going to be the next slide.

As far as the elimnation of the French
data, is they were able to establish that there was
a statistical and nechanistic difference in what was
contained in the French data. And we're trying to
say by that is that they were -- the French data had
hi gh voltage data, so they were getting higher
voltages with part through wall cracks. Wen you
| ook at the U S. data for the sane voltages, they
were alnost all through wall. So what that infers
is lower |eakage for the same voltages for French
data. And so you could see how that woul d skew t he
resul ts.

CO CHAI RVAN FORD: Wl l, that's only two
data points out of 31.

M5. LUND: Well, it's actually --

CO CHAIRVAN FORD: | can't inmagine it
woul d make nuch difference in the correlation
factor.

M5. LUND: Well, as far as plant data
there's two out of nine.

CO CHAI RVAN WALLI'S: But essentially

t hese are the sanme plants and the sane techni que?
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MS5. LUND: Well, | think that that's

probably where we probably have a | ot of questions
as far as how nuch is consistent, how they apply the
vol tages. You know, if there is a --

CO CHAI RVAN FORD:  When you say
elimnation of two data points fromthe French, how
much did that inprove the correlation factor?

M5. LUND: Well, that did inprove the
correl ation.

CO CHAI RVAN FORD: It did?

M5. LUND: It did inprove the
correl ation.

CO CHAI RVAN FORD: By how nuch?

M5. LUND: Do you have a --

MR KARWOSKI: It would be in ternms of

like a p value of the probability of having no

slope. | could | ook up the exact value and get that
to you on the break. It depends on the database
you're looking at. Well, | found it.

The p value with all the data is 3.5
percent, okay? Wth the EDF data renoved that
reduces it to .9 percent. But | think the key point
is there was one extrenme data point that the EDF
data had very high voltage indication which | eaked

very little. And by renoving that, you greatly
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i mprove the correlation

MEMBER SI EBER: Do you think that was
just an error or a different kind of a probe or no
thinking at all?

MR. KARWOSKI: W could not identify a
specific error. |If there was a specific error, it
woul d have just been elimnated based on that. W
only have -- we do not have an exact --

CO CHAI RVAN WALLIS: It didn't |eak at
all'?

MR KARWOSKI: What's that?

CO CHAI RVAN WALLIS: It didn't |eak at
all'?

MR KARWOSKI: It did I eak.

CO CHAI RVAN WALLIS: It did | eak, but
not very mnuch?

MEMBER SI EBER:  Ri ght.

CO CHAI RVAN WALLI'S:  But Argonne showed
us this norning that there's a nice one that has a
huge voltage of 8 and didn't even crack half -- it c
cracked way through the tube. So it can happen that
you have a high voltage and no | eak. So you can
have a high voltage and a small leak. |It's quite
reasonable. Wy throw it out?

MR. KARWOSKI :  Wien you | ook at all the
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French data together, you do statistical analysis,
there is a statistical -- no, no. There's nore
French data than just the tube. W're specifically
t al ki ng about the | eakage here.

When you | ook at the French data --

CO CHAl RVAN WALLI'S:  But you see ny
probl em here, right? You' re throw ng out sonething
whi ch has a high voltage and a small | eak because
you don't like it and Argonne has data which showed
us this norning high voltage with no | eak at all,
which is even nore extrene. Now, you see what |
nean, the problem | have? A small |eak and no | eak
at all are kind of simlar. But no leak at all is
even further a deviation fromthe correl ation

MR KARWOSKI: But it's inconsistent
with the industry database.

CO CHAI RVAN WALLI'S:  Okay. Wwell --

MR KARWOSKI: It's inconsistent with
t he i ndustry dat abase.

CO CHAI RVAN WALLI'S:  Ckay. Wien you get
to the sunmary slide, we'll see what we see.

MEMBER SI EBER:  Actually the correl ation
bet ween vol tage and what ki nd of characterized
i ndi cation you have, you know a given voltage coul d

result froma whole bunch of different flaw
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characteristics, some of which would | eak and sone
of which would not. And so | don't see that it's

i nconsi stent for you to report these kinds of

resul ts.

The phil osophi cal questi on becones
shoul d you use all these correlations to be able to
cone to a conclusion as to whether the steam
generator will leak or not leak in a given anount of
time. And, you know, this has been argued for
years, | guess.

MR KARWOSKI: Longer than that, but
we'll take the --

MEMBER SI EBER:  Well, that's when
progress started to be made.

M5. LUND: Well, this is also an issue
that over time is probably going to becone | ess and
| ess of a concern as plants are replacing. Because,
as | was trying to indicate earlier, there's fewer
and fewer plants inplenmenting this as tine
progresses and it's going to continue in that
di recti on.

CO- CHAI RVAN FORD: Wl |, you're correct
factually by saying it could becone a decreasing
problemin this country. But it still neans that

there's an uncertainly out there as to sonething
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physically is occurring in these tubes that you
can't explain. And therefore, it could be
coincidentally, it could also be applied to the 3/4-
i nch tubes.

M5. LUND: Right.

CO CHAI RVAN FORD:  You don't understand
what the physics are of this particul ar phenonena.

M5. LUND: Right.

CO CHAI RVAN FORD:  And that's what woul d
Worry nme.

M5. LUND: And | think also with the
3/ 4-inch tubes, there's only two plants that are
i mpl enenting the 95-05 criteria. So as far as --
one obvi ous expl anation as far as how t he data
that's added to the database either nake the
correlation or nake the correlation worse, and so
when you have that few plants are actually
inplenmenting the criteria, you' re not going to get a
| ot nore additional data because you know, as they
i nplemrent the criteria they're required to pul
t ubes al ong the way.

MEMBER SI EBER:  That's where your data
cones from

M5. LUND: Exactly. Exactly. So that's

al so, you know, a factor in this also is that, you
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know, it's not an area where you're going to get, at
least fromfield data fromthe plants that are

i mpl enenting this, a tremendous anmount of data to
resolve the issue one way or another

MEMBER KRESS: Wien you nake the
nmeasur enent of | eakage, you inmpose a certain AQp
across it and that cones fromthe tech specs?

M5. LUND: Right. It's the 1.4 main
steanl i ne break

MEMBER KRESS: Yes.

M5. LUND: Right.

MEMBER KRESS: So you're inposing a
fixed Op on a tube that is already exhibiting
| eakage. You know it | eaked before you pulled it and
put it in the --

M5. LUND: No. Actually what they do is
that they look at the flaws that are nost
significant, and that's how t hey choose the tubes
that they -- it isn't because necessarily it's
| eaki ng inservice.

MEMBER KRESS: Ckay.

M5. LUND: Wiat they do is they pick the
nost significant -- |east significant tubes. They
also try to find one that has two or nore

intersections of interest. So it kind of nmakes it
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worth our while to pull that particul ar tube.

MEMBER KRESS: And you coul d hypot hesi ze
physi cal reasons why you woul d get different |eak
rates at different voltages.

M5. LUND: Right.

MEMBER KRESS: Because vol tage doesn't
really characterize the pathway for the | eak very
wel | .

M5. LUND: Right. Exactly. And also
when you -- go ahead.

MEMBER KRESS: And you put this pressure
on it and you don't want that pressure -- (Op does
to the pathway either. And it may do different
things to the 7/8-inch tube as it does to the 3/4-

i nch because they have different norphol ogies to the
cracks and different effects.

So | could see how you coul d hypot hesi ze
t hese things and devel op a nechani stic nodel, but it
probably woul dn't be worthwhil e because you j ust
nmeasure the leak rate versus voltage and --

MEMBER SIEBER |t seens to nme you
neasure the leak rate on the stub that you pull out
over the steam generator, right? Once you pull it
out --

MEMBER KRESS: Oh, yes.
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MEMBER SI EBER: -- you' ve changed

everything that there is to change.
MEMBER KRESS: ©Oh, you definitely

changed t hi ngs.

M5. LUND: | was just about to say
exactly the sanme thing you were saying. | think one
of the biggest factors is, is that for -- 95-05

criteria a lot of them have gunk in the crevices
that tend to make these tubes difficult to renove.
Yes. So when you're taking this out it's not a
matter of just like, you know, meking your cut and
it just slides right out. You know, | think that
for some of these tubes | think there is a fair
amount of force and you have to ask yourself is the
crack that is there, how nmuch did it get opened up
and how much would it leak in service as versus what
it |eaked after it was pulled out and the crack was
opened up. oviously the | eakage -- at least in ny
mnd, | could see it being higher, and that's a
conservati ve assessnment because you're going to
actually see nore | eakage for the sanme fl aw t hat
woul d be inservice that probably wouldn't be opened
up quite as nuch

MEMBER SI EBER:  |f you actually run the

probe through a tube that you' ve pulled, the
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voltages are different, too, which if you have any
faith in what he probe is supposed to tell you, you
know you' ve changed the characteristics of the flaw

M5. LUND: Right. And we're using pre-
pul l ed voltages is what we're using so that --

MEMBER SI EBER: So there is no
correlation to after a pulled leak rate to a pre-
pul I ed vol tage.

M5. LUND: Right.

MEMBER KRESS: But there exists an ACRS
letter on this issue.

M5. LUND: Beg your pardon?

MEMBER KRESS: There is already an ACRS
letter on this issue. And it goes back to '95, I
guess.

MEMBER SI EBER  Yes.

MEMBER KRESS: And if | recall, the ACRS
found this an acceptable procedure but didn't Iike
t he database at all. It just said you need nore
dat abase before you actually can use this.

MEMBER SI EBER:  Wel |, the procedure has
sone flaws in it. The questionis, is it good
enough with the data that you have to provide
assurance of adequate protection in the operation of

a steam generator that has indications init.
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MEMBER KRESS: Yes.

M5. LUND: Yes.

MEMBER SI EBER:  And | coul d see reaching
that that conclusion. That's what all this is al
about .

MEMBER KRESS: Well, okay, and it's al
a design basis accident.

M5. LUND: Right. Exactly.

MEMBER KRESS: So ACRS didn't like the
dat abase.

M5. LUND: Right.

MEMBER KRESS: They thought it was
insufficient, but they thought it was an acceptable
procedur e.

MEMBER SI EBER  Yes.

MEMBER KRESS: You know, | haven't read
the letter since '95, so | don't know --

M5. LUND: Yes. And it's actually the
net hodol ogy has been inplenented for 12 years, |
nmean at this point.

CO CHAI RVAN FORD:  Loui se, could I ask
that you nove on to the | ast subject, 3.8.

M5. LUND: Sure.

CO- CHAI RVAN FORD: W' ve got the nessage

on the 3.7.
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CO CHAI RVAN WALLI'S: Wl l, could you

| ook at the summary then?

M5. LUND: Sure.

CO CHAI RVAN WALLI'S:  That's what we
haven't got, is the bottomline. Wat is the bottom
line of all this?

M5. LUND: Well, what the bottomline is
t hat what we noticed since we had the NUREG fromthe
Committee, is that we continued to evaluate the
data. W saw the addition of new data in 2001
whi ch was Beaver Valley and 2002 in Seqyoyah nade
the correlation worse but addition of new data in
2003 which is from Di abl o Canyon made the
correlation better.

You know, we also saw that as far as the
del etion of the French data, that nmde the
correlation better. But | think our concl usion
really is nore what we were just discussing , which
is that we still feel that the | eakage net hodol ogy
i s acceptabl e because Generic Letter 95-05 specifies
nore than just using information -- it specifies
necessary actions in the leak rate cal cul ati on when
the correlation is weak and it specifies howto
account for the uncertainty in the correlation.

So even if you end up in a situation
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where you have no correlation, it doesn't |ay dead
in the water with nothing to do. GCkay. | think that
the way that this -- go ahead.

CO CHAI RVAN WALLIS:  This is the problem
that | have with this whole presentation: | nean
there's all this stuff about correlation and nunbers
of tubes and so on. But the bottomline is a report
| couldn't understand it at all. Everything is
pretty largely nethodol ogy except because of
sonething else, and that didn't help me at all. |
mean, "this something else" is all this specifies
how to account for uncertainty. That's not part of
t he pervious di scussion, so correlation hasn't been
i nproved, the concerns of ACRS are still there. But
there's sonething el se you do that nakes it al
right?

M5. LUND: Well, as far as what the
Generic Letter specifies that the utility nust do
when you don't have a good correlation. There is
something in there that the staff has found
acceptable in the place of having an appropriate
correl ation.

CO CHAI RVAN WALLI'S:  What you're saying
is that we had a concern about this correlation.

And it doesn't really matter because decisions are
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not based on that correlation anyway. There is
somet hing el se that comes into play, so we should
forget it?

M5. LUND: Well, no, | --

CO CHAI RVMAN WALLI'S:  Is that what you
suggest ?

M5. LUND: No. | wouldn't summarize it
like that. But | think that at |east from our
perspective in looking at this in the |last couple of
years there have been things that have inproved the
correlation, things that have not inproved the
correlation. | guess, in looking at how to better
improve the correlation | think that there is so
many different factors that kind of work against you
as far as being able to inprove the correlation.

| think it cones back to what we were
saying earlier as far as is there a sinpler or even
a conpl ex explanation for it that we can do
sonmet hing di fferent than what has already been
i mproved and how well -- you know, the question is
is howthis actually being inplenented in the field
and whether it seens to be working in the field.

MEMBER SI EBER: The question is really a
matter of margin. You know, if you nmake the voltage

| ow enough at which you have to do sonething, then
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of course you can have the lousiest correlation in
the world and you will end up doing something for
every indication. And so if you realistically set
the margin to recogni ze the uncertainty in the
correlations, then you can still establish adequate
protection, which is where | think is where we're
at .

You notice that the little blips in the
process that sonme |icensee will cone in and say,
gee, | have this wonderful database for ny plant and
t hese steam generators and | would like to raise the
voltage at which the alternate repair criteria
applies. And sonme have it and sonme don't. It
depends on the quality of the correlation for that
pl ant, those steam generators.

M5. LUND: Right. Because many, nany
plants are just inplenenting it for essentially a
two volt criteria. So in that range, | would agree
with that, that that's --

MEMBER SI EBER:  There's tons of margin.

M5. LUND: There's tons of margin.

CO CHAI RVAN WALLI'S:  Now you get to the
next page and its overall nethodol ogy for
determ ning the anount of | eakage and assessing its

consequences i s conservative. There's absolutely
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nothing in anything I've heard. | just maybe didn't
get the information. | read what was sent to ne.

There's no evidence there to tell ne
anyt hi ng about conservativeness of the overal
nmet hodol ogy, so there's no way | can believe or not
bel i eve this concl usion.

M5. LUND: Well, as far as the -- |
t hi nk that what we were referring to in this
particul ar sentence is how the voltages and the
| eakages are determ ned, basically the pre-pul
vol tage and the | eakage that was assessed after the
tube was pul | ed.

As far as how it is conservative, |
t hi nk what we just discussed also and the fact that
there is alimtation to the voltages in which
they're licensed to use it for.

CO CHAI RVAN WALLI'S:  They stick this
probe up the tube, and they figure the voltage
bi gger than a certain amobunt it, they have to
replace it or plug it; is that what you're saying?

M5. LUND: They plug the tube.

MR. KARWOSKI: They're plugging it, yes.

CO CHAI RVAN WALLI'S:  And you' re saying
that it's conservative because it's highly unlikely

that they woul d not detect sonething and that a tube
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| eaked significantly; that's what the conclusion is,
presumabl y?

MR, KARWOSKI :  No.

M5. LUND: Go ahead.

CO CHAI RVAN WALLIS:  Well, | didn't see
that followed fromanything we saw or heard.

MR KARWOSKI: Ckay. | guess it wasn't
our intent to come back and reproduce the entire
nmet hodol ogy. That woul d take a day in and of
itself. Qur intent was to focus on the specific
conment by the ACRS with respect --

CO CHAI RVAN WALLI'S:  And ny concl usi on
there is there's been just really no inprovenment in
correl ati on?

MR KARWOSKI: There has been no drastic
i nprovenent with the addition of data. W don't
have a sinple or a conplex --

CO CHAI RVAN WALLIS: So it's still
somet hi ng that m ght worry you, but you're stil
t hi nki ng t he net hodol ogy's okay. That's the bottom
line?

MR. KARWOSKI: That's right. The
nmet hodol ogy accounts for the scatter in the
correlation. So we do not see a safety issue

associated with the use of that correl ation.
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MEMBER SI EBER:  So not hi ng has changed?

M5. LUND: Dramatically.

MEMBER SI EBER:  Yes. In what, the |ast
two years, whenever it was we heard the --

M5. LUND: Right. Right. You know,
because | think that one idea would be you add nore
data in all of it and it inproves it.

MEMBER SI EBER:  It's supposed to get
better?

M5. LUND: But that hasn't been the
case. So that hasn't been kind of a sinple
sol uti on.

CO CHAI RVAN WALLIS: Well, the probleml
have is that you want nme to sign off that you've

addressed this issue and resolved it in sone way.

Wl |, | have absolutely no basis for making any
decision. | nean, the argunents are so waffling that
there's no basis for ne -- and if you say | got to

take two days readi ng your whol e net hodol ogy, well
maybe that's what's required, but you didn't present
any of it. So | have no basis for deciding whether
you' ve done an adequate job or not.

MR KARWOSKI: It wasn't our intent to
cone here, like | said, it would have taken anot her

-- we assunmed that the ACRS having reviewed this two

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

200

years ago in the context of the differing
prof essi onal opinion, that we could focus on the
i ssues that were raised. And | guess what the staff
is saying is that we don't have a sinple explanation
for why. There is scattering of database. But the
overal | methodol ogy for assessing whether or not a
plant is safe, how nmuch a tube will |eak we believe
that we're providing conservative estimtes of the
anount of | eakage during a steamnline break. And
fromthat perspective, although we will continue to
eval uate data as it conmes in, whether or not it
changes the correlation or not, we believe we have
an adequate safety basis by which to go forward.
MEMBER SI EBER:  Actually, there isn't
much progress you coul d nake because the data is the
data and it's generated by industry based on things
t hat happen in their plants. And it hasn't changed
much. And so our -- when we conpl ain about the
adequacy of the database and you look at it for
several years and say, well, the data hasn't changed
much, our conclusions at the same. | guess | could
sign off on that. Nothing' s changed. You know,
you're stuck with the data that you' re stuck with
MR. KARWOSKI: And that's basically it.

The data that we have is the data that we're using.
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W're not elimnating any data that we do not
believe is not appropriate to elimnate. So the
utility --

MEMBER SIEBER: Right. There is no
i ssues of new data in that tine frane.

M5. LUND: Right. And the expectation is
not that we're going to get a |l ot nore.

MEMBER SI EBER:  Ri ght.

M5. LUND: So that is kind of a quandary
that we're in.

CO CHAI RMAN WALLIS: So the real way to
convince us would be to say we're to focus on this
overal | methodol ogy and say no matter what all this
| ousy correlation is, we've got a nethod which is
conservative. That's where the focus has to be.
Therefore, you don't have to worry about all this,
and therefore we should forget about any further
studi es of adding nore data and correlating. But,
you know, we haven't seen the argunents for that, so
| don't know what we concl ude.

CO CHAI RVAN FORD:  Coul d | suggest that
we go on? | want to finish this whol e subject
before lunch tine today. It's 20 past 12:00 now.

M5. LUND: Ckay.

CO CHAI RVAN FORD: Can you hit the
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hi ghl i ghts on item 3. 8.

M5. LUND: Sure. This one was to
devel op a programto nonitor the prediction of flaw
growt h fromsystematic deviations from expectations.
And basically the Commttee had stated that the flaw
growt h was inherently nonlinear and occasionally
i ndi vidual flaws can violate even the nost
conservative |inear bounds.

O nmore concern would be a systenatic
viol ation of the linear bounding of the growth
process. And | guess our answer for that is that we
don't postulate individual flaw growmh rates. W
have a distribution of growth rates that we expect
to observe based on the previous cycle. And that's
part of that operational assessnent that Joe was
referring to earlier.

So let nme just page down. So when we
|l ook at this it relates to the growh of the flaws
in the steam generator tubes that are allowed to
remai n i nservice under the voltage based alternate
repair criteria, the beginning of cycle and then
| ooking at the end of cycle predictions and see how
well they're predicted. And so we ask oursel ves how
well is the flaw growth predicted by the

nmet hodol ogy.
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And so the focus of this was a nessage
to the staff to be vigilant in nmonitoring the
i mpl enentation of the alternate repair criteria to
| ook for these systematic errors in the flaw growth
predictions. So that was the intent of this
particular item

And currently, as | was saying earlier,
there are nine plants that are authorized to
inmplenent this alternate repair criteria. Seven are
currently inplenenting it. Three that inplenent it
now we' |l | be repl aci ng.

So, it's the staff's position that it's
i mportant to conservatively project the condition of
t he steam generator tubes, and that's been our
f ocus.

Looki ng at the projections, obviously we
agree with the commttee that flaw growh is not
linear and flaws can slowy grow until they
interlink. And once they do interlink it's possible
for the flaws to grow quickly. So these projections
that they' re nmaki ng consider these three itens,
which is the POD which we've discussed earlier, flaw
growt h, NDE adjustment. And it's inportant to | ook
at the popul ation rather than the individual flaws.

So as far as the nethodol ogy, we conpare
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t he actual burst probability and | eakage to the
proj ected burst probability and | eakage.

If it's nonconservative and we
investigate it, we've had a couple of cases in the -

CO CHAI RVAN WALLI'S: | don't understand.
"' msorry.

M5. LUND: Beg your pardon?

CO- CHAI RVAN WALLI'S: | want to get
l unch, but what you said there's a problemwth flaw
growt h prediction, the nmethodology is not very good
for predicting flaw growth. Isn't that what we're
tal ki ng about? How can you predict these burst
probabilities based on poor flaw growth nodel ? The
issue is the flow growth nodel itself, isn't it?

M5. LUND: Well, what we look at is to
see if we have deviations from expectations in the
flaw grow h net hodol ogy. And the --

CO CHAI RVAN WALLI'S:  But you j ust
predi cted, so you can't have a deviation wthout a
data of sone sort. | don't understand.

M5. LUND: | don't understand your
guesti on.

CO CHAI RVAN WALLI'S:  Well, these

devi ations for predictions are an actual burst
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probability or what?

M5. LUND: These are the predictions are
far as the vol tages, the begi nning of cycle voltages
and the end of cycle voltages. And we're predicting
t he burst probability and | eakage probability.

CO CHAI RVAN WALLI'S:  And this has
sonething to do with flaw grow h?

M5. LUND: Right. As far as we | ook at
t he voltages fromwhat's found during your
i nspection and essentially growth over a cycle.

CO CHAI RVAN WALLIS: Ckay. So you're
| ooki ng at the change voltage, is what you say?

M5. LUND: Right.

CO CHAI RVAN WALLI'S:  And the issue was
could you predict that?

M5. LUND: Right.

CO CHAI RVMAN WALLIS: ©Oh, okay. So it's
not -- it's not the issue then and | thought you
wer e tal king about whether you predicted the flow
grom h right?

MEMBER KRESS: Yes, but the burst isn't
secondary because there's a correlation between --

CO CHAI RVAN WALLI'S: | know that.

MEMBER KRESS: Yes. kay.

CO- CHAI RVAN WALLI S: But the issue is
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fl aw grow h.

MEMBER KRESS: Right. | agree.

M5. LUND: Correct. Because the --

CO CHAI RVAN WALLI'S: We're nonitoring
flaw gromh, that's what the issue is. And it has a
consequence of bursting, that's interesting. But
your programis to investigate flow growth?

MEMBER KRESS: Actually nonitoring
vol t age grow h.

M5. LUND: Right.

MEMBER SI EBER:  But not to predict when
it bursts.

M5. LUND: But the acceptance criteria
is in the burst probability and the | eakage, okay.
So you're | ooking at the probability of burst and
probability of |eakage and you do have acceptance
criteria that you need to stay within. So that's
why we go that next step besides just grow ng the
vol t ages, so to speak.

So we have had cases where we have had
outliers and we have investigated themin the |ast
couple of years. And it's not uncomopn to see
devi ations from projections and actual, but the
projects are generally conservative, but not always.

And if it's not, that's when we get into the action
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and we have neetings and we investigate the rational
for why there are deviations.

And | think over the 12 years that we've
been inplenenting, | think there has been |ike a
handful of these |larger voltage indications than
were expected. And | think, you know, that's
sonething that certainly we investigate when this
cones down. So we do follow up on this. Ckay.

So in followng up fromthis, there's
been sone issues that have arisen from pl ant
specific experience. And we were discussing earlier
t he vol tage dependent growth. And sone very |arge
vol t age changes in a handful of cases, nobst recently
t he one from Di abl o Canyon

And we al so | ooked at how projections
are dependently on the POD, and especially using a
.6 like we were discussing earlier throughout the
voltage range. In fact, we just reviewed and
approved for one cycle an alternative to using .6
POD, which is POPCD. And that acronymis based on
the probability of prior cycle detection, which this
was approved on one cycle basis for Diablo Canyon.

The reason why --

CO CHAI RVAN FORD:  Essential |l y what

you're doing, if I understand it, you find ah heck,
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the thing has gone further than | thought it woul d.
So I'I'l just go back and revise nmy POD for the prior
cycle. But there's no physical reason for doing

t hat ?

M5. LUND: There's no physical reason
for using a .6 POD across. That's what | would say
is that if you look at the data there is, in fact
what was presented earlier, it's obvious that the
POD curves don't look Iike a straight Iine of .6.

