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P-ROCEEDI-NGS
9:10 a. m

CHAI RVAN WALLI'S: The neeting will now
come to order. This is the second day of the 522nd
neeti ng of the Advisory Commttee on Reactor
Saf eguards. During today's neeting the Conmittee
will consider the follow ng, the Steam Generator
Tube Integrity Program Digital Instrunmentation and
Control Systens research plan, reconciliation of
ACRS comments and recommendations, future ACRS
activities, report of the Planning and Procedures
Subconmmi ttee, and the preparation of ACRS reports.

This nmeeting is being conducted in
accordance with the provisions of the Federal
Advi sory Committee Act. M. Sam Duraiswany is the
desi gnated Federal O ficial for the initial portion
of the neeting.

We have received no witten coment, nor
request, for time to make oral statenents from
nmenbers of the public regarding today's sessions. A
transcript of portions of the neeting is being kept,
and it is requested that the speakers use one of the
m crophones, identify thenselves, and speak with
sufficient clarity and vol une so that they can be

readily heard.
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"1l remind you that we are having our
annual ethics training over lunch today. John Szabo
will be here at 12:15, and you may have been told
that it will be in the small room but it wll
actually be held here.

Wthout nore ado, |1'd like to proceed
with the neeting, and I'd ask ny col | eague Dana
Powers to |l ead us through the first item

MEMBER POAERS: Thank you, sir. W're
going to discuss the Steam Generator Tube Integrity
Program nost of which is, many aspects of which are
bei ng done at Argonne National Laboratory.

It's part of -- it's one of the topics
that we're going to address in our ACRS quality
research review. And so maybe we shoul d | ook upon
this as background for the presentation on that
quality review.

W're going to try to do this over the
course of an hour and 25 m nutes, Janes, so we need
to nmove right al ong.

MR. DAVIS: (kay.

MEMBER POVNERS: |'Il introduce Janes
Davis fromthe Ofice of Nucl ear Regul atory Research
to at |least get us started here. | don't -- | have

no idea who the goat sitting next to himis. |'m
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sure you will introduce that.

MR DAVIS: It's Bill Shack. He's a
program rmanager for this program at Argonne Nati onal
Lab.

MEMBER POAERS: Ch, he's just a manager
| thought he was a technical pursuance --

MR DAVIS: Yes, but he also does a | ot
of the other. Okay. W're doing research in quite
a few areas on steam generators. |'ve specifically
been asked to cover Task 3, which is tube integrity.

The reason that we're doing this work in
tube integrity is user needs fromNRR are related to
the in-service inspection capabilities, reliability
of in-service inspection. And then nodels for
rupture burst and | eak of steam generator tubes.

And NRR plans to use this information to
review | icensee submttals. 1In addition to the work
that we're doing for the user needs, we're also
doi ng work on crevice chenistry, tube support
pl at es.

ACRS told us that they didn't feel that
we had a -- anybody has a good enough under st andi ng
of what causes degradati on of steam generator tubes
at the tube support plates.

So we're doing a pretty good study in
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t hat area.

MEMBER POVERS: |Is this destined to be
an anachronisn? | nmean as people go through and
change out steam generators, aren't they elimnating
t he crevices?

MR. DAVIS: No, they're not. They still
have the tube support plates.

MEMBER POAERS: But | nean --

MR. DAVIS: They have a different
desi gn.

MEMBER POVNERS: -- isn't that a broached
hol e ki nd of design so you don't have narrow
crevi ces anynore?

MR DAVIS: Wl they still have
crevices, and we feel it's very inportant that we
understand what's going to happen with 690 over the
|l ong-term and these crevices.

And that's what the real objective of
that work is, is with these new stainless steel tube
support plates and with the different design. W
feel it's very inmportant to know what's going to
happen over the |long-term

MEMBER POAERS: What's the potentia
di fference between the stainless steel and the 690?

MR DAVIS: |'mnot exactly sure. |
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know | don't think it's very big because of the | ow
conductivity of the solution, but we haven't
physically neasured it at this point.

W' re working on that. What |'m going
to present today, |'mgoing to enphasize Task 3,
which is tube integrity and integrity and
predictions. |[|'ll give you the objective.

|"mgoing to go through sone of the |eak
rate nodels. [|'malso going to discuss
pressurization rate testing because there are sone
guestions about the effect of pressurization rate on
testing when you actually pull tubes in the field.

|"mgoing to discuss the main steamline
break, study what we did where you have a
depressuri zation on the secondary side. W've done
some very interesting work recently on constant
pressure crack growh, and I'll get into that.

Ckay. And then I'mgoing to tell you
how we statistically treat the nodels and then I|'|
sunmari ze the results. And I'll mention sonme of the
future work that we have pl anned.

|"mnot sure we're really going to have
time to discuss Task 1, 2, and 3, which are
assessment of inspection reliability, 1Sl technol ogy

and degradation nodes, but | put it in the package
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just so -- just for reference material.

The objective of Task 3 is to evaluate
and validate nodels for |eak and rupture behavior,
failure pressures, and | eak rates for degraded
t ubes.

And this is under normal and acci dent
condi ti ons.

MEMBER POAERS: Can you give us, nmaybe
not imrediately but in the course of the
presentation, can you give us an idea when you say
you want to eval uate and validate these nodel s, what
ki nds of |evels of precision of accuracy you're
| ooki ng for fromthese nodel s?

Plus or mnus one percent sort of
things, or plus or mnus factors of two?

MR DAVIS: W're not to that point with
real cracks yet because part of the problemis the
assunption that we know exactly what the crack | ooks
i ke and we don't always know t hat.

That's one of the problens. Wth the
i deal i zed cracks we do a very good job with the EDM
notch -- notches and we just don't do quite as good
a job with real cracks because --

MEMBER POVNERS: Wait a minute. The

guestion I'mdriving at is you can take these
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not ches that you prepared, that you know very well,
and you can nodel those, and then you try to apply
themto these cracks that have |iganments and what not
runni ng through them How do you know when you're
good enough?

MR. DAVIS: Good enough?

MEMBER PONERS: Yes. | nean you're
never going to get it exactly because there's
stochastic conmponent and what the crack | ooks IliKke,
but there's a point where continued refinenent of
the nodel's not going to do you any good.

MR DAVIS: Yes.

MEMBER POAERS: You're not going to get
over that, so how good is good enough here?

MR DAVIS: | don't knowif | actually
know t he answer to that.

VI CE CHAI RVAN SHACK: Well, you know,
that's al nost a question for NRR to answer. But our
-- With essentially a well -- a good geonetry, we're
typically, you know, sonewhere on the order of ten
to 15 percent.

So when we know the geonetry -- as Jim
says, the difficulty with the real crack is that you
don't know the geonetry. You can be very

conservative, you know.
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The typical response nowis to take a
conpl ex crack, shape, and bound it with a
rectangul ar crack that's, you know, as long as the
real crack, and as deep as the deepest portion of
t he real crack

And that can be very conservative by
factors of two. So you're | ooking for sonething to
get you closer to the 15 percent or so.

MEMBER POAERS: | guess |'mstil
struggling. Ckay. | nean what's inportant here, how
fast you depressurize, how fast you put liquid out?

VI CE CHAI RMAN SHACK: Wl | agai n,
think in many cases it's a question of whether
you've met your -- you know, when you do your
operational assessnent, |like nost of these rules,
you know, if you've made the limt you' re gol den and
if you haven't nmade the limt --

MEMBER S| EBER:  You're brown.

VI CE CHAI RVAN SHACK: -- you have a
problem And so you'd like to avoid access
conservatism but you'd like to understand whet her
you really do have the nmargins that you intend to
have.

You know, | can't give you a risk nunber

for what happens if you don't neet the ASME margin
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on your condition assessnment, but that is what the
regul ations require. So it is a conpliance problem

MEMBER DENNING Now is it a question of

plug-in criteria? |Is that what it is? | nean it's
how confident you want to be that you'll detect a
crack and it'll be a certain size, and then you'l

decide to plug? |Is that what it comes down to?

VI CE CHAI RMAN SHACK: Wl l, | mean
certainly you want to be able to do that, but
t hink the bigger problens is when you' re doing the
operational assessnent at the end of the cycle and
the -- you know, you have to denonstrate that you
have the required nmargins, that, you know, you know
you're operating with cracks.

You know, in nost of these alloy 600
steam generators there's not nmuch question about
that. The question is whether you' ve really got the
requi red nmargi ns when you' re done, and --

MEMBER POAERS: But doesn't that again
come down to the question of plugging criteria and
t he degree of confidence you want to have that in
t he next cycle you're not going to --

VI CE CHAI RMAN SHACK:  No, it's -- |
think -- you nean that's an inportant question, but

the question that you' re imrediately answering is
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you' ve cone to the end of the cycle and you're

| ooking at all the cracks that are in the steam
generator, making sure that you have enough margin,
that is you know, you predicted that you would go
t hrough the cycle and al ways have tubes that net al
t he ASME requirenents.

When you get to the end of the cycle you
have to find out whether that prediction was in fact
true. And if you haven't nade that then you' ve
essentially violated your condition, whichis to
al ways operate within the proper margins.

So you then | ook at your worst cracks
and you try to determ ne whether you've had enough
mar gi n or not.

CHAI RVAN WALLI'S:  Now you i nspect every
t ube?

VI CE CHAI RMAN SHACK: That's a -- in
many alloy 600, it's close -- it's basically 100
percent. You know, nobst of them have enough.

They nmeet all the expansion rul es that
you're ever going to have.

MEMBER KRESS: What purpose does it
serve to find out after the fact that you viol ated
your condition?

VI CE CHAI RVMAN SHACK:  Well | think it --
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you know, because you're going -- you're going to

make an assessnent now for the next cycle. You, you

know, --
MEMBER KRESS: Then change your nodel,
or --
VI CE CHAI RVAN SHACK: Well, yes, you may
add conservatism | think, you know, that's, you
know,

MEMBER KRESS: So it's for the next
assessnent ?

VI CE CHAI RMAN SHACK: | nean it's
basically --

MEMBER KRESS:. You want to know how good
your nodel is, then?

VI CE CHAI RMAN SHACK: It's a
verification of your prediction nethod --

MEMBER KRESS: | see.

VI CE CHAI RMVAN SHACK: -- you know, for
all the uncertainties that we have. And we, you
know, we have uncertainties in crack sizing,
uncertainties in growh rate, you know.

So you' ve made those predictions. You
now find out whether your -- you' ve net all your
requi renents or you haven't. |f you haven't,

obvi ously you have to justify what you're going to
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be doing for the next cycle.

MEMBER KRESS: So you're going to change
t he nodel ?

VI CE CHAI RVAN SHACK: Which typically is
to presunabl e assessnment conservatism

MEMBER DENNI NG Now wait a second, |
don't understand. But the safety concern or
consideration is if in the next cycle you' re going
to have a tube rupture which has safety concerns
associated with it, right?

So | nean there's all these questions
about nodels, but isn't the real issue aml going to
plug tubes or am |l not going to plug tubes. Isn't
that what it conmes down to? I|I'mmssing --

MEMBER APCSTCOLAKIS: O change the
nodel s.

MEMBER DENNI NG No, no, no. | nean the
-- you can change the nodel but that's secondary.
The real question is are you going to burst the next
time, and if you have to nake nore conservati smthat
nmeans that you have to plug nore tubes, right, or
plug at a |lower |evel?

VI CE CHAI RMAN SHACK: Wl l | think the
answer -- you certainly don't want to burst any

tubes in the next cycle but you also don't want to
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run the tubes even with I ess margin that you intend
to have.

| nmean you're not only supposed to get
t hrough the cycle w thout bursting tubes, that's,
you know, that's --

MEMBER DENNI NG Sure, sure

VI CE CHAI RMAN SHACK: -- requirenent
number one.

MEMBER DENNI NG No, no, no. | agree.
| agree, but | think getting back to Dana's

guestion, how accurate to we have to be, the

guestion is what risk are we willing to take that we
will not have a sufficiently conservative pluggi ng
criterion that you'll have a -- too large of a

probability of another break.

MEMBER APOSTCLAKI'S:  Wiich is -- | nean
in a broader sense, the question is at which point
reduci ng the uncertainties doesn't change the
decision. And that's where Rich is going.

What is the decision that they have to
make, and you know, if | have uncertainty say that's
only five percent, | reduce it fromten to 15
percent to five percent.

Woul d the decision change? |If it

doesn't change then | can tolerate it, right?
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don't care about reducing it anynore. And that's
where Rich is going.

| nmean what decision is that, plugging
t he tubes or what?

MEMBER DENNING  And | think that the
decision is do | plug or don't | plug.

MEMBER APCSTOLAKI S:  Yes, yes.

MEMBER DENNING Right? Am |
sinmplifying it too nuch?

MR KARWOSKI: This is Ken Karwoski from
the NRR Staff. | think it's inportant to recognize
what plant procedures are what type of safety
factors are built into all these plugging criteria
and plant practices because, you know, one, it's
i mportant to know the uncertainty in predicting the
burst pressure of the flaws, but lets |ook at a
typical plant with m |l anneal tubing who has
cracki ng.

Most plants, unless they have an
alternate repair criteria approved, plug all flaws
on detection. And as Bill was pointing out, so when
they find these flaws they want to make sure that
they had the margins that they thought they did.

And so when you | ook at a given plant

with mll anneal tubing, if you just | ook at
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pressure |oading, they're trying to maintain a
safety factor of 3 agai nst burst during nornal
oper ati on.

So the key consideration is are they
neeting that. And so it's tolerable not to neet it.
It's not sonething that the plant wants to exceed,
but it is tolerable for the plant to have a reduced
safety factor of let's just throw out 2.9, because
the tubes still won't burst during normal operation,
nor during accident conditions.

So there's a lot of margin built into
t he acceptance criteria for these inspections. In
addi ti on, when we're tal ki ng about probability of
burst we're -- in assessing degradation, we're not
usi ng the mean val ue.

W tend to use |like a 95 percent
confidence value. So the real consideration is do
we have enough confidence in the uncertainty
associated with those burst pressure predictions.

And so it is tolerable to exceed this
performance criteria. |It's not sonething that we
want plants to do, but when they do exceed, or if
t hey do, because it doesn't occur that frequently,
but if they do then they take pronpt corrective

acti on.
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MEMBER DENNI NG Well, you're --

MEMBER POAERS: W' ve probably spent
enough on this question. But when you tell nme that
you' re devel oping a nodel and validating it, |
really feel like | need to have sone sense if when
you can say QED, and | don't have that sense here.