CO CHAI RVAN FORD: That's true.

M5. LUND: And actually, we've had
sonething in house, actually | would say four --
maybe nore years. This POPCD really isn't a new
i dea i nasmuch as the industry has | ooked at
different probability of detection curves and nore
cl osely represent what they see in the field. And
that's where this has actually cone out. It wasn't
just a matter of, you know, boy ny data just didn't
cone out right and I need to very quickly develop a
POD curve that | like and inplenent it. That really
wasn't the rational for --

CO CHAI RVAN FORD:  So why didn't you
just go straight to a POD versus voltage correlation
t hat was bei ng devel oped?

M5. LUND: Well, there's a POD versus
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voltage. Wiat they did is they took their plant
specific data fromthe past, | think it's five
outages, is that correct? And they put together a
PCD curve.

CO CHAI RVAN WALLIS: Is the title of the
subj ect wong? | nean, the programis to nonitor
the prediction of flow gromh. So what | expect is
here is our prediction of flowgrowh and this is
what we observed in flow growt h.

M5. LUND: Right. R ght.

CO CHAI RVAN WALLI'S:  And all this other
stuff --

M5. LUND: And that is --

CO CHAI RVAN WALLI'S: Wiy are you
bringing in all these other things and POD has
nothing to do with the flaw gromh. It's a question
of whether you detected it. Once you detected it,
how does it grow, that's the only question that
seens to be the subject of the title. It's all very
pecul i ar.

M5. LUND: Do you want to go for that?

MR KARWOSKI: If | could.

Wien we say flaw growth, we do not
predict on a flaw by-flaw basis what the growth rate

of that flaw will be. Wat we say is we have a
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di stribution of growth rates because we recogni ze
different flaws can grow at different rates from
what ever factors. So we have a distribution of
growh rates that we apply to what we find during
t he course of the inspection

Then when we do our next inspection we
will find a different distribution of flaws. Sone
of themw ||l have grown. Sone of themw || even
have voltage | ess than what we had |l eft inservice
bef ore.

The reason we | ook at burst and | eakage
as one of the nmeasures is to account for the fact
that these voltages are effected by NDE uncertainty,
flaw grom h and al so sone of the fact that sonme of
t hese flaws may be new indications that devel op. And
so that's why we look at all three portions of the
end of cycle distribution, if |I can call it.
Because what we're really trying to access is the
ability of the nethodology to predict the end of
cycle conditions. One of those conponents is
growt h, one of those conponents in NDE uncertainty,
and the other component is the probability of
det ecti on.

Now, when we use the term probability of

detecti on as we di scussed with the ACRS severa
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years ago, it's not just a probability that you
detect a flaw. It also accounts for the fact that
new i ndi cati ons can develop. So the reason we
didn't go straight to the ANL curves is because that
is just a probability of detection function, whereas
our, let me call it "POD'" accounts not only for
probability of detecting and but also for the
potential for new indications to develop during the
course of a cycle.

And so this POPCD accounts for two
factors, whereas the ANL probability detection
curves are true probability of detection curves.

DR MJSCARA: Can | nmake a few coments
whi ch maybe clarify some of this?

You know, the question about back when
we were referring the DPO i ssues and Prof essor
Bal | i nger was a consultant to the Commttee, the
observation that was made is that crack growh rates
are not linear with time while in fact the voltage
growh rates seemto be. So there was a di sconnect
and the conmments from ACRS were this is curious.

Wiy is voltage growmh rate |inear while crack growth
rate is not |inear.

In this issue, when we keep talking

about crack growth rate or flaw growmh rate, and the
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vol t age does not neasure crack size, therefore it
cannot neasure crack grow h.

CO CHAI RVAN WALLI'S: It doesn't. Right.

DR MJSCARA: So the entire problemis
the voltage growh rate is linear. Wiy is it
linear? Because it doesn't relate to crack size.
So crack growh rate is nonlinear and it should be
nonl i near --

CO CHAI RVAN WALLI'S:  The vol tage growt h
rate is linear; you have a whole slue of voltages
and the curves it goes up with tine.

DR MJSCARA: Right. And the voltage
versus voltage rate -- I'msorry. Voltage rate
seens to be linear with time. But crack growh rate
is not. But | don't see a disconnect there.
nmean, that's fine because voltage doesn't relate to
crack size.

MR, KARWOSKI:  And so we're | ooking at -

MEMBER SI EBER: Vol tage is an indication
of the volune of material that you have. How the
cracks are put together and how tight they are is
anot her function, which is accounted for in the
correl ati on between | eakage and vol tage and the

probability of failure.
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DR. MJUSCARA: You've seen the data where

you know a half of volt could have been a through
wal | crack as well as six volt could have been a

t hrough wall crack. And in addition, we've had
flaws that are two volt and don't |eak at all under
steam i ne break pressure.

CO CHAI RVAN WALLI'S:  But what does POD
have to do with it? M question is, and given the
POD t hat you have, how does the things that you
neasure get bigger with tine? 1Isn't that the
qguestion, whether it's voltage or whatever it is?
Voltage is going up with tinme, right?

DR MJSCARA: Well, if you're tracking
crack growh, it should go up with time. But if
you're tracking voltage, there's no reason why it
shoul d be going up with time because it's effected
by many, many different paraneters.

CO CHAI RVAN WALLIS:  Well then how do
you know the crack is grow ng.

DR. MUSCARA: The crack can be grow ng,
but the voltage is still there.

CO- CHAI RVAN WALLI'S:  How do you know t he
crack is growi ng then?

MEMBER SI EBER:  Because it does go up

with time.
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DR MJSCARA: That's right.

MEMBER SI EBER:  And the question is at a
given point in tinme when you recognize it, should
you have detected it before? And if you didn't, you
can't measure the crack growh rate. And if you
can't do that, you can't tell what's going the
condition is going to be I|ike at the end of the
next cycle.

M5. LUND: The cycle. That's right.

DR. MUSCARA: But you can neasure the
voltage growth rate and then relate that back to the
probability -- burst and the leak rate which is --

CO CHAI RVAN WALLI'S:  The probability of
growh rate is what for -- | don't understand that
neasure, either. This is --

MR. KARWOSKI:  The change in voltage
fromone cycle to the next.

CO CHAI RVAN WALLI'S:  Well, you run this
thing up there and then you say you got sonme cracks
and you' ve got sone peaks so that's voltage. |Is
t hat what you nmean? So you have sone points on a
figure, right?

M5. LUND: Right.

CO CHAI RVAN WALLI'S:  And when you do it

| ater, are these points generally seemto nove up?
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MR. KARWOSKI :  The answer is yes,

general ly.

DR MJSCARA: GCenerally.

MR KARWOSKI: I n some cases they don't
because there's uncertainty in the measurenents,
uncertainty in the calibrations, uncertainly the
probe --

CO CHAI RVAN WALLIS: GCkay. But that's
not what we're tal king about. W need to be getting
on to -- we haven't really seen anything about --
all this other stuff doesn't seemto address the
i ssue: How does sonething growwith tinme, the
vol tage or whatever it is?

MR. KARWOSKI:  Well, | think what we're
trying to present is how do we nmonitor -- what have
we observed with respect to has there been
systematic deviations from expectations.

One way of |ooking at this --

CO CHAI RVAN WALLI'S:  What's your
expectation? It will grow at one percent a year or
ten percent, or whatever?

MR KARWOSKI: Each plant has its plant
specific growh rate distribution or they use a
bounding industry gromh rate distribution. But

what we do is we ook at what -- and this is where
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it gets into why are you | ooking at burst and
| eakage.

W | ook at what do they project to find
at the end of their next cycle? And then we conpare
with what they actually found to that. And one way
to do it is to put two histograns side-by-side and
say well in general they |ooked about the sane, so
it's okay.

Anot her way to do that is to actually
| ook at well what's the probability of burst
associ ated with the projection versus what's the
probability of burst --

CO CHAI RVAN WALLI'S:  Yes. kay. So now
you're giving a presentation that you should have
gi ven here. Wy do we have to ask you to --

MEMBER SI EBER: The presentation, as |
understand it, was to answer the question we asked.

MS. LUND: Yes.

MEMBER SI EBER:  \When we wote the NUREG
1740.

M5. LUND: That's right.

MEMBER SI EBER:  And we had the benefit
of --

M5. LUND: O the whole picture.

MEMBER SIEBER: -- a whole week of this
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when we fornul ated the question.

M5. LUND: Right. Right.

MR KARWOSKI: Right. So | guess we owe
you an apol ogy because we focused on the very
specific technical issue. The elimnation of the
French data, the reason we didn't discuss the ACRS
concl usion was that the overall nmethodol ogy was
accept abl e.

MEMBER SI EBER.  Ckay.

MR KARWOSKI: So we focused on the
specific technical issue of why is there nore
scatter, and we basically cone --

CO CHAI RMAN WALLI'S: No. This is

different. Just the flow growth. That's a different

subj ect .

MR. KARWOSKI: Different subject, but I
think --

CO CHAI RVAN WALLIS: Related to this
one?

MR. KARWOSKI: Al we're saying is we're
focusing on a specific technical coment that was
made and we're not giving you the whole picture,
agai n because as was pointed out, it was a week | ong
worth of presentations. It's --

DR MJSCARA: Ckay. | think the question
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here was voltage growth versus crack growth. And
t hink the answer is, you know, we're not tracking
crack growmh rate, we're tracking voltage growh
rate. And that can be linear while crack growth
rate i s nonlinear.

M5. LUND: What would you like to do?

CO- CHAI RMAN WALLI'S:  Lunch.

M5. LUND: That sounds good to ne.

CO- CHAIRVAN FORD: | think, quite
honestly, we are -- at this stage | think we should

stop for lunch to give our brains a rest so that we

can think. And we'll cone back at quarter to 2:00
and we'll give you another ten mnutes to finish
of f.

| think we need to do sone thinking.
MS. LUND:. Yes.

CO CHAI RVAN FORD: G ve us sone thought

time.

CO- CHAI RVAN WALLI'S:  Yes, we're not
getting anywhere. |'mnot sure we're going to get
anywher e.

CO CHAI RVAN FORD: Wl l, we may not. W
may not get anywhere. But let's just have five or
ten mnutes, start at quarter of 2:00.

So we're in recess until quarter of
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(Whereupon, at 12:40 p. m

Meeting was adjourned until 1:50 p.m)
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A-F-T-EER-NOO-N S-E-S-S1-ON
1:50 p. m

CO CHAIRVAN FORD: 1'd like to come back
into session. W are missing a couple of Conmittee
menbers, but | think we're all right as far as a
guorum i s concer ned.

Just before we broke up for |unch
asked Ken and Louise to just give us a very short
tutorial, which hopefully will relieve our concerns
as to whether there are any safety concerns relating
to the questions we had just before lunch on itens
3.7 and 3. 8.

So, Ken, if you could just give us a
very short tutorial, |1'd appreciate it.

MR, KARWOSKI: Okay. W'll try to go
through this -- I'mgoing to try to go through this
qui ckly, just to give you a context of the leak rate
net hodol ogy and where the |leak rate correlation fits
into the overall nethodology. This is just a
pictorial of how you go about calculating the
| eakage at the end of the cycle.

CO CHAI RVAN FORD:  Ri ght .

MR, KARWOSKI: And that's really of
concern for the safety perspective. Is it wll a

tube burst is one concern, you know the structural
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integrity concern and then the other concern is wll
t he tubes | eak and how nuch will they leak and is
t hat | eakage accept abl e.

This cartoon basically shows that you
use three different distributions in order to
determ ne the anount of |eakage under steanline
break conditions. This picture here is to represent
the end of cycle voltage distribution. It's what you
project that you're going to have in service at the
end of a cycle. And that's based on growh rate,
probability detection. But let's just say that this
is what you project that you' re going to have at end
of cycle.

You then say, okay, if | have so many
indications with certain voltages, what's the
probability of any one of these voltages | eaking?

So | have a probability of leak correlation. And it
| ooks simlar to a probability of detection, you
know, it's the sanme kind of curve --

CO CHAI RVAN WALLI'S:  That's a very funny
curve, the probability of no voltage is zero. | see
the probability of no voltage -- oh, | see. This is
standard vol tage or sonething? What's the voltage
when there's no flaw?

MR KARWOSKI: In this picture it would
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be zero. |If there's no flaw --

CO CHAI RVAN WALLI'S: So the probability
of no flaw is zero?

MR KARWOSKI: No, this is not a
probability. This is the probability --

CO CHAI RVAN WALLIS: GCkay. Now that's
what you actually detect. Ckay.

MR. KARWOSKI: Yes. |If you detect a
flaw of a certain voltage, what is the probability
that it would | eak? There's databases, hundred sone
data points for each of these databases. And you
can come to this curve and say and say if | have a
ten volt indication, what is the probability it wll
| eak? Let's assune in one sanple it says that
there's a high probability it'll |eak. Then you use
a correlation to say how much will it leak. And you
go through all the indications and sumthe | eakage
and then you determ nation the anount of | eakage
during the steam ine break

When we presented the leak rate
correl ati ons when we were discussing the differing
pr of essi onal opinion, we threw up several curves
that | ooked like this or presented information.

Ignore this. | tried to do sone of these

vi ewgraphs as fast as | could. Sonme of the scales
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are different, but | just want to illustrate point.
This is the 3/4-inch database. You see
there's scatter here. Okay. This is the leak rate
at steanline break conditions as a function of
voltage. Okay. What it's saying is that ten volt
i ndi cation may, on the average, |eak sonmewhere
around ten liters per hour or a 100 liters per hour,
and there's a range to it.

CO CHAI RVAN WALLI'S:  There's a range of

about of about ten litters -- in the worse. It's
pretty big.

MR KARWOSKI: It's pretty big
vari ation.

CO CHAI RVAN WALLIS: It is two orders,
yes.

MR KARWOSKI: Right. This is the 3/4-
inch correlation. Okay. And | apol ogize the scal es
are somewhat different. But that correlation didn't
| ook bad when you conpared this. And when you | ook
at the statistics, the statistics say that the 3/4-
inch correlation is better --

CO CHAI RVAN WALLI'S: But that's al npst
random nunbers put on a piece of paper.

MR KARWOSKI: And that was the concern

that the ACRS had.
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Look at the 7/8-inch coil. It |ooks
like, let ne just characterize it as a shotgun
pattern on the page that there may not really be a
correl ati on between the | eak rate and the voltage.
7/ 8-inch, 3/4-inch, why the difference? That was
t he concern that becanme item 3.7; why the
di ff erence.

We didn't have an expl anation back then.
One of the comrents was well maybe if you add nore
data, you will get a better correlation. Wat we
tried to present this norning was we've added dat a,
we' ve subtracted data where we thought there was a
technical justification to subtract it. The
correlation has gotten no better. This is, |
believe, the current correlation. There may be one
nore data point. But this is the current
correlation. There is still a lot of scatter. W
can give you the insights for the reasons for this
scatter, but we cannot tell you why there is --

CO CHAI RVAN WALLI'S:  And where is the
correlation anong all those things?

MR KARWOSKI: It would be the solid
line.

CO CHAI RVAN WALLIS: The solid line is

the correl ati on.

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

225
MR. KARWOSKI: The rate of regression.

Ckay.

So that will be the correlation that's
appl i ed.

When the industry does the cal cul ation
kay. We can't tell you why. There's no sinple or
conmpl ex expl anation for why the difference between
the two. W can give you insights on the scatter in
t he database, like all they are is insights of why
you may be exhibiting or observing scatter. Ckay.

From a safety perspective now. Let's
put our safety hats on, because that's what we're
really concerned about is when we nodel the |eak
rate correlation in determning the anount of
| eakage, are we conservative. And what we tried to
present this norning is we believe that we have
nodel ed the uncertainty in this curve and said is
there a correlation or isn't there. If there isn't a
correlation, what the industry does is they would
assune that the leak rat is independent of voltage.
That basically if you had one volt indication, it's
going to |l eak the same as a 100 volt indication.

CO CHAI RVAN WALLI'S:  How big is that
| eak rate that they then assunme?

MR. KARWOSKI :  They nodel the error
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around the distribution, because this is a Mnte
Carl o approach. They say so for a given one volt
indication, sonetine it nmay |leak at a tenth of a
liter per hour, sonetinmes it may |leak as a 1,000
liters per hour in accordance with the scatter in
the correl ation.

So when we go and do the overal
cal cul ati on of | eakage under steam ine break
conditions, we believe that because of the
conservatisns that are inherent in this curve, which
| haven't discussed but there's conservatisns just
inthis curve in terns of the voltage neasures, in
terms of how we anal yze | eakage. W take the 95
percentile at 95 percent confidence and we say
that's the anmount of | eakage froma given steam
generator. W believe that overall nethodology is
conservative. And although we don't understand or
cannot provide a sinple or conplex explanation for
why this correlation is not as good as this one, we
believe froma safety perspective that we have an
adequate basis to continue to apply.

Wth that said, as we add nore data to
t he database, we continue to nonitor the
correlations, we continue to assess it. It's an

i ssue that as long as plants are inplenenting this
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repair criteria, we'll continue to evaluate the data
and make sure --

CO CHAI RVAN WALLIS: Well, a skeptic
m ght say fromthe other -- if the bobbin anplitude
has nothing to do with |leak rates, so they shoul dn't
be used for any purposes in predicting | eak rate.

MR. KARWOSKI: And in fact when the p
val ue exceeds five percent, | think | got that
right, when the p value is over five percent that's
exactly what the industry assunmes. They say that
the | eak rate is independent of the voltage.

CO CHAI RVAN WALLIS: As long as it's
nore than two volts or something? |s there a cut
off of some sort?

MR KARWOSKI: No. Regardless. If |
have a tenth of a volt indication, which is usually
at the point of which we'll call a flaw, is that
| eak rate -- you know, the potential that | assign a
ten liter power leak rate to a tenth of a volt
indication is the same as a 100 volt indication.
Because when that p value is at that, it's basically
saying the leak rate is independent of voltage. So
that's all in the methodol ogy.

So overall froma safety perspective in

determ ni ng the anmount of | eakage, we believe we
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have an adequate basis to conclude that plants are
safe today. W can't provide you the explanation of
why - -

MEMBER BONACA: Well, | nean this is
worse than the other one. It's not so nuch worse or
the other one is not so nuch better. What | nmean is
if you trend a scale as the other one, the other one
goes from.001 to 10, 000.

MR KARWOSKI: R ght.

MEMBER BONACA: And you throw these two
points on the left here 0.1, they cone pretty cl ose.

MR. KARWOSKI: Yes. Statistically,

t hough, when you | ook at that p value statistics
which is the probability of having a non-zero sl ope,
essentially.

MEMBER BONACA:  Yes.

MR, KARWOSKI : Basically you concl ude
that -- there is a difference.

MEMBER BONACA: There is a difference,
yes.

MR KARWOSKI: This database reflects
t he renoval of those two French data points. W
believe that there is a statistical reason and a
physical insights on why there is a difference.

MEMBER BONACA: Yes. Could you put back
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agai n the other one?

MR KARWOSKI: Yes. Just didn't have
time to put themall on the sane scale.

MEMBER BONACA: So if you take out the
range above nd the range bel ow --

M5. LUND: You need a |l onger |unch tine.

MEMBER BONACA: Let's put it back, too.

CO CHAl RMAN WALLIS: There is a trend,

t hough, here. There is sinply no trend in the other
one.

MR. KARWOSKI: And the p value reflects
that. Just |ooking at the data points that were
added, this one was added recently, this one was
added since the ACRS, and then the two --

CO CHAI RVAN WALLI'S:  So your variation
is of three orders of magnitude? Sonmewhere in there
you have a | eak rate?

MR KARWOSKI: Yes. In accordance with
what ever the statistics are for the correlation. So
you have sone probability -- you basically know t he
regressi on equation, you know that the error around
t hat --

CO CHAI RVAN WALLI'S:  -- want a design of
this kind of lack of predictability? | wouldn't

design a building if | wasn't sure within a factor
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of 1,000 about how much wei ght the foundation would
take or sonething. Wat is -- how should | take
sonething like this?

MR. KARWOSKI: The way -- the data from
the field is reflected in here, and this al so
i ncl udes sone nodel or |aboratory grown specinmens.
This is basically data fromthe field which
i ndi cates how nuch these flaws can |leak as a
function of voltage. And there's a wide variability
for a given voltage how nmuch a flaw wi Il | eak

Even when you correlate it to | ength,
you know, for through wall flaws, you see a w de
range of variability. Mybe not as nuch as this,
but there is a variation because | eakage isn't just
a sinple function of through wall length. It's also
a function of the tightness of crack and the
tortuosity of the crack. 1In all leak rate
correlation there is a |lot of scatter. Maybe not as
much as this, but there is the scatter.

MEMBER BONACA: But the unit is liter
per hour, right?

MR, KARWOSKI :  Yes.

MEMBER BONACA: So they're all tight
hol es?

MR KARWOSKI: R ght.
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VEMBER BONACA: It's a trickle.

MR, KARWOSKI:  Well, in terns of what
observed in the field in general, the projections of
the end of cycle distribution tend to be in this
range down here. Usually plants do not find any
i ndi cations over six or seven volts. There have
been occasi ons where plants have found indications
over ten, but usually that is very rare.

M5. LUND: Usually they're taken out of
servi ce.

CO CHAI RVAN WALLI'S:  About the sane as
the scatter in the regular flowinto the maple syrup
buckets, liters per hour, depending on some
vari abl e, which doesn't matter very nuch. It
scatters like that in some sort of random way.

| just don't quite know how you make any
desi gn deci si ons when you' ve got such trenendous

variability?

MR. KARWOSKI: In ternms of design
deci sions, | guess that the plants have to -- the
pl ants have to -- how do we nake a regul atory

deci si on.
CO CHAI RVAN WALLI'S:  Design for a 100
liters per hour or sonmething, and that's it.

MR. KARWOSKI: Well, the regulatory
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decision is nmade based on here's how nuch the | eak
rate is a function of voltage. And we believe we've
nodel ed all the uncertainty with this correlation.
And we take a conservative 95th percentile of 95
percent confidence, and we use that in assessing the
adequacy for that plant to operate a full cycle

bet ween i nspections. So the plants aren't taking the
mean val ue. They're taking the 95th percentile, 95
percent confidence. They verify that that value is -

CO CHAI RVAN WALLI'S:  They're taken the
worst? They're taking the high | eak rate then?
They' re taking the upper end of the distribution?

MR KARWOSKI: The best way to explain
is when you do the Monte Carlo, let's say you do a
1,000 sinulations of the entire distribution. They
will order those and they will take the 95th
percentile, or if it's a 1,000 they'll take the
950t h val ue at 95 percent confidence which nmeans
it's really like the 900 --

CO CHAI RVAN WALLI'S:  But all these
predictions are based on nodels. The nodel is
lousy. So you're really playing games with
somet hing which is not a well defined gane. You're

running a gane which is not itself well defined. So
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all this 95/95 is kind of illusion.

MR KARWOSKI :  No.

CO CHAI RMAN WALLI S:  Yes.

MR KARWOSKI: Because we're nodeling
the uncertainty. It's just like any correlation of
| eakage as a function of crack length. There's
scatter in that and we have to account for that
scatter. W could show you plots where there's
order, two orders of magnitude, even for that
correlation. W' ve nodeled that scatter. And
because we have nodel ed that scatter, we believe
that the end result under steanline break conditions
is conservati ve.

And there's other conservativisns in
addition to take the 95th percentile. This bottom
voltage that's in this curve are pre-pulled
vol tages. We know when we pull that tube that we, |
don't want to say destroy the flaw, but we distort
the flaw. In general, it's going to | eak nore than
if we had not pulled the tube out of the steam
generator. W' re using those pre-pulled voltages
whi ch basically nmeans that if we're able to do a
steam ine break in a plant for any given indication,
we woul d probably observe | ess | eakage than what is

recorded on here.
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The other thing it doesn't take into
account is the fact that the crevices between the
tube and the tube support plate are packed.

There's many conservatisnms in this
nodel .

CO CHAIRVMAN WALLIS: So it's the |leak
rate of the Ap of 2,000 or sonething?

MR, KARWOSKI : 2560. Around there. It
varies fromplant-to-plant, though. There's a |ot
of conservatisns just in putting this data together.
Part of those conservatisns lead to the scatter, the
pre-pul |l ed vol t age.

CO CHAI RVAN WALLIS: So this is your
answer to why we shouldn't worry about the scatter?

MR KARWOSKI: Right. Why we shoul d not
worry about the scatter is because we believe that
t he overall nethodol ogy is conservative. The
nmet hodol ogy accounts for the fact that if there is a
weak correlation, it tells the utilities howto
address it. It basically says, you know, if the
correlation is weak, you need to assune that the
| eakage is independent of voltage, which we believe
is a very conservative assunption because basically
you're saying a tenth of a volt indication can |eak

just as nuch as a 30 or 40 or 50 volt indication in
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general, whereas there may be sonme exceptions. In
general that's going to be a very conservative
assunpti on.

CO CHAI RVAN FORD: Okay. And your
further argunment was that for burst that the --
wel |, you've got -- froma severe accident situation
t he burst scenario, there's a good deal of nmargin
with the burst pressure?

MR KARWOSKI: Right. Once again, here's
just a plot of burst pressure versus bobbin voltage.
This is for 7/8-inch tubing. The burst pressure is
along the Y axis, the bobbin voltage along the X
axi s.

This top curve is the mean curve.
That's the mean for all the data. And I'msorry |
don't have a curve -- | didn't have a curve readily
away available with all the data. But that's the
mean curve. Here's the | ower 95 percent prediction
interval. And this is the curve adjusts the | ower
95 percent prediction interval adjusted for |ower
bound material properties.

And if you ook at this it would say
that an indication on the order of roughly 9 volts,
or 8.8 volts it basically has adequate structure

integrity. It can withstand pressures of 1.4 tines
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the steam ine break pressure, which equates to about
3600 pounds per square inch.

So an 8 volt indication has adequate
integrity at 1.4 times the steanline break pressure.
The repair limt where people plug all our PC
confirmed indications is above 2 volts. So the
repair limt, in and of itself, basically says the
only thing | can leave in service is indications
that are less than two volts. So then the question
is, you know, what it the potential that if I left a
two volt indication in service or any of these
others, what is the potential that it can get up to
the 9 volt range. And, in general, our operating
experience indicates that even with the assunptions
that we nmake on growth rates --

CO CHAI RVAN WALLIS: I'ma bit puzzl ed,
because | think we said that that curve we just saw,
the | eak rate was i ndependent of voltage. But here
you' ve got sonet hing whi ch depends on voltage. How
can you have sonething that depends on voltage when
| eak rate's independent of voltage?

MR KARWOSKI: Because this is am
enpirical correlation. The burst pressure for both
the 3/4-inch and 7/8-inch seens to be well

correlated to the voltage --
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CO CHAI RVAN WALLI'S: Wl l, you see ny

problem And a pretty good correlation is just a
straight line through the mddle of all that data,
flat, no effect with voltage at all. Wuld that
makes these other curves flat down here?

MR. KARWOSKI: If the question is does
this curve --

CO CHAI RVAN WALLI'S: If that straight
i ne had been flat --

MR, KARWOSKI :  Yes.

CO CHAI RVAN WALLI'S: -- instead of going
up like that, would it would have been flat in the
next curve that you just showed us?

MR KARWOSKI: This is some of the sane
data. This is sone of the same. Al of this data --
CO CHAI RMAN WALLI' S:  But your

predictions are based on the nodels. They're not
based on the data. The data gives the nodel, the
nodel gives the predictions. But you don't get the
predictions right fromthese data. You don't get
that curve you just showed us of burst pressure
versus voltage fromthese data.

MR KARWOSKI: Not --

CO CHAI RVAN WALLI'S:  You get it froma

correl ati on based on the data, which is then used --
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MR KARWOSKI: It's enpirical -- this
line is based on this data.

CO CHAI RVAN WALLI'S:  And then you use
t hat plus sone statistics about that line --

MR, KARWOSKI :  No.

CO CHAI RVAN WALLIS: -- to predict this?

MR, KARWOSKI:  No, no, no, no.

CO CHAl RVAN WALLI'S:  No?

MR KARWOSKI: This is --

MS. LUND: Show hi mwhere the first one-

MR. KARWOSKI: The first pressure calls
for square inch.

MEMBER KRESS: It's a separate
correl ation.

CO CHAI RVAN WALLIS: Oh, it's a separate
t hi ng?

MR. KARWOSKI: It's a totally separate -

CO CHAI RVAN WALLI'S: Totally separate.

M5. LUND: Totally separate. Yes.

MR. KARWOSKI: Totally separate. Now,
sone of the data points --

CO CHAI RVAN WALLI'S:  So what went into

there had to be sonmething that tied voltage to wall
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size, or something?

MR. KARWOSKI: To the burst pressure.

CO CHAI RVAN WALLI'S:  \Where does that
cone fron? Do you have another plot of burst
pressure versus voltage?

MR KARWOSKI: Yes. For both 3/4-inch
and 7/8-inch --

CO CHAI RVAN WALLI'S:  That's what's

i mportant then. Wen you showed us this leak rate

t hi ng, how about a plot like that for burst -- wth
dat a?

MR KARWOSKI: | could get it. | just
didn't have a chance. The data is priority. | had

this curve right away avail abl e.

CO CHAI RVAN FORD: To defend Ken, | just
asked him before lunch to cone up these. But just
to reassure us, Ken, there are data that support
t hose trend |ines?

MR, KARWOSKI :  Yes.

CO CHAI RVAN WALLI'S:  So we can forget
about the | eak rate because the only thing that
matters is burst pressure. And you' ve got a better
dat abase for that?

MR KARWOSKI: No. Both are inportant.

W assess what is the probability of burst. W
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assess what the ampbunt of |eakage during steamline
break conditions.

CO CHAI RVAN WALLI S:  Ckay.

MR KARWOSKI: W assess both of them

M5. LUND: | ndependently.

MR KARWOSKI : | ndependent|y.

CO CHAI RVAN WALLI'S:  So you have anot her
plot like this which is in terns of |leak rate? And
t hen you have an acceptability criterion for that?

MR KARWOSKI: This is leak rate.

CO CHAI RVAN WALLI'S:  No, the prediction
This is data correl ation.

MR, KARWOSKI :  Yes.

CO CHAI RVAN WALLIS: What is the
prediction |like the one you just showed us for the
accident leak rate, and why is that conservative?

MR KARWOSKI: This one?

CO CHAI RVAN WALLI'S:  No, with data. Not
just a cartoon. Wth the real --

MR, KARWOSKI: |1'm not sure what you
nmean by dat a.

CO CHAI RVAN WALLIS:  Well, you showed us
burst pressure versus pressure.

MR, KARWOSKI :  Yes.

CO CHAI RVAN WALLI'S:  You said, |ook,
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even if the voltage is so big or 95/95 it's not
going to burst, right?

| f you do sonething for |eak rates, say
here's leak rate versus voltage, here's our
prediction, here's nmy 95/95 -- it's never going to
| eak more than so nuch, therefore it's acceptable.

MR KARWOSKI: The amount of --

CO CHAI RVAN WALLI'S:  You can't just draw
cartoons that says you have a |l eak rate. You' ve got
to put sone nunbers on them

MR KARWOSKI:  Well, the nunbers cone
fromthe plant specific inspections. So each pl ant
once they do their inspections, they'll have a
di stribution of voltage.

CO CHAI RVAN WALLIS: O |eak rates?

MR KARWOSKI: What's that?

CO CHAI RVAN WALLIS: O leak rates.

MEMBER SI EBER:  Not | eak rates.

The only tine a leak rate applies is
after you have the steam ine break. And we have not
steam i ne breaks with defective steam generators.

So there is no data at all.

CO CHAI RVAN WALLI'S:  So when they do all

this and they cal culate the | eakage, is it

acceptable with this 95/95 error?
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MR KARWOSKI :  Yes.

CO CHAI RVAN WALLIS: It is. Soif we
sinply said all |eaks have a thousands per m nute,

t hat woul d be okay, which seens to be the upper
limt of that data there, which is about the 95/95?

MR. KARWOSKI: It woul d depend on the
pl ant specific inspection results and the plant
specific licensing basis. Because the amount of
| eakage that they can tol erate depends on off-site
dose concentrates.

MEMBER SI EBER:  That's right.

MR, KARWOSKI: Okay. GDC 19 Part 100.

MEMBER SI EBER:  Part 100.

MR. KARWOSKI: Okay. Each plant has
it's own specific nunber. Ckay. A lot of plants
have 1 gallons per m nute, but some plants have 10
gal l ons per mnute, 15 gallons per mnute.

CO CHAI RVAN WALLI'S:  So how do we know
that this uncertainty in the leak rate is
accept abl e?

MR, KARWOSKI: The uncertainty? Wat
|"msaying is that when we do the cal cul ati ons, when
we project how nuch | eakage we have associated with
this distribution, the correlation is conservative

because of how we do the testing, what voltages
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we're reporting. That part's conservative. In
addition, we're not |ooking at the nean | eak rate,
we're | ooking at a 95th percentile.

Then we put it into the dose assessnent,
whi ch | understand has a | ot nore conservatisns it
init -- I"mnot -- but there's conservatisns al ong
every step, which is an industry criticism

CO CHAI RVAN FORD:  If | coul d suggest
t hat, you know, obviously we've still got a |ot nore
guestions on this particular item but let's table
themfor the tine being and let's nove on.

Loui se, Ken, thank you very nuch,

i ndeed.

M5. LUND: kay. Thanks.

CO CHAIRVAN FORD: 1'd like to nove on |
think the next topic. Joe, would you like to
i ntroduce it, please?

Thank you. Thank you for putting in
t hose extra bits of information.

And we nove anot her sinple subject.

DR. MUSCARA: We'll be tal king about
mai n steam ine --

CO CHAI RVAN WALLI'S: W are | ooki ng back
at 3.1, sonmething like that.

CO- CHAI RVAN FORD:  Yes, 3. 1.
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CO- CHAI RVAN WALLI'S: |'ve got to get

organi zed. Because | have it organi zed by nunber and
not by what it represents.

DR. MUSCARA: W are addressing the
i ssue of a potential propagation of |arge elenments
inthe line break. And this presentationis in two
parts. The first part sonme hydraulic work that was
done to define the forces on the support plate. And
that was input to a structure integrity analysis,
and that will be the second presentation

So Bill Krotiuk will provide the first
part.

CO CHAI RVAN WALLIS: W heard this the
ot her day in some other context.

MR KROTIUK: | presented it basically
at the TRACE.

CO CHAI RMAN WALLI S:  Right.

MR. KROTI UK:  Yes, a couple of people
weren't there.

MEMBER S| EBER:  Everybody i nportant.

CO CHAI RVAN WALLI'S:  No, it was the
Thermal Hydraulic Subcomrtt ee.

MR, KROTIUK: ['"Il just introduce
nyself. I'mBill Krotiuk. I'min Ofice of

Resear ch
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And what |1'm going to basically discuss
is the generation of the thermal hydraulic forces in
t he steam generator that occur on the tube support
pl ates, basically, and this input would be then
given to the stress analysis to take a | ook at the
effects on the possibility of having sone adverse
cracking effects, ruptures of the tubes thensel ves.

The work was done basically on the
Generic Safety |ssue 188, which was in response to
the action plan itens 3.1a, 3.1b and 3. 1c.

The outline basically is to use the
TRACE code to generate these | oads on the steam
gener at or tube support plates and the tubes
t hensel ves and to performsensitivity studies with
t he codes and nodel paraneters to verify that the
code is appropriate for doing this calculation. And
al so to conpare the predictions to conservative
cal cul ati ons.

Specifically, in order to verify the
TRACE code | did conpare it to a nunber of tests
that were related to this behavior, to this expected
behavi or inside the steam generator. And then
perfornmed the cal cul ati ons thensel ves for a typical
steam generator and conpared it with the

conservative results.
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The verification effort for TRACE --

CO CHAI RVAN WALLIS: I'ma bit puzzled
her e.

MR KROTI UK:  Sure.

CO CHAI RVAN WALLI'S: One of the
i mportant things happening is transient flow through
t hese support plate, whether waves are reflected or
transmtted?

MR KROTI UK:  Correct.

CO CHAI RVAN WALLI'S: And that's not an
easy thing. You' ve got here essentially nmomentum
bal ance of the sudden change of area and sudden
geonmetry. And | noticed in your wite up that TRACE
doesn't include two phase pressure drop correction
for irreversible formlosses. And this is an area
where the kind of nodels that are in TRACE are not
good for sudden changes of area and form | osses and
things |ike that. And yet, this is a key part of
t he phenonena is that at a plate with holes in it,
you' ve got some wave reflected and sone goes
t hr ough.

MR, KROTI UK: That's correct, yes.

CO CHAIRVAN WALLIS: So I'mreally not
sure if you |l ook at the TRACE docunentation or RELAP

docunent ati on - -
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MR KROTI UK: Right.

CO CHAI RVAN WALLI'S:  -- that that
particular situation is nodeled particularly
accurately.

MR KROTI UK: But the key --

CO CHAI RVAN WALLIS: Is this all nodel ed
on sort of a nice type that changes area rather
slowy and --

MR. KROTI UK:  Yes, but the key force
across the tube support plate is the differenti al
pressure --

CO CHAI RMAN WALLI'S:  Right.

MR. KROTIUK: -- fromthe top to the
bott om

CO CHAI RMAN WALLI'S:  Right.

MR. KROTIUK: You see | ater on, |
i ncluded the equation that | used to calculate this
pressure drop or force on the tube support plate.
And it is a function of the | ost coefficient and the
fl ow t hrough the hol es thensel ves.

The | ost coefficient itself was based on
some test data, and | verified that by using sone
i nformation of Idel chik.

CO CHAI RVAN WALLIS: This is just a

singl e phase | ost coefficient?
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MR. KROTIUK: It's a single case |ost

coefficient.

CO CHAI RVAN WALLIS: As long as it's
si ngl e phase, maybe you're okay.

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S:  You do have an
enpirical |ost coefficient.

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: And is that okay
for unsteady flow through these hol es?

MR. KROTIUK: In order to try get the
effects of the unsteady flow, the exact equation
that | used, which I present in a couple of
vi ewgr aphs, do include sonme accel eration effects.

CO CHAI RVAN WALLI'S:  So you have | ooked
at all that?

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI S:  Ckay.

MR, KROTIUK: If I'Il just continue and
"1l show that equation in a nonent.

CO CHAl RMAN WALLI'S:  Sure.

MEMBER RANSOM  Well, | think in their
def ense, that kind of nodel is used even for water
hamrer anal ysis in single phase fluids.

CO CHAI RVAN WALLI'S: Oh, yes. There's an
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area change.

MEMBER RANSOM  But nothing is known
about what the actual process used.

CO CHAI RVMAN WALLIS: But it's a
mul tidi mensi onal flow through --

MEMBER RANSOM  Quasi - st eady.

CO- CHAI RVAN WALLIS: [It's not a one
di nensi onal thing and so on.

MR KROTI UK:  Ckay.

CO CHAI RVAN WALLI'S: | think what saves
you i s the huge area change between the pipe and the
steam generator. That really is what extenuates the
wave.

DR MJSCARA: There is a lot of
entunuation to that, yes.

CO CHAl RMAN WALLIS: Alnpst all of, in
fact. Yes.

MR KROTIUK: The verification effort
that | started -- the verification effort included
the effects of acoustic wave transm ssion. And, of
course, it also included the transient flow
phenonena and sone pool swell effects.

CO CHAl RVAN WALLI'S:  Now, |'msorry.
Just to get the picture.

MR KROTI UK: Right.
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CO CHAI RVAN WALLI'S:  You conpared it

with some of experinents the LOFT and Edwards and so
on, which are very sinple geonmetry of pipes with
vessels. This is a thing with tubes and support
plates init.

MR KROTIUK: Right.

CO CHAI RVAN WALLIS: And | don't know if
we have a dat abase for how transient effects go
t hrough that kind of a geonetry.

MR KROTIUK: | have four sets of data.
Let me just go to the --

CO CHAI RVAN WALLI'S: Ckay. So you do
have data that | ooks sonething |like the rea
geonmetry?

MR KROTIUK: Yes. | have data for
somet hing that | ooks |like the real geonetry.

CO CHAI RVAN WALLI'S:  Ckay. Thank you.

MR. KROTIUK: And it happens to be a
St eam gener at or

CO CHAI RMAN WALLI'S:  That's good.

That's nice. Real data and a real steam generator?

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S:  Good. Wonderful .

MR KROTIUK: Well, not a -- well, .8

si ze.
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CO CHAI RVAN WALLIS: Well, that's pretty

cl ose.

MR KROTI UK:  Yes.

The first two experinents that | | ooked
at were the typical Edwards bl owdown experi nment.
And | didn't include the specific conparisons here,
but 1'1l just discuss the results versus the
predi ctions.

It's basically a subcool ed wat er
depressurization. And basically | was able to
predict the results for pressure, tenperature and
void fracture because those were nmeasurenents. And
basically it was a pipe with a rupture. And one
thing | did find is that the node size had to be
about equal to the pipe dianeter.

CO CHAI RVAN WALLI'S: Ckay. If you | ook
at the Edwards data, what you predict is very good
after the initial transient. It starts at 7
nmegapascal s and goes down very rapidly. There nust
be acoustic waves in the water al one before you get
any two phase effects.

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: And then you get a
two phased transient, which you nodel ed very well.

MR. KROTIUK: That's right. Right.
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CO CHAI RVAN WALLI'S: But the initial

transi ent where you' ve got a water hamrer type wave
in the water alone is not nodeled at all well. |
don't think you ever try to. And yet that is where
you get sone of the big transient --

MR KROTIUK: Two comments | have on
that. One is that the LOFT test addresses that. But
| remenber the last tine | presented this at the
TRACE, when we TRACE code, | did | ook at that
specifically. And basically what happened is, is
when | plotted up the data and you had seen the
results, | didn't have a cl ose enough, a snal
enough pot frequency to show that information.

| did do a conparison of that and it was
adequate. It didn't do a great job.

CO CHAIRVAN WALLIS: So it |leaps down to
saturation al nost at once?

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: But not quite
al nost at once?

MR KROTIUK: Not quite, yes.

CO CHAI RVAN WALLI'S:  And the question
is, is there sone transient in that first
mllisecond that you have to worry about?

VMR KROTI UK: It is that the Edwards
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problemwas so small that | think that that's not a
really good problemto | ook at --

CO- CHAI RVAN WALLI'S:  |I'm not even sure
that they had the instrumentation to neasure that?

MR KROTI UK: Yes. Right.

| think really to | ook at the acoustic
effects you' d have to | ook at the next one, which is
the LOFT senmiscale test. That one really produces
the --

CO CHAI RVAN WALLI'S: And that's all
subcool ed?

MR KROTIUK: That's all subcool ed.

CO CHAI RVAN WALLI'S:  Never boils at all?

MEMBER RANSOM There was pretty good
data fromthe Edwards pipe blowdown. | think wasn't
it 8 neters | ong?

MR KROTIUK: It is --

MEMBER RANSOM  And it's about 5
mlliseconds for the wave to reach --

MR, KROTIUK: It's 4 nmeters |ong.

MEMBER RANSOM  Four neters |ong?

MR. KROTIUK: Right. And it's about 2.8
inches in dianeter.

MEMBER RANSOM Ri ght. But the pressure

data was pretty good at the backend of the pipe.
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You know, there was a period where you could see the
heat pressurization wave arrive.

MR, KROTI UK:  Yes.

MEMBER RANSOM  And | woul d think the
code woul d do a reasonable job of predicting that
time.

MR KROTIUK: In fact, I'Il throwthis
up.

CO CHAI RVAN WALLI'S:  Yes, you shoul d
show sone fi gures.

MR KROTIUK: | didn't include it, but
"1l include it.

This was at 1.5 neters of the close
down. And what you see here is the test data --

CO CHAI RVAN WALLIS:  Well, it |eaps down
to saturation essentially and then falls off from
t here.

MEMBER RANSOM And | think the tine
you're tal king about is very near the first 5
m | |iseconds.

CO CHAI RVAN WALLIS: Right. That's
right.

MR KROTIUK: The tinme -- the acoustics
stuff is really right here.

MEMBER RANSOM That's right.
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CO CHAI RVAN WALLI'S: But if you let down

and then up again, there were sonme oscillations in
there that could presumably --

MR KROTIUK: Actually, when I plotted
it up there was actually just one oscillation --

CO CHAI RVAN WALLI'S:  There is sonething
in there, right.

MR KROTIUK: -- that it showed, no nore
t han t hat.

CO CHAI RVAN WALLI'S: Since it's pressure
di fferences we're concerned about, those pressure
fluctuations could | oad sonet hing.

MR. KROTI UK: Yes. But, again, | think
for the acoustic effects I'd prefer to | ook at the
raw test rather than these.

CO CHAI RVAN WALLI S:  Ckay.

MEMBER RANSOM Wl |, if you want to
| ook at the acoustic effect in water, | mean it did
correspond to the 1,000 neters a second and
transm ssion through water at the tinme that the
pressure -- or depressurization arrived at the
backend of the pipe. So you have to | ook in detail
at that early time. And | think the codes do a
reasonabl e job of that, provided you restrict the

time step.
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MR KROTIUK: Right. That's one of the

reasons when | was doing all these studies | was

| ooki ng at nunerical schenmes and time subsizing
also. And that was an inportant finding. In other
wor ds, what kind of nunerical schenme and accuracy do
you need for that --

CO CHAI RVAN WALLI'S: Well, the pressure
is predicted very well. The void fraction is not
particul arly good, but presumably that's because
it's a saturation and it doesn't really matter too
much.

MR. KROTIUK:  Well, the void fraction in
my mind really is not too bad, because it's very
hard to neasure void fraction anyway from
experinmental data. |It's follow ng the basic trends.

Since we're tal king about, to show you
the data, | will throw up the LOFT data. And let ne
maybe go back one on this one.

The LOFT data that | got these
predictions on is basically a tank. The rupture was
up in this area here. And there were pressure
nmeasurenments here and pressure measurenents here.

| conpared the trace predictions to test
data and al so conmpared it to a nethod of

characteristic calculation, which is really nore
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appropriate or the best nmethod of doing the acoustic
phenonena, water --type of things.

And, as you can see, what | did is I
| ooked at different nunerical schenes and tried to
| ook at that effects.

CO CHAI RVAN WALLI'S:  Now, this
experinment, it took ne sonme tinme to figure out what
was happening. But there's an orifice, one inch
di aneter --

MR KROTIUK: Right.

CO CHAI RVAN WALLI'S:  And the pipe size
is 416th-inch. So alnost all of the pressure drop
is taken right across that orifice, isn't it?

You' re not inposing a sudden depressurization of the
pi pe, because it's the orifice?

MR KROTIUK: But there is a
depressuri zation.

CO CHAI RVAN WALLI'S:  There is sone.

MR KROTIUK: There is sone
depressurization. But the inportant thing is that
what you're doing is that when they give you
depressuri zati on wave traveling back here, it's
going to travel back in this direction, and it's
going to reach this here and you're going to get

reflections. Transmnm ssions and refl ections, and
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that's the inportant thing that you want to be able
to predict.

CO CHAI RVAN WALLIS: But it's a snall
fraction of the total pressure on this wave.

Because if you had opened the whol e pi pe instead of
the orifice, you ve had a nmuch bi gger wave?

MR KROTIUK: Yes. Yes, you're right.
But, you know, | think this problemwas --

CO CHAI RVAN WALLIS: I'msorry. | said
t hat because a steam ine break you actually break
the whole pipe. It's not as if you have a little
hole init which is that's what you've got here.

MR KROTIUK: Right.

CO CHAI RVAN WALLIS: And it m ght be
that sonething is different when you have these very
big wave rather than just this little acoustic type
of wave that you have here. That's why | brought it
up.

I f you wanted to sinul ate breaking the
pi pe, you' d break the pipe and not just have a
little hole in it at the end.

MR, KROTIUK: Well, two things. One is
that | wanted to by conparisons with this experinment
be able to show that the code was able to follow the

acousti c waves, and then when you're tal king about
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the |arge breaks I think that they would be nore
appropriate to conpare those with the next two
experiments, which are really full pipe breaks.

MEMBER RANSOM  Well, | think too you're
using the code primarily to nodel what goes on
i nside the steam generator and there you' ve got a
| ot of equipnent |ike separators that are not
nodel ed very wel |l anyway, you know. And so there
are sinmply losses within the steam generator, rather
torturous paths that the acoustic wave actually goes
through. So this has got to be regarded as, nore or
| ess, an average type of nodel of that process.

MR KROTIUK: Yes. | think the main
thing that the codes will do, and this is true
either of the nmethod characteristics or the TRACE or
RELAP5 type codes is that it's going to -- it'll be
effected by the area changes, you know.

MEMBER RANSOM  Tr ue.

MR KROTIUK: That's nore than the | ost
coefficient here. It's the area changes that --

MEMBER RANSOM What | was getting at is
there are al so torturous passages that you sinply
can't nodel and so you just have to lunp that in as
a loss and just transmt it through that.

MR KROTIUK: That's correct. Yes.
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CO CHAI RVAN WALLI'S:  Wiich one is P1?

MR. KROTI UK: Ckay. Pl is --

CO CHAI RVAN WALLI'S:  The one doesn't
change very nuch?

MR, KROTIUK: | nean, | just choose that
point. There was data, you know -- | do have Pl and
| do have P2.

CO CHAI RVAN WALLI'S: Wiy does your
presentation not have the data init? | mean,
you're very good at these transparency. | w sh your
handout had sonething |i ke that, because without it,
it's all words.

MR. KROTI UK: Yes. GCkay. | was trying
tolimt the length of the duration.

CO CHAI RVAN WALLI'S: The Committee is
nore -- nore satisfied to see figure like this than
it istoread a lot of words.

MR. KROTI UK: Ckay. | could give you
these. 1It's not a problem

CO CHAIRVAN FORD: We'd really
appreci ate that.

MR, KROTI UK: Yes. kay. You can have
these right after I finish with them

MEMBER RANSOM Well, | think all the

plots are in your report that was --
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MR KROTIUK: The plots are in the

report. In fact, there is nore plots than --
shoul d say that, yes, all the plots are in the
report.

CO CHAI RVAN WALLI'S:  Now which is the
one which is Iike a steamgenerator? |Is that the
West i nghouse?

MR KROTI UK: The Westinghouse, right.

CO CHAI RVAN WALLI'S: Is that in your
report?