MEMBER ROSEN:  On anot her point, | think
you were correct when you said that nost m |l annea
600 plants will inspect 100 percent but | don't
think that's the picture that's really out there
now.

| nmean so many of those plants have
repl aced their steam generators. | don't know how
many are |eft in operation, but the new 690 plants,
after the first cycle where they do do 100 percent,
the baseline -- | don't think they're doing a ful
100 percent anynore.

MR. DAVIS: No, they don't.

MEMBER ROSEN:  There's nuch -- the
anount of inspection after the first baseline is
much reduced. And that picture will continue to come
into focus as nore and nore m |l anneal 600 all oy
pl ants go out of service.

So we're dealing really with a future

that | ooks like |l ess inspection typically.
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VEMBER DENNI NG Yes.

MEMBER ROSEN:  Unl ess, you know, unl ess
the 690 plants behave badly. | nean if you don't
get into -- what is it (O (1), you know, where you
have nore than one percent and have to go into one
of these expansions, you're going to do a fairly
l[imted inspection.

MR. DAVIS: That's right.

MR KARWOSKI: This is Ken Karwoski from
the NRR Staff. | just wanted to clarify all plants
that replace their steam generator, the industry
gui delines, and to ny know edge, all plants who
currently replace, they do 100 percent inspection in
the first outage after replacenent to identify the
condi tion of the tubes.

MR DAVIS. Right.

MR. KARWOSKI: After that they nmay do
| ess inspections, and that's frequently what we see,

but --

MEMBER ROSEN: |'m aware of that. Now
after that what is it typically?

MR. KARWOSKI: It varies fromplant to
plant. For the 600 thermally treated plants, they
typically inspect two of their four steam

generators, you know, in a four-loop plant, every
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ot her out age.

They' Il inspect two steam generators one
outage. The next outage they'll inspect the other
two, and they' Il go on. But those practices evol ved

with tine, and it's difficult to --

CHAI RVAN WALLI'S:  How nany tubes in

t hose SGs?

MR KARWOSKI:  Fi ve thousand.

MEMBER PONERS: W're really getting off
the track here. | failed to see --

CHAI RVAN WALLI'S:  And how many do they
test?

MEMBER POVNERS: | nean one of the
problems |I'mrunning into here is | don't understand
how t hese nodels relate to all of this regulatory
i nspection and things |ike that.

MEMBER ROSEN: Could | ask -- G aham
asked the final question which we never quite got
to, which was the ones they inspect, what's the
per cent age?

MR. KARWOSKI: It varies fromplant to
pl ant, but we can provide you tables of historic
practices for like thermally treated 600, but
pl ants, -- some plants do 100 percent when they | ook

at those two steam generators, others do 50 percent.
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MEMBER ROSEN: That nuch?

MR, KARWOSKI: Yes, yes.

MEMBER ROSEN:  On a new steam generator?

VI CE CHAI RVAN SHACK: It's a thermally
treated 600. Six ninety would typically be --

MR KARWOSKI: Be even |ess.

VI CE CHAI RMAN SHACK: -- | ess.

MEMBER POAERS: You can go ahead.

MR. DAVIS: The steam generator tube
materials are very ductile, and so in the nodels
what we consider is that the failure under design
basis conditions is by plastic instability.

Under severe accident conditions where
you're at higher tenperature it's nore |ikely at
creep or at plastic instability. Now the real
cracks have conpl ex shapes, and as Bill said, we use
a rectangul ar -- equival ent rectangul ar crack method
to give conservative results.

And we' re devel opi ng nmethods to give
nore realistic predictions of the |iganent rupture.
An efforts ongoing to develop nore realistic
predi ctions for burst.

We don't do as well on bursts as we do
on |iganment rupture. The first nodel I'mgoing to

discuss is for an axial flaw that's through wall and
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it's idealized.

And Erdogen came up with a nodel for
predicting the rupture, and it's -- the critical
pressure is sigma H where His the wall thickness
over the nean radius, and factor M which cones out
of linear elastic fracture nechani cs nodeling.

MEMBER KRESS: What's a flow stress?

MR DAVIS. Right.

MEMBER KRESS: What is a flow stress?
|'ve never heard that term

MR. DAVIS: Flow stress is the average
of the yield in the tensile.

MEMBER KRESS: Wiy do you call it a flow
stress?

MR. DAVIS: That's just what they call
it in fracture nechanics.

VI CE CHAI RMAN SHACK: It's a way of
accounting for work hardening with an elastically
perfectly plastic nodel. 1It's just a
sinplification. It turns out to work quite well for
ductile material s.

But if you use the yield stress you're
bei ng extrenely conservative because the materials
can work hard in a great deal

MEMBER KRESS: Ri ght.
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VI CE CHAlI RMAN SHACK: Use the ultimte

stress, you're non-conservative, --

MEMBER KRESS: So it's a --

VI CE CHAI RMAN SHACK: -- realistically.

MEMBER KRESS: -- sonewhere in between
t hose two?

VI CE CHAI RVAN SHACK: It's the average
of the two, and that turns out to be quite good for
ductil e and work hardening nmaterial s.

CHAI RMVAN WALLIS: So you're msusing a
word fromthermal hydraulics to make it nore
respect abl e?

MEMBER KRESS: Yes, that nust be it.

VI CE CHAI RVAN SHACK: Well actually it
comes fromd Taylor, so we knowit's got to be
right.

MEMBER KRESS: Oh, it has to be good
t hen.

MR DAVIS: Another case that we have a
nodel for is where you have a |iganent where you
part-through crack. And here you cone up with a --
i nstead of M an M sub-p.

And this is related to the crack size
and the wall thickness and the Mfactor, which is

the linear elastic fracture nechanics. Once you do
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rupture a liganent, now if the critical pressure is
hi gher than the |iganent pressure then you' re not
going to burst the tube you're just going to | eak.

And what we found in our work at Argonne
inthat the -- this nodel works well for |ong cracks
but it doesn't work so well for short, deep cracks.
So Argonne nodified this expression and included the
term al pha, which is a geonetric factor as well.

And it turns out that the nodification
that Argonne did gives us nuch better results on
short, deep cracks.

CHAI RVAN WALLI S:  What do you nmean by
short, deep cracks?

MR. DAVIS: Like a quarter inch crack
that's 80 percent through wall.

CHAI RVAN WALLIS: A quarter inch w de,
or what's the --

CHAI RVAN WALLIS: Wwell then I ong and
deep sound to ne -- seemto be the same thing.

MR DAVIS: It's -- a short, deep crack
is like a quarter inch crack that's 80 percent
through wall. A long crack is |like maybe a hal f
inch or an inch long and --

CHAI RMAN WALLIS: It's long this way and

then it goes through the wall that way.
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MR DAVIS: Yes. But if it's --

CHAI RVAN WALLIS: Tangentially is
| engt h?

MR DAVIS: If it's short and deep --

VI CE CHAI RVMAN SHACK: Length is axial or
circunferenti al

CHAI RVAN WALLIS: Well | would say wi de
and deep, not --

MR DAVIS: No.

MEMBER POAERS: It matters not what you
woul d say it only matters what they say.

CHAI RVAN WALLI S: Ckay, but --

MR DAVIS: What we've done with the
actual stress corrosion cracks is we've -- or
irregular cracks is we've come up with this
rect angul ar crack nethod.

The problemthat we run into with this
nodel is that it -- sonetimes we don't account for
| i ganments.

CHAI RVAN WALLI'S:  Now rectangul ar crack
nmeans that this shortness and this depth are sides
of a rectangl e?

MR DAVIS: Yes.

CHAI RMVAN WALLIS: Is that what you nean?

MR. DAVIS: Yes. And you take a rough
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crack and you take the best rectangle that you can
find.

CHAI RMAN WALLIS: And it has sharp
corners, does it?

MR. DAVIS: Yes. It has sharp corners.
For our nodel that's what you use.

CHAl RVAN WALLI'S: Does it make the

conputation nore difficult when there's sharp

corners?

MR DAVIS: No.

CHAl RVAN WALLI'S:  No?

MR DAVIS: No. It sinplifies it
actual ly.

CHAI RVAN WALLI S: Ckay, okay.

MR DAVIS: But what we do is we take a
series of these rectangular cracks and we cal cul ate
M sub-p and we take the one with the highest M sub-p
for conservatismand use that in the nodel

The problemthat you have is if you have
I igaments or you have a neandering crack, the -- you
have an -- when you calculate it with the equival ent
crack method you don't account for the entire length
of the -- of what's going on.

And that's why you sonetinmes don't get

very good results.
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MEMBER ROSEN: Can you be a little nore

expressive when you tal k about Iiganments? | know
what they are in ny leg. Wat, exactly, what do you
nmean when you say |iganent?

MR. DAVIS: So you have an inch | ong
crack but it consists of a series of short cracks
with metal in between them And so to rupture that
you have to rupture those |iganents.

It's not really an inch long crack it's
a series --

MEMBER ROSEN:  So you think of it as a -

MR DAVIS: -- of short --

MEMBER ROSEN: Look at ny hands and the
two branches are cracks.

MR DAVIS. Right.

MEMBER ROSEN: And the space in between
is the |iganment?

MR DAVIS: That's a liganment and that's
solid materi al

CHAI RMAN WALLI'S:  The liganments are
still hanging on.

MR. DAVIS: They're still there and
they're holding it together. And part of the

problemis --
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MEMBER ROSEN: It's quite strong.

MR. DAVIS: You' re assum ng you know
what the length is using, say, eddy current to
determ ne the length. But sonetinmes eddy current
won't see the liganments. And so --

MEMBER S| EBER: Vol unetric.

MR DAVIS: -- results will tell you
that the crack's longer than it is. O you'll
assurme it's longer than it really is and that's why
you don't get really good results sonetines.

VI CE CHAI RVAN SHACK: Liganents just
make life very -- they make it conplicated for your
i nspection because they fool the eddy current. They
provi de a conductive path, and so --

MEMBER SI EBER  Ri ght.

VI CE CHAI RVAN SHACK:  You know, it mnakes
it difficult to detect because you're, you know, you
want a high i npedance for the detection so it nakes
it difficult to detect.

It screws up your burst cal culation
because al though these |iganents are very narrow
they add a surprising anount to the strength of the
whol e crack.

So you tend to be overly conservative

wi th these bounding crack nodels. And you end up
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greatly over-predicting | eak rates because again the
crack turns out to be very, very sensitive to how
wide the -- and this -- we use wide to say how much
t he crack opens up.

So it's long, wide, and deep. And so a
I igament greatly reduces the width of the crack
opening and greatly reduces the flow through the
flaw, and so you're alnost all the tinme -- our
sinplified crack type nodels over-predict the |eak
rate.

They essentially over-predict the burst
pressure.

MEMBER ROSEN: So com ng back to ny
hands nodel where ny hands are the cracks, the
material in between is still intact.

VI CE CHAI RVAN SHACK: Yes, there's --

MEMBER ROSEN: And you're neasuring this
crack as being the width of to the back of ny hands

VI CE CHAI RVAN SHACK:  Your hand, right.

MEMBER ROSEN: -- whereas really it's
got a lot other material in between those facing the
cracks.

VI CE CHAI RVMAN SHACK: It doesn't take

much material, you know. You have a half inch crack
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and you put a sort of a 32nd inch liganent in the
mddle of it and it makes a trenmendous difference in
the leak rate through that crack. A little |iganment
goes a | ong way.

MEMBER SI EBER: Wth enough |iganents
you can actually be through wall and have it not
bur st .

VI CE CHAI RVAN SHACK: Ch, yes. Now in
the fact -- when we tal k about |iganment rupture
that's the whole point, that we can predict when the
crack goes through wall quite well even for a
conpl ex crack shape.

But the margin that you then have to
actual bursts where you get an unstable tearing, you
know, it's one thing to pot through and have a very
small, tiny crack that's popped through in just a
smal | portion of it.

It's another one to rip the whole length
of the crack and to have an unstabl e burst that
keeps on going. And again, we can predict the
| igament rupture to go through wall quite
accurately.

What we can't tell you is the margin you
t hen have to the unstabl e burst.

CHAI RMAN WALLI' S:  The |iganment nust be
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very material dependent, brittle material.
presune you don't have liganents in certain
materials. You have lots of |iganents because of
the structure of the material.

VI CE CHAI RVAN SHACK: I n our gooey,
rubbery alloy 600 we have | ots of |iganents.

CHAI RVAN WALLIS: And so the flowis
like a sticky stuff --

VI CE CHAI RMAN SHACK: Ri ght.

CHAI RVAN WALLIS: -- and pulls these
bits of glue out.

VI CE CHAI RMAN SHACK: And the stress
corrosion cracks grow that way. They kind of
nmeander through various grain boundaries rather than
cleanly rupturing grains so that you get this
conpl ex --

MEMBER POVNERS: Even in brittle ceramcs
they tal k about |iganents.

VI CE CHAI RVAN SHACK: But there it tends
to be nore a big bang kind of a failure.

MR DAVIS: This is what Bill just
covered, so -- we al so have devel oped nodel s for
circunferential cracks. And there we didn't use the
plastic instability as much as we used a fracture

nmechani cs approach because it's a little nore
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conplicated to deal with

CHAI RVAN WALLIS: | would think the
i gaments woul d be subject to creep, that they would
actually creep away because of the high stresses on
them Don't they?

VI CE CHAI RVAN SHACK: Yes, we'll get to
t hat .

CHAI RVAN WALLI S:  Ckay.

MR. DAVIS: W al so devel op nodels for
severe accidents where you' re at a higher
tenperature. At |ower tenperature you woul dn't
expect a lot of creep, but at the higher tenperature
a creep rupture nodel has been devel oped.

And it -- and also it predicts a | ot
better than the flow stress nodel. To nove on to
the | eak nodel s, we devel oped a | eak nodel based on
sinple orifice flow through a crack

MEMBER KRESS: |s the area, the opening
area -- you know, the crack has areas at front end
and back end, a small area at the back end?

VI CE CHAI RVAN SHACK: Yes, that al so
turns out to be an interesting question, but it's
the smal |l est area which is typically at the CD

MEMBER KRESS: At the OD?

VI CE CHAI RVAN SHACK: Yes. And --
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MEMBER KRESS: So the .6 is discharged
froman orifice into a reservoir?

VI CE CHAI RMAN SHACK: Ri ght.

CHAI RMAN WALLI S:  Shar p-edged orifice?

MEMBER KRESS:. Sharp-edged orifice into

a reservoir.

CHAl RMAN WALLIS: There's no friction or

anything in all this crack?

VI CE CHAI RMAN SHACK: Again --

CHAI RVAN WALLIS: If you're being
conservative, you're saying.