MR KROTIUK: Ch, that one is not in the
report, because that was a separate report that was
given to nme because the GE vessel blowdown test and
t he Westi nghouse steam generator testing was done by
ISL. So that was not in that report. Sinply it
wasn't conpleted when | did that. It is conpleted
NOw.

CO CHAI RVAN WALLIS:  Well, this is much
nore convincing. You have sone internal structure
and you can show that you do it right. 1Is this
proprietary stuff?

MR KROTIUK: No, it's not proprietary.
There is a NUREG that will be conpleted that wll
i ncl ude that data.

CO CHAI RVAN WALLIS: | think that would
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be very hel pf ul

MR, KROTIUK: [It's just not rel eased
yet.

CO CHAI RVMAN WALLI'S: One of ny coments
was, you know, that Edwards and LOFT, these are
relatively sinple experinents and so you' d expect to
do it right. But when you've got sonething with
internal structure like a steam generator, there are
real questions about whether or not you get a 84
percent of this wave transmtted and things |ike
t hat .

MR KROTIUK: Yes. But | could either
gi ve you a copies of those reports, which is not a
problem | don't know what your time frame is.

CO CHAI RVAN WALLIS:  well, if we're not
going to reach a conclusion yet, then you can give
us nore evi dence.

MR KROTIUK: Right. OGCkay.

CO CHAI RVAN WALLI'S: Do you have
sonmething to show us of data fromthese better
tests?

MR. KROTI UK: Ckay. | could show you,
agai n, viewgraphs that | have here that weren't in
t he ori gi nal

CO CHAI RVAN WALLI S: These are tests
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with actual internal structures?

MR. KROTI UK: They are two vessel
bl owndown tests. And these were just vessels. There
was no internal structures on this one.

CO CHAI RVAN WALLI'S: That's different.
Di d Westinghouse have internal structures?

MR, KROTI UK:  Yes.

CO CHAI RVAN WALLIS: That's the one I'm
interested in.

MR KROTI UK:  Ckay.

CO CHAl RVMAN WALLIS: W have tine, M.
Chai rman, to | ook at sone real data from sonething
i ke a steam generator?

CO- CHAI RVAN FORD:  Absol utely.

MR KROTI UK:  Ckay.

CO CHAI RVAN WALLIS: So this is
sonething that's |like a steam generator?

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: And what happens
there, it's going to be much nore |ike what happens
in a main steanline break than any idealized sinple
t ask.

MR KROTIUK: This is a scal ed
West i nghouse nodel of a steam generator.

CO CHAI RVAN WALLIS:  Yes. And they
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break a pi pe somewhere? Ckay. So the physica
nodel, we just assunme it's sonething |ike a steam
generator and they break a pipe?

MR KROTIUK: Right.

CO CHAI RMAN WALLI'S:  That's good.

MR KROTI UK:  And we | ooked at two
tests, because they were the best data that we had
and what we thought was typical of what we were
| ooki ng at.

MEMBER RANSOM |Is this a nodel of a
steam generator or full scale?

MEMBER SI EBER:  It's a nodel.

MR KROTIUK: It's a nodel. Yes.

MEMBER RANSOM  Subscal e, | guess?

MR KROTIUK: Yes. And renenber the
size --

CO CHAI RVAN WALLI'S: But it has
internals which --

MR KROTI UK  Excuse ne?

CO CHAI RVAN WALLIS: It has internals
whi ch have the sanme sort of area of holes and
everyt hi ng.

MR. KROTI UK: Yes. I'll show you this.

CO CHAI RVAN WALLI'S:  Ckay.

MR KROTIUK: This was --
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CO- CHAl RVAN WALLIS: It has fewer tubes,

but this sort --

MR KROTIUK: It has fewer tubes, but it
does have tube support pl ates.

CO CHAI RVAN WALLI'S:  And the holes, the
t ube supports have holes in themwhich are typical
of -- nmobst of the space is holes, isn't it? It's
either holes for the tubes or holes for the fl uid.

MR KROTIUK: Well, there's holes for
t he tubes and holes --

CO CHAI RVAN WALLI'S:  There's not rmnuch
left for the nmetal. It's a pretty perforated piece
of --

MR. KROTIUK: It's perforated. And so
in these tests there were pressure measurenents
basi cal |y i nvol ved.

CO CHAI RVAN WALLI'S: Good. Differenti al
pressures across the plates and everything?

MR KROTIUK: Right.

CO CHAI RVAN WALLIS:  That's a mnuch
better test.

MR. KROTI UK: Sone of the pressure
nmeasurenments points were away fromthe plates, so
there is sone --

CO CHAI RVAN WALLIS:  Yes. And what's
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bei ng shown on the left there?

MR KROTIUK: Ch, these are sone
compari sons here between code predications and data
is in green.

CO CHAI RVAN WALLI'S: What's the
differential pressure across?

MR. KROTI UK:  Thi s one happens to be two
to three, so it shows a point --

CO CHAI RVMAN WALLIS: So it's the
pressure drop across the plate?

MR. KROTI UK: Across this plate here.

CO CHAI RVAN WALLIS:  And it's not
predicated all that well in tine, but the anplitudes
and things -- in fact, it goes down so the load is
decreasing as the wave goes by?

MR. KROTI UK: This one happens to the
bottom one, yes.

And then this is between 6 and 7, which
is across the tubes --

CO CHAI RVAN WALLI'S:  And what happens at
times 60, there's sort of a vertical green line
t hat - -

MR. KROTI UK: They started their
transient right there. So that's when the break the

current.

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

267

CO- CHAl RMAN WALLIS: So there isn't an

initial blow --

MR KROTI UK:  Surge.

CO- CHAl RMAN WALLI'S: There's initial

surge or sonething there?

MR KROTI UK: Over here?

CO CHAI RVAN WALLI'S:  Very short quick

| oad at the beginning.

MR KROTI UK: Right.

CO- CHAI RVAN WALLI S: Isn't that what we

were tal king about earlier? Sonething that happens

very early on.

MR. KROTI UK: Yes. That's the inportant

| oadi ng --

CO CHAI RVAN WALLI'S: R ght, that sudden

one. Right. You should blow that up, because the

rest of it isn't so inportant.

|s there sone detail of that?

MR KROTIUK: | don't have the details -

CO CHAl RVAN WALLIS: W're interested in

mllisecond or sonething, aren't we --

MEMBER SI EBER: That's right.

MR. KROTI UK: Right. You're right.

CO CHAI RVAN WALLI'S:  The question is did

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

268

you predict that right. There's really data in that
blip or the data not -- was the system not designed
to take data over a short period of tine?

MR KROTIUK: It's really not designed
to take data.

CO CHAI RVAN WALLIS: So it really isn't
testing these acoustic type waves? It doesn't add
transducers with any response tine?

MR KROTI UK:  No.

CO CHAI RVAN WALLIS: So is it a good
test of that initial transient?

MR KROTIUK: This is the test that we
had.

CO CHAI RVAN WALLIS: But is it a good
test of what you're interested in, that initial
transient?

MR. KROTIUK: It'lIl give you sone

feeling.

CO CHAI RVAN WALLIS: Ah. Is it a good
feeling?

No, seriously, the load -- fracture
pressure, it looks as if it goes to -- | don't know

-- 1.7 or somnet hing.
MR, KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: | cannot really
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tell because that green lines goes up. |Isn't that
the blip you' re interested it? That blinp that goes
up to 1.7 at 60 seconds?

MR KROTIUK: Yes, that's the blip
you're interested in.

CO CHAI RVAN WALLIS: But that's not
somet hi ng they were capable of recording with their
i nstrumentation?

MR KROTIUK: The way | understood their
instrumentation was not really fine enough to really
gi ve those readings. But it gives us a feeling of
what it is.

CO CHAI RVAN WALLIS: | don't know if it
does give nme feeling, because that initial transient
may be governed by different phenonena than the
|ater one. It's a very short tinme scale. And then
there's that kind of relaxation at the system
thereafter. | think it's a very nice test, but it
woul d be very good if they had transducers that had
a qui ck response so we coul d see.

And if you have a big loading for a
short time, it's like water hammer. You're not
really too concerned about it, because it's the
i mpul se you're interested in.

MR KROTI UK:  Yes.
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CO CHAI RVAN WALLI'S:  Not the integrated

| oad or the tine.

MR KROTIUK: You're right.

CO CHAI RVAN WALLI'S: So a neasure of
peak pressure isn't necessarily the right neasure.

MEMBER S| EBER: But these pressure
pul ses either by analyses or tests are very snall
conmpared to the overall stiffness of the structure,
right? They result in mnuscul e displacenents.

MR. KROTI UK: Basically that's the
effect that you | ook at.

MEMBER SI EBER:  So if you -- factor of
100 percent --

MR KROTIUK: This is the duration right
here. It's dynamc |oad factor type thing.

MEMBER SI EBER  Yes.

MEMBER RANSOM Wl |, anot her factor
what were the initial conditions? Was this boiling
so it was two phase to begin with or was it actually
maybe even subcool ed water to start out with? That
woul d nmake a lot of difference to the --

MR KROTIUK: | don't renenber that
specifically.

MEMBER RANSOM  Yes. But that would

make -- the real case, of course, boiling is taking
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place and so it's a spongy sort of mxture of a two
phase system at a tenuated --

MEMBER SI EBER: Yes, it's even mlder.

MEMBER RANSOM  Pardon?

MEMBER SI EBER: The transient's even
m | der if you have boiling.

MEMBER RANSOM  Sure.

CO CHAI RVAN FORD: Is there physically a
reason why that is not pulse if it's real, is
confined to the top U bend region? That it's likely
to be less cracks?

MR, KROTI UK:  Well, what's --

CO CHAI RVAN FORD: | don't know. Answer
my questi on.

MR KROTI UK: What you'll see is that
because the break is occurring -- because the break
is occurring up here --

CO CHAl RVAN FORD:  Yes.

MR KROTIUK: -- and the tubes are here

CO CHAI RVAN FORD: R ght .

MR. KROTI UK: -- the highest forces are
in the top and then they decrease as you go down.

CO CHAI RVMAN FORD: (Okay. So that's --

MR. KROTI UK: That's just for exanples
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of .

CO CHAIRVAN FORD: --in the first two or
t hree tube support plates in the hot leg, we're
likely to have cracks. The Qp is smaller than
anywhere el se.

MR KROTI UK: Yes, the ones on the
bottomright here. In fact, when | was doing the
calculations | actually saw that possibly on the
| owest two support plate you could actually get a
downward force instead of an upward force because --

CO CHAI RVAN FORD:  Ckay.

MR KROTIUK: -- the travel of the
acoustic waves down the feedwater side, you know
So you do get sone bal anci ng that way.

CO CHAI RVAN WALLI'S:  So we have here a
sort of a verification of the later part of the
transi ent where you get two phase effects and full
swell and stuff.

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: But we don't really
have a good verification of the initial spike
because it wasn't recorded?

MR. KROTI UK: For this test, yes. And
that's one of the reason why I was | ooking at the

LOFT, because I"'mtrying to follow the acoustic
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waves in that, in that test and conpare it to --

CO CHAI RVAN WALLI'S: Wl l, actually,
even if the spi ke had been nmuch bigger in altitude,
it doesn't |ast very |ong.

MR KROTI UK:  Yes.

MEMBER RANSOM  Well, the inertia --

CO CHAI RVAN WALLI'S:  \When you have a
pressure if 100 psi for a mllisecond, it's not
going to nove very much.

MEMBER RANSOM  VWhat was that first
mar k? Were those pressure ratios or were they
actual pressures?

MR KROTIUK: This one?

MEMBER RANSOM  That first -- yes.

MEMBER SI EBER:.  Actual PSID.

MR. KROTIUK: This is PSIDs.

DR KUPPERVAN: Differentials.

MR KROTIUK: Differentials.

MEMBER RANSOM  Ch, differential
pressure?

MR KROTI UK:  Yes.

MEMBER RANSOM  Op.

MEMBER SI EBER:  Across each --

CO CHAI RVAN WALLIS: So, in fact, it's

not a very good prediction of the green curve with

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

274

the data and the top curve, that sort of valid phase
and it's going up when the other one's going down
and so on. But it shows that you don't get |arge
anpl i tudes.

MEMBER SI EBER:  Right. However, one of
t he bigger questions is if you have tubes that are
lofting to the tube support plate, you start getting
t hese spi kes, what does it do to the tube?

MR KROTIUK: That's the next part.

DR MJSCARA: That's the next part.
You' |l get there.

MEMBER SIEBER: | can hardly wait.

MR KROTI UK: Ckay. For the specific
study, what | did is that | nodel ed the Westinghouse
nodel 51 steam generator because | had a report that
was done by Westinghouse using the -- and RELAPS
codes for doing simlar type of cal culations, and |
wanted to nmake conparisons with that.

CO CHAI RVAN WALLI'S:  So you had an i nput

deck?

MR. KROTI UK:  No, not input deck.

CO CHAI RVAN WALLI'S:  You didn't?

MR KROTIUK: | did not have an input
deck. | just had description of the nodel.

And | | ooked --
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MEMBER SIEBER: |s that the one call ed

sensitive study? You have one that we don't have?

MR KROTI UK:  You shoul d have.

MEMBER SI EBER: | have your report.

MR KROTIUK: It's in ny report.

MEMBER SI EBER:  Ckay. | have the
Westi nghouse results in ny report, but it references
t he Westi nghouse report.

Looked at hot standby and 100 percent
power conditions and 100 power conditions and | ooked
at two steamline break and one feedwater break.

Okay. The nodel that | devel oped | ooked
like this. And as | said, |I did devel op the nodel
And it included basically different volunmes, and it
i ncluded two support plates, it included areas at
the top of the steam generator, and al so the
feedwater area com ng -- around and through the
center. And it did include a primary system for heat
transfer going through the tubes to the central area
in the steamgenerator, fromthe primary to the
secondary si de.

CO CHAI RVAN WALLIS: So, tell nme nore
about what's in the steamgenerator. There's a
boiling m xture --

MR, KROTI UK: There's a boiling mxture.
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CO CHAl RMAN WALLI'S: And then there's a

steamregion at the top. So the wave cones in
t hr ough steanf?

MR. KROTI UK:  The wave cones in through
st eam

CO CHAI RVAN WALLIS: So it's all single
phase not to be reasonably easy to predict?

MR, KROTIUK: In that part, yes.

CO CHAI RVAN WALLIS: At the top? Right.

MEMBER RANSOM  Wel |, there are two
paths. The downconer path.

MR KROTI UK:  Yes.

MEMBER RANSOM  Whi ch presunmably woul d -
- the wave reached the bottomfirst through that one
since that one is full of subcool ed water.

MR. KROTI UK:  Down this way, right.

MEMBER RANSOM Right. Because it's
open to the steanline also.

MR, KROTI UK: This way because there is
a depressurization tube down the center.

MEMBER RANSOM  Ri ght.

MR. KROTI UK:  And what you do is that it
has to be a bal ance between the two depressurization
waves.

MEMBER RANSOM  Ri ght .
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CO CHAI RVAN WALLI'S: It actually goes

first fastest through the netal.

MEMBER RANSOM Wl |, it goes through
the netal, too, yes.

MEMBER SI EBER:  Well, you're going to
get a circulation in there during bl owdown.

MR KROTIUK: | think in the long term
we would get a circulation. But | think in the tinme
franme that | | ooked at the forces were occurring in
such a short tine frame that --

MEMBER SIEBER: It's subcooled on the
out si de.

MR. KROTI UK: This was the equation that
| used to calculate the force of the tube support
plate itself. And it was Op. And it included the
frictional |oss which was a function of the
irreversible loss coefficient plus | included
gravity heads and accel eration terns.

It turned out that the gravity head,
acceleration terms were really mnor conpared to the
frictional loss but | wanted to include it for
conpl et eness.

CO CHAI RVAN WALLI'S:  Well, acceleration
is small?

MR KROTI UK:  Yes.
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CO- CHAI RVAN WALLIS: Oh, that's on the

| oading. But in the wave transm ssion accel eration
is the whole thing, isn't it?

MR KROTIUK: Yes, but this is for the
| oadi ng on the two support plate.

CO- CHAI RVAN WALLI'S:  So you're not
presenting your equation of notion of the fluid?

MR KROTIUK: No, this is the force on
t he tube support plate.

CO CHAI RVAN WALLI'S: Again, there is
sonething simlar for the actual fluid going through
t he hol es.

MR KROTIUK: Right.

CO CHAI RVAN WALLI'S:  Wich isn't the
subj ect of sone uncertainties.

MR KROTIUK: Right.

MEMBER RANSOM Wl |, actually those
last two terns are the acceleration of the fluid in
the hole, right?

MR. KROTI UK: They the accel eration of
the fluid in the hole --

MEMBER RANSOM Right. Kind of finite
di f ference approxi mation to that, yes.

MR, KROTIUK: [It's just within the QT

using the OT that was in the code. But it's smal
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conpared to -- the main termwas the frictional |oss
coefficient.

MEMBER RANSOM K, the irreversible
| 0ss? Yes.

CO CHAI RVAN WALLIS: So the main
difference -- the main pressure drop through the
hole is just sinply the flow, the steady state fl ow
| oss because you're squirting fluid through the
hol e?

MR KROTIUK: That's right.

CO CHAI RVAN WALLI'S:  That's interesting,
because with just sort of water hanmer cal cul ations
you usually throw away the friction and you say wel
let's do inertia by itself.

MR, KROTI UK: Yes, but --

CO CHAI RMAN WALLI'S:  That's everything,
that's the whole story. Then you put in sone
friction and see if it nmakes a difference?

MR. KROTI UK:  You're absolutely right.
Because if you have pipe that forces the
acceleration termif you have a straight |ength of
pi pe between two bends, the maxi mumforce is the
acceleration term Right.

MEMBER RANSOM  Actual ly, this under

dynam ¢ conditions you have to be careful. Because,
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| mean, really the velocity through the holes is
being driven by the Gp. And the Op is governed by
t he depressurization wave that's going through the
thing. So in reality the Op's could be nmuch | arger
than that, but only for an instant. You know, as

t he acoustic wave passes through the plates.

MR KROTIUK: Ckay. This is a
conparison of the forces on the tube support plates.
Tube support 7 is on top, which is plate 1 is on the
bottom And it is the forces cal cul ated by TRACE
t he RELAP5 nodel and nodel which were done by
West i nghouse.

CO CHAI RVAN WALLI'S: Now are these the
forces in that little spike we tal ked about earlier?

MR KROTI UK: Yes. These are the forces
inthe little spike.

CO CHAI RVAN WALLI'S: So there's no data
to conpare with any of this? There's no data for
transient forces on perforated plates to conpare
with this?

MR. KROTI UK: Not that | --

CO CHAI RVAN WALLIS: That's a real hole
in the data. There's no data for that initial type
spi ke for --

MR. KROTI UK: But, again, that's why I
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was | ooki ng at the acoustic phenonmena with the --

CO CHAI RVAN WALLI'S:  And then |
understand |l ater on you had a hand cal cul ati on of
which it was all acoustics?

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S:  Then you were
throwi ng out the formloss, which seened to be the
rest of the --

MR KROTIUK: Well, let's get to that.

This is just the conparisons of the
forces calculated for the different conditions the
100 percent power and the hot standby conditions for
the different break sizes, the steanline break and
the feedwater |line break. And what it does showis
that the |arge main steanline break, the 4.6 foot
squared break does give the highest | oadings on the
top tube support plate.

CO CHAI RVMAN WALLI'S:  How | ong do these
| ast for, these |oading?

MR. KROTI UK: That's the next figure.
"1l just show you.

CO CHAI RVAN WALLIS: Oh, they last quite
along tinme?

MR KROTI UK: Just one second.

CO CHAI RVAN WALLIS: So they can't be
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acoustic. That's it's the friction. They establish
a flow through.

MR KROTIUK: Well, it's a conbination.

CO CHAI RMAN WALLI'S: Once the wave goes
t hr ough, you establish a flow It then becones
essentially steady fl ow.

MR. KROTI UK: Yes. But it's close enough
that they both have a conmponent in there.

CO CHAl RVAN WALLI S:  Yes.

MR KROTIUK: And then | did do a
conservative bounding calculation. And then is,
i ke you were saying, it's conpletely foll ow ng an
acoustic wave starting at the pipe rate, traveling
t hrough the central part of the steam generator and
al so going on the outside of the feedwater annul ar
area. And basically | used just the Mody
met hodol ogy just to come up with the initial value
for the depressurization wave. Follow that through
geonetry. | |looked at the drawings. | got draw ngs
and | ooked at the geonetry changes and tried to
figure out how nuch would be transmtted and how
much woul d be reflected.

And then followed it to the first top
two support plate. And then had a reflection and a

transm ssion through that tube support plate and
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t hen down to the second one, |owest one, and so on

CO- CHAI RVAN WALLI'S:  And the huge
attenuation is going for the steamine to the
vessel. And it's a huge area ratios; that's what
does the trenmendous attenuation from --

MR KROTIUK: Right. Yes. Right.

But the next |argest attenuation
actually, was at the tube support plates thenselves
because of such a small area across the --

CO CHAI RVAN WALLI'S:  You said 84 percent
of the weight went through. That's because there's a
big hole in the plate.

MR KROTI UK:  Yes.

CO CHAI RVAN WALLI'S: | was surprised so
much wave went through.

MR. KROTI UK: Yes, but that's just a
functi on of areas.

CO CHAI RVAN WALLI'S:  Yes, but there's a
| ot of open area there. That's why it goes through

So what sort of nunbers for pressures
are they worried about that would effect these
plates? |s there a problemthat extend psi or a
five or a 1007

MR KROTIUK: He's present that, go

t hrough t hat.
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CO CHAI RVAN WALLIS: He's going to

present that.

MR KROTIUK: Basically the valleys that
were cal cul ated using a hand cal cul ati on were of the
sane order of magnitude that were cal cul ated by
TRACE. | can't differentiate in a hand cal cul ation
bet ween 100 percent power in the hot standby case,
but these results are probably closer to the hot
st andby case.

CO CHAI RVAN FORD: Wen you say boundi ng
cal cul ati ons?

MR. KROTI UK: That's my hand
calculation, that's why I'mcalling it a bounding
cal cul ati on.

CO CHAI RVAN FORD: It doesn't mean worse
case cal culations? Bounding to ne neans this is the
worst it could possibly be. | was about to ask you
t he question well what physically is making it the
wor st possi bl e?

MR, KROTI UK: Yes. | guess maybe in ny -
- and ny term nol ogy nmay have been wrong. [It's the
best calculation that I could do using --

CO CHAI RVAN WALLIS: It's probably
wor st, because RELAP predicts something bigger.

CO CHAIRVAN FORD: Is it just a nodeling
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artifact that RELAP is bigger than the others or --
can you give ne a feeling for physically? How nuch
error could we have here? Could it be 18? Could it
be 20 psi?

MR KROTIUK: | think this is the order
of magni tude. You know, probably 10 psi, 12 psi,
sonet hing of that nature.

CO CHAIRVAN FORD: So it's unkind to say
it, but suppose the designer of the Chall enger said
"l thought that this is the worst case scenario,"”
but he was wrong.

MR KROTIUK: 1've been there. |'ve
wor ked for the aerospace industry, too. So |'ve
been there.

CO CHAI RVAN FORD:  Well, that's great.
| mean, there's a feeling when you say you think it
that it couldn't possibly be 20 PSI. You have a
factor of 4 between two |lots of --

MR KROTIUK: | think the hand
cal cul ation or what | called the boundi ng
calculation, if you want, at |east gave us a good
order of magnitude. So we know t he order of
magni tude of -- whether it's -- | can't envision
that cal culation com ng up with something that woul d

be nore than a factor of two different, you know
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than reality. So | think the nost that | would
really think would really be sonething |ike, you
know- -

CO CHAI RVAN WALLIS: It is kind of
bounding. | nean, it is reversible, it assumes no
| osses and stuff. So | think it would be
appl i cabl e.

CO CHAIRVAN FORD: Ckay. So it's a
physi cal reason --

MR KROTIUK: But | mean, there could be
sone problems with the two. | wouldn't -- | just
woul dn't say that it's nore than |ike 18 psi, you
know.

CO CHAI RVAN WALLIS: | think it's
interesting. H s tran flowis a lot smaller. |Is
that a Westi nghouse code?

MR. KROTI UK: That's a Westinghouse
code.

CO CHAI RVAN WALLI'S:  |Is that an approved
code for use?

MR KROTI UK: That was the code that
they originally used for the calculation and --

CO CHAI RVAN WALLIS: Did the NRC approve

MR KROTI UK:  No.

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

287
CO CHAI RVAN WALLI'S:  Because you m ght

be in trouble at NRC to prove tran flow and it was
in the regulations that it was okay to use it, and
here it --

MR KROTI UK: The docunentation that |
read basically, and this was a nunber of years ago,
the NRC asked themto redo the calculation with
RELAPS.

MEMBER RANSOM Incidentally, when you
gi ve the Mody cal cul ation, did you use the speed of
sound - -

MR, KROTI UK: Excuse me. Let just go to
nmy notes here.

CO CHAI RVAN WALLI'S: Did you honogenous-

MR. KROTI UK: Ckay. | used the speed of
sound in steam and the water that was appropriate
for where it was, but | also nodified the speed of
sound to take into account, not giving the
honobgeneous val ue, but | have curves that gives a --
| did work a nunber of years ago that shows that the
speed of sound in a two phase m xture, it actually
for high void fracture, is actually very, very cl ose
to the steam

MEMBER RANSOM  Ri ght .
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MR KROTI UK:  Yes.

MEMBER RANSOM  You probably used the
frozen speed of sound rather than equilibrium sound?

MR KROTIUK: Actually, it wasn't even
the frozen, what | would say the frozen. Because
had done this nmany years ago, they had big curves
conparing it with test data. That actually had sone
test measurenents.

CO CHAI RVAN WALLI' S: Because the
honbgeneous is | ow.

MR. KROTI UK:  Yes, the honpbgeneous is

| ow.
CO CHAI RVAN WALLI'S:  Way | ow.
MR KROTIUK: That's why | didn't use
t he honbgeneous. | was basically using -- it was ny

experience just fromtest data that | had in com ng
up with these correlations. It's nore of a fit
saying, gee, if I'min the void fraction from-- |
don't know -- points -- | don't remenber. But say
.5 on up, | used the steam speed of sound.

MEMBER RANSOM  That's al nost |ike the
stratified speed of sound then, it's high slip
bet ween the phases. But | don't think it nakes a
| ot of difference probably.

You' re tal ki ng about speeds from a
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t housand down to a 100, and the honpbgeneous is down
around ten to one.

MR. KROTI UK:  Yes, but honbgeneous |
woul dn't believe. | nmean, you know t he honbgeneous
speed of sound is --

MEMBER RANSOM No, |'m not suggesting
t hat you shoul d.

CO CHAI RVAN WALLIS: It's possible to
get it. If you really disperse the phases, you can
get it.

MR KROTIUK: The test data that | had
didn't show that.

MEMBER RANSOM | think if we don't hear
on, we won't get a chance to hear about the results.

MR KROTI UK:  Okay.

CO CHAI RVAN WALLI'S:  And now we' re goi ng
to hear about the mechanics.

MR, KROTI UK: Ckay. | was finished.

Basically ny conclusion is that the code
is able to give ne sone results that were --

CO CHAI RVAN WALLI'S:  Are you going to
| oad these spaces and one tube is attached to them
even a breaker tube and -- you're not worried about
t he deflection of the spacer by itself,

particul arly?
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CO CHAI RVAN FORD:  Now, Joe, just for

calibration here, what we've heard is the cal cul ated
| oads on tube support plates. That was item 3. la.
Are we going to hear now about the fl ow assisted
vi bration, or was that sonehow covered in that 3.1a?
DR MJSCARA: The vibration | oads were
al so predicted by the thermal hydraulics work.
CO CHAI RMAN FORD:  Yes. (kay. |
noticed it was sonmewhere. (kay.

DR. MUSCARA: And then showi ng us the

technique to | ook at those | oads and seeing
CO CHAI RVAN FORD:  And there is no need
for any additional sensitivity studies?

DR. MJUSCARA: | think the | oads

CO- CHAI RVAN FORD:  Fi ne.

DR MJUSCARA: -- | think that's correct.

MR. MAJUVDAR: Thank you.

My nane is Saurin Majundar. | amfrom
Argonne National Laboratory, Energy Technol ogy
Di vi si on.

What | did was | took Bill Krotiuk's Op
data and applied themto the tube support plates in
a nodel 51 SG steam generator and see what happens.

CO CHAI RVAN WALLI'S:  You have 38 slides?

MR, MAJUVDAR:  Yes.
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CO- CHAl RVAN WALLI'S:  That's 2% mi nut es

per slide.

MR MAJUMDAR |I'mgoing to go fast.
Because, again, the question I'mtrying to answer is
does the TSP novenent, the pressure across TSP
causes the TSP to deflect. And in nodel 51 steam
generator the tubes are rarely |ocked to the TSP and
so they nove. And the question is can the cracks
grow, grow unstable, what are the margins? Do we
need any ot her defined TH anal ysi s?

Before we did any anal ysis, we went and
did a literature survey, and this is the
(unintelligible due to strong foreign accent
[ UDTSFA]) report what Bill was referring to. And
they did a RELAP5 cal cul ati on for pressure
distribution. They also did an final el enent
anal ysis for the dynamc -- actually dynam c el astic
envi ronnent anal ysis of the whol e steam gener at or
tube system But their objective was different from
ours. What they wanted to show was that TSPs nove
woul d not be enough to expose the cracks that easily
lie within the TSPs. And so that was their
obj ective. And they were basically able to show t hat
if all the tubes they're | ocked to the TSPs, the

cracks woul d not be exposed.
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CO CHAI RVAN WALLI'S:  |I'm puzzl ed by

this. Because when they nmanufacture the steam
generator, the tubes have to slide through the
support plates. So when it's new and clean, they're
not | ocked.

DR, MUSCARA: No, no.

CO CHAI RVAN WALLIS: So it take sone
time for themto be locked. | didn't see in any of
this discussion howlong it takes to | ock the tubes.
If it takes five years to lock a tube, then you're
not really justified in assum ng any of them are
| ocked. But if it takes five mnutes to |ock a tube,
then that's good.

DR MJSCARA: That will be conservative.

CO CHAI RVAN WALLIS: Isn't that very
i mportant, though?

DR MJSCARA: Yes. Yes. And it'll cone
out in the presentation

CO CHAI RVAN WALLIS:  And he will talk
about the tinme to | ock?

MR MAJUVDAR:  No.

DR. MUSCARA: But in general if you're
| ooki ng at replacenent generators, even with the new
chem stry and the materials, very often within one

fuel cycle the crevices start to get filled up. And
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so they start to provide sonme restriction on the
t ubes.

Now, in the old generators when the
tubes are also denting, it'll give you even much
nore locking force. But it's been noticed that even
wi thin one refueling outage, they're beginning to
| ock.

CO CHAI RVAN WALLI'S:  So the | ocking
happens qui cker than the crack growth, is that
right?

DR MJSCARA: Well, in fact, you exactly
need the conditions that produce the |ocking, that
in turn produces an aggressive chem stry and then
t he cracking begins after that.

MR. MAJUVMDAR:  Yes, but | ocking problens
appears in different way fromthe nodel E2, it was
anot her (UDTSFA) report. 1In this case they're using
ferritic stainless steel TSPs and they're not
| ocked. What they wanted to do was they wanted to
al so show that TSP di spl acement during an MSLP coul d
be kept fromcontrolled --

CO CHAI RVAN WALLI'S:  If they're not
| ocked, they don't |load the tubes at all, do you?
They just slide on in?

MR. MAJUVDAR: That's right. But in
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this case--

CO CHAI RVAN WALLI'S: If they're | ocked
to one --

MR. MAJUVMDAR: In this case they
pur posely take hydraulically expanded 16 tubes. So
t hey analytically showed that if you hydraulically
expand 16 tubes at 3 TSPs, that will be sufficient
to minimze the maxi num TSP di sbursenment relative to
the tube so the cracks out of the tubes several
pl aces don't get exposed.

CO CHAI RVAN WALLI'S: Do they do that?

MR. MAJUVDAR: | don't know. | -- they
asked for this proposal was there. |1'mnot sure
whet her the NRC approved it or not. Was it
approved?

DR MJSCARA: | know it was reviewed. |
know there were sone initial questions, but | think
it eventually was approved.

MR. KARWOSKI: The staff has approved
several anmendnments where the |icensees | ocked the
tube support plates by hydraulically expandi ng.
That's been done at a nunber of plants. Currently I
don't believe any of themare in operation, plants
have replaced. But that has been done. Wether or

not 16 tubes at three tube support plates is the
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right nunmber, | can't say. But the proposal to |ock
t he support plates and Iimt the tube support plate
notion, that has been approved.

MR. MAJUVMDAR. What is interesting, is
that you don't need many, many tubes. Al you need
is 16. Qut of nore than 3,000 tubes, only 16 tubes
are sufficient to mnimze the displacenent.

CO CHAI RVAN WALLIS: Wl l, that makes
sense. The |l oads are very |low pressure difference.

MR. MAJUVDAR: So basically the
conclusion fromthe industry analysis as it is
relevant to us is that the affected bending
stiffness of the TSPs is nmuch | ess than the axial
t hi ckness of the steam generator tubes so the steam
generator tube can really push them up and down.
That's because the TSPs are full of holes, as you
mentioned earlier.

CO CHAI RMAN WALLI S:  Right.

MR MAJUMDAR Now | did sone additiona
abstract imagery and supplenentary final analysis --

CO CHAI RVAN WALLI'S:  How thick as these
TSPs?

MR. MAJUVDAR: They were 3/4-inch.

CO CHAI RVAN WALLI'S:  And the hol es are?

MR MAJUMDAR: 7/8-inch or a little bit
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CO CHAI RVAN WALLI'S:  The holes are
conmparabl e with the thickness?

DR MJSCARA: Yes. Alittle bit of
degradati on. Yes.

MR MAJUMDAR It's like a sw ss cheese,
it varies.

CO CHAI RVAN WALLIS: So a free support
pl ate under the |oad would --

MR. MAJUVDAR. Would really deflect a
| ot .

CO CHAI RVAN WALLIS: But it would also
essentially bend --

MR, MAJUVDAR:  Yes.

CO CHAI RVMAN WALLIS: -- and tend to grab
t he tube by bendi ng around?

MR. MAJUVDAR: That's right. There are
all kind of other influences.

CO CHAI RVAN WALLI'S:  That doesn't seem
to be consi dered.

MR. MAJUMDAR: As you can see, the nost
critical problemis that one tube gets | ocked and
all the other tubes are free to slide. That would
be the worst fromthe tube integrity point of view

The smal |l er nunber of assunption in the
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nodel 51 case that all tube intersections are dented
or packed is limting case. That's the nost benign.
That's what they're assuming there were (UDTSFA) in
the first report, where all the TSP junctions are
| ocked. But the question is what happened in one
and all the tubes |ocked, that what this I | ooked
at. I'mlooking at 1, 2, 4 and 10 tubes locked in a
| ocal area.

CO CHAI RVAN WALLI'S:  This support plate
is held on the outside paraneter?

MR MAJUMDAR  Yes. | showed the
support in the drawing | have.

CO CHAI RVAN WALLIS: So it's not
attached to a tube at all. Does it break free at
t he outside?

MR MAJUMDAR No, it doesn't. |It's
wel ded to the wapper.

CO CHAI RVMAN WALLI'S: It's wel ded al
around?

MR MAJUMDAR  Yes. Not all around, but
t he wedges and bl ocks and they're welded to the
Wr apper .

First | |ooked at this dynam c pressure
| oading on the (UDTSFA) tubes. Then |I | ooked at the

triangles, dynam c pressure and of course TSPs that
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we had just tal ked about. And | got the nunber from
Bill.

This is for the transverse dynam c
pressure | oading on the steam generator tube. These
anal yses show that there is a transverse | oad,
dynam c | oad on the |lower third of the tube support,
the first tube support tube in the tube sheet and
t he tube support plate. So this part is
significant, especially with a history like that.

This is the feedwater |line break, and it
is a very large break from MSLB. So again, in NMSLB
gi ves a much higher pressure -- a higher pressure
than the feedwater |ine break.

CO CHAI RVAN WALLI'S:  So they're pushed
si deways?

MR. MAJUVDAR: Yes. That's the sideways
push on the --

MEMBER RANSOM  How did you estimate
t hat ?

MR MAJUMDAR  That canme fromBill's
cal cul ati on.

MEMBER RANSOM  \Wose?

MR KROTIUK: Wen | did the
calculations, | didn't showthat. On one of the

viewgraphs | said that | calculated differential
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pressures across the tube support plates, across the
cylindrical area between the central area where the
tubes are and the feedwater area, and al so across
the bend on the tubes on the top of the -- towards
the top of the steamgenerator. So, that's --

MEMBER RANSOM  The velocity is
automatically zero.

MR KROTI UK: What do you nean?

MEMBER RANSOM  You're tal ki ng about
fl ow across the tubes, right, in a horizontal
di rection?

MR KROTIUK: No. W're talking about
vertical flow

CO CHAI RVAN WALLI'S:  That's not what it
| ooks |ike here. How did you get a sideways force?

MEMBER RANSOM  But the pull, you're
tal ki ng about the lateral --

MR, KROTI UK: Ch, yes. Because it's
just what you alluded to previously, is the fact
that the acoustic wave is traveling at different
rates down the center and at different rates down
the feedline. So that causes a differential
pressure across that cylindrical area.

MEMBER RANSOM  Since you don't know

what the distribution is, what do you assune?
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There's sone water on one side --

MR. KROTIUK: | didn't nmake an
assunption. The initial conditions in the feedwater
area, that was liquid initially. And in the centra
area it was varying; as you went up you were getting
boiling. So there were varying void fractions as
you're going up. But --

MEMBER RANSOM  You did this by hand?

MR KROTIUK: No, did not do this. This
came out of TRACE.

MEMBER RANSOM  But you didn't put a
mul ti di mensional nodel in the curves. You only put
a one di nensi onal nodel .

MR KROTIUK: That's correct. So this is
just either a pressure out or a pressure in on the
cyl i nder.

MEMBER RANSOM | don't understand it at
all. | mean, you only have one pressure and one
velocity in a one dinensional nodel, so |I'mcurious
how woul d you estinmate the transverse force then?

MR, KROTIUK: It's like a pressure
force, that's all it is. It's like --

MEMBER RANSOM Wl |, pressure has to
have delta?

MR KROTIUK: Right, there's a Aap.
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MEMBER RANSOM So what are the two

pressures? There's only one cal cul at ed.

MR. KROTI UK: Ckay. Qp is across the
cylindrical area --

MEMBER RANSOM  Ch, the shroud, you
mean?

MR KROTI UK:  The shroud.

MEMBER RANSOM  Ch, shroud. | thought
you were tal king about the pressure across the
t ubes.

MR KROTIUK: No, no, no. The shroud.
' mtal ki ng about the shroud.

MR MAJUMDAR | m sunder st ood.
t hought | had it -- | thought it was the bottom
third of the tube was subjected to this pressure,
but never shroud.

MR. KROTI UK: That's the shroud, yes.

MR. MAJUVDAR: Not the tube?

MEMBER RANSOM So it's not the tube?

CO CHAI RVAN WALLI'S:  So you' ve been
| oadi ng t hem upsi de down.

MR. KROTIUK: Al right.

CO CHAI RVAN WALLI'S: | was wonderi ng how
you nmanaged to | oad the tubes.

MR, KROTI UK:  Ckay. Anyway, what we did
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CO CHAI RVAN WALLI'S:  You | oaded the
t ubes anyway, and they bend si deways?

MR. MAJUVMDAR: Yes, they bend sideways.
But I guess we're not -- what | wanted to show, |
said do we need to come back to dynam c anal ysis for
this kind of a tube geonetry. So | did severa
dynam c, el astic dynam c anal yses, one with .01
second rise time pressure pulse, .02 and here it is
one second and then there was a study.

As you can see, as for the one second
rise tinme it's alnost (UDTSFA) study, actually rides
on top of each other. And you've got to consider
the dynamc effects. |If the rise time gets nuch
shorter than .01, or a total of .01. But you wll
see, nost of the rise tines are (UDTSFA) half second
or quarter second once again. So we concluded that
the static analysis should be okay for a rise tine
for .1 second.

If you ook at Bill's pressure (UDTSFA),
the rise times are nmuch better than .01 seconds. So
this is telling the static analysis is all right.

kay. This is the bounding conditioning
he's tal king about. This is a typical tube support

pl ate here and they got fixed supports here, there.
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These supports on the edge are rendered to the
wrapper. And the tierods, they circle the tierods.
They go fromthe bottomtube sheet to the top two
support plates. And all these tierods and wedges in
this thing are much nore rigid than tube. So what
we assume, that this provided specifically rigid
support to the tube support plate. And there's one
tierod right of the center of a tube support plate.

MEMBER RANSOM  Are those rods wel ded to
the plate or are they --

MR. MAJUMDAR  The rods go through the
plates. They are fed into the tube sheet at the
bott om and wel ded at the top.

| think the first tube support plate
m ght be welded to the rod, but not all the second--
they' re not welded. They got spaces in between each
support plate.

MEMBER RANSOM  Spacers? Yes.

MR. MAJUMDAR: Now basically what | did
was | did a series of unit pressure drop anal yses.
That neans that | have subjected each of the TSP to
a unit pressure drop keeping the others unl oaded and
conpl eted the stresses and di spl acenent. So what
each analysis had unit pressure and a single TSP

with the rest of the TSPs unl oaded. Then | used
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principle of superposition were used to conbine the
pressure | oading on all the TSPs.

So | had the pressure | oading from
Bill's calculation. | could apply those pressures
to all the TSPs. And based on this unit pressure
drop analysis we conputed the total stress.

Now i f you | ook at just a single TSP
with that Qp or one psi w thout any tube | ock, no
tube lock; this is the center of the tube and this
is the outer wall support. It deflects like this,
as you woul d expect it has deflections. The tube is
very difficult but it is flexible and you get .04 of
di spl acenent .

| f you put a tube here that is |ocked,

t hat brings down the displacenent to this value. The
maxi mum di spl acenent now noves to this area here.

So the maxi mum di spl acenent is reduced .44 to .054
here. That's for the introduction of one tube | ock.
The rest of the tubes are unlocked. And the maxi num
von M ses stress in the plate is reduced from7 to 3
ksi .

CO CHAI RVAN FORD: | noticed in your
code you used three decinmal places. This is a
cal cul ati on?

MR, MAJUVDAR:  Yes.
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MEMBER RANSOM | haven't thunbed

t hrough here, but will you be show ng somne
observation versus cal cul ati on?

MR MAJUMDAR W had no test did on
this.

CO CHAI RVAN FORD: Okay. |Is this so
well known it's just |ike one plus one equals two?

MR. MAJUVDAR: This is elastic anal yses.
It is very simlar.

CO CHAI RVAN FORD: There's no reason to
guestion these cal cul ati ons?

MR. MAJUMDAR As long as you know the
pressure and the boundary conditions, the anal yses
is pretty straightforward.

CO CHAI RVAN FORD:  Ckay.

MR MAJUMDAR  So basically what | did
was | applied a unit pressure loading to all the
t ube support plates and | amplotting here actual
| oad goes essentially near the tube versus the
intervention of all the tube (UDTSFA). But this is
1 psi on the first TSP so the load is specifically
taken up as it tensile | oad bel ow the tube support
plate. And there is a slight conpressive |oad taken
by the (UDTSFA) the tube below the TSP is subject to

the tension on the tube flying above the seven tube
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support plate there's a little conpression. And
sane thing for all the seven tube support plates.

So once we have this, then we can use
the results fromall these seven cases and then
apply (UDTSFA) to get the final answer.

MEMBER RANSOM Qut of curiosity how do
you make this calculation for this plate which is
full of holes?

MR. MAJUMDAR. (kay. |It's a good
guesti on.

| took the flat bending flexibility
nunber from the Westinghouse -- the Westinghouse
(UDTSFA) report had the nunber for the bending
stiffness for the tube support plate.

MEMBER RANSOM  And that woul d include
all the hol es?

MR MAJUMDAR Al the holes. That's an
i nvol ved cal cul ation

CO CHAIRVAN FORD: I'mtrying to think
of the downside to this. For instance, isn't this
i ke a bongo drun? | nean, couldn't you wang it and
it deflects a small anobunt but it could reverberate?
It could --

MR MAJUMDAR  That's what | show in the

first couple of slides back, do | need a dynamc
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anal yses or not? But the rise tinmes were slow
enough that this static analyses is good enough on
t hese kind of -- and | show frequencies pretty --
very hi gh.

CO CHAI RVAN FORD:  Ckay.

MR MAJUMDAR So time period is pretty
smal | conpared to the tine period of the rise tine
on the pressure pul se.

CO CHAI RVAN FORD: It's so danped that--

MR, MAJUVDAR:  Yes.

CO CHAI RVAN FORD:  Ckay.

MR. MAJUVMDAR: The dynamics of this are
not really playing a part. Vell, in fact,

Westi nghouse al so observed the same thing. The end
started -- static anal yses whether than dynamc
anal yses.

And the |last slide | showed the | oad.
Now here I'mplotting the stress. So |I'mplotting
the direct axial stress and al so the bending stress,
t hese are the dashed lines here. At the TSP, stress
-- it introduces bending stresses in the tubes that
are locked to it. As you can see, the bending
stresses are small conpared to the direct actua
stresses. So the effect of bending stresses on the

rupture of flawed tubes we already know, so we know
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the effect of the bending stress on the rupture, but
we investigated the effect of the bending both

anal ytically and then experinmentally by a series of
experinments. And the results show that the bending
stresses can be ignored when anal yzing rupture of

t he st eam generator tubes.

So in all my calculations | did know the
bendi ng stresses on the tube rupture.

CO CHAIRVAN FORD:  |'msorry to keep
guestioning your veracity. But is there any other
equi val ent structures? | nean there's |ot of heat
exchangers out in the business. And have these sort
of approaches been used on them and shown to be
accurate?

MR. MAJUVMDAR: Yes, pretty routinely.
They anal yze steam generator tubes using this kind
of a unrel evant approach. And --

CO CHAI RVAN FORD:  Ckay.

MR, MAJUMDAR. -- | can't off the top of
ny head renenber any study that showed the anal ysis
is good. But elastic analyses, it's pretty
straightforward. There's not -- it's not elastic,
plastic creep or anything |ike that.

CO CHAI RVAN FORD:  Ckay.

MEMBER RANSOM  One question | have on
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t hese tube support plates, | know that sone steam
generators had -- they were not synmmetric. You
know, they were nade to have cross flow or cross --

MR. MAJUMDAR:  Yes, they use heat
usual | y.

MEMBER RANSOM  That's true here?

MR MAJUMDAR No, that's not here. The
nodel 51 doesn't have a heater

MEMBER RANSOM  Does not have that?

MR MAJUVDAR:  No.

MEMBER RANSOM  Sone st eam generators do
have that then?

MR MAJUMDAR  The E2 nopdel, has a
heater and --

MEMBER RANSOM VWi ch one?

MR. MAJUVDAR:  Model E2.

MEMBER RANSOM |'m wondering if that's
-- that one would certainly be different than these
steam generators. |Is this study only directed
toward this?

MR. MAJUVDAR:  Model 51.

MEMBER RANSOM Only 51.

MR. MAJUMDAR. Only with carbon steel
TSP whi ch showed this | ocking of the tubes to the

t ube support plate.
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MEMBER RANSOM | guess |'m asking the

bi gger question. This whol e question of main
steanm i ne break and contai nment bypass, is it only
concerned with systens which have that steam
generator?

MR. MAJUVDAR: That's --

MEMBER SI EBER: That's the nobst severe
case?

MR MAJUMDAR  That's the severe case.

MEMBER S| EBER:  Mbdel 51.

DR MJSCARA: Mdst of them have one of
t hose generators inservice.

MEMBER SIEBER: O that period, there's
a nodel 54 now that gets us --

MR. MAJUVDAR: The 44 is very close --

MEMBER SI EBER: 44 has a | ess stored
energy than a 51.

CO CHAI RVAN FORD: But | think the
answer to Vic's question is isn't that true that
that's the only design that's got round tube support
plate holes with a carbon steel support plate, and
therefore it's likely to be the nost degraded one?

MEMBER S| EBER.  Everythi ng before node
51 or before are all carbon steel drove tube support

plates. The E2 and the F -- E2 was stainless. The
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F was carbon. And then the plates cane after that.

MR KARWOSKI: This is Ken Karwoski from
the NRR staff.

Wth respect to are there other nodels
besi des nodel 51 steam generators that have stress
corrosion cracking at the tube support plates? The
nodel D steam generators have drilled hol e tube
support pl ates, have stress corrosion cracking.

There are two plants that currently
i mpl enent the Generic Letter 95-05 Utimte Repair
Criteria that have the pre-heater design steam
gener at ors.

MEMBER SI EBER:  Ri ght.

MR. KARWOSKI:  And they do inplenment the
criteria. So there are two plants out there that
have that type of design.

MEMBER RANSOM The only reason | asked
that is, of course, there are sone |ateral forces on
the tubes in those designs that are not being
consi dered here.

MEMBER SIEBER:  Well, it seenmed to ne
Westi nghouse did a simlar study on the pre-heater
type --

MR. MAJUVDAR: Maybe that's the (UDTSFA)

MEMBER SIEBER: Right. Right. So it's
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not |ike that case has been ignored, but this is
probably a nore severe case?

MR MAJUVMDAR Now I look at nultiple
| ocked tube case just after our one tube lock. In
the case of drilled support plate, it is highly
unlikely that only a single tube will be | ocked
because these are caused by corrosion, so corrosion
isreally related to a snall, small area. So there
shoul d be nore than one tube that's really | ocked at
the TSP. So we conducted anal yses to where two,
four and even 10 tubes are | ocked, about a quarter
of the TSP. So we nodel only one quarter of the
TSP.

MEMBER SI EBER:  Right. Wasn't there a

case where tubes were intentionally rolled into the

MR MAJUMDAR  Yes, that's what | said.
In that nodel E2 intentionally hydraulically
expanded the tubes.

CO CHAI RVAN WALLI'S: Because they are
getting from being new and not stuck to being
totally | ocked, what sort of stage do they go
t hr ough?

MR. MAJUMDAR: That's a good questi on.