VI CE CHAl RMAN SHACK: Well, with |eak
rates it's hard to know when you' re being
conservative. |If you're looking at -- if you want
to do | eak-before-break then every tinme you over-
predict the |eak you' re being non-conservative.

| f you' re | ooking at how much fluid
you're loosing fromthe reactor then it's
conservative to over-predict the volume of |eak.
conservative is a kind of a dangerous thing.

But what is surprising here is that
everybody sort of thinks of this as clearly a two
phase situation. The flowis going to go
t hr ough.

MEMBER KRESS: Ri ght.
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VI CE CHAI RVAN SHACK: You're going to

have flashing, you know. You woul d expect these
flows to always be choked. Wat was surprising to
us was that many of the -- nuch of the tinme the
crack acts as an orifice of a single phase fluid.

| nmean this is just an orifice flow for
a single phase fluid. You know, you really are
| ooking at the tinme it takes to flash. And by the
time it gets through the wall it hasn't flashed yet
and so the fluid acts as though it's a single phase
fluid.

And this becones inportant under
acci dent situations when you have the 2,500 and the
crack opens fairly wide. So --

CHAl RVAN WALLIS: This is true of snal
di mensions, it takes a small time to go through.

VI CE CHAI RVAN SHACK: A snall tine to go
t hr ough.

CHAI RVAN WALLIS: If you go to Marviken
everyt hing i s honbgeneous because the length is so
| ong.

VI CE CHAI RVAN SHACK: And so for these
ki nds of accident flows the crack tends to be open
and you get this single phase behavior, this orifice

t ype behavi or.
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Now i n the normal operation when, you
know, the leak rate is 150 gall ons per day and
you're dealing with very tight cracks, then clearly
you have very large fluid | osses.

Frictional |osses are very inportant.
CGetting the transition between when you have this
orifice flow and when you have this nuch nore
restricted frictional flowis one of the things that
we're still working on.

W have sone expl anations of when that
happens and under the conditions in which you switch
fromone flow to the other

MEMBER BONACA: | have a question. This
is a response to a need from NRR, okay. Now the
| icensees nmust have simlar nodels that they use to
predict a fact fromcycle to cycle, what's going to
happen? Ckay.

VI CE CHAI RVAN SHACK: Yes. Well one of
the differences is the Iicensee nodels up until now
have al ways assuned that the flow has been choked.

MEMBER KRESS: (kay.

VI CE CHAI RVAN SHACK: And that's not the
case for these, you know. A crack that's |arger
t han about five mllineters under a main steamline

break condition that's not the case.
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A crack that size, that open acts like a
singl e phase fluid with no choking, and a sinple
orifice flow nodel

MEMBER KRESS: So you're going to get a
ot nmore flow?

MEMBER POVNERS: Bill, --

VI CE CHAI RVAN SHACK: You're going to

get nore flow

MEMBER POAERS: Bill, in this equation
or this nodel -- or maybe Jim |'mnot sure who to
ask on this. Wen they do a drill plate for an
orifice flow nmeter, anything like that, | have to go

calibrate it, okay, because this equation never
exactly works.

kay, what do you adjust, your discharge
coefficient or the area?

VI CE CHAI RVAN SHACK: The uncertainty is
generally really with the area. You know, you're
right, | nean there is a variability in the orifice
coefficient.

MEMBER PONERS:  Yes.

VI CE CHAI RMAN SHACK:  And if | was
dealing with a drilled hole |I would adjust the
orifice coefficient. It turns out in dealing with a

real crack, ny difficulty is always in conmputing the
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crack opening area, because if | take, as | usually
do, ny sort of rectangul ar boundi ng crack, |'m going
to over-predict the crack opening area.

So | have a very strong tendency over-
predict leak rates. | sort of ignore |iganents.
And again, | don't know whether Jimw Il have it
come up here, you know, sooner or |ater when we do
the fraction mechanics prediction you find that this
area varies to about the fifth power of the length
of the crack.

Soif | put aliganent in the mddle of
that crack, |'ve suddenly changed the thing by a
factor of about 30.

MEMBER POAERS: | nean the discharge
coefficient used there is very sinple.

VI CE CHAI RMVAN SHACK: Is very --

MEMBER POAERS: But it doesn't nake any
di fference because all your problemis in the area.

VI CE CHAI RVAN SHACK: All ny problemis
in the area.

MR DAVIS: For an axial crack this is
t he expression that we use, and -- where VO is a
function of the Ce in the --

CHAI RMAN WALLI' S:  What shape is this

area?
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MR. DAVI S: [t's a crack.

VI CE CHAI RVMAN SHACK: It's an ellipse.

CHAI RVAN WALLIS: It is?

VI CE CHAI RMAN SHACK: Wl l, --

CHAI RVAN WALLIS: It's idealized to be
an el lipse.

VI CE CHAI RVAN SHACK: It's idealized to
be an elli pse.

CHAI RVAN WALLIS: But really it isn't.

VI CE CHAI RVAN SHACK: Well if you told
nme the shape of the crack | would tell you the shape
of the opening.

CHAI RVAN WALLIS: That's part of the
uncertainty.

VI CE CHAI RVAN SHACK: That's part of the
uncertainty. But when | bound everything with an
equi val ent rectangul ar crack it idealizes as an
el lipse.

MR DAVIS: | think we've discussed nost
of this, but the test show that due to short transit
time across the steam generator tube wall |eaks over
a range of crack sizes can be described by a single
phase orifice flow nodel with an openi ng based on
t he crack opening area.

The |l eak rate's a function of L over D
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where L is the length and Dis two tines the crack
opening. Now we get a very good agreenent, as Bil
said, for slits, orifices, and open cracks.

CHAl RVAN WALLIS: Wait a mnute, this
crack is going in both directions. Doesn't that
make a difference which way it's grow ng, whether
it's growing wi de-wi se, or | nean --

VI CE CHAI RVAN SHACK: Lengt hwi se?

CHAI RVAN WALLI S: Lengt hwi se or what ever
the other thing you call it.

VI CE CHAI RVAN SHACK: Ch, you nean axi al
or circunferential?

CHAI RMAN WALLIS: Right, it nmakes a
di fference which way it's grow ng.

VI CE CHAI RMAN SHACK: Oh, yes. It's
nmakes a very large difference.

MR. DAVIS: Very big difference.

CHAI RVAN WALLI' S:  Yes, so --

VI CE CHAI RVAN SHACK: We're dealing with
axi al cracks here, not --

MR DAVIS: Axials here.

VI CE CHAI RVAN SHACK: We have equi val ent
nodel s.

CHAI RMAN WALLIS: It's not grow ng any

other way. |It's already grown as nuch as it wants
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to the way and then it's just going that axial way,
is that it?

VI CE CHAI RVAN SHACK: Yes, the length of
the crack increases either axially or
circunferentially.

CHAI RVAN WALLI'S: Ri ght.

VI CE CHAI RVAN SHACK: The width is not
really a growth, it's --

CHAI RVAN WALLIS:  No, no, no, that's
right. The length --

VI CE CHAI RVAN SHACK: That's an openi ng.

CHAI RVAN WALLIS: What do you call --
the other one is the depth? Length or the depth?

VI CE CHAI RVAN SHACK: Yes, the length is
how |l ong the crack is either axially or
circunferentially.

CHAI RVAN WALLIS: But is the length
growing or is the depth growing or is just the
length fixed and the depth is growing or what's
happeni ng here?

VI CE CHAI RVAN SHACK: No, they're both

gr ow ng.
CHAI RVAN WALLI'S: They're both grow ng?
VI CE CHAI RVAN SHACK: They're both
growing. |It's growing longer and it's grow ng
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deeper.

CHAI RVAN WALLIS: But it's still
elliptical when it gets to the --

VI CE CHAI RMAN SHACK: Wl l, --

CHAl RVAN WALLI'S: -- other side?

VI CE CHAI RVMAN SHACK: The elliptical is
the width if you're | ooking head on at the crack.

CHAl RVAN WALLI S:  Yes.

VI CE CHAI RVAN SHACK:  You know, the
nmout h of the crack opens up into an elliptical
shape.

MR. DAVIS: They'll be bigger on the
side they initiate.

CHAI RMAN WALLIS: Right. That's from
the theory, and it has this concentration into the
ellipse, and --

VI CE CHAI RVAN SHACK: By the time we get
to the fish nouth the game is over.

CHAI RVAN WALLI S:  Ckay.

MR DAVIS: As Bill nmentioned with
actual cracks, because of liganents --

CHAI RVAN WALLIS: What if sone of these
things grew like a smle instead of an ellipse?

MEMBER POVERS: That's fish nouth and

that's when the gane is over. Please continue.
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MR. DAVIS: But the liganents do tend to

cause us to overestimate the |leak rates. Real
stress corrosion cracks tend to undergo increnental
ligament rupture with increasing pressure before the
cracks becone unstabl e.

And this causes the | eakage to occur at
| oner pressures than predicted. The equival ent
crack method has been generalized to predict
increnental |iganent rupture after initial |iganment
rupture.

CHAI RMAN WALLIS: Doesn't this
i ncrenental |iganent rupture even occur at fixed
pressure because of creeping of the |iganent?

VI CE CHAI RVMAN SHACK: That --

MR DAVIS: It appears that it does,
yes.

VI CE CHAI RVMAN SHACK: W will be
di scussing that in nore detail.

MR. DAVIS: Wat we found, one of the
assunptions of course, you know, what the crack
| ooks like. And we found that when you
destructively exam ne the cracks that you get
better, nore accurate results than when you use eddy
current, which is not surprising.

MEMBER BONACA: At sone point though, |
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woul d |i ke to understand, these are nodels that
you're using to predict.

MR DAVIS: Yes.

MEMBER BONACA: Ckay. Now a nunber of
the inputs of the nodel is the size of the crack,
the length, the depth, --

MR. DAVIS: Depth.

MEMBER BONACA: -- what you neasure.

How accurate are the nmeasurenents? You know, how
accurately can you neasure the length of the crack,
the depth of the crack? Try to understand that,
because you're using themas inputs to predict.

MR DAVIS: Yes.

MEMBER BONACA: And dependi ng on how
wel | you can neasure you can get different answers.

MR. DAVIS: That's sonmething that we' ve
| ooked at in a great deal of detail, and we
devel oped this -- Argonne's expert system --

MEMBER BONACA: (kay.

MR DAVIS: -- with the rotating pancake
coil in order to try to get a better prediction than
usi ng a bobbin coil does.

MEMBER BONACA:  Yes.

MR DAVIS: And what we're found is that

you do get mnmuch better results with the rotating
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pancake coil than you do with just a bobbin coil.
But what we do is we verify it by doing destructive
anal ysis and | ooking at the actual crack profile to
see how well we predicted the shape.

And that's one of the biggest
assunptions in this whole thing. And we spend a | ot
of effort on that.

MEMBER BONACA: | f you want to verify
what the licensee is telling you, or the predictions
that he's naking, --

MR DAVIS. Right.

MEMBER BONACA: -- you will need to have
fromthe |licensee sentence predictions of well,
measur enment s.

MR DAVIS: Yes.

MEMBER BONACA: (Okay.

MR DAVIS: Okay. |'mgoing to describe
briefly. W have two facilities that we use for
doing this testing. You know, one's a room
tenperature, high-pressure facility.

And this has a maxi num pressure of 7,500
psi. W use a punp to provide the pressure, and
we're limted to 12.8 gallons per mnute in this
facility.

W have it hooked up to a water supply
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so we can test forever in this basically. W don't
run out of water. W have a high-tenperature and
pressure leak rate test facility, also called a

bl owdown facility.

And there we have a maxi mum t enperature
of 650 F. W have a nmaxi num pressure of 3,000 psi.
And we thought the leak rate was going to be a
l[ittle lower than it turned out to be, but we can
actually have a | eak rate of 400 gallons per m nute.

But we have a storage tank that holds
200 gallons, so if we have a 400 gallon per mnute
| eak rate we only have 30 seconds for testing. And
so further limtations we have on the high-pressure
facility, we've done a |lot of our testing on the
roomtenperature facility.

It's a |lot easier to use and we think
we're getting simlar results. To verify things
t hough, we do run test on the high-pressure, high-
tenperature facility.

MEMBER POVNERS: |Is there a reason for
retaining the English set of units?

MR. DAVIS: Not really.

MEMBER POWERS: Just curi ous.

VI CE CHAI RVAN SHACK: The reports are

always witten in scientific units, the discussion
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is always carried out in English units.

MR DAVIS: Yes.

CHAI RVAN WALLIS: Gallons are horrible
units because you never know what pressure --

MEMBER POAERS: These are godl ess
creatures, or --

CHAI RVAN WALLI'S: Mass gl ow shoul d be
mass flow, not gallons per mnute. A gallon is an
undefined quantity.

MR DAVIS: W really do pounds per
m nut e.

CHAI RVAN WALLIS: It's not dependent --
t he mass depends upon the tenperature and pressure
and so on. A gallon in this sort of context is not
defined until you add something to it, you see,
gal lons at roomtenperature and pressure, or so on.

MR. DAVIS: That's right.

MEMBER POAERS: Well you have the sane
probl em wi th mass.

CHAI RVAN WALLI'S: No you don't. Mass is
the same at roomtenperature as at other
tenperatures, | think.

MR DAVIS: That's how we neasure it for
t hose.

MEMBER POAERS: |t depends on which
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pl anet you're on.

CHAI RVAN WALLI'S: That's weight, that's
not mass.

MR. DAVIS: W don't neasure gallons per
m nute. W convert to gallons per mnute.

MEMBER POVERS: (Go ahead.

MR. DAVIS: kay, the --

CHAI RVAN WALLI'S:  Why? Wiy convert to
somet hi ng bi zarre when you' ve got the good unit
al ready?

MEMBER POWNERS: Because they like it.

CHAI RVAN WALLI S:  Because the NRC |ikes
it? |Is that the NRC standard?

MEMBER PONERS: M. Chairman, if you
continue to slow me dowmn I will ask you to | eave.

CHAI RMAN WALLIS: I'msorry, | thought |
was debating with you, but okay. Let's nove on.

MR. DAVIS: kay, the industry actually
conducted sone tests and what they found was they
found an effect of pressurization rate on burst
pressure.

And to NRR asked us to look into this
and see if there was a pressurization rate effect on
burst. Wien we | ooked into what the industry was

doing it was actually -- Westinghouse did this
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testing.

And they used two different protocols
for the slow and the fast test rates. And we
t hought that that could have a big effect on what
they were saying | ooked |like a pressurization rate
effect.