CO CHAI RVAN WALLI'S: Are they partly
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| ocked, are they --

MR. MAJUVDAR: Usually they do a tube
pul | test, and there's sonme force at which point the
tube start slipping fromthe tube support plates.
Tube pullout. |I'mtalking about the tube pull out
| oad. But | don't know whether they go through a
transient of they're not sem -|ocked, quarter
| ocked. There nust be sonme rate of |locking. | don't
know. There has been no study -- | don't think so.

DR MJSCARA: Well, we've neasured
forces for pulling tubes, for exanple, out of the
McCGuire. And we did some work on the Surry
generator that we studied at PNL. And in npbst cases
it showed one to two thousand pounds of pull to nove
the tubes fromthe support plates.

So when they're | ocked, they're | ocked

MEMBER SI EBER:  They' re | ocked.

DR MJSCARA: Yes. But your question
was what's the transition frombeing free to being
fully packed, and all | can nmention is that the
observation that even within one fuel cycle the
crevices get to be packed.

CO CHAI RVAN WALLI'S:  They get | ocked

sol i d?
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MR MAJUMDAR: Well, it's difficult to

say because there's not that nmuch --

CO CHAl RMAN WALLI' S: Because you can
still pull them out?

MR. MAJUMDAR. Oh, yes. There's sone,
pounds of force to pull them out.

MEMBER BONACA: Al though if you have
many | ocked together, then even if they're not
| ocked solid, the question is how do you get there?
| mean, is there a correlation sonewhat to the
degraded st eam generator where you have nany tubes
al ready cracked and they're | ocking?

DR MJSCARA: Well, if you're |ooking at
t he support plate cracking, those tubes are | ocked
and cracked.

MR, MAJUVDAR:  Yes.

DR MJSCARA: If you're | ooking at new
generator, you know at the beginning it's not
cracked and not | ocked. But that's the best
situation. |If there's no degradation, there's no
force transmitted to the tube. |If there is a
corrosi on problemgoing on, it doesn't happen just
in one tube. It happens w dely over an area. And
that's a good situation al so because then the | oad

is shared by nany tubes.
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MEMBER BONACA: That's right.

DR MJSCARA: And the cal cul ati ons we've
done here are quite conservative because we assune
that the load is shared only between one and ten
tubes, and it's normally hundreds if not thousands
of tubes that they are | ocked and share the | oad.

MR. MAJUVDAR: As you can see that
maxi mum stress actually down. This is our nost
effected tube down from when the one tube was
| ocked. And that's putting two instead of one,
hal ves t he maxi mum

CO CHAI RVAN WALLIS: | find it strange
to assunme that one tube out of 3,000 is |ocked. |
would think it's nore likely that --

MR. MAJUMDAR  Yes, that's true.

CO CHAI RVAN WALLIS: -- 3,000 are in
di fferent stages of getting partly | ocked.

DR MJSCARA: That's right, and that's
the point we are naking. So this is a very
conservative assunpti on.

CO CHAI RVAN WALLIS:  WwWell, | don't know
whether it is or not, because | don't really know
how it gets to be locked. You're telling ne it
sounds as if it's conservative. | don't know unti

there's sone sort of evidence that says when they
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get | ocked --

MR MAJUMDAR But fromthe tubes --
fromthe -- if the tube support plate is not |ocked
to the tubes, then the tubes are safe. There is no
problemwi th the tube. No load is transferred to
the tube. It's only when they get --

CO CHAI RVAN WALLI'S:  So when they're
unl ocked there's no problem and when they're | ocked
there's no problem But there's a certain period of
time, a window when it could be --

MEMBER SIEBER:  Well, there is an
instant in tine when one tube is |ocked.

CO CHAl RVAN WALLI'S:  And ot hers?

MEMBER SI EBER: But you start from zero
and go to some other nunber. So there's got to be
the first one.

DR. MUSCARA: But it's not just one tube
that gets lock. There is a generic problemthat's
going on in the generator, and it's the corrosion.
And so you have different degrees of |ocking even at
t he begi nni ng.

MEMBER SI EBER:  That's right.

DR. MUSCARA: Because it effects nany
tubes at the sane tine.

MEMBER SI EBER:  You get drag.
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DR. MUSCARA: So maybe one nmay get

sooner to be conpletely | ocked, but they all
experi ence sone degree of | ocking.

CO CHAI RVAN WALLIS: So the real thing
to do would be to show that after one nonth that the
average lock is worth 200 pounds of pull or
sonmet hing. Then you've got sonmething to work wth.
O herwise, it's sort of someone's guess.

MEMBER SIEBER: It's too late. |It's too
| ate, though.

CO CHAI RVAN WALLIS: It's too |late? You
don't know that.

MEMBER SI EBER:  The only way you can do
that is by analysis. |It's too | ate because it was
25 years ago.

CO CHAI RVAN WALLI'S:  So you're only
worri ed about ol d steam generators?

MEMBER SI EBER  Yes.

DR. MUSCARA: Well, again, even with new
generators if we're going to experience a
degradati on mechanismit's going to affect a nunber
of tubes. So there's never a situation where we
only have one tube conpletely locked. |If there's a
tube | ocked, | would be willing to bet there are

many nore there are | ocked.
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MEMBER SI EBER:  Yes. But the new

generators have the quatrefoil design or egg crate,
or sonething like that which are less likely to
| ock.

DR MJSCARA: Yes. But this is the
exanple | was bringing out earlier. |If you |ook
even at the replacenent generators with the
guartrefoil design and stainless steel support
plate, the crevice gets filled up sonetinmes or often
within the first cycle.

MEMBER SI EBER:  Yes, that's true.

DR MJSCARA: Now there's no denting
necessarily but it's filled up.

CO CHAI RVAN WALLIS: It gets filled up
with corrosion which is happening on the steam
generator tubes or with the crude that conmes from
somewhere el se?

DR MJSCARA: No, no. It's crude --

MEMBER SI EBER:  Crude.

DR MJSCARA: -- in concentration within
t he crevice.

CO CHAI RVAN WALLI'S:  That cones from
sonewhere el se?

DR, MUSCARA: Sure. Transport, yes.

CO- CHAl RVAN WALLIS: And it settles or
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is jamed into the space sonehow and then attaches
itself and grows a little bit?

DR MJSCARA: It doesn't necessarily
grow unl ess we're tal king about carbon steel support
pl ate, which the carbon steel gets attacked and the
vol une of the magnetite is twice the volune of the
ferritic material. But if the crevice gets filled
up, then there's also a chance for chemcals to
concentrate, which in turn will provide an
aggressi ve water tenperature and corrosion of the
t ube.

CO CHAI RVAN WALLI'S: | just don't know

how a sort of deposit which is comng out of the

water. | can understand it sort of getting in the
crevice. | can't quite understand how it | ocks.
MEMBER SI EBER:  Well, it builds up

because it's boiling.

CO CHAI RVAN WALLIS: It has to bound
with something. It doesn't just get deposited. |If
you deposit dust --

DR MJSCARA: The volume of the oxide is
greater than the nechani sm

CO CHAI RVAN WALLIS: So it's comng in
from-- it's just dropped out of the water that's

circul ating?
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CO CHAIRVAN FORD: No. It's comng from

t he corrosion of the carbon steel.

CO CHAI RVAN WALLI'S:  No, that's not what
he sai d.

MR MAJUMDAR No, the corrosion
product. The corrosion product versus --

DR. MUSCARA: They are both probl ens.
| f you have the carbon steel support plate, it
corrodes- -

CO CHAI RVAN WALLIS: Yes, that's it, but
t he other ones don't.

DR. MUSCARA: -- resupplies the vol une
and it locks and dents the tube. 1In a generator
that has stainless steel plate --

CO CHAI RMAN WALLI'S:  Right.

DR. MUSCARA: Those crevices al so get
filled up --

CO CHAI RVAN WALLIS: But it's not the
sane nechanism so | don't understand how t hose
lock. | can understand depositing stuff in there,
but unl ess there's sone denonstrate --

DR MJSCARA: Well, because the crevice
gets filled with a very tenaci ous senitacious
mat eri al .

CO- CHAI RVAN WALLI S: In other words, it
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sticks in some way?

DR. MUSCARA: Ch, definitely. | mean,
sometimes you can't even -- you know, you have to
hamrer the thing apart.

CO CHAI RVAN WALLI'S:  But just a deposit
com ng out of solution. | think it's the dust in a
roomand falling into a hole, it doesn't just jam
t he hol e.

DR MJSCARA: It's netallic, it's
magnetite, you know, corrosion products --

CO CHAI RVAN WALLI'S:  And it bounds in
some way.

MEMBER SI EBER:  And corrosion actually
takes place in the crevice of these --

CO CHAI RVAN WALLIS: In that case, it
woul d ball, | can see that. | can see that. Unless
there's chemistry in the crevice which is --

DR MJSCARA: That's right. The
corrosion product plus as the chem stry get worse
and worse and then there's corrosion --

MEMBER SI EBER: Concentrates, because
there's boiling.

MR. MAJUVMDAR: So basically all the
purpose of this slide is to showthere as | -- there

are | ocked nore and nore tubes at nmaxi num stress and
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drops down alnost in direct proportion to the nunber
of tubes | ocked.

Now, next | take all this unit pressure
drop anal yses and apply it to the large MSLB from
hot standby, which was --

CO CHAI RVAN WALLIS: But it all goes
away because you've got so many tubes that are
likely to be | ocked?

DR MJSCARA: Yes, that's right.

CO CHAI RVAN WALLIS: So it isn't a
problem is it?

DR MJSCARA: That's what we concl ude.

MEMBER RANSOM  You're better off.

DR. MUSCARA: And | guess we're
fini shed.

CO CHAI RVMAN WALLIS: But it's a
qual itative sort of thing.

MR. MAJUVDAR: So we took those out, any
pressure drop anal ysis.

And the one thing | forgot to nention is
that we take Bill Krotiuk's pressure drop numbers
and then actually multiple themby 1.5, as | say, a
safety factor or uncertainty factor. This is the
nunber he recommended that we use.

MEMBER RANSOM  Coul d you rem nd ne of
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what K-I-P-S neans.

MR MAJUMDAR  Okay. Thousand pounds is
one kips. One thousand pounds --

MEMBER RANSOM  Pounds?

MR, MAJUVDAR:  Yes.

DR. MUSCARA: It's like psi tines a

t housands.

MR. MAJUVDAR: Not psi, pounds. Load
force.

MEMBER RANSOM  Ri ght .

MR MAJUMDAR  An actual force.

CO CHAI RVAN WALLI'S:  Pounds at the end
of the Kkips.

MEMBER RANSOM  Ki | opounds, right?

MR. MAJUMDAR: Ah, a kil opound.

MEMBER Sl EBER  Very good.

MEMBER RANSOM | know |'ve encountered
it before, but | couldn't renmenber.

MR, MAJUVDAR: kay. Now, we assune --

CO CHAI RMAN WALLI'S:  So a pound force is
t he wei ght of a pound on earth?

MEMBER SI EBER:  That's right.

MR. MAJUVMDAR: You see a pound in this,
and in England --

First of all, | assuned the case where
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there's no slippage between the TSP and the steam
generator tube, a conplete locking. And | show the
total axial load of the TSP to the function of the
TSP nunber here. As you can see, for when one tube
is locked you got very high | oads of psi -- Kkips
actually. And it actually takes five kips to even
make the tube yield. So these tubes here would
probably yield and probably rupture, mght even
rupture.

On the right side | show the pull out
| oad at the TSP. At each TSP the pressure | oad on
the TSP gets transferred to the tube. There is a
pul  out | oad at each TSP and tube junction. And as
you can see on the seven tube support plate they
have the highest tube pullout |oad, because renenber
t he pressure drop on the nunber seven TSP are the
hi ghest of all the seven tube support plate.

And at the bottom of the steam
generator, the load is negative because the pressure
reverses at the bottomfirst tube support plate.

Now, the total axial |oad needed to
cause yielding is 5.4 kips, so these are all
yielding there. Until you go to 14, then you becone
closer to the yield.

The maxi mum | oad exerted on the tube is
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less than 5 kips if four or nore tubes per quarter
TSP are | ocked to the TSPs.

CO CHAI RVAN WALLIS:  Wwell, if it reaches
this 11.7 kips, then presumably it pulls out?

MR MAJUVMDAR  The 11.7 that's the
ultimate strength.

CO CHAI RVAN WALLI'S:  Presumably it pulls
out ?

MR. MAJUMDAR: No, it doesn't cone pull
out. You have the materials ducked out these are
our el astic anal yses, so you need sone displ acenent
to pull it out. And the actual driving force is the
TSP di spl acenment. The displacenent is limted, so
the tube really won't -- even if there is no flaw --

CO CHAI RVAN WALLI'S:  You're saying that
all these tubes got pulled out with a force of |ess
t han 44-27 pounds or something |like that.

MR, MAJUVDAR:  Yes.

CO CHAIRVAN WALLIS: So it didn't get to
5.4 Kkips?

MR MAJUVDAR:  No.

CO CHAI RVAN WALLIS:  -- 5.4 Kkips. |
don't know what that's doing.

MR. MAJUMDAR. The thing is that that's

the point -- that's the point that we're naking that
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this kind of high tube pullout |oad cannot be --

CO CHAI RVAN WALLIS: It woul d have
pul | ed out by then.

MR MAJUMDAR -- pulled out by now.

CO CHAl RVAN WALLI'S:  Yes.

MR MAJUMDAR  What happens is it's not
pul led out, it slips so that the constant load is
slipping. So if you take that into account, you can
see if the tube pullout load is five kips, then you
get after that five kips --

CO CHAl RVAN WALLI'S: It never gets
beyond that so nothing ever happens?

MR. MAJUVMDAR: No. The question is the
thing is that any load transferred to the top TSP
gets transferred to the tube all the way down to the
t ube sheet. Because the |oad on the tube is pretty
hi gh, even though the first tube support plate does
not see any Op, the actual |oad under that portion
of the tube is pretty high. So the |oad fromthe
upper TSP gets transferred to the | ower tube.

CO CHAI RVAN WALLI'S:  And everything is
hangi ng on at the bottonf

MR. MAJUVMDAR: Yes. That's right.

Again, if you reduced the tube pullout

| oad to one kip, then the maxi mrum | oad gets reduced
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again and basically the axial load is already
reduced proportionately.

Now, this is the tube pullout data, the
only one | could get hold of is this non-dented tube
pul l out data from Danpierre-1. And they did an
extensive tube pullout test, actually a nunber of
tests 23.7, at roomtenperature, 12 at this, 9. They
cal cul ated these nunbers. But basically what from
this we assunmed that the 4000 pounds, this nunber is
our 95 percent confidence Iimt has an upper bound
to pullout load and 2700 the nmean force -- the
average axial load transmtted froma TSP to a
| ocked tube at 550 F.

CO CHAI RVAN FORD:  You said this is from
a non-dented?

MR. MAJUMDAR: Non-dented, yes.

DR MJSCARA: That partially answers the
guestion you were asking before, the degree of
| ocki ng wi t hout dents.

MR MAJUMDAR Yes. All these tubes in
France, they are basically unlocked. They are not
dented -- they are | ocked but not dented.

CO CHAIRVAN FORD:  |I'msorry. Could you
go back to the Danpierre data? Wat are you trying

to tell us here?
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MR MAJUMDAR: W believe that fromthis

data that they conducted, this is the tube pullout
data. This is the -- we didn't run this test,
Danpierre run this. And there aren't many -- quite
a fewtests, actually, and fromthis test we

desi gned this upper bound pul | out tube pullout | oad
on an average --

CO CHAI RVAN WALLI'S: But this is French
data. Should we throw it out?

MEMBER SI EBER:  On principl e.

DR MJSCARA: Can we nention this is not
field data, this is a plant that was replaced. It's
much |ike our Surry generator where we did a | ot of
wor k on our steam generator replace in service.

CO CHAI RVAN WALLI S:  Ckay.

DR. MUSCARA: Danpierre was renoved from
service and then, you know, they neasure |oads in
pul ling the tubes, much like we did with Surry. But
Surry had so nmuch degradation that, you know, a
1, 000 pounds was enough to pull the tubes apart
because the support plates were breaking apart al so.

MR. MAJUVDAR: But the French did a very
systemati ¢ manner, so they keep the statistics on
t hat .

CO- CHAl RVAN WALLIS: Al their tubes
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were stuck?

MR MAJUMDAR  Yes, nost of them Yes.

DR. MUSCARA: They were stuck but not
dent ed.

CO CHAI RVAN WALLI'S:  So probably there
were 2,000 or at |east stuck tubes in their steam
generator and there's no way that plate's going to
nove at all.

DR MJSCARA: Right.

MR. MAJUVMDAR. kay. So basically the
effect of an MSLB on flawed tube, up to now we have
| ooked at the unflawed tubes, the whole reason for
carrying out this study is to see the effect of the
tube |l oad on the stability of flaws existing in the
upper tube sheet or md scan region.

CO CHAI RVAN WALLIS: Are primarily
axial? Wat else would you expect? You're |ooking
at the distortion of the plate or sonething?

MR. MAJUMDAR  The | oads are axial,
primarily axial, yes.

CO CHAI RVAN WALLI'S:  What produces ot her
| oads?

MR, MAJUVDAR: Not bending, | mean
there's no bending there. Bending stresses are

negli gi bl e.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

330
CO CHAI RVAN WALLI S: On the tubes? You

got twisting the end of themfromthe plate?

MR MAJUMDAR As | showed earlier, the
bendi ng stresses are small conpared to the actual
stresses. The tube support plate is very flexible.
It's like a cheese, a sw ss cheese.

Dynam c | oads are not inportant, as |
showed earlier. The effects of axial |oads on the
stability of both axial and circunferential cracks
were considered. So the material properties that
are used for average alloy 600 tubes at 286, yield
of 40 ksi and UTS of 90 ksi.

Now first | considered the axial crack.
The effect of axial crack on stability of actual
cracks. And basically the bottomline is that axial
cracks, and when you're pulling on the axial
direction, the axial cracks hardly see the axia
| oad. In fact, the crack openi ng decreases because
of the pull on the tube due to force on the crack
and in fact the tube burst pressure actually goes
up.

So the axial cracks are basically benign
in the presence of axial |oad on the tube.

MEMBER RANSOM  Agai n, these units of

pressure ksi or thousands of psi, is that right?
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MR MAJUMDAR: VWi ch one?

MEMBER RANSOM Ksi is -- this is ksi,
t housand psi .

MEMBER RANSOM It neans thousands of
psi ?

MR. MAJUMDAR: Yes. Yes. For exanpl e,
this is half-inch long crack. W predict failure to
get over 4600 -- 4400 psi.

MEMBER RANSOM  Ckay.

MR MAJUMDAR And the tests actually
show very close to that nunber

But axial cracks are basically not to
worry about. The problemw Il cone on the
circunferential cracks that are vulnerable to axia
| oads on the tube.

CO- CHAI RVMAN FORD:  Excuse ne. Just
before you get onto that, and that's even -- your
previ ous conclusion is even nore conservative
because in fact you'll be confined by the tube
sheet, the crude filled tube sheet around the axial
crack, is that correct?

MR. MAJUMDAR: I'mtelling you the axial
cracks above the tube sheet are tube support plate.

CO CHAI RVAN FORD: On the small anount

is above 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

332
MR MAJUMDAR | amtal king about the

generator crack that is sticking outside the tube
support plate or the tube sheet, or in the mdst of
t hose cracks, when you pull them when the axial

| oad is applied on that tube, those axial cracks may
tend to close. And that's what this analysis is
showi ng really.

DR MJSCARA: And the crack on the
support plate will tend to be |ocked, so it'll be
even, as you say, nore concerned about.

CO CHAI RVAN FORD:  Yes. Yes. (kay.

MR MAJUMDAR Now, this is the
circunferential crack, for exanple, on top of tube
sheet. And there is an EPRI/Zahoor nodel that wll
assunes that the tube is free to bend. And in
reality there is a tube support plate that's there
and does not allow the tube to bend. And basically
what |'m showing here is that if you take the
support effect into account, then crack driving
force, which | amplotting here, the Kj is the
crack driving force versus the axial load. If you
assune the tube is free to bend it conme up this way
and then you go out this way. Very high crack
driving force.

CO CHAI RVAN WALLIS: Wiy is it going to
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bend when it's being pul |l ed?

MR, MAJUVDAR: It's really unsynmetric--

CO CHAI RVAN WALLIS: It's unsymetric --

MR MAJUMDAR  Yes. Yes. It will bend.

MEMBER BONACA: |I'msorry. Wat are you
representing there?

MR MAJUMDAR This is a tube, for
exanpl e.

MEMBER BONACA: Tube. kay.

MR MAJUMDAR  That could be a tube
sheet or where it's clanped down and then the tube
support plate that supports the end. And you put a
crack, a circunferential crack there and if you
assunme that the tube is unsupported, then you get a
very high crack driving force, for exanple here.

And we doubl e up the nodel, Argonne showi ng that the
effect of this small support, this support on the
TSP can drastically reduce the crack driving force.
And it is very conservative, you use this instead of
t hat curve

And this curve depends on the stand
(UDTSFA) this stands between the tube sheet and the
first tube support plate.

MEMBER BONACA: You said before that if

wi t hout a | ocked tube, the naxi numtransverse
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di spl acement of the plate, of the first plate, would
be .4 inches.

MR MAJUVDAR .4 --

MEMBER BONACA: Yes. GCkay. Wuld that
be the | argest displacenent? Wat | nmean is that
t he other support plates will displace |less, right?

MR. MAJUVDAR: Well, the other support
pl ates --

MEMBER BONACA: |'m sorry?

MR. MAJUVDAR: The ot her support plates
are slightly higher. The top support plates have
hi gher pressure on them

MEMBER BONACA: So they woul d di spl ace
nor e?

MR MAJUVDAR  But their |oad gets
transmitted to the | ower support plates.

MEMBER BONACA: | understand that.
That's exactly what | was trying to understand.

What is the maxi mum di spl acenent any given | ocation
on any support plate could experience, assuming it
was unl ocked?

MR. MAJUVDAR: Actually, the tube
support plate displacenent is not included in this
plot I"'mplotting here.

MEMBER BONACA: No. You had it on page
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13, however.

MR, MAJUVDAR:  Yes.

MEMBER BONACA: And that's the only one
you' re showi ng as far as displacenent. And you' ve
shown it for the first support plate.

MR, MAJUVDAR:  Yes.

MEMBER BONACA: And you are telling ne
that's not the nost limting insofar as the
di spl acement. So | was curious to draw --

MR MAJUVDAR  But this could be, for
exanpl e, this second tube support plate, that could
be the third. So any tube span woul d be expressed
like that, would be analyzed |ike that.

CO CHAI RVAN WALLIS: It's free to bend,
isn"t it?

MEMBER BONACA: |f you calculate a
di spl acenent of --

MR MAJUMDAR  This is just for
appl yi ng- -

DR. MUSCARA: He is not asking about
this one, he is asking in general if you cal cul ated
the plate displacenment support plate by support
pl at e?

MR MAJUMDAR Yes. The plate

di spl acement goes into the final analyses and is
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automatical ly cal cul at ed.

DR MJSCARA: So what was the maxi mum
di spl acement that you noticed?

MR MAJUMDAR That is in the program
but I didn't wote it down. As | said, it is free
to bend as nore tubes lock * into the nunber.

MEMBER BONACA: Was that the maxi munf®?

MR MAJUMDAR Yes. That's at the
maxi mum point. At the maxi mum point --

MEMBER BONACA: For each support plate?

MR, MAJUVDAR: Yes. Yes.

MEMBER BONACA: \What about the different
| evel s?

MR. MAJUVMDAR  Dependi ng on the
pressure, that was for one psi was .4.

MEMBER BONACA: Yes, you shoul d have --
which is the list and that was .4 inches. | thought
that you woul d know or cal cul ate al so the nost
di spl acenment wi t hout --

MR MAJUVMDAR  But that displacenent was
automatically calculated --

MEMBER BONACA: | nean a statenent
during the DPO was made that a steam ine break can
cause significant novenment of the tube support

pl at es.
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MR MAJUVMDAR:  Yes.

MEMBER BONACA: And we questioned what
does it mean significant then as well.

Now, here we're not seeing it because
we're assumng that there are a | ot of |ocked tubes,
and we can believe that. Still, I"'mleft with the
guestion of what is the l|argest displacenent | could
i magi ne of the tubes before break. Visually it
woul d hel p me understand what kind of solicitation
are inposed on that single tube --

MR. MAJUVDAR: Well, if you renmenber
that slide that I had with the .4 inches and put the
tube in, maxi mum di spl aced reduced by .4 to a .05 or
sonething like that. A big reduction.

MEMBER BONACA: That tells ne that the
t ube --

MR MAJUMDAR One tube --

MEMBER BONACA: -- is working very hard.

MR. MAJUVDAR: Very hard, yes.

MEMBER BONACA: But in the |ocation what
about the highest plate, that was ny question?

MR MAJUMDAR | don't have the nunber,
but there will be -- that was included in the
anal yses that the | oad was transferred because of a

di spl acement on the TSP
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VMEMBER BONACA: | would li ke to have

that information. Is it in the report?

MR. MAJUVDAR: Yes, the displacenent of
t he tube support plate?

MEMBER BONACA:  Yes.

MR. MAJUVMDAR. kay. | didn't pay too
much attention to the tube support plate itself. |
was concentrating nore on the tubes.

MEMBER BONACA: Essentially is the
i nformation equival ent for the highest plate to the
one provided on figure 13.

MR. MAJUVDAR. kay. That's the highest
pressure on there.

MEMBER BONACA:  Yes.

MR MAJUMDAR: If no tubes are |ocked --

MEMBER BONACA: That's right.

MR MAJUMDAR: No tubes are | ocked that
woul d be displacing by alnbst by 2 or 3 inches.

MEMBER BONACA: That's what | thought.
Froma ratio --

MR MAJUMDAR Yes. Miltiple .4 by 7
psi .

DR MJSCARA: Like | said, be careful.
| know Westinghouse has done sone eval uati ons on

this. You assune that they're not tie bars?
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MR MAJUMDAR: No, the tie bars are

t here.

DR. MUSCARA: And you expect 2 or 3
i nches?

MR MAJUMDAR: No. The tie bars are not
-- this is the maxi mum di spl acenent. Three inches.
There are the tie bars and the Zahoor is based on
t hat .

DR MJSCARA: | recall fromthe
West i nghouse work that they were di scussing nore the
range of a quarter of an inch displacenent, even in
the worst -- which was | arger than that?

CO- CHAI RVAN FORD:  What is the 50 and
1,400? What is the nunbers? |s that the distance
bet ween t he tube support?

MR. MAJUVMDAR: Yes, that's the typical
di stance within tube support plate.

CO CHAI RVAN FORD:  And the next position
where it is locked -- is that right?

MR. MAJUVMDAR: That is the typical
di stance between the tube sheet and the tube support
plate and the first one, or the first to second is
al rost 45, 49 something |like that.

CO- CHAI RVAN FORD:  You say 1400 is?

MR. MAJUVMDAR. No. This is just to show
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that our nodel if you put a very large |ength, then
t hat nodel coincide with the Zahoor nodel. Their
nodel is not providing any constraint.

CO CHAI RVAN FORD:  Ckay. Ckay.

MEMBER BONACA: Anyway, | would like to
have that information. Because, | nmean, if it is 3
or 4 inches, I will -- you know, | feel that's
confortable if I think about it.

DR. MUSCARA: Ckay. But it's the sane
qguestion issue. Because 3 or 4 inches, it's a clean
t ube which neans there's no denting, there's no
cracking so we're not concerned about exposing a
crack.

MR MAJUMDAR  But that strange with no
denting, no tube lock. Al is free to slide. There
is no constraint to the notion.

DR. MUSCARA: W& will |ook up the data.

MEMBER BONACA: For that kind of
di spl acement, | mean it is free to pull. Al of
that to say is that, | nean, if the maxi num
di spl acement as you cal cul ate was a quarter of an
inch, then why we worry about the pull that you have
on the single tube, should you assune that? Because
at the nost it would be very small. | nean, yes, |

mean there is -- but if it is several inches, then
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you have to think about that single tube. And I
know that there isn't going to be only one, but
anyway- -

MR MAJUMDAR But the -- the load on
t he upper TSPs, even though the |lower TSPs don't see
any Op, the loads fromthe upper TSPs is
transferred through the tube to the bottom

MEMBER BONACA:  Yes.

MR MAJUMDAR: The tube see the whol e

| oad.

MEMBER BONACA: Ckay.

MR MAJUMDAR: And so a crack in a
single tube lock in the first TSP, for exanple, |'m

plotting here the failure axial |oad was to the
circunferential -- through an angle that can be
tol erated w thout being unstable.

So for an upper bound dynamic | oad of 4
ki ps, that's the forces upper bound -- the tube
pul l out | oad that we derive from* and the interna
pressure |loading induced to 1.2. This is the end
cap | oadi ng that always happens when you apply an
internal pressure. And through wall cracks |ess
than 160 degrees. For exanple, this crack of 5.2
here. So any cracks |less than 160 degrees w |l be

saf e.
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If it is an average | ocking force of
2.7, it is easy to 210 degrees circunferenti al
t hrough wall cracks. And a single tube | ocked at
all TSPs has a nmuch higher dynam c |oads but it
cannot tolerate a significant circunferential flaw

MEMBER BONACA: Ckay. That makes sense.

CO- CHAI RVAN FORD:  Joe, could you rem nd
us as to when they're seeing circunferential cracks
what is the normal circunferential angle? | nean,
is there physically any reason of why it couldn't be
200, 300 degrees?

DR MJSCARA: Yes, but there's a limt
on what's acceptable with respect to plotting. W
have seen -- degrees circunferential cracks.

CO CHAI RVAN FORD:  Ckay.

DR. MUSCARA: Ken, do you want to add
somnet hi ng?

MR KARWOSKI: The normal practice for
when a circunferential crack is detected is to plug
it onthe *. In general, there is no utility in the
country that | eaves known circunferential cracks in
service. Wth that said, people do observe
circunferential cracks after a cycle of operation,
but in general -- and | can only give you

generalities -- those indications are not -- you
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have to | ook not only at the circunferential extent,
but al so the depth. What they find is usually not
structurally significant. The angles can vary.

They' re usually very short. You know, maybe nore

i ke 90, 180 degrees. There are sone that are

| arger. But even when you get the |arger
circunferential extents, they tend not to be through
wal | .

And | think Saurin's analysis is based
on a through wall flaw for 210 degrees. And in
general we're not observing that type of flaw. So
you can't just | ook at the through wall -- or the
circunferential extent. You have to | ook at both.

DR. MUSCARA: Ckay.

MR, KARWOSKI:  And we're not finding 100
percent through walls flaws that are 210 degrees or
even 180 degrees.

MR. MAJUMDAR  Now, the nobst benign
cases is when all tubes are |ocked at all the TPSs.
And that gives the axial load is only 1.6 kips.

CO CHAI RVAN WALLI'S:  How does that get
1.6? | nean, you showed us before that when you get
one you get --

MR MAJUMDAR  Ch, these are all --

CO CHAl RVMAN WALLIS: -- fifteen and when
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you get two you get ten, and you get four you get
five. It's going down so rapidly I would think when
you get themall |ocked, it would go down to
essentially zero.

MR MAJUVDAR: No. No. 1.6. W
al ready- -

CO CHAI RVAN WALLI'S: How can it be so
bi g?

MR, MAJUVDAR: 1.6. W always had the
end cap | oad there.

CO CHAIRVAN WALLIS: It's the end cap
| oad that does --

MR. MAJUVMDAR: Al ways there plus the
t ube | oad.

CO CHAI RVAN WALLI'S:  But the transient
| oad i s doi ng not hing.

MR MAJUVDAR:  No.

CO CHAI RVAN WALLI'S:  The transient | oad
i s doi ng not hi ng.

MR. MAJUMDAR: That's right --

CO CHAI RVAN WALLIS: So 1.6 is the end
cap, which is always there.

MR MAJUMDAR No. 1.2 is the end cap
load. So this .4 -- if you follow-- if all the

TSPs are | ocked --
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CO CHAI RVAN WALLI'S:  Even when you have

3,000 of them stuck?

MR MAJUMDAR There's a lot of area
t here.

CO CHAI RVAN WALLI'S:  Yes, but it's going
down very rapidly fromwhat --

MR. MAJUMDAR: Yes, but it doesn't go
down really low, but it kind of flattens out.

CO CHAI RVAN WALLIS: It flattens out?

MR, MAJUVDAR:  Yes.

CO CHAI RVAN WALLI'S:  They're all sharing
t he | oad.

MR, MAJUVDAR:  Yes.

CO CHAI RMAN WALLIS: But if it's 3,000
plus 1,000, it's a third of the | oad per tube?

MR MAJUMDAR  Yes, but the tubes near
the tierod are affected by tubes near the supports.
Al'l the tubes are not equal. Tubes near an existing
support, for exanple, near a tierod, the tierod is
already restraining the tube support plate, so that
t ube doesn't do nuch

CO CHAI RVAN WALLI S:  Ckay.

MR. MAJUVMDAR: They're not all equal.
Anyway, that load is so lowthat it can't even carry

al ong the cracks. W already deduced that.
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DR MJSCARA: Through wal .

MR MAJUVDAR  Through wall, yes.

CO CHAI RVAN WALLI'S: But the real thing
is you only need a few tubes to stick in order to
get within an allowable --

MR MAJUMDAR  That's right. All we need
isten. If you can do ten, I'll show it here.

For exanple, a pullout |oad of 4 kips
here, that's the upper bound pullout load. |[If you
have ten tubes | ocked, then you are basically down
bel ow main load, 2 or 3 kips, and these are, tubes
are elastic.

CO CHAI RVMAN WALLIS: So the main load is
the fact that there is a pressure inside that gets
attached to the bottom --

MR. MAJUMDAR: There's a pressure, Yyes.

CO CHAI RVAN WALLIS: -- and it starts to
push?

MR, MAJUVDAR: And this is actually --
yes. But this one is extruding end cap load. So
this will be end cap load will be added on top of
that. And the flawed forces is from here.

So the axial |oad decreases the
i ncreasi ng nunber of | ocked tubes.

CO CHAI RVAN WALLI'S:  See how rapidly
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that's com ng down. You'd think with a 1,000, you
woul dn't be above zero at all.

MR MAJUVMDAR Well, there is sone
resi due over there.

CO CHAI RVAN WALLI'S:  Ckay.

MR. MAJUVMDAR: Also with the increasing
nunber of | ocked tubes, the distribution becones
nore uniform-- and also there is sone negative
pul l out load, as | said before, because the pressure
changes sine in the | ower TSPs.

And basically, if you have four tubes
| ocked, and then the actual |oad is about 7 Kkips
maxi mum |f you have ten tubes | ocked for a
quarter, then the maxi mumis about 3.

CO CHAI RVAN WALLI'S:  And with 3,000
| ocked it's 1.67

MR, MAJUVMDAR 1.4 with 2,000.

CO CHAI RVAN WALLIS:  Well, it says 1.6
her e.

MR. MAJUMDAR No, that's wthdraw
actually. The sanme thing if the pullout load is
2.7, you get a reduction in the |oads, in the actual
| oad here and the tube pullout | oad.

Now, allowabl e crack angle fromnultiple

| ocked tube, you plot the maxi mum al | owabl e crack
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length in the tube support plate now. Now we're

assumng the full MSLB and including the end cap

| oading. |If you have only four |ocked tubes, we

said there was 7 kips of actual |oad on the -- and

t he m ni mum cracki ng of 30 degrees on the high end.
| f you have ten | ocked tubes, then you

can follow a much, nmuch | onger crack length. It

really gets -- the tolerance for circunferentia

crack and it goes up as you |l ock nore and nore

t ubes.

CO CHAI RVAN FORD:  Coul d I suggest, Joe,
it's now 4:00. You are about to start a new subject
and then go into a sumary.

Could we take a quarter of an hour break
at this tine?

DR, MUSCARA:  Sure.

CO CHAI RVAN FORD:  And al so to consi der
whet her to put off the iodine spiking until
tonorrow, when you're starting on 3.3, with the
artist's work, which is relatable to the iodine
spi king? Does that sound a good plan, or do you
want to do the spiking today?

DR. MUSCARA: The way today things are
going and the topics we're discussing tonorrow, |

think we'll have even nore questions in discussion
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t onmor r ow.

CO- CHAl RMAN FORD: Even tonorrow. Oh,
gosh. Ckay.

DR MJSCARA: So | think we need to try
and stay on schedul e.

CO CHAI RVAN WALLI'S: | think the spiKking

has two slides.

DR MJSCARA: Well, I'msure Mchelle
will be very happy to cover it in a few m nutes and
be fini shed.

CO CHAI RVAN FORD: Okay. Well, let's

take a quarter of an hour. Be back here at 4:15 and
then we'll finish this and do the iodine spiking,
t 00.

(Whereupon, at 4:02 p.m a recess until
4:18 p.m)

CO CHAI RVAN FORD: Okay. W're ready to
go into session again. W're about to go into the
accepted crack growh rate anal yses.

DR MJSCARA: Peter, there's one point
of clarification, maybe. W were talking earlier
about sone bending forces on the tubes at the |ower
section. Those were due to steanline breaking and
cross flow forces on the tubes. So in fact, it was

correct.
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DR KUPPERVAN. Let me just explain. |

don't think I brought all the docunmentation. But I
had forgotten because | did this nodel a while ago,
when | built the nodel there is an area right down
over here where you actually have the flow com ng
down over like this and then back up.

MEMBER SI EBER:  Ri ght.

DR. KUPPERMAN:. So this area right here
| actually did nodel across flow

CO CHAI RVAN FORD:  Ckay.

DR. KUPPERMAN: So you could cal cul ate
forces cross flows on the tubes in that area.

CO CHAI RVAN FORD:  Ckay.

DR MJSCARA: And | guess w thout
spending a lot of time, the conclusion was that the
forces were small enough that there was not nuch
i npact on bending --

MEMBER SI EBER:  There is sone kind of a
bl ocki ng device down in that center channel. |Is
that nodeled in or doesn't that nake any difference.
Tube | ane bl ocking device. It's called a tube |ane
bl ocki ng devi ce.

DR MJSCARA: But | think those were
renoved back earlier inservice.

DR. KUPPERMAN:. The drawings | had is
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just straight.
MEMBER SI EBER:  Just straight. Ckay.
DR. MUSCARA: | think we had sone

problems with those and they were eventual ly

renoved.
MEMBER SI EBER:  Well, | don't know.
DR KUPPERVAN. So I'll check it out.
MEMBER SI EBER: | renenber them being in

there years ago. That's where the bl omdown |ine
used to be in that bl ocking device. You may be
right. 1t is probably a second order effect.

MR MAJUMDAR  So anyway, if you take in
that, all those lateral pressure, the big bending
stresses on this 777 psi. So they're snall

Ckay. Up to now we have considered only
a single application of the pressure pulse. The
guestion is what happens if there are nultiple
peaks. But Bill Krotiuk's analysis show that there
i s not many, many peaks, there are at nobst two peaks
and the pressure Op goes down with tine.

CO CHAI RVAN WALLI'S: This is a crack
grow h rate, da/dN?

MR MAJUMDAR  da/dN, due to the
pressure pul se.

CO CHAI RVAN WALLI'S: We'Il we've seem
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Ford data and other people's data that differs by
orders of magnitude fromthe correlation

CO CHAI RVAN FORD: It's not binding.

CO CHAI RVAN WALLIS: Really? Oh, it's
GE data. I'msorry. | thought Ford was associ ated
with one of those transient data.

MEMBER BONACA: No, this is a cyclic
dat a.

MR. MAJUVDAR: Yes, he's talking about
crack growt h dat a.

CO CHAI RVAN WALLIS: Oh, I'msorry.
kay. Yes.

MR MAJUMDAR  Now, what is asked the
guestion even if the pressure cal cul ati on shows
there are no cycles, we are asked what if there were
nunber of cycled pressure pul se, how would a crack
respond to that cyclic load. So we conputed the
cyclic crack growh using this standard equati on and
usi ng the ASME Code Section XI correlation. And
stress in ternms of the fracture we cal cul ated using
QK for part two of circunferential cracks using the
Zahoor correlation and through wall circunferenti al
crack fromthe ANL correlation. W used that ANL
correl ati on because without that effect the | ateral

support, the driving force gets pretty large. And
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for a span of 15 inch between supports.

So | said the crack growth was first
done in the depth direction and then in the actual
direction, in the circunferential direction until
rupture was predicted. Rupture was predicted to
occur when either the uncracked section that
contains the crack reached a plastic collapse or by
j1lc failure, just by drop collapse instability. In
nost cases, the plastic collapse control the fina
rupture.

CO CHAI RVAN FORD: The scenario is that
the tube is pressurized?

MR, MAJUVDAR:  Yes.

CO CHAI RVAN FORD:  You have the main
steam i ne break and you got this whack and then a
ringi ng?

MR, MAJUVDAR: Yes. Yes.

CO CHAI RVAN FORD:  Surely you did a
hi gher Rratio than zero?

MR MAJUMDAR Well, what | did, there
is a steady load and there is a cyclic |oad on top.
But | said | consider steady |oad as part of the
cyclic. That is nore conservative than considering
R factor. W apply that in -- this is really nore

conservative than using a smaller anpliture than is
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in R factor.

CO CHAI RVAN FORD: (Ckay. And that's a
conservative assunption?

MR, MAJUVDAR: Yes. Yes.

MR. MAJUVDAR: Because |'mputting the
whole thing in anpliture -- in the range.

CO CHAI RVAN FORD:  Ckay.

MR. MAJUMDAR. Now, if this is a through
wal | crack, if you look at this for different axial
cycling axial loads, 7 kips was for the full tubes
lock and 3 are 2 kips for the ten tubes | ocked. So
when you only have four tubes | ocked, we can see the
cycles to failure versus the initial through wall
crack leg. To there is about 30 degrees or so can
t ake several cycles, 8 or 9. If it's less than 30,
then we can take even nore. So actually that's what
|"mjust saying here, 75 cycles are required to grow
the crack from?29 degrees instability of 30 degrees.

So the growth rate prior to instability
on the order of .01 to .07 degrees per cycle. It is
smal | .

Now, that was for through-wall crack
What if you have a part-through wall crack, usually
part-through wall crack.

CO CHAI RVAN FORD:  Sorry. Coul d you just
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go back to the previous one? | just want to make
sure | understand this graph.

Do | understand it if you have a crack
of 180 degrees or 150 degrees, two sigma, and you
rang two or three cycles --

MR, MAJUVDAR:  Yes.

CO CHAI RVAN FORD: -- then if you had a
axial load of 3 kip --

MR. MAJUVDAR. And this will be 4 kips.

CO CHAI RVAN FORD:  -- and you fail? |Is
that right?

MR, MAJUVDAR:  Yes.

CO CHAI RVAN FORD:  Ckay.

MR MAJUMDAR  You have 4 kips cycling
constantly and you have differing initial crack
size, question is how many cycles would that crack
take before it goes unstable.

CO CHAI RVAN FORD:  And failure is
defined as the crack grows all the way around the
t ube?

MR. MAJUVDAR: When one cycle -- yes,
this is the failure [imt.

CO CHAI RVAN FORD:  Ckay.

MEMBER RANSOM  What is failure? You

al ready have a crack.
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MR MAJUMDAR: And then we are in the

plastic, as | said, and the whole plastic collapse
of the remaining |ligament or J1C type failure --

MEMBER RANSOM  So you wind with a burst
essentially?

MR MAJUMDAR No. Physically the crack
go to burst, yes, a one cycle burst, inmediately
burst because in this case it will take 20 cycles --
nore than 20 cycles to grow to instability side and
then it will burst. Wereas in this case you are
less -- starting with a smaller crack, take a 1,000
cycles to go and then rupture in a nonstabl e manner.

DR. MUSCARA: And you hardly have an
addi tional cycle probability fromthe | oad?

MR. MAJUVDAR: I n actual application
there is only one cycle applied. But this is
assunming if you applied repeatedly how many cycl es
could it take. So there's a lot of margin for crack
growt h there.

kay. Now, if you have part-through
wal | crack, then there's some cycles you need to go
t hrough the thickness before it starts propagating
in the axial circunferential direction. And in the
hi gh axial load, 7 kips for exanples, you have here

really plastic fracture nechanics where the tube is
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yi el di ng, you don't buy nuch with the through

t hi ckness grom h of the crack. That is an initially
80 percent through wall crack versus 100 percent

t hrough wal | crack.

Now if it goes | oad/load, 3 kips and you
t ake about 20 cycles to grow that crack through the
t hi ckness. And so you buy a |lot of cycles, just
propagating the crack through the thickness before
it starts going along the circunference.

So basically, you get a lot of margin at
| ow axial load. |If you have ten tubes | ocked, then
we have this kind of load. And if you have 14
| ocked, we have this kind of | oad.

CO CHAI RVMAN WALLI'S:  What cycles are you
tal king about here? | nean --

MR MAJUMDAR This is a crack that is
not through wall .

CO CHAI RVAN WALLI'S:  Yes, but what's
with the cycles? What are the cycles --

MR. MAJUVMDAR. W' re assuming that we
applying the sane Op that we applied --

CO CHAI RVAN WALLI'S:  You have 20
steanml i ne breaks?

MR MAJUMDAR  Pardon?

CO CHAI RVMAN WALLI'S: Isn't it just one
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| evel . 20 steanline breaks? You're going to design
this thing for 20 steanline breaks?

MR MAJUMDAR No, not 20 -- this is how
many cycles will it take before the crack --

CO CHAI RVAN WALLI'S: It doesn't nake any
sense. This is a one -- very rare event with only
one cycl e.

MR. MAJUVMDAR. One cycle, but --

CO CHAI RVAN WALLI'S:  So who cares about
many cycl es?

DR. MUSCARA: Well, he's giving us a
mar gi n.

MR MAJUMDAR It's a margin. Supposing
there was sone cal cul ation error or sonething.

CO CHAI RVMAN WALLI'S:  You think if you
got a steamine break you will then say you don't
have to inspect your steam generator very carefully
and all that kind of stuff?

DR. MUSCARA: No. | think we're saying
you assune there's one cycle, but what if you're
runni ng the calculation there were 20 cycles --

CO CHAI RVAN WALLI'S: Wiy woul d you ever
want to do that?

MR. MAJUVMDAR: You don't watch, they

will burst.
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CO- CHAI RVAN FORD: In this situation

you're only going to do it once, but margin would
have been the sigma, delta sigma you have to get to
bef ore you have conplete rupture of the pipe, this
Ki;, I would have thought. That was the val ue

t hought he was neeting a margin in this case. No?

MR MAJUMDAR Well in this case, the
margin is in terns of the nunber of cycles that you
woul d need to propagate an existing crack to the
poi nt where the crack size becones critical and you
get a --

CO CHAI RVAN WALLI'S:  Seriously, this is
20 steanline breaks you're tal king about?

MR MAJUMDAR No. Sane tube --

CO CHAI RVAN WALLIS: | think if you had
two steamnline breaks, they'd probably shut down your
pl ant .

MEMBER SIEBER: No, it's a green. | had
seen a calculation at one tine where the tube
support plates were treated as a nmenbrane which had
an oscillatory effect. And if that were to occur,
you coul d rack up sonme cycl es before bl owdown is
completed. And so that's where this kind of a
cal cul ati on becones inportant to ne.

MR. MAJUVMDAR. Yes. By the way, the
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wat er is sloshing back and forth, they could have
had nore cycles -- this has been existing or
sonething. Even it did --

CO CHAI RVAN WALLI'S:  But this analysis
is based on one thing. And there's no sloshing --

MR SHACK: The DPO Subcommittee was
worried about cyclic crack growh under sonme sort of
ringing loads. So we didn't have any idea what
ringing |oads to you, so we picked the biggest
ringing load we could think of: the pressure pul se
at the main steanline break.

CO CHAI RVAN WALLIS: But it doesn't --

MR SHACK: And we denonstrated there
was mar gi n.

CO CHAI RVAN WALLIS: It detenuates in --

MR SHACK: Yes, it does. But we were
trying to address the ACRS Subcommittee. W didn't
know what they had in mnd, but we were going to
take the nobst conservative analysis we could conme up
and denonstrate to themthere was nargin.

MEMBER SI EBER:  During the DPO
presentations, we were shown --

CO- CHAI RVAN FORD:  Boy, that guy is
bul I shit isn't he?

MEMBER SI EBER: An anal yses of tube
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support plate that had nodes in it in cyclic |oads.
So that's where the question cane from And this is
t he answer.

MEMBER BONACA: No, what he tal ked about
was 4 tubes | ocked, he's assuming that they are
| ocked.

MR MAJUMDAR  Yes. The | oads would
depend on whether they are | ocked; whether 10 tubes
are | ocked or 4 tubes are | ocked.

MEMBER BONACA: They're not al
together? | mean, because --

MR MAJUMDAR  Yes. The tubes when |
said there are 4 tubes |ocked, they're in a | ocal
region. It's not one here, one there, one there.
It's in |local region

MEMBER SI EBER:  And you're only
anal yzing the quarter --

MR MAJUMDAR  The quarter of. So it's
actual ly 16.

MEMBER SI EBER:  So there's 16.

MR. MAJUVDAR: Actually it's 4 tines
that. Yes.

MEMBER BONACA: Ckay. Al right. But if
you have one, you got four?

MR, MAJUVDAR:  Yes.
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MEMBER BONACA: |If you got 4, you got

167

MR, MAJUVDAR:  Yes.

CO- CHAI RVAN FORD: VWhat |' m heari ng
bei ng di scussed here is that you have devel oped the
met hodol ogy for determining the structural integrity
of these faulty tubes under various inpulses. And
so you can apply it to any different definition of
margi n that you may want to.

| noticed in the next slide you' re going
i nto concl usions.

MR MAJUMDAR R ght.

CO CHAI RVAN FORD: But | was going to
ask itemi, 3.1.i is conduct confirmatory tests.

Are there any confirmatory tests to back up --

MR, MAJUMDAR. As | say in ny talk that
we did sonme tests on bending, so we know the bendi ng
stress on the two bl ocks of pressures. So we got a
rat her extensive series of tests where we supported
t he tube on 15 span and then put cracks next to one
span, one welded in span and pressurized it. Dd
the tests until rupture, the tube ruptured and
showed that in those tests bending stresses -- you
got the bendi ng where hanging | oad fromthe m ddle

of the tube so the crack was subject to the bending
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stress as well as the pressure, axial load in the
pressure.