And al so, when we | ooked at their
results we felt we could explain the differences in
pressurization rate just by geonetry of the
speci nens that they were testing.

And so we weren't convinced that there's
a pressurization rate effect.

CHAI RVAN WALLI S:  Does foil and bl adder
nmean anything to anybody in this roonf

MEMBER KRESS: Pardon?

CHAI RVAN WALLI S: Does foil and bl adder
mean anything to anybody in this room except the
presenter?

MR DAVIS: Ckay. Wat happens is if
you have a through wall crack and you try to burst
it, somehow you have to keep the pressure in there.
You have to be able to put the pressure in. So what
you do is you put a foil in --

CHAI RVMAN WALLI'S: A bl adder.

MR DAVIS: -- and then a bl adder, which
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is like a piece of Tygon tubing, inside so that
you're not loosing all you're --

VI CE CHAI RMAN SHACK:  Fl ui d.

MR DAVIS: -- fluid and | oosing your
pressure so that you can actually burst the
specinen. And if you have a large crack it's
difficult to make it burst if you have a |large | eak
rate. It depends on your --

VI CE CHAI RVAN SHACK: The leak rate is
limted to 12.8 gallons. Your through wall crack
size that you can deal with is --

MEMBER SIEBER: It's the capacity.

VI CE CHAI RVAN SHACK: -- pretty small.

MEMBER KRESS: |s there any reason
theoretically to expect a rate effect such as give
you tinme for work hardening if your doing it slow or
having sonething to do with the tine to reach its
strain limt, or --

MR DAVIS: Well, | think it's pretty
comon when you're nechanically testing materials
that you have to control the pressurization rate.
For like a stress-strain curve you do it at a
certain rate --

MEMBER KRESS: At a certain rate.

MR. DAVIS: -- because if you change
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your strain rate you're going to change -- you can
change your yield strength.

MEMBER KRESS: These are not nomentum
effects, because --

VI CE CHAI RVAN SHACK:  No, no, no.

MEMBER KRESS: -- they're strictly
sonmething |i ke work hardening or --

VI CE CHAI RVAN SHACK: Yes, this -- you
know, you could eventually get to sonething like a
norment um ef f ect but --

MEMBER KRESS: Yes.

VI CE CHAI RMAN SHACK: -- that's with
rates that are --

MEMBER KRESS: Really --

VI CE CHAI RVAN SHACK: -- phenonenal
here. But we are tal king about changing things |ike
wor k har deni ng.

MEMBER KRESS: You're actually changi ng
properties of the material?

VI CE CHAI RVAN SHACK: You're changi ng
the properties of the material.

MR DAVIS: What we did was we took
di fferent shaped flaws and we al so had |iganents
that we put in, which is shown at the bottom You

know, we had an axial |iganment and a circunferenti al
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I i gament .

And it's kind of hard to explain so |
showed you the diagram And what we did was we
tested these at quasi-static, where you pressurize
and then you increase the pressure in steps.

And then we did 1,000, 2,000, 6,000, and
10, 000 psi per second pressurization rates. And
what we found was there's no real pressurization
effect up to 6,000 psi.

MEMBER KRESS: Now if you did this in
steps, how woul d you see a pressurization rate
effect?

MR. DAVIS: Ckay, we did the first, the
guasi-static in steps, but then --

MEMBER KRESS: Then you went back.

MR DAVIS: And then we went and we went
1,000 psi per second, 2,000 psi per second.

MEMBER KRESS: kay, |'msorry. So you
did two times, the test.

MR DAVIS: And we didn't see any
pressuri zation effect up to 6,000 psi per second.
W talked to the industry and what they say is the
maxi mum t hey ever use is 2,000 psi per second for
their industry tests.

So we feel that under the actual field
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testing condition there is no pressurization rate.

CHAI RVAN WALLIS: If you had a water
hamer or sonething you' d get pressure rate rises
whi ch woul d be nuch nore rapid than that.

MR DAVIS. Right.

MEMBER S| EBER:  You coul d, yes.

MEMBER KRESS: But if there is a
pressurization rate it nmeans you need hi gher
pressure first.

MR DAVIS. Right.

MEMBER KRESS: So by negl ecting
conditions like that you're probably being
conservative, and once again you have this
conservative word

VI CE CHAI RMAN SHACK: Right. And |
don't think water hammer is generally a concern in
t he st eam generator tube.

MR DAVIS: W were concerned about --
or I think what NRR requested us was if they used
different pressurization rates on their field
sanples are they getting good results. And that was
a question we wanted to ask --

VI CE CHAI RMVAN SHACK: One-way to get
your margin is to --

MEMBER POAERS: And then so you were
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attributing the Westinghouse observation and to somne
differences in their protocols?

MR DAVIS: Yes. It was two things. It
was the different ways they tested and t he shape of
the actually curves that they were -- | nean the
cracks that they were testing.

VI CE CHAI RVAN SHACK: Actually in their
test it was probably nost the shape, because they
were trying to deal with conpl ex shapes and
reproduci ng those conpl ex shapes even when they were
reproduci ng them as EDM not ches.

You know, the geonetry variations were
essentially on the order of what you m ght expect
froma rate effect.

MEMBER POVERS: | under st and.

MR. DAVIS: Another study that we
conduct ed was secondary side depressurization study.
And what this was was to sinmulate a main steamline
break where you have a larger -- you |l ose pressure
on the secondary si de.

And the typical analysis of
depressuri zation events did not --

CHAI RVAN WALLIS: We heard about this
si x mont hs ago or sonet hi ng.

MR. DAVIS: Yes, you did. You heard
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this in detail. So the ACRS had raised sone
concerns several years ago about dynam c | oads on
t he st eam generat or tubes.

So what we did, we calculated the
dynam ¢ | oads using RELAP5 and benchnmarked it
agai nst experinents. Wat we found was a large -- a
main steam-- a large nain steam|line break creates
a much greater pressure than a small steamline
break or a feedwater |ine break.

And it was quite a big difference. And
the pressure | oading acting on the tube support
plates is transferred to the tubes which are | ocked
by corrosion products and deposits.

And we conducted a detailed finite
el enent anal ysis and a fracture nechanics anal ysis
for -- and we used the Model 51 Westinghouse steam
generator, tube support plates, and tubes.

What we found out, the | oads are
primarily axial so then the dynam c | oads have no
effect, virtually no effect on axial cracks because
the | oads are axial.

Now if only one or two tubes are | ocked
for circunferential cracks, the stress exceeds the
ultimate tensile strength. But what you have to

understand is it's very unlikely that only one or
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two tubes would be | ocked.

Al so because the tubes are -- because
t he displacenents are limted, unflawed tubes would
not rupture, but the tolerance for circunferenti al
cracks woul d be severely linmted if you just had a
few.

| f greater than one and a half percent
of the tubes are |ocked then the | oads are very |ow,
and cracks less than 180 degrees are stable. And
t hese are through wall cracks.

So if you had cracks greater than 180
degrees through wall, you would -- they would be
pl ugged and that would not be a problem

MEMBER KRESS: What finite el ement
anal ysis code do you use, ABACUS?

VI CE CHAI RMVAN SHACK:  ABACUS.

MR DAVIS: And then one of the nore
recent studies that we've done is constant pressure
crack growh studies. A couple years ago we ran a
limted nunmber of specinmens in the high-tenperature
facility and we noticed that we were getting sone
constant pressure crack grow h.

So what -- the objective of this program
was to determne the influence of flaw geonetry on

flaw tearing and the subsequent | eak rate behavi or.
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And t hen determ ne the mechanismfor flaw grow h,
and increase |leak rates at constant pressure.

And since | made this slide up we've
actual ly done a high-tenperature verification of
this, but nost of the testing was conducted in the
roomtenperature facility.

W' ve run one test in the high-
tenperature facility. So as | said, the early work
t hat we had done showed that there was sone tinme
dependence on the |l eak rate.

And we attributed this to |iganent
tearing and opening of the crack due to sone type of
l[imted time-dependent deformation. W had a nunber
of theories on what was causing it.

What we found in sone recent tests is
that at roomtenperature the crack grows at a fairly
high rate. Wat we did was we took alloy 600. It
was seven eighth inch dianmeter and it was 50 m |
wal | thickness.

W had trapezoidal cracks that were .2
inches on the OD and one inch on the ID. And then
we had the reverse case where the I D was one inch
and the -- | nean the OD was one inch and the I D was
.2 inches.

And then we had, just to further |ook at
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it, we had rectangul ar cracks that were .2, .4, and
.6 inches. W tested with and without a foil and
bl adder .

W tested themopen to air. And then to
simul ate an actual steam generator what we did was
we put shrouds around the cracks to see what effect
that had, so like the adjacent tubes se tried to
si mul at e.

The trapezoidal flaw design was just to
-- is to show you what it looked like. And it's --
this is of course not to scale. |It's 50 mls thick
It's a very thin |iganent al nost.

And one of the things we | ooked at was
if you have a -- we thought if you have a jet that
contributes. You know, you have | arge | eakage in
the jet, causes sone of the problem

So what we did was we tested jet-free to
see what woul d happen, where we used a foil and a
bl adder. And then we have sone punp oscillations
when we test normally, and we thought that m ght be
contri buti ng.

So what we did was we pressurized with
nitrogen. And we were wondering if there was sone
type of a corrosion effect. So we actually put

moi sture on the outside with the foil and bl adder to
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see if that had any effect.

And what we saw was no crack growh with
the -- using the pressurized nitrogen. Wen we
tested with the punp on at the same pressure, this
was at 1,300 psi, what we found was we get snaller,
slight crack grow h.

The punp gives you about a 30 psi
oscillation just in the way the punp operates, and
that's why we ran these tests. Then we started
running tests with active jets.

And what happened was with an active

| eak the crack increased with -- fromthe origina
.2 inches to one inch in just a nunmber of hours. It
was |i ke eight hours we went fromthe OD -- crack

from.2 to one inch.

CHAI RVAN WALLI'S:  So does the crack
grow h rate change much when you have the flow
rat her than not having the flow?

MR. DAVIS: Yes, dramatically.

CHAI RVAN WALLIS: It does? So flow
changes the crack growth rate?

MR DAVIS: Right.

CHAI RVAN WALLIS: That's not in the
fracture mechanics than is it?

MR DAVIS: Wll, we're looking into
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that, but --

CHAI RVAN WALLI S:  Some kind of fluid-
structure interactions?

MR DAVIS: There's sone fluid-structure
interaction, definitely.

VI CE CHAI RVAN SHACK: | nean that's what
we try to do with the bl adder tests, you know.

CHAI RVAN WALLI'S: Ri ght.

VI CE CHAI RVAN SHACK: We've sort of
elimnated the possibility there was an
environnental effect. W showed that any fatigue
growh fromthe punp was very snall.

So you're sort of left with the jet as
bei ng the mechani sm - -

CHAI RVAN WALLI S:  There's a water-
cutting phenonenon, is it?

VI CE CHAI RMAN SHACK:  No, it's -- Jim
doesn't have a picture. You know, it's not as
though it's cutting. | nean it really | ooks like a
very tight fatigue crack so that the -- the thought
is that it is ajet structure interaction leading to
| ow anplitude, very high frequency fatigue crack
gr owt h.

So you get these very tight fatigue

cracks com ng out of the notch growing --
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CHAl RMAN WALLIS: So the water is

creating stresses rather than renoving the --

VI CE CHAI RVAN SHACK: The water is
creating stresses. And the crack growh rates are,
you know, two to three orders of magnitude higher
t han you woul d expect from stress corrosion.

MEMBER RANSOM Wl |l when you have a
bl adder don't you omt the forces that are being --
due to the pressure in the crack itself, tending to
open the crack?

VI CE CHAI RMAN SHACK:  No, no. The
bl adder doesn't really reduce the stress on the
crack tip. You know, the -- if you're thinking of
the pressure acting on the crack face that's a very,
very small part of the |oad acting on the crack,

t hat when you have the bladder in -- you know,
that's why we can do the burst tests with the
bl adder and it really doesn't make nuch effect.

In this particular case, that kept the
| oad on the crack, but we -- what we m ssed of
course was the -- you know, we had the static | oad
was equi val ent, but wed m ss the whol e dynam c | oad
due to the jet action.

CHAI RMAN WALLIS: So | guess it's

reasonabl e because, you know, the jet has the whol e
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pressure inmposed on it so the velocity is your
square root of P over O

That goes back into Pif you stop the
jet somewhere. So the jet is going around or has
vel ocity fluctuations, pressure fluctuations could
be conparable with the applied pressure.

So they're significant, they could be
significant.

VI CE CHAI RVAN SHACK: Yes. Measuring
those is very difficult, and even detecting just
what frequency range we're interested in is kind of
a difficult question.

What we sort of settle on at the nonent
is that we can get very high crack growth rates.
What was a little surprising to us, we did the first
tests with a -- a kind of an eighteen inch
confinenment so that it was a truly free jet.

And we actually thought that well, when
we muffled this jet if we sort of, you know, in a
st eam generator the tubes are only a quarter inch
apart and so the jet isn't free, it's really nuch
nore nuffled by the surrounding --

CHAI RVAN WALLIS: | think with |iganments
| can see how the wake of the flow around the

| igament could easily shake the |iganent and break
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MEMBER KRESS: Yes. But --

VI CE CHAI RMAN SHACK: Vortex sheddi ng,
you know, sinplem nded dynamic effects are --

MEMBER KRESS: Well can you back out.
Looki ng at your fatigue -- assum ng sone fatigue
rate grow h, can you back out of frequency and
pressure to give you that rate and then see if it
corresponds to anything you m ght guess?

VI CE CHAI RVAN SHACK: At the nonent,
what we do since we don't know the delta p or the
frequency, what we have -- we sel ect frequencies and
then we conpute the delta p that have to have in
order to get the crack growh rate that we observe.

MEMBER KRESS: (kay, you do it --

VI CE CHAlI RMAN SHACK: But we don't know

MEMBER KRESS: Both of those are
vari abl es.

VI CE CHAI RVAN SHACK: We need to know
one of those.

MEMBER KRESS: Yes.

VI CE CHAI RVAN SHACK: And so the thought
m ght be -- is that we can actually probably

det erm ne sonet hing about the frequency from
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accel eroneters to so that when we do -- if we do --
when we do subsequent testing we will probably try
to determine the frequency --

MEMBER KRESS: That's probably too smal
of an anplitude for an acceleronmeter to pick it up

CHAI RVAN WALLI'S: | don't know,

m crophone, | nean this thing could sing if it's
really got that characteristic frequency.

MEMBER KRESS: M crophone mght do it,
yes.

VI CE CHAI RMAN SHACK: Wl --

CHAI RVAN WALLI' S:  You' ve got a nusical
i nstrunent.

VI CE CHAI RMAN SHACK: We don't think the
frequencies, if they're audible, are high enough,
that we -- it depends on how |l arge you think the
delta p has to be.

When we | ook at this we think the delta
ps, to get the delta ps we think are reasonable we
have to get the frequencies that are not in the
audi bl e range.

CHAI RVAN WALLI'S:  Not by you.

VI CE CHAI RVAN SHACK: Wl |, com ng back
to my thing, when we put the surrounding tube on to

essentially nuffle the jet, of course the crack
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growh rate increased by a factor of three or four.

CHAI RVAN WALLIS: Well that's
interesting too.

VI CE CHAI RVAN SHACK: Then again, we did
that with two kind of nmuffled jets, you know. And
again the first tests were done with the jet off in
air. And the thought was well if we put the jet
into water that would danpen the vibrations in sone
sense.

CHAI RVAN WALLIS: It mght nmake them
wor se.

VI CE CHAI RVAN SHACK: Wl it did.

MR DAVIS: W tried looking with a
scanni ng el ectron mcroscope at the fracture surface
to see if we could see striations and we couldn't --

CHAI RMAN WALLIS: If a jet got into
water it usually produces vortex rings around the
j et.

MR DAVIS: Here are the results
graphically. Wat the nuffled jet is is we just
laid a plate over the crack and still allowed it to
| eak. But it was -- that was the slowest rate that
we got other than the --

CHAI RMAN WALLIS: It's interesting that

you cannot explain what's happening entirely by
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material's behavior.

MEMBER POVERS: The thermal -
hydraulicists start to salivate. | amstrictly
rem nded of the sage advice that came fromlvan
Catton who pointed out that there was the big bang
and everything el se was thermal - hydraulics.

MR DAVIS: Well we've sort of discussed
this but the nmechanisns that we're | ooking at are
jet erosion of the crack faces, rapid | ock erosion
at roomtenperature, which | think we can elim nate,
jet-flaw structural dynam c interaction resulting in
fatigue crack growth, which is what we think is the
maj or contributor here, and then pressure
oscillation fromthe punp causing crack grow h.

And we think that's only a very m nor
part of this overall phenonenon.

CHAI RVAN WALLIS:  Those are smal
fluctuations conpared with the overall pressure.

MR. DAVIS: That's right. And we've
actually hired a consultant to help us look into
t hi s.

VI CE CHAI RMAN SHACK: And as Jim
nmenti oned, you know, the next thought, the non-
prototypical situation was we were dealing with a

singl e phase fluid at roomtenperature, would we
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still see this same phenonenon at hi gh-tenperature
when we did have the two phase situation

W ran the high-tenperature test and we
haven't finished the analysis but what it appears is
that the crack gromh rates, if not exactly the
same, are really quite conparable to those we see in
the roomtenperature situation.

So the, you know, the flashing is not

going to save your, you know, the -- locally it's
still everything happens on a tinescale for the
f I ashi ng.

CHAI RMAN WALLIS: Is that true when you
have a shroud around it as well?

VI CE CHAI RVAN SHACK: W were shrouded -
- | have to go back the | ook at the exact -- you
know, we did -- we can't run the high-tenperature
test without a shroud because it --

CHAI RMAN WALLI'S: It goes everywhere.

VI CE CHAIRVAN SHACK: It's in a -- you
know, it has to be in a confinenment. And the
confinenment, you know -- so we -- it's probably the
confinenent we have is sort of equivalent to our
nmedi um si ze shroud in the roomtenperature test.

And so that's the kind of baseline to

conpar e agai nst.
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MR. DAVIS: The last area |'mgoing to

di scuss is the statistical treatnment of our nodels.
And what we've done -- Domi ni on Engi neering

devel oped CANTI A nodel which is a CANDU Tube

| nspection Assessnent nodel for the Canadi an Nucl ear
Saf ety Conmi ssi on.

And we obtained that code. What it
does, it deternmines the probabilities of failure in
|l eak rate fromprinmary to secondary side during
normal operation and during design basis accidents.

The nodel s in the CANDU code are
intended for the CANDU reactors -- the CANTI A code |
nmean, for integrity |eak rate and degradati on
nodel s. What Argonne did was they nodified the
CANTI A code mai ntaining the basic Monte Carlo
structure but incorporating the Argonne nodels for
predicting |igament rupture, unstable burst, and
crack opening area, and leak rate for -- of flawed
600 t ubes.

The source | anguage was updated from
Visual Basic 3.0 to Visual Basic 6.0, and the big
advantage in doing that is that Visual Basic 3.0
[imted you to 30,000 iterations for your sinulation
whereas the Visual Basic 6 has unlimted iterations.

MEMBER POAERS: The problemwth it is
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t hat your random nunber generator on the Monte Carlo
systemis flawed, and you add in the additional
iterations. You're not doing any variance

reducti on.

VI CE CHAI RVAN SHACK: W are at the
nmonment using the built in Monte Carlo in Visual
Basi c.

MEMBER POVNERS:  Yes.

VI CE CHAI RVAN SHACK: We sort of know
there's a problemw th that.

MEMBER POAERS: Yes, it only -- after
about 32,000 you're just repeating the cycle again.
It's a flawed random nunber generator in that code.
You need to use sonething |like a Mersenne Twi ster or
sormething |ike that.

VI CE CHAI RVAN SHACK: Yes. W're sort
of aware that, you know, we're still worried about
i ncorporating the nodels rather than actually
exercising the Monte Carlo thing, so we're not --

MEMBER PONERS:  Yes.

VI CE CHAI RVMAN SHACK: going to address
that, but --

MEMBER POAERS: | agree with you but
you' ve got an inherent flawin that Monte Carl o ness

there. | mean it's just not -- increasing the nunber
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of iterations is not going to do you any good at
all .

CHAI RMAN WALLIS: If it's above your
32, 000.

MEMBER POVNERS: Yes, | think that's the
cycl e frequency on that particular random nunber
generator. |It's a linear congruential generator
that's been floating around in the literature for
dozens of years.

People wite theses about how bad it is
but it never goes away.

MR. DAVIS: The other change that we
made is we went froma 1-D flaw nodel to a 2-D. And
then we've added two crack growth rate nodels. One
is the Scott nodel and the other is the Ford and
Andr esen nodel

MEMBER POAERS: | think | don't get rid
of that. W got rid of it.

MEMBER RANSOM  These nodel s have
uncertainties associated with them so when you do
the Monte Carlo you're getting a distribution of --
| "' m wondering why you don't only need |like 69
iterations if you want a 95/95 result.

MEMBER POAERS: Well if you want to get

the entire distribution with some precision you need
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to go up substantially beyond 69.

CHAI RMAN WALLIS: Sixty-nine is just for
your one thing. |If you want a distribution you need
a trenmendous anount nore.

VI CE CHAI RVAN SHACK: Gazilli ons.

MEMBER POAERS: Well, you don't need
gazillions, but --

CHAI RVAN WALLI'S:  To find distribution
you need an infinite armount of stuff.

MEMBER POAERS: You need -- | mean you
need to know how precisely you want that
distribution. |If you just want to know a poi nt
val ue, yes. Wth 69 you know that you have sanpl es
about 90 percent of the distribution so you take
you' re hi ghest value in that.

You can be reasonabl e confident that
that's your 90th percentile value. But if you want
to know t he whol e distribution with some accuracy --
t he accuracy increases as only the square root of N
so it takes a |ot.

MEMBER RANSOM  When you say accuracy
t hough, aren't the nodels thensel ves -- you know,
have hi gh degrees of uncertainty, presumably?

MEMBER POVERS: Yes, and what he's

getting is a distribution of a result. And the
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problemis he's taking -- he's getting that
distribution fromfinite sanple, so the distribution
itself is uncertain just because he's taking a
finite number.

And to refine that distribution dow, go
sl owvy.

MR DAVIS: Well, to summarize |
presented nodels for plastic collapse of a tube with
a through wall axial crack and a part-through wall
axi al crack.

And the -- also | presented the
equi val ent rectangul ar crack nethod. The ori gi nal
nodel underestimated |iganent rupture pressures for
short, deep cracks.

The Argonne nodi fication provided nuch
better results. The equival ent crack nethod was
presented. It gives very good results for initial
| i gament rupture but not as good for subsequent
tearing.

And then | presented the sinple orifice
nodel. It gets very good agreenent for slits,
orifices, and open cracks.

CHAI RVAN WALLI'S:  Now what's very good
agreenent? W've seen sonebody's results of

mat eri als, research, and orders of magnitude here
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and there. Presumably you're not talking about
t hat .

MR, DAVIS: No.

CHAI RMVAN WALLI'S: Five or ten percent
agr eenent ?

MR DAVIS: Yes.

VI CE CHAI RMAN SHACK: G ve us 15.

CHAI RVAN WALLI S:  You haven't shown us
any data. |If Peter Ford were here he'd say show ne
the data. Show ne the data.

MEMBER POAERS: But we got rid of him

VI CE CHAI RVAN SHACK: We don't care
about data now.

MR DAVIS: | also presented the
pressurization rate effects that we've di scover ed.
And we're still not quite sure what the inplications
of that are, but it may be that the one industry is
doing leak rate tests.

They may have to do them for a | onger
time. | presented the results of the results of the
secondary side depressurization study, which you
presented in nmuch greater detail |ast February.

And basically what we've found is one
and a half percent of the tubes are | ocked. Most

likely they'Il all be locked. |It's very unlikely
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that only a couple would be | ocked.

CHAI RVAN WALLI S:  Wen they' re new
they're not | ocked are they?

MR. DAVIS: They |l ock very quickly, the
drilled hole.

CHAI RVAN WALLI S:  But there nust
presumably be an instant when there's one | ocked if
they're starting with none | ocked.

MR. DAVIS: You're absolutely right.
And the thing that you have going for you in that
case is that you don't have any degradation at that
poi nt .

So by the time you start getting
degradation the tubes are | ocked.

CHAI RVAN WALLI S:  Assuning you didn't
put flaws in when you nade the thing.

MR. DAVIS: You do a baseline and you
hope that there's not --

CHAI RVAN WALLI S:  Yes, you've inspected
them al | .

MR DAVIS: And then --

CHAI RVAN WALLI'S:  And then putting the
t hi ng toget her you don't produce dents and --

MEMBER POVERS: You used to.

CHAI RVAN WALLI'S: | bet they do.
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MR DAVIS: At Palo Verde the actually -

- they drilled a hole in one of the tubes that was
degradi ng that they put in.

CHAI RVAN WALLIS:  Hanmmer it in because
it didn't fit and things |ike that.

MR. DAVIS: Actually Wstinghouse cane
to us and asked us about the orifice nodel for that
case. And then | presented the constant pressure
crack growmh studies, and the active jets appear to
be causing increased growh rate with tine.

| think we have nore work to do in that
area. And then | presented the statistical
treatment of the nodels that were presented. The
future work that we're going to do is conduct tests
on conpl ex norphol ogy cracks and devel op predictive
nodel s for | eak and rupture pressure.

CHAI RVAN WALLI'S:  There's no evi dence of
erosion of these walls? | nean there's pretty high
velocity coming out there, isn't it? And water jets
do erode nozzles pretty effectively.

You try to make a high pressure water
jet, you' ve got to make it out of pretty hard and
robust material otherwi se it disappears after
awhi | e.

MR DAVIS: W did sonmething simlar
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where we | ooked at the jets inpacting adjacent
t ubes.

CHAI RVAN WALLIS: And it depends how
clean the water is. |If you have small particles in
this water you can erode that -- the wall.

VI CE CHAI RVAN SHACK: W see no signs of
that in these jet tests. | nean when you | ook at
the crack, you know, it's clearly a very fine type
ext ensi on goi ng out.

It's kind of a, you know, it's a | ow
anplitude. You know, it's -- since you've
elimnated stress corrosion as the mechani smyou're
really forced to conclude it's a | ow anplitude
fatigue crack growth kind of thing that | eaves you
with very tight cracks, no evidence of any kind of
t he roundi ng that one woul d expect to see in an
erosi on type situation.

What, you know, what we haven't
di scussed here is okay, you get this jet driven
crack growh. Obviously you don't get jet driven
crack growmh at 150 gal |l ons per day.

That doesn't give you nmuch of a jet. So
the thresholds for this kind of behavior, you know,
between the regulatory limts that you place on

| eakage and the kind of |eaks that produce this jet
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drive crack growmh are difficult to understand.

CHAI RMAN WALLIS: If you have a shape-
edge orifice nodel for your flow, but shape-edge
orifices are the ones that I'mfamliar with that
erode very -- that sharp edge doesn't |ast you very
| ong.

VI CE CHAI RVAN SHACK:  You know, the |ong
-- in the operation of equiprment, you know, it may
happen relatively rapidly. 1In the long that we're
worried about, you know, we don't see any effect.

Now what we do need to understand, as
Ji m nentioned, you know, there's time-dependent |eak
growh in addition to this fatigue driven grow h,
that we really do see this notion that |iganents
fail under creep or some kind of tinme-dependent
def ormati on cracks open up, and to understand this
whol e scal e over which we could go froma | ow | eak
rate to this, -- you know, once we get to this jet
drive crack growmh, you know, the jig is up.

You know, this all happens very quickly.
But to understand the thresholds for that gromh are
sort of the problem we have at the nonment. And you
can't do that with an EDM notch because that's, you
know, a three mllimeter EDM notch gives you a far

greater jet than a 3 mllinmeter crack woul d.
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And so using our EDM notches is okay to
denonstrat e phenonmena and to kind of sort things
out, but it doesn't really give you quantitative
results that you can use.

MEMBER ROSEN: So what |'mtaki ng away
fromthat discussion is that the typical operational
behavi or that you see of a crack is that it tends to
-- the leak rate tends to increase gradually, and
that you' re saying that that is not erosion of the
crack, it's typically crack gromh that's causing
t hat .

VI CE CHAI RVAN SHACK: It could be a
nunber of things. | mean it could be crack growth
in the sense of stress corrosion crack growth, which
proceeds, you know, at eight mllinmeters per year,
you know.

That's that kind of a rate. It could
t hem begin to open up and liganents fail by creep
whi ch gives you increases in crack growmh rate that
t ake pl ace over days.

And eventually that could lead to this
jet driven crack growth which gives you crack growth
rates on the order of a mllineter per hour.

MEMBER ROSEN: Well, yes. Plants don't

nmonitor that. That's just the day it cracked.
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VI CE CHAI RVAN SHACK: Right, but it does

sort of suggest that the margin we thought we had is
smaller than it really was, that is you know, you're
al ways computing well, you know, 150 gall ons per day
has to be a crack less than -- if it's going to grow
to failure by stress corrosion, you know, it gives
nme essentially a year's worth of growth or nore, you
know.

But in fact 1'mgoing to get to say, 6
mllinmeters, and you know, the gane is going to be
over. And I'mnot sure that it's so inconsistent,
you know, what always surprises nme is how quickly
st eam generator tube ruptures develop in the field,
that is that, you know, in theory -- I'ma | eak-
bef ore- break kind of guy.

You shoul d never get a rupture, you
know. | should -- if | go from 150 gallons a day |
shoul d see inpending | eak rate increases that give
nme plenty of warning before | ever get to rupture.
Vell we get ruptures. And, you know --

CHAI RVAN WALLIS: Is this because of the
liquid interaction with the --

VI CE CHAI RVAN SHACK:  Well, |I'mnot sure
why.

CHAl RMAN WALLI S: It seenms to be.
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VI CE CHAI RVAN SHACK: But things happen

much nore quickly -- now you can either argue that,
you know, the growth and the degradation is
occurring and you get a sudden pop-through.

But this to me provides anot her
nmechani sm for how you go fromrelatively innocuous
|l eak rates to rupture in tineframes that seemvery
short conpared to our sort of classical |eak-before-
break argunments based on SCC crack growth rates.

So that, again, at 150 gall ons per day
it's not a problem it's just that your nmargin
bet ween the 150 gallons and rupture, | don't think,
is as large as you thought it was.

That's nmy takeaway fromthis situation
Now exactly how big that margin is we don't
understand very well, but it's a lot smaller than
you think it is if you' re basing it on a kind of a
stress corrosion crack grow h picture.

CHAI RVAN WALLI S:  You have flow, but you
have rapi d decrease in pressure near the hole, so
you're actually inposing a stress gradi ent near that
hol e just because of the flowitself, no
fluctuations at all.

That's in your -- that appears in your

model too, does it?
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VI CE CHAI RVAN SHACK: No, it doesn't.

CHAI RMAN WALLIS: The fluid, if you've
got a sharp orifice, is going from 3,000 psi to
nothing in that tiny little length --

VI CE CHAI RVAN SHACK:  Yes, but --

CHAI RMAN WALLIS: -- which is inposed on
t he wal l

VI CE CHAI RVAN SHACK: But for fatigue,
you know, | don't -- the 3,000 to nothing, you know,

t hat doesn't grow anything by fatigue, you know.
What | need --

CHAl RVAN WALLIS:  No, no, no. But it's
an inposed stress. It's a steady stress.

VI CE CHAI RVAN SHACK: It's an inposed
stress.

CHAI RMAN WALLI'S: Yes, a steady stress
field.

VI CE CHAI RVAN SHACK: But you know, what
| need to account for is the fact that this can
fluctuate at a rapid rate at some unknown anplitude.

MEMBER POVNERS: Bill, lithium niobate
detectors won't do that for you?

VI CE CHAI RVAN SHACK: Pardon ne?

MEMBER POVWERS: Lithium niobate kid of

pi ezo el ectric detectors won't do that for you?
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VI CE CHAI RVAN SHACK: Ch, they probably

will. W're sort of at this point, you know, we had
a nunmber of questions. One, was it fatigue drive,
jet driven, you know.

And we think we settled that -- we
settled that for the single phase roomtenperature
condition. Then the next question was is this an
artifact of a roomtenperature test or does it
real ly exist under the nore prototypical conditions.

We think our |last test has settled that
issue. Nowit's time to go back and sort of think
about --

MEMBER PONERS: Instrunenting --

VI CE CHAI RVAN SHACK: Well, and we have
to come up with tests that are nore prototypical
that is we -- EDM notches won't tell you -- | mean
we could do EDM notches to study frequency effects,
but I think we really need to get, you know, if
we're going to | ook at threshold crack sizes for
whi ch this takes over we need geonetries that give
us prototypical |eak rates for |engths.

And EDM not ches don't do that. They
give us far too nuch leak rate for a given | ength.

MEMBER POVERS: | under st and.

VI CE CHAI RVAN SHACK: So they're very
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conservative. And so we need to essentially do this
with cracks, either fatigue cracks or growh stress
corrosion cracks. And that's sonething that --

MR. DAVIS: That's sonething that we' ve
been di scussing a | ot.

VI CE CHAI RVAN SHACK: W' re di scussing
at the nonent.

MR. DAVIS: On how to produce the
cracks.

MEMBER POVERS: | understand what the
situation is.

MR. DAVIS: Yes, we tal k about putting -
- drilling a very small hole, and then use a 2 point
or three point bending. But then you' re got the
hol e there and that you don't really want.

So we're | ooking at other options.
Maybe a surface scratch and then produce a fatigue
crack. But we haven't decided yet. O we could do
the roomtenperature stress corrosion cracks.

CHAI RVAN WALLI'S: W have to speed up
now.

MR. DAVIS: The other area we're working
on is using other shapes than the rectangul ar crack
nmet hod to nodel the cracks. And that m ght be like

a trapezoidal crack or sonething like that.
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And then we're -- as we devel op and
i nprove these nodels we're going to incorporate
those into the CANTIA code as well. That's all
was pl anning on presenting.

CHAI RVAN WALLI S: That's what you're
pl anni ng? | thought you were going to present the
rest of it.

MR. DAVIS: | can present it if you'd
like. O --

MEMBER POAERS: We're only covering
really Task 3.

MR DAVIS: Task 3 is all you asked to
cover.

CHAI RVAN WALLI'S:  You planned it very
well, I"'msorry. | thought you were going to have
anot her ten slides or so.

MR DAVIS: Wll | put those in --

CHAI RVAN WALLI S:  Just in case.

MR DAVIS: -- just in case there were
no questi ons.

MEMBER POAERS: | n the enbarrassing case
of no questions. Are there any other questions for
t he speaker?

MEMBER SI EBER: |'m curious about one

thing. You know, they have a tech spec on it of 150
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gallons a day, and it seens to nme that if you had a
single tube with a crack in it that was | eaking 150
gallons a day is sort of a neaningless nunber as far
as using it as a way to predict that that tube is
going to fail.

You can neasure down to a coupl e of
gal l ons a day using radiol ogical techniques, and |
wonder why that nunber is so high. 1Is the
presunption that you' ve got 50 tubes that are
| eaki ng?

You know, what is the assunptions behind
t hat numnber ?

VI CE CHAI RVMAN SHACK:  Well | think if
you |l ook -- if you took the conservative assunption
that it was all comng froma single crack --

MEMBER S| EBER:  Yes.

VI CE CHAI RMAN SHACK: -- but it was a
stress corrosion crack, that would give you a |arge
margi n between -- | nean that's, you know -- the
intent was to nake it quite conservative.

And based on a single crack, which is a
conservative assunption itself, and a stress
corrosion crack growh rate, there is a quite large
mar gi n between that failure and burst.

CHAI RVAN WALLIS: That's with 150
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gal l ons a day?

VI CE CHAI RVAN SHACK: A hundred and 50
gal | ons a day.

MEMBER SIEBER: That's a | ot of |eakage
froma single tube.

VI CE CHAI RMAN SHACK: It's a smal
crack, you know.

MEMBER SI EBER: That's what | say.

VI CE CHAI RVAN SHACK: If it's, you know,
afewmllimeters long and it takes you roughly a 25
mllimeter crack to fail and it's growi ng by stress
corrosion crack growth rates which are eight to ten
mllinmeters per year, you nom nally have, you know,
a large margin to failure, which is you know, |
t hi nk why that was selected as a --

CHAI RVAN WALLI'S:  Does fluid fluctuation
effect this gromh rate of these other cracks, these
stress corrosion cracks? And once they get | oaded
with the fluid fluctuation --

VI CE CHAI RMAN SHACK: Yes, sone -- you

know, this argunment would tell you that at sone

point it's not going to grow from3 mllinmeters to
25 mllimeters by stress corrosion.

It's going to grow from3 mllinmeters to
Xmllimeters by stress corrosion. Then it's going
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to growto 25 millineters by --

CHAI RVAN WALLIS: By this fatigue.

VI CE CHAI RVAN SHACK: -- this nechani sm

MEMBER SI EBER  Ri ght.

VI CE CHAI RVMAN SHACK: And it's going to
grow nuch faster. So if we knew what X was we'd
know what your true nmargin was for the 150 gall ons
per day. At the nonment all | would argue is that
it's substantially snmaller than you thought it was.

CHAI RVAN WALLIS: That's the thing
that's striking to ne is that if you were only doing
mat erials analysis and you did it perfectly, you
woul d miss an effect that you seemto have
di scovered experinmentally, which is that the flow
t hrough the crack enhances the crack growmh in a way
which is quite --

MEMBER SI EBER:  Dranati c.

CHAI RVAN WALLI'S:  And remrarkabl e and --

VI CE CHAI RMAN SHACK: And what Jim
didn't tell you of course is that we didn't set out
to study that problem

CHAI RVAN WALLI'S:  You found it, you
found it. | mean that's what happens.

VI CE CHAI RVAN SHACK: We set up the test

-- we were going to do a fracture nechanics tearing
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anal ysis where we would slowy grow this crack under
i ncreasi ng pressure.

CHAI RVAN WALLI'S: Now |l et nme ask you
sormet hi ng.

VI CE CHAI RVAN SHACK: It never got to a
st eady pressure.

CHAI RVAN WALLI S:  You have di scovered a
nmechani sm for growi ng cracks nore rapidly as a
result of fluid structure interaction, which the
experts who did the elicitation didn't know about
per haps when they were making their study of
frequency of pipe break.

You' ve di scovered a mechani sm where by
cracks can grow nore rapidly than | think was known
to nost of those experts. Is that true?

VI CE CHAI RVAN SHACK:  You know, whet her
it's at all applicable to a pipe --

CHAI RVAN WALLIS: Well, the thing that
concerns nme is that, you know, if there's always
this new mechani smthat the experts didn't know
about --

MR MJUSCARA: Joe Muscara with the
Research staff. | think the thing we need to
enphasi ze again is we found this phenonenon for a

wel | devel oped jet that we get froma notch
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And we're trying to get nore and nore
realistic in our testing. And then next step is to
see what happens with cracks. W can have very |ong
tight cracks that don't give the kinds of flows that
we see with the EDM not ch.

So it would still be a nice curiosity,
but not really applying to real life.

CHAI RVAN WALLIS: W don't know.

MR MJUSCARA: We don't know.

CHAI RVAN WALLIS: It mght be nore
important for a crack, a real crack

MR MUSCARA: No, | -- we've done work
on real cracks and we have seen this magnitude of
t he phenonmenon before. What we need to establish
nowis for a tight, long crack when do we get the
kind of flow that |eads through the fatigue crack
route?

My personal view at this point is that's
a pretty long through wall crack. But we need to
see what happens in the testing.

MEMBER SIEBER:. Well | think that you
folks are sort of getting to my point. | think that
when you use a nunber |ike 150 gallons a day you're
already in the reginme where you're into rapid crack

growt h rates now.
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VI CE CHAI RVAN SHACK:  No, no, no.

MEMBER SI EBER No, okay.

VI CE CHAI RVAN SHACK: No, you know,
we're seeing these rapid crack gromhs at two
gal lons per mnute, but there is this whol e problem
of, as | say, there's a nunber of tine-dependent
phenonena that occur here that are not stress
corrosion crack grow h.

MEMBER S| EBER:  Yes, right.

VI CE CHAI RMAN SHACK:  You know, the old
nodel s that we did never really considered the
possibility of creep failure, and you know, failure
of the ligaments increasing, you know.

So we get this increase in |eak rate
initially fromother mechani sns that are probably
nore closely related to this |iganent creep kind of
behavi or.

Then we get this jet driven thing. And
"1l agree with Joe, you know, we don't -- all
woul d argue is that we get this jet driven thing
| ong before we get to the 25 mllineter failure
under static | oading kind of condition.

So as | say, the growh from3
milinmeters to 25 mllinmeters by stress corrosion

overestimates our margin. Now if it turns out that
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we don't see this until we get to ten millinmeters
you nmay well decide you still have enough margi n and
your, you know, your 150 gallons per day is fine.

Al you want to do is just understand
your margin, | think, at this point.

CHAI RVAN WALLIS: But it's in the
direction of |oosing margin.

VI CE CHAI RVMAN SHACK: You're clearly
| oosi ng margin.

CHAI RVAN WALLI'S: It's sonething which
t hi nk you' ve discovered. It wasn't known before?
So this is the sort of thing you have to guard
agai nst in asking experts when there are phenonena
that they don't know about.

MEMBER S| EBER. Ckay, thanks.

VI CE CHAI RVAN SHACK:  Well | mean we've
| ooked increasing |eak rates for quite awhile before
we, -- you know, we were determned that it was due
to time-dependent defornmation and failure of
| i gaments because that was the nodel that we had in
our head.

CHAI RVAN WALLIS: Right. And now you
have another one in your head which m ght also be
wong. It's very interesting.

MEMBER S| EBER. Thank you.
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MEMBER POAERS: Any ot her questions?

Seeing none | turn it back to you, M. Chairnan.

CHAI RVAN WALLI'S: Being ten o' cl ock,
we' re always operating on tine, we will have a 15
m nute break until 10: 15.

(Wher eupon, the above-entitled nmatter

went off the record at 10: 01 a.m and

went back on the record at 10:17 a.m)

VI CE CHAI RVAN SHACK: Let's cone back
into session. Qur next presentation is on Digital
| nstrunentation and Control Systens Research Pl an
And Dr. Apostolakis will lead us through this
di scussi on.

MEMBER APCSTCLAKI S:  Thank you, Bill.
The O fice of Research has devel oped a plan, the NRC
Digital System Research Plan for the fiscal years
2005 t hrough 2009.

And this is the subject of today's
neeting of the ACRS. But there is an unusual
situation here. There are nmenos from NRR that --
well, there is a neno from M. Dyer, the Drector of
NRR, to M. Paperiello, the Director of the Ofice
of Research which sends a m xed nessage there.

On the one hand he says we believe that

the SRP presently is adequate to provide guidance to
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the Staff in perform ng safety reviews. But at the
same tinme it says we generally support an active
research programin this area.

But then there is a menmorandum fromthe
El ectrical Instrunentation and Controls Branch of
NRR that is very unusual. Essentially it |ooks at
each project, alnost all the projects that are in
t he research pl an.

And there is a constant theme where they
end by saying for exanple, there is no aspect of
this project which will assist in risk assessnent of
digital systens and therefore is not justified on a
ri sk basis.

There is no aspect of this project which
will assist in risk assessnent of digital systens
and therefore is not justified on a risk basis.
Constantly they dismiss all of them except three
whi ch they feel may have sone nerit.

So here we have now the user
organi zati on saying we don't need it. And | don't
know what to do. This is a briefing for information
pur poses today.

The idea was to sel ect particul ar
projects for nore detailed review of the

Subconmi ttee nmeeting which is comng up in June.
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Qobviously it seens to me we have to have sonebody
fromthat branch of NRR to explain to us their
posi tion.

And then we expect the stuff to come
back to the full commttee in July for a nore fornal
review of the plan. So, with these --

MR. MAYFI ELD: Dr. Apostol akis?

MEMBER APOSTOLAKI S:  Yes?

MR. MAYFIELD: If | mght. This is Mke
Mayfield. |I'mthe Director of Division of
Engi neering at NRR  The menorandum from M. Dyer to
Dr. Paperiello is a draft that had not yet been
signed and had not as of this -- as of half an hour
ago we were cleaning up sonme final issues.

The sentinments expressed in the non-
concurrence nenorandum from M. Calvo were those of
M. Calvo. And while we, the Ofice, will be
provi di ng some recomendati ons and we believe
constructive conmrents that address sone of the
technical issues raised in M. Calvo's nenorandum
the O fice has coments that will be provided.

It's my understanding the conments that
will be provided in the formal nenorandum for M.
Dyer to Dr. Paperiello did not reach the sane

conclusion as the comments reflected in M. Calvo's
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menor andum

The techni cal substance, much of that
will be reflected in recormmendati ons and suggestions
to research for their consideration in the plan.

But the sentinents that you were readi ng are not
reflected in the corments that are bei ng passed at
the office |evel.

MEMBER APOSTCLAKI S:  Ckay.

CHAl RVAN WALLIS:  Well, Mke, didn't NRR
ask for this work in the first place?

MR. MAYFI ELD: There have been
variations on the user need nmenoranda and where
those go. The notion that's in the Dyer, at |east
the draft Dyer to Paperiello nmenorandum today we
believe the standard review plan is adequate for the
work that's in the plate today and in the relatively
near term

However, we do recognize that there's a
| ot of interest in new designs, sone of this being
somewhat into the future. And as a natter of policy
we think that an active research programin this
general area is useful

There are, however, recomendations and
some suggestions that we will be providing back, and

it was just unfortunate we couldn't get the
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menor andum final ly signed.

CHAl RVAN WALLIS: So this isn't in
response to a user need nmeno, this plan that we see?

MR. MAYFI ELD: Not the whole plan, no
sir, which | amassum ng that Research will explain
how that fits. But |I did since Dr. Apostol akis had
this information

MEMBER APOSTCLAKIS:  So | was not
supposed to --

MR MAYFIELD: It's fine. | nean it's
where it is. It's just the nenorandum from M. Dyer
to Dr. Paperiello has not been signed --

MEMBER APOSTOLAKI S:  Ckay.

MR. MAYFIELD: -- or hadn't been, sinply
just getting --

MEMBER APOSTCLAKI'S: But it was nuch
softer than the actual comments from --

MR. MAYFI ELD:  Yes.

MEMBER APOSTCLAKI'S: -- that branch
whi ch --

MR, MAYFI ELD: Yes, sir.

MEMBER APOSTCLAKI'S: -- were overboard,
inny view But there's one other thing here that,
| don't know, it says in that neno from M. Calvo,

it is recommended that in the future Research
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di scuss these proposed research activities with
i ndi vi dual NRR branches and sections prior to
i ssuing their research plan.

| woul d expect that to happen. Doesn't
it happen?

MR. MAYFIELD: We will be working as we
go forward with -- and as we pass the comments from
M. Dyer back to Dr. Paperiello, we will expect to
have engaged with Research at the division branch
and section levels as we need to, to nake sure
everyone understands the basis for the comrents and
t he reconmendati ons and how they may or may not be
accomodat ed in the research plan.

And that's a dialog that we | ook forward

t o havi ng.

MEMBER APOCSTOLAKI S:  Ckay.

MR. MAYFI ELD: kay.

MEMBER APOSTOLAKI S:  Ri ch?

MR, BARRETT: Yes.

MEMBER APCSTCOLAKI S: | understand you
will step up.

MR. BARRETT: Yes, just briefly. M ke
al ready said a good bit of what | was hoping to say.
But | do want to point out that the Instrunentation

and Control Research Plan is a significant
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initiative for the Ofice of Research.

It's an area where we anticipate
innovation in the future within the industry. And
it's an area where safety and security chall enges
can be anticipated, especially as we go into foll ow
up |icensing.

W have been discussing this plan with
NRR for sonetime, and also with NMSS and NSIR  And
we | ook forward to getting feedback fromall of the
user offices on this end, and to interacting with
t hem on an ongoi ng basi s.

To support this effort, we in the past
year have created a new section within the
Engi neeri ng Research and Applications branch. And
we' ve selected Bill Kenper to be the Section Chief
who cones to us with considerable industry
experi ence.

Bill is here today in spite of the fact
that his daughter is graduating from coll ege tonight
in Florida, so if we run a little long this norning
you're going to see go Bill get up and | eave.

It's not -- please be aware he has good
reason. W also note that the ACRS has -- now has
an |1 & Subconmittee. And that -- we think that's a

very inportant step
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W | ook forward to interacting with you
early and often, and we | ook forward to your input
on this plan.

MEMBER APOSTCLAKIS: After | read that
menmo | thought maybe we had asked himto forma
subconmittee. Nothing is needed. This is great.

MR. BARRETT: | think that the way we
viewit is that this is an area where we can
anticipate a great deal of need. So with that brief
introduction let me turn it over to Bill Kenper.

MR. KEMPER: Thank you, Rich. Again,
I"'mBill Kenper.

MEMBER APCSTCLAKIS:  Again, | don't know
how | got this nmeno by the way, but what | do is |
just go back to ny conputer and downl oad and print
it before | come here. So sone --

MR MAYFI ELD: The nmenorandumisn't a
great secret. |It's part of an internal process.

MEMBER APCSTCOLAKIS: Okay, all right.

MR. MAYFI ELD: And --

MEMBER APCSTCOLAKIS: | just didn't know
-- and al so of course when you get sonething on the
conputer | don't think the signature is on it.

MR. MAYFI ELD: W see, you know, this is

somet hi ng where the office wel cones views, and that
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informs --

MEMBER APOSTOLAKIS:  So it wasn't
anyt hi ng i nappropri at e?

MR. MAYFI ELD: It was nothing
i nappropriate, and the information will inform M.
Dyer, --

MEMBER APOSTOLAKI S:  Ckay.

MR. MAYFI ELD: -- as he noves forward.

MEMBER APCSTCLAKI S:  Thank you

MR. MAYFI ELD: Thank you.

MEMBER APOSTOLAKI S: Pl ease

MR. KEMPER: Again, thank you

MEMBER APOSTOLAKI S:  Who ne?

MR. KEMPER: Closer to ne? kay, can
you hear now? Well again, I'mBill Kenper. Thanks
for having us and it's nice to nmeet you all. | am
relatively newto the Agency, as Rich el uded to.

Most of my experience has been in the
nucl ear power industry. | have worked at three
different utilities in three different power plants
with a lot of experience in operations and also in
i nstrunmentation and control engineering froma
comer ci al standpoi nt.

This commttee has revi ewed the previous

research plan, | believe in 2001, and that covered
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from 2001 to 2004. W're here to present the draft
Digital Safety -- Digital System Research Plan which
covers the next five years basically, up through
2009.

Sonme of the projects we discuss are
carryover itenms fromthe previous plan so you nmay be
famliar with them And | know that we've been
before this comrittee on various occasions talking
about sel ected projects, but there's also many new
projects that we're going to discuss as well.

This briefing really is intended to
provide the Comrittee with the information needed to
determ ne what further interactions are needed from
us with you all regarding individual progranms and
proj ects.

Also we have a lot of material to cover,
you'll see when M ke gets into his presentation, and
a relatively short tine to do it, so we're going to
try our very best to stay on schedul e.

And so really with that, I'd like to
i ntroduce M ke Waternan. He's a Senior |&C Engi neer
in our section. He's going to provide the overview.

MR. WATERMAN:  Good norning. M/ nane is
M ke Waterman. As Bill told you, | work for himin

the instrumentati on and control section. | started
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to work for the NRC in 1990, and for the first 14

years | was in what is now the Instrunentation and
Control Section of the Electrical and
I nstrunmentation Controls branch in NRR

During that period of tine | revi enwed
gquite a few safety systens. Approxinmately 20 of
t hose have been digital safety systens ranging in
conplexity fromsystens as such sinple as aux
f eedwat er systens, | oad sequencers, up through al
of the oscillation power range nonitoring systens
used in BWRs today.

| also reviewed the Tel eperm XS, so --
cane to the O fice of Research with kind of a
regul ator perspective on the things that | thought |
needed to get ny job done as a regul ator.

For the past ten years |'ve been on two
wor ki ng groups, | EEE worki ng groups, the |EEE 10-12
Verification and Validation working group, and the
| EEE 7-432 wor ki ng group.

| was secretary on that group. 1In
addition to that, in the past year by invitation
served as a nenber of the managenent board of the
| EEE Software and Systens Engi neering Standards
Commi tt ee.

That managenment board oversees 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

103

devel opnent of all software and systems engi neering
standards for IEEE. So with no further ado, that's
just sone of ny background, 1'd like to get into the
presentation first with an overview that the
research plan as we wote it provides a flexible,
adaptabl e framework for identifying NRR NMS, and
NSIR research initiatives.

The original research plan, the 2001 to
2004 plan sinply addressed the NRR research
initiatives. W felt that for safety rel ated
systens we should wite a plan that al so supported
t he ot her offices.

The research plan is oriented toward
provi ding a nore consistent process for regulating
nucl ear applications. M perspective as a regul ator
was that | was getting a | ot of technical guidance
but sonmetimes | wasn't getting a |ot of regulatory
based acceptance criteria.

So when our -- so in the process of
witing this plan we decided that what we woul d do
is expand the plan's responsibilities such that in
addition to regul atory gui dance we woul d al so
devel op a regul atory based acceptance criteria that
we're objective, that a person can say either yes or

no on the acceptance criteria.
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Addi tionally, sometinmes we needed
assessment tools and net hodol ogies that | did not
have available to ne as a regulator. | felt that
including, acquiring if at all possible instead of
devel opi ng assessnment tolls to help the regul ator
eval uate the licensee subnmittals against the
regul atory based acceptance criteria consistent with
t he techni cal gui dance.

CHAI RMAN WALLIS: Can | ask, are these -
- are objective acceptance criteria and assessnent
tools that things that the author of this meno
t hi nks are not needed?

MR. WATERMAN:  Yes, | suspect --

CHAI RVAN WALLIS: It seens to nme they're
very desirable things to have.

MEMBER APCSTCLAKI S:  No, but the point
is that maybe it's also a matter of | anguage.
nmean when you say nore consi stent processes, you're
i mplying the current processes are not consistent.

And the guy who's inplenenting them may
get offended by that. You're saying that you're
going to have nore objective acceptance criteria and
the guy who's doing it nowthinks that his criteria
are objective.

Sois it a matter of conmunicati on,
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real ly?

MR. WATERVAN.  Well, as | --

MEMBER APCSTCOLAKIS:  You're cutting them
of f?

MR WATERVAN:  Well, sir, as | recal
t he phrase was that the standard review plan had
acceptance criteria.

MEMBER APOSTOLAKI S:  Yes.

MR WATERVAN: |t doesn't nean it's al
obj ective. Sone of the acceptance criteria could be
subj ective. For exanple, take Branch Techni cal
Position H CB-14 on software quality assurance.

| went through that Branch technica
position, identified something |ike 183 different
attributes with associ ated acceptance criteria.

About half of those acceptance criteria for those
attri butes were subjective.

For exanple, | just happened to have the
report here on style. Were you' re supposed to
check the style you' re supposed to check the style
agai nst this NUREG 6463 which is review guidelines
for software | anguages in nucl ear power plant safety
syst ens.

That' s one acceptance criteria, right?

Make sure that the style is in conformance with this
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but there was no way to really assess that. |It's
fairly subjective, do you use the book, what parts
of the book do you use, etcetera.

| consider that to be kind of a
subj ective acceptance criteria about what parts of
t he book would go into particular review. And part
of that is the way it's structures right nowin ny
experience was that dependi ng upon the inpressions
of the person doing the review you could cone out
with different results of the review sinply because
some of the acceptance criteria were not objective
enough.

And it seened to ne that when a |icensee
has sonmebody show up at the site, it shouldn't
really matter which regul ator shows up at the site,
or which regulator reviews their products, the
results should al ways be the sane.

The |icensee should be able to expect a
consi stent review process. And what | found was
that even with one person doing all of the reviews,
t he process wasn't always consistent because a | ot
of times | just didn't have assessnent tools or
detai | ed enough net hodol ogi es to keep nyself
consi stent, especially when you think that over 20

-- over 14 years | reviewed only 20 projects, so it
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wasn't like | was going fromproject to project to
proj ect doing reviews.

| had other duties in between so
consequently sonmetines | |ose the focus a little
bit. You know, cone into the next review and |I'd
have new anecdotal evidence to think about
revi ewi ng.

So | was sort of frustrated as a
regul ator by the fact that I did not have all of the
obj ective acceptance criteria | thought | needed to
be either justified putting my thunmb down or putting
my thunmb up and saying this systemis safe enough.

| reviewed a |l ot of systenms. | approved
t hose systems on the basis of the information | had
avai lable to me at the tine, which was mainly I
reviewed for quality.

And if the quality was high, and | did a
couple thread audits to |l ook at a couple safety
functions and if those were okay, then | inferred
the safety of the systemfromthe quality of the
devel opnent process.

Wll it seens to ne that | need
sonmet hing nore than just quality to acceptance
criteria when | do that. So that's where |I'm com ng

fromas formal regul ator.
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And | cane over to research with the
intent, really, of trying to inprove that regul atory
process to nake it easier for the next regulator to
come along to do his job

Additionally, we don't have any forma
training right now for bringing along new staff.
When | was asked to train a new staff person ny
trai ning involved taking that person with me on a
software review at a |licensee site and giving himon
the job training while |I was trying to do reviews.

It seened to ne that on the job training
is really not the way we want to go. W want a
systematic training process where when we bring in
new staff they're actually trained in a consistent
-- toreviewthings in a consistent nmanner.

So I"'mon a soap box now and |'mgetting
way off of the reviewright here. | think we really
need to nove on. | would like to say that in
addition to their assessnment tools and
nmet hodol ogies, | think we need to devel op revi ew
procedures, and in some cases inspection procedures,
so that we can codify exactly how a reviewis to be
conduct ed.

And then also in the play you'll notice

that we say we shoul d develop curricula for each one
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of these projects, not a onetine training shot, but
an actual training programso that when people cone
in as a regulator they can go through that training
program and understand the technical guidance,

under stand what the objective acceptance criteria
nean, and know how to use the tools.

So with that in mnd | just want to say
the plan is in draft node right now | expect it to
change. There's things in there | can't believe |
wote to tell you the truth

And those things will cone out. And |
really look forward to addressing all of the
comments, whether they be on a non-concurrence or
what ever to make this plan a better plan.

And obviously you're an inportant part
of that.

MEMBER ROSEN: It seens to ne your
trai ni ng program shoul d be based on a task anal ysi s,
what you expect the person to do, just as we do task
anal ysis for operators or engineers in the industry.

It seens |ike you have the sanme, start
by figuring out what it is you want themto do, and
t hen proceed fromthere to a program design.

MR. WATERMAN: Yes, sir. That's a good

point. |1've got a note here. 1'Il be sure to
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i ncorporate that.

MEMBER APOSTCOLAKIS: Al right, let's
nove on to three.

MR. WATERMAN: So what's the current
situation? The issues facing NRCis that |icensees
are replacing, |I've got up here anal og systens with
di gital systens.

Vel |l hey, we nust be in the second
generation because they're now starting to repl ace
digital systenms with digital systens. Take the core
protection cal culators at Palo Verde that's just
gone in.

And |icensing these digital systens
presents sone chal |l enges to the NRC because of the
i ncreased conplexity and the increasing conplexity
because we're seeing |larger systens com ng down the
pi pe.

There are rapid changes in the digital
t echnol ogy, and these may introduce new failure
nodes. So we believe that the |icensing processes,
whil e they've been serving their function, they
ought to be kept current.

The standard review plan, |atest
revision 1997. A lot of things have changed since

1997. So we believe that we need to keep updating
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that standard review plan for the new issues.

W want to go to a risk-informed
per f or mance- based safety assessnent process for
licensing digital systens, 1997 we weren't talking
risk informed, | believe.

MEMBER APOSTOLAKIS:  Now this is an
important slide, | think, which in my mnd should be
expanded. And in general, this cormmittee in the past
when we were reviewi ng research plans, nost notably
t he Human Performance Research Plan, we asked two
guesti ons.

What is the current situation? Were
are we now? You're addressing sonme of it here, but
maybe we should have a little bit nore detail maybe
at the Subconmi ttee neeting.

And were to we want to be say three,
five years fromnow? | think that would be a good
gui dance, and also a nice franework within each of
the projects can be eval uat ed.

And, you know, there may be specific
i ssues, and say, you know, the SRP now has this
deficiency, it was devel oped at sone other tine, and
now we have new i nformation, you know, and this is
what we want to do.

And I, nyself, amalso all for expanding
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our state of know edge and thinking about things. |
nean we don't have to have a specific tool in mnd
but we should not neet that this particul ar project
will seek to, you know, broaden our horizons or

what ever .

| think this is very inportant for -- we
found it very inportant in the past for research
programs. So | woul d encourage you, maybe by the
Subcommittee tinme to think a little nore about this
and expand it alittle bit. And then we'll take it
fromthere.

MR. KEMPER: W do have a specific
section in here we're going to talk about in sone
detail about the risk aspect of this, so hopefully
we can answer sone of that --

MEMBER APOSTOLAKI S:  Yes

MR. KEMPER: -- as we go through

MEMBER APCSTCLAKI S:  Now anot her thing |
want to say, and the | ast one, risk-inforned
per f or mance- based shoul d be devel oped. | would say
that your research really should expl ore whether it
can be devel oped because there are situations right
now where we are not sure, |ike safety culture is
one.

But this can be in a PRA in the
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foreseeable future. And nmaybe this thing, the
digital 1&C, | don't know, fundanentally it's

requi renents are specification errors, right, which
are really in the broader class of design errors.

And nobody knows how to bring these
things into a PRA. Design errors in hardware are
not in the PRA, yes or no. The answer is no.

CHAI RVAN WALLIS: WwWell, 1 was just
wondering, | have no idea howreliable digital stuff
is going to be conpared with pipes and punps.

MEMBER APOSTCLAKI'S: That's true, that's
true. But we should --

CHAI RVAN WALLIS: O peopl e.

MEMBER APOSTOLAKI S: | mean | think the

MEMBER POVERS: | know relative to
peopl e.

CHAI RVAN WALLIS: Al right.

MEMBER APOSTCLAKI S: The | ast one is

stronger really than the current state of the art

allows -- | nean you can't really claiml wll
spend, you know, five mllion dollars and two years
fromnow I'Il have digital 1& in the PRA because

there are fundanental questions there that need to

be addressed.
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|"mnot saying don't to it, I'mjust
sayi ng change the words.

MEMBER BONACA: One question | have. |
would Iike to just, you know, | always here about
i ncreased conplexity. Do you view the conplexity as
necessary or it just as an offspring of the
capability of the digital systemto give you a | ot
of nore information so you can use it for
ever yt hi ng?

| nmean we have seen what's happening in
t he autonotive industry where there are sonme cars
wi th such conplex digital systens, not necessarily
inmportant to run the car, just sinply they give you
so nmany options, and then they don't run.

They are even, you know, the -- taking
themback. |Is it a simlar situation, or is the
conpl exity necessary?

MR. WATERVAN:  Well, yes, | think it's a
little bit of both, Dr. Bonaca. First, the systens
are getting bigger. | think Oconee has cone in,

Paul Loeser is back there.

He's |l ead reviewer on the Cconee system
That's a full reactor protection system engineered
safety feature system changeout. Mich nore

conplexity involved in that system
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From the other perspective, part of the
reason digital systens are being used is because
t hey do provide additional capabilities, such as
self-testing, allowing you to nonitor processes nore
closely, voting logic and things |like that.

Soit's alittle bit of both really.

You know, it's just something we're going to have to
face in the near future here. Wth regard to your
comment, Dr. Apostolakis, my original draft which ny
boss would not allow me to bring in here -- slides,
it had 122 slide in themso they wouldn't allow ne
to bring that in here, so now we're down to 29. So
we do have a lot nore detail --

MEMBER APOSTCLAKI'S: At the Subcommittee
you can bring 200 slides.

MR. WATERMAN:  Thank you.

MEMBER POAERS: You'll only use 25 of
t hem but you can bring 200.

MEMBER APCSTCOLAKI S: One ot her thing
that is of general interest and just occurred to ne,
because we were discussing it yesterday | think it
was, it seens to ne -- and in fact yesterday in that
context we said that belongs to the digital 1&C
subcommi tt ee.

What is the increasing use of digital
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| &C doi ng to operator performance? kay, somehow
this has to be addressed by sonebody. GCkay. Are
they bored to death or are they doing sonething

el se?

You know, because -- okay that's enough,
let's nove on.

MR. WATERVAN:  The research focus in the
plan is structured to devel op better nmethods and to
under st and new t echnol ogi es. First we know we need
to consider going to risk-infornmed.

For exanple, by looking at risk
assessment capabilities we want it to be nore
performance based. And for that we'd like to take a
| ook at some net hodol ogi es for doing dependability
assessnent s.

And we want it to be objective and
repeat able, which is sort of ny area.

CHAI RVAN WALLIS: It's not just
dependability, it's whatever the nmeasures of
per f ormance need to be.

MR WATERVAN:  Yes, sir. And we want it
to be objective and repeatable, for exanple,
nmeasuring the software quality with sone for of a
nmet hodol ogy.

The focus is broad based, and it focuses
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on inproving traditional review nethods, not
replacing. Al we're trying to do is augnment the
tradi tional methods because there are certain
necessary functions that have to be carried out in
our traditional reviews now.

W do that, for |ooking at new
appl i cations, advanced applications, and | ooking at
new i ssues and regul atory requirenents. And we've
had some new i ssues conming up since 9-11, haven't
we?

The research plan is broken down into
si x basic prograns shown here on this slide here.
And I'Il discuss each of these prograns as we go.
|"mjust going to give you a high-level view of the
various projects in these prograns or the prograns
t hensel ves.

MEMBER APOSTCOLAKIS: So if | look at
this figure now, which boxes are of imrediately
interest to NRR?

MR. WATERMAN: Wl |, system aspects of
digital technology deals with a lot of things that
are going on right now, for exanple, in the
envi ronment al stressors.

So obvi ously ongoing projects are

i mredi ately concern, right? Now the risk assessnent
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of digital systens, we've been doing that research
for sone time, so that's fairly high priority
because it's ongoing and we're trying to get to an
answer on that.

MEMBER APOSTOLAKIS:  But is NRR
interested? Probably not. | mean right now t hey
don't have a need for that. They have to -- | nean
t hey have to understand the system aspects.

They have to say sonet hing about the
guality of the software, but rather it contributes
to risk probably is of no interest to them That
doesn't nean

MR. VWATERMAN: Wl --

MEMBER APOSTOLAKIS:  -- it's not
i mportant.

MR VWATERMAN: Wl --

MEMBER APCSTCOLAKIS: |I'mjust trying to
under stand where they're com ng from

MR WATERVAN:  Well the PRA branch in
NRR nay have a different perspective on it.

MEMBER APCSTCLAKI S:  The PRA branch may
have a dir perspective. That's very true.

MR. KEMPER: We really have not had a
chance to talk with NRR about this at all, so |

apol ogize, | just -- we really can't answer any
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guestions about NRR s perspective, if you will, in
terms of that meno that you read there, so --

MEMBER APOSTOLAKI S:  Ckay.

MR KEMPER: But as Mke said, we are
talking with various portions of NRR and the risk
branch, particularly. diff Dowd, we've been in
comuni cation with him is interested in
participating with us on this risk aspect of this
proj ect .

MEMBER APCSTCOLAKIS: Wl |l nmaybe | shoul d
have put it in a different way. Not which boxes are
of interest to them which boxes are relevant to
regul atory deci sions that are bei ng made now.

That's a different way, but it's nore

accurate.

MR. WATERVAN:  Well | think when we get
into the projects area, you know, we'll be able
to --

MEMBER APOSTOLAKI S:  Ckay.

MR. WATERMAN: -- you know, naybe touch
on that inalittle bit nore detail.

MEMBER APOSTCLAKI'S: But in the future
maybe we shoul d have an answer at this |level as
wel | .

MR. WATERMAN:  For exanple, our advanced
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nucl ear power plant --

MR. KEMPER: | think they all do.

MR. WATERMAN: -- digital systens
project we're kind of on hold right now Plans that
have been submitted have been differed for further
review.

O her designs are potentially being
subnmitted, so let's get into the system aspects of
digital technology, and we'll start right in. This
seven projects in this particular program-- and | et
me tal k about what we've done in environnmental
stressors.

The environnental stressor stuff is
pretty nuch w apping up now. W actually had three
subprojects in environnmental stressors that dealt
with EM/ RFI.

There's one particular area on fast
transi ent response that we needed to address. And
we' ve updat ed Regul atory CGuide 1.180 that endorses a
couple of different standards on that.

CHAI RVAN WALLIS: Isn't this a noving
target though, digital systens? As you get snaller
and snall er spacings in the nenories and so on --

MR. WATERMAN:  Your IC circuit density.

CHAl RMAN WALLIS: -- and the Mbore's | aw
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and all that, then the breakdown that cones easier
fromlightning strikes and so on.

MR. WATERVAN:  Yes, sir.

CHAI RVAN WALLI S:  What you may have okay
today may be no good at all next year because if you
updat e, upgrade your electronics it's nore
susceptible to something just shorting out from
I i ght ni ng.

MR. KEMPER: Well, | think what --

CHAI RMAN WALLIS: It's going to be
per f or mance- based t hen.

MR. KEMPER: Sure. But as vendors seek
to qualify these platfornms, they know they have to
conply with the standards and gui des that we have
now.

CHAI RMVAN WALLI'S: So you have to have
sonme standard tests or criteria or something.

MR. KEMPER: Exactly. So as they see

the need to upgrade those they' Il invoke changes in
i ndustry standards, you know, | triple E standards,
and therefore we'll follow that with regul atory

gui dance.

MR. WATERVMAN: Additionally part of this
gui dance there is on how to harden the installation

nore so maybe than hardening the chips is what do
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you do for shielding, things like that.

For exanple, in the lightning we really
haven't had any conprehensi ve gui dance on |ightning.
W' ve got a draft guide out there now for public
coment DO NG 1137 that | ooks at several standards.

And nost of that is addressed not toward
so nuch, you know, how do you keep a mcro
el ectronics safe when lightning strikes it, but how
you nake the station absorb the Iightning strike
wi thout it effecting your m croel ectronic.

In the area of environmental
gualification we have a draft guide that's still in
house on DGLO77 that endorses a couple of new
standards. | EEE 232 (2003), | think the |ast
version of that was 1983, 2003, and then there's an
| EC standard 60780 | think, sonething like that.

And Christine Antonesca can talk to that
in nore detail. So we're circulating that EQ draft
gui de right now t hrough NRR and we' ve been working
back and forth with themto come to sone resol ution
on it.

| believe the Comm ttee here has
addressed the | EEE standard 323 endorsenent in the
past. |'ve only been in research for a year so |

haven't really been involved in that project.
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Wth regard to systens communi cati ons,
the trend in digital safety systems, as you know, it
toward networked intrasystem architectures using
dedi cat ed conmuni cati on.

MEMBER APOSTCLAKIS: |Is that also in the
nucl ear industry?

MR. WATERMAN:  Yes, sir. |If you take a
| ook at the Tel eperm XS the safety systens they're
antici pati ng devel opi ng out of that are all, you
know, internally networked, not networked to the
outside word, but it's a network where you have two
by four voters in every channel sharing information
bet ween channel s.

You have mcro processors that are
dedi cated to comruni cating data back and forth

MEMBER APCSTCLAKI S:  Now when you say
intrasystem what do you nean?

MR WATERVAN:  Now within -- our
phil osophy with digital safety systenms is if there
is a network that network cannot be interfaced with
non-safety networks in such a way that a non-safety
network coul d adversely affect the safety network.

MEMBER APCSTCOLAKIS: But all the safety
related systens will belong to the network?

MR. KEMPER: Well