Al'l cases that we ran showed that the
bendi ng stresses had very little effect on the bust
pressure. W had both subcrack and actual crack.

CO CHAI RVAN FORD: Now is that the only
confirmatory tests that has been done on this nodel ?

MR. MAJUVMDAR: That is the only test we

di d.

CO CHAI RVAN FORD:  And we haven't heard
that? | nean, this is sonething --

DR. MUSCARA: No, because you haven't
seen -- he just nentioned that he had done the
tests.

CO CHAI RVAN FORD: On, | see. You
haven't even seen it?

DR. MUSCARA: The results are published
in the report that was used to run -- have we cl osed
out this action, Jin? So those results are
published in the report.

MR. MAJUMDAR. So you are preparing a
NUREG report on that. W just submitted it. Yes.

DR. MUSCARA: And | guess naybe the
other comment | would like to make, the reason we

only did the bending test validation is because the
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net hodol ogy we have been devel opi ng over the years,
it's already been proved and benchmarked and tested
on the predictions of tube burst and failures and
ruptures. The one item here we've done is the
addi ti onal bending. And so that, you know, we cane
up with the analytical nethod and then ran sone
tests to show that he could predict the test

resul ts.

CO CHAI RVAN FORD: | guess why | keep
hamrering on is this so sinple that this is a no
never mnd? | nmean, it is time and tine again we've
been bitten in the behind by soneone com ng al ong
sayi ng sonet hing occurred which we hadn't predicted.
And this is why | keep asking: Have there been
confirmatory tests? And what |'m hearing you say
is, yes, you' ve got one set on bending and there's a
whol e pile of other stuff to back up this
nmet hodol ogy. |Is that correct?

DR. MUSCARA: A lot of the analytical
stuff he's shown you has been devel oped over the
| ast two prograns, ten years or so.

CO CHAI RVAN FORD:  Ckay.

DR. MUSCARA: And it's based nostly on
testing and anal yses.

Now what programis it --
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MR MAJUMDAR. These were done with

answers, and this was done al nost a year back. Mre
than a year back

CO CHAI RVAN FORD:  Ckay.

MR MAJUMDAR  Using the elastic
anal yses, so they're pretty standard. And this is
the best -- if one thing we know about stress
anal yses, it we need an el astic anal ysis.

MEMBER BONACA: So your results are not
inconsistent with the claimthat we have in DPO that
steam ine break could result in fact in trenmendous
forces and boom ng sounds and things of that kind
and they told us there was -- because of that
they're going to fail a |lot of steam generator tubes
now. \Wat | see here is that you have in fact
significant displacenent of the plates, and you
have, potentially, but the tubes are able to
withstand or to limt those displacenments w thout
failures. | mean, they're doing things that are not
i nconsi stent.

DR. MUSCARA: | think the analysis
showed that the forces weren't that large. The
forces were not that | arge.

MEMBER SI EBER:  But there is a

conclusion that if you block just one tube, that
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that tube will fail.
MR MAJUMDAR: Yes. Yes. At least it's

a possibility to take circunferential cracking very

[imted.

CO CHAI RVAN WALLIS: But to make a tube
fail, you have to make sone extrene assunptions?

MR MAJUMDAR  Yes. Yes. That's right.
Plus get -- not on displacenment to rupture tube. W
need a |l ot of displacenent. |If you don't -- there
were no crack init, it will be inpossible to

rupture the tube because we need di spl acenents in
addition to | oads.

MEMBER BONACA: The forces will not be
that large, but it will be sufficient to bend, |
mean unl ess there was | ocking, to bend those plates.

MR MAJUVMDAR No, the plates will bend.

MEMBER SI EBER: That's for sure.

MEMBER BONACA: | nean that's a heck
transient. | mean --

CO CHAI RVAN WALLI'S:  But they won't
because 3,000 tubes are | ocked into them That's
what the difference could be.

MEMBER BONACA: | agree with that. For
the first tinme, | realize that cloud good, for sone

reason.
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CO- CHAI RVAN FORD:  Joe, just to cone

back to this confirmatory tests, in the NUREG 1740
think there is a statement in there to say that the
confirmatory tests on this task are crucial. That
particular task, 3.1.i has been conpleted you say.
And | did | hear you say it closed out? Does that
nean that there will be no nore confirmatory tests
done on that, in this area?

DR MJSCARA: That's right. | think we
concluded that the | oads were small enough, and in
particul ar when it's shared by nore than one tube,
that there wasn't anynore need for refinenents for
addi tional tests.

| nean, the reason for the tests was to
benchmark an anal yti cal procedure, and we've done
that. So we're able to predict the test results
before we ran the tests.

CO CHAI RVAN FORD:  Yes. And subtask J
and K, K has not been conmpleted. It's not due to be
conpl eted until next year sonetime, 2005?

DR. MUSCARA: That's right.

CO CHAI RVMAN FORD: | guess the reason
why | keep on asking these questions is that we keep
hearing the words cl osed out. That doesn't mean to

say that work stops, does it?
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DR MJSCARA: | think the inputs pretty

much for this task are finishing up

CO CHAI RVAN FORD:  Ckay.

CO CHAI RVAN WALLIS: Wwell, it's closed
out when NRR has enough information to nake a
decision, isn't it? Oherw se you could go on
wor ki ng forever.

MEMBER S| EBER:  There you go.

DR MJSCARA: | think we've closed out
t he pieces we need to develop fromthe research
side. Now this information is going to be taken at
NRR with Steve Long to conduct his analyses. And
t hat point, based on whatever results he gets, we'll
concl ude whether the issue is closed or not.

MEMBER S| EBER: Sooner or | ater you have
to close out the DPO, unless this is the way you're
going to conclude it. So, so far there hasn't been
anything presented that would invalidate the holding
space alternate repair criteria.

CO CHAI RVAN FORD: Let ne ask anot her --

MEMBER SIEBER: So that's in effect, and
remai ns valid

CO- CHAI RVAN FORD:  Let nme ask ny ot her
Conmi ssi on nmenbers, being new to this particular

item Since we wote a report on the DPO issues,
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are we part of the closeout decision process, the
ACRS?

Ton®

MEMBER KRESS: What did you say?

CO CHAI RVAN FORD:  Yes. | was asking
since we wote a NUREG on the DPO process, are we
part of the formal closeout decision process or not?
| have no idea what the --

MEMBER KRESS: | would think we are.

CO CHAl RVAN FORD:  No.

MEMBER KRESS: You know, if we say
things |ike we shouldn't close this out yet and the
Conmi ssioners agree with us, then we're part of it.

DR MJSCARA: Yes. | think the ACRS
report we've devel oped the action plan. ACRS
reviewed that and said yes this will address our
recommendati ons and concerns. Now sone of the
i ssues have becone generic issues.

CO- CHAI RVAN FORD:  Yes. Yes.

DR MJSCARA: I n that process you wll
hear about how it is resolved. And we have a couple
of itens that are generic issues which are al so part
of the DPO that | think were devel oped in the
dat abase to cl ose them out, but we haven't gone

t hrough the formal process to close them out
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i ncl udi ng going through the ACRS. And one of those
issues is the steanline break issue.

CO CHAI RVAN WALLI'S: But if the
regul atory part of this agency were to wite a
letter to all these utilities and say we have
deci ded that you are allowed to assune 100 tubes are
stuck because they're pretty darn sure that it's
nore |ike a thousand, that woul d cl ose out
everything, wouldn't it, as far as this part of the
work is concerned? Because nothing is going to
happen.

DR MJSCARA: Well, in nmy mind | think
that this is not an issue.

CO CHAI RVAN WALLI'S:  But the whol e thing
is it depends on how many tubes are stuck?

DR MJSCARA: That's right.

CO CHAI RVAN WALLI'S:  \Whose going to
deci de how nany tubes are allowed to be stuck?

DR MJUSCARA: Right. And | think all we
can do is base it on engineering judgnment and what's
reasonable. | think if you have a degradation
process it doesn't effect just one tube. And it
doesn't effect just a handful. Oten it effects
many tubes. So we have a degradati on process, nany

tubes are locked and it's not a problem If we do
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not have a degradation problem the tubes aren't
| ocked and there's no |load transfer to the tube.

CO CHAI RVAN WALLI S:  Sonewher e between
this possibility that there mght a period of tine
when you had concern?

DR. MUSCARA: Not in my mnd. At |east,
you know, very small. Again, | don't see a process
j ust happeni ng on one tube al one.

CO CHAI RVAN WALLIS: But it would have
to be a new steam generator where the cracking
process sonehow proceeds so rapidly that you get big
cracks before you stuck the tubes to the plates.

DR. MUSCARA: Yes. And, again, | don't
know how -- if you're tal ki ng about the support
pl ate, the cracking that occurs because the support
pl ate gets cruded up and the chem stry gets
concentrated and then it cracks, so if it's
happeni ng to one tube --

CO CHAIRVAN WALLIS: So it's really
stuck up?

DR MJSCARA: -- it's happening for many
t ubes.

CO CHAI RVAN WALLIS: So it's al ready
stuck before it cracks? So forget it.

VEMBER S| EBER: | think the flaw here is
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the fact that nobody wote down what this assunption
has to be and justified it. Even if you justify it
on the basis of engineering judgment, it's not
witten down. It's left to the reader to say, to

i nput that extra piece of information, you know.

DR MJSCARA: Yes. | nean what's witten
down is strictly recording the results.

MEMBER SI EBER:  That's right.

DR MJSCARA: \When one now | ooks at this
issue, to close it out, | have to nmake an
assunpti on- -

MEMBER SI EBER:  But to close out the
i ssue you have to make an assunption. You have to
make an assunption about how many tubes are stuck
and what's the reason.

DR. MUSCARA: Precisely.

MEMBER SI EBER:  And so we couldn't cl ose
this out until sonebody mekes that assunption and
says here's the basis for our judgnment that this is
okay.

DR MJUSCARA: Yes.

MEMBER SIEBER: It seens to nme in the
qguestion of how do you handle this, the NUREG report
that we wote is no different in ny mnd than the

letter that we wite to the staff for concl usions
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and recommendations and the staff wites back and
says we accept this, we accept this, we accept that.
W' ve done this work, here are the results. And they
send us sonething back which all of this is part of
that. And if we don't like it, we wite them back.

DR MJSCARA: Yes. And | should point
out that the action plan, again, is a living
docunment. We change it when we feel the need to
change it based on recent results.

MEMBER SI EBER:  Ri ght.

DR MJSCARA: W can nmake a change in it
if we have a recommendation that's warrant in nmaking
a change.

CO- CHAI RVAN FORD: Do you want to go
t hrough your conclusions or do you want to take
t hose as read?

MR, MAJUVDAR: Well, if we can just
qui ckly go through that.

CO CHAI RVAN WALLI'S: | think nost of
t hem have al ready --

MR. MAJUVMDAR: Yes. Basically the bottom
line is at the end, | guess. W don't think there's
any need for additional TH analysis --

CO CHAI RVAN WALLIS: O course, the real

bottomline is there's no need for any additional
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fracture nechanics at this tine.

MR, MAJUVDAR:  Yes.

DR MJSCARA: By the way, |'mnot sure
how t his | ast page --

CO CHAI RVAN WALLI'S: | nean, you haven't
eval uated the quality of the thermal hydraulic
anal ysi s? How do you know there's --

MR MAJUMDAR W saw that Op fromthe
i ndustrial anal yses that gave us al nost the sane--

CO CHAI RVAN WALLI'S:  No need for
additional work either in thermal hydraulic analysis
or in --

MR MAJUMDAR  There is no thernal
hydraul i ¢ anal yses, there's no need for fracture
anal ysi s.

CO CHAI RVAN WALLI'S:  Ckay. That's what
you think is the case?

CO CHAI RVAN FORD: | woul d suggest that
what you're really tal king about here is structural
integrity on the fracture nechanics. W're not
tal king about -- you're using thermal hydraulics in
some cases, but you're not |ooking at all the
t hermal hydraulics?

MR. MAJUVMDAR: No, |I'mnot |ooking. |'m

just | ooking at the answer that cane out of the
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t hermal hydraulic anal yses.

CO CHAI RVAN FORD: Sure. VWich is only
a part of the whole.

CO CHAI RVAN WALLI'S:  Now we have a form
to fill in in our packet here? Evaluation of
Tr ai ni ng.

DR MJSCARA: W're trying to find out
how good this course is.

CO CHAI RVAN WALLI'S: Evaluate it.

CO CHAI RVAN FORD: Wl |, thank you very
much, indeed.

CO CHAI RVAN WALLI'S:  Shall | throwit
away ?

DR MJSCARA: Yes, it's not nmeant to be
t here.

CO CHAI RVAN WALLIS: Wwell, let's see
what it says.

CO- CHAI RVAN FORD:  Joe, are you going to
conti nue | eading the final one today on iodine
spi ki ng

DR MJSCARA: Yes. | think I wll M.
Mchelle Hart, who is the lady to tal k about what's
been going on with the iodine spiking issue.

M5. HART: M nane is Mchelle Hart. |

work in the NRR staff in the division of system
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safety and analysis. And I'll be talking to you
about where we are on item 3.9 the iodine spiking.

As you know, in the DPO response the
ACRS Ad Hoc Subconmittee asked that we |ook for a
nore technically defensible position on iodine
spiking. And the first itemon the steam generator
action plan was that we go back and we | ook at the
data that already existed that was used before and
determ ne what that says, what that says to us.

And we've already conpleted that. And
the next itemwas to devel op a response to the ACRS
recommendations, and that is al nost conpl ete.

We did | ook for nore data on the iodine
spi ki ng phenonenon for the steam generator 2 rupture
and main steamine type events. None additional was
found. So we went back to Adans and Atwood, Adans
and Sattison and we | ooked at the raw data. W
didn't look at the adjusted data that was used in
t he conclusions. W | ooked at the data that was
taken fromthe plants' |ogs, pre and post trip
i odi ne concentrations in the cool ant.

When we | ooked at the raw data we do see
that there is a higher spiking indicated, you know
post-trip iodine concentration in the coolant for

very small activity concentrations neasured pre-
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trinp.

We did not see that there was a clear
dependency on the rate of iodine spiking appearance
based on the pre-incident iodine activity.

MEMBER KRESS: Well, let me ask you
about that. The Ad Hoc Conmittee took that sane
dat abase and found a cl ear dependency. They have a
curve and they fit -- took the 95 percentile and had
a cl ear dependency on the pre-activity concentrate
rate. Did you just ignore that or did you decide it
was all right, or what?

M5. HART: WE did not ignore that. W
| ooked at the conbined data and we elim nated what
were thought to be repeats of the same accidents,
you know, between the two studies.

And when we graphed the data, basically
it looked like there were two lines. There was |ike
a lower slope and then there was an upper sl ope.

MEMBER KRESS: W did the sane thing,
the Ad Hoc Comm ttee, and we deci ded an appropriate
regul atory position would be to take the one that
gave you the worst conditions.

M5. HART: Right.

MEMBER KRESS:. Because you don't have a

mechani stic explanation for the reasons for these
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di fferent popul ati ons.

M5. HART: Right.

MEMBER KRESS: So we took the worst one.

M5. HART: Right.

MEMBER KRESS: So we had a clear
dependency. We didn't understand sone of the data,
but we were able to use a regulatory type | ook and
it seemed to ne like that would be the way you ought
to go.

M5. HART: We determ ned because there
was that unknown quality; why are there two |ines
like that? W didn't know what that neant.

MEMBER KRESS: Well, we didn't either.
W didn't either. We speculated that it mght have
been because it wasn't failed tubes that the

constant line was sone sort of trapped uranium or

somet hi ng.

M5. HART: Right.

MEMBER KRESS: But we didn't go any
further than that. W said well, since we don't
know, we'll use the regulatory -- the way the
regul ators always do and say we'll use the one that

gi ves us the worst.
M5. HART: Right.

MEMBER KRESS: Which you apparently
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didn't do?

M5. HART: | do understand that.

MEMBER KRESS: Ckay.

M5. HART: WE didn't determne that. W
didn't see that there was a reason why the
dependency exi sted. And we didn't see that --one of
t he questions was that you get nuch hi gher spiking
at very low activities. And we didn't see like, you
know, a change in the curve or anything. W didn't
di spute your findings or anything |ike that. W just
didn't go that direction.

As you know, we currently use a mass
bal ance nodel. W don't know the mechani stic reasons
behind the spiking itself. And we determ ned that
for these very | ow preaccident iodine
concentrations, that you get an equivalent to what
our current standard assunption is, one like a G /gm
with a 500 tinmes spiking for 8 hours, that you woul d
need a spi king factor of 50,000 tines.

MEMBER KRESS: Yes, | think that's
reasonabl e approach. Let ne ask you sonet hi ng about
that particular bullet.

| f you use the 1 uG/gm which is sort
of a tech spec value and the 500 spiking factor that

you kind of use with that, how close are you to the
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dose Iimt?

M5. HART: It does depend on the site,
definitely it does. But for a site that is right up
on the limt, we have a | ower acceptance criterion,
it's not the full Part 100 for full Part 50-67, it's
ten percent of that. So you would be 30 remthyroid
for the traditional source term and 2.5 remteddy
for the alternative source term

MEMBER KRESS: How cl ose were you to
t hat ?

M5. HART: Well, that is this, that is
that 31 thyroid.

MEMBER KRESS: So you're close to a
factor of ten belowit?

M5. HART: Right, below the Part 100
limt. And that's what our regul atory acceptance
criterion are for these plants. They all have to
nmeet that.

MEMBER KRESS: Well, if you take the 1

uCi/gmand the curve that we used to get the spiking

factor --

M5. HART: Right.

MEMBER KRESS: -- and you assunme 500 to
get sonething |like a thousand. |If you use that,
woul d that still put you up to the limt?
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M5. HART: For the sane plant with the

sanme neteorol ogy, no, you would above that
regulatory limt. But you would not be above the

Part 100 limt.

MEMBER KRESS: Well, I'mbeginning to
worry now that your margins -- if you use reasonable
values for these spiking imts -- let me ask you
your 500 tines, | recall included the Op correction

because the main steanline break has a faster and
bi gger AQp than the database has.

M5. HART: Right.

MEMBER KRESS: And you used the square
root kind of maxi mum Qp or sonething like that?

M5. HART: To tell you the truth, | am
not sure. Nobody was able to tell ne the providence
of the 500, unfortunately, before this neeting.

MEMBER KRESS: Well, the question I was
going to ask is if you used square root of the Op
and a reasonabl e spi king factor out of our
correlation, and your dose cal cul ati on, how cl ose
t hen woul d you be to the acceptance value? And
anot her question | was going to ask is what's the
basis of the square root of Qp? |'msure that's
t he specul ation that the velocity -- that Qp is a

pronmotion on velocity square across the clad or
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something. But I'mnot sure | know the basis of the
square root of Op. And is it just an
unsubst anti at ed hypot hesis or have you nmade tests to
show that -- or you have data to show that this
really would be the case?

M5. HART: To tell you the truth, |
don't even know about the square root of OQp nyself.

MEMBER KRESS: |'mreally concerned
about your iodine spiking because it |ooks like it
hasn't been -- that our problems with it haven't
been really addressed very well. I'mreally
concerned about that. And it also |ooks |ike that
you coul d possi bly be bucking up agai nst the dose
l[imts if you use nunbers that | think probably are
reasonabl e based on the correlations that we
presented in the Ad Hoc report.

M5. HART: | don't knowif that is the
case. | can say that when we | ooked at the data that
was given, of course it doesn't relate to main
steam ine breaks. And, as | said, we didn't --

MEMBER KRESS: It's the transient.

M5. HART: Right. Wt couldn't find any.
There's been not hing done on that.

MEMBER KRESS: W all recogni zed that,

that it's only --
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M5. HART: Right.

MEMBER KRESS: You know, | haven't seen
this reevaluation of the database. All | have is
what we did when we had back when the DPO was being
| ooked at. And | didn't see nuch you could with
t hat except use it as is. | don't know what your
reevaluation did, but 1'd kind of like to hear nore
about what you did to reeval uate the database.

M5. HART: The reeval uation | ooked at
t he pre-inposed accident iodine concentrations. And
there was sone work done to try to determ ne what
t he i odi ne appearance spi king factor would be, try
to back that out. And that effort was abandoned and

we went purely based on the before and after iodine-

MEMBER KRESS: Concentrati on.

MS. HART: -- concentration. And based
that -- and | ooked at how our current nodel does
t hat .

MEMBER KRESS: Trying to get the rate
and spi king factor?

M5. HART: Right. And | ooked at our
current mass nodel -- mass bal ance nodel and
determ ned that it was conservative from our point

of view, that for the --
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MEMBER KRESS: |1'd have to see that

before | can coment on it. And that you a
different view of the correlation between the
spi king factor and concentrati on when you did that?

M5. HART: It didn't really give us an
i dea of what this -- you know, if there is a spiking
factor based on the appearance rate. It didn't
really show us what that correlation would be. It
woul d show us -- let's say, for instance, you're
tal ki ng about the trapped urani um appeari ng or
trapped i odi ne actually appearing. 1odine com ng
out through a, say, a break in the fuel or
somet hi ng. The appearance rate spi ke would not be -
- woul d not capture that. And for the very | ow
concentrations you have a very | ow appearance rate.
And so you get one atom of iodine out, that's going
to cause your appearance rate to | ook very huge.

And so when we | ooked at it fromthat
perspective, it's not --it's not going to really
show you the real picture.

MEMBER KRESS: -- by the fact that it's
| ow concentration in the first place.

M5. HART: Right. R ght. Right.

MEMBER KRESS: These slides don't really

do it for me. | really don't understand why you
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didn't nmake sonme use of our | ook at the spiking
factor versus concentrations because --

M5. HART: Well, the direction we were
given was to go out on our own and look at it from
our perspective.

MEMBER KRESS: Yes. | understand that.

CO CHAI RVAN WALLIS:  Wwell, if you | ook
at your conclusion slide, the next one, it says "The
staff thinks that the current nodeling reginme is
conservative. "

MEMBER KRESS: See, and |'m questioning

CO CHAI RVAN WALLIS:  And | think that
the ACRS Subcommittee | ooked at the data and said
maybe this isn't conservative and you need to be
nore careful. And | don't see you' ve refuted their
claimthere. You seemto have a sort of an argunent
about why it's conservative, but it hasn't really
refuted the analysis that ny colleagues did. So
this | ooks |i ke another one of these presentations
which is all words and no anal ysis or no evidence,
or sonet hing.

| nmean, how do you refute the
Subcommi ttee's concl usions that maybe there was a

probl em here?
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M5. HART: W | ooked at the data and we

didn't think there was a probl em

CO CHAI RVAN WALLI'S:  Yes, but that
doesn't tell me anything. It doesn't tell nme how
you t hought.

MR DOWMIG This is Bob Downig, the
section chief for the section that Mchelle's in.

| think that if what you're hungering
for is the underlying analysis, | think --

CO CHAI RVAN WALLI'S:  And the rational.

MR DOMIG -- we'll be providing the
plots and so on and so forth and what was done.

As far as the approach, as | understand
it the alternative approach is not a nmechanistic
one, it's what you ternmed a regul atory approach
taki ng the worst case | ooking at the data, draw ng
the line as high as you could, or whatever, as
opposed to where we draw the line. | just want to
understand what the alternative is that we're
bounci ng up agai nst.

MEMBER KRESS: Yes. W thought if we
di sregard anonmal ous part that didn't -- and when we
correlated it with the -- and took the 95
percentile, we said we can find for different

concentrations of iodine at the 95 percentile |evel,
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we think there's spiking factor. You take that
spi king factor and you say now do sonet hi ng about
the Op. And we had no other way to scale it with
the Op other than what you did. So we went ahead
and said well let's take that and nultiple it by
about a factor of ten.

| f you take our value for the 95
percentile concentration at the one uC/gmlevel,
take that spiking factor, adjust it by this factor
of ten, it looks to nme like you mght get a dose
t hat exceeds the 10 CFR 100.

| don't have a dose cal cul ation either,
and if that's plant specific, so | had to kind of
guess at that possibility. But it looked to ne |ike
t hat woul d be sonething you m ght want to do. And
it looked to ne |ike you m ght beconme opposed to the
dose Iimt. | don't knowif this is an appropriate
approach or not, but that's what was bothering me
about the whol e thing.

M5. HART: kay.

CO CHAI RVAN FORD:  Ckay?

We' Il be discussing tonorrow you know,
some of our recommendati ons at our neeting, which |
don't doubt, on Thursday that is -- presentations on

Thursday. And | don't doubt that this will be one of
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t he i ssues at that neeting again.

Are there any other coments fromthe
menbers on today's issues? W'I|Il be tal king about
them overall tonmorrow, at the end of the neeting
t omorrow, but --

CO CHAI RVAN WALLI'S:  About the
presentations, we say this over and over again and
sonetinmes the staff will listen. But slides that
are full of words don't help us very nmuch. But one
or two slides with really good data and evi dence
hel ps tremendously. Wy don't we have presentations
that have data in them pictures, points on graphs
or analysis of sonething that proves the point
instead of all these words? And we've said that
many tinmes before.

CO CHAI RVAN FORD: Well, we see that the
data, those that did conformto that did better.

Joe, all the presenters, thank you very
much, indeed, for the presentations today.

Look forward to seeing you all at 8:30
tomorrow. Thank you.

We're adjourned until 8:30 tonorrow.

(Wher eupon, the Joint Meeting was

adjourned at 5:04 p.m)
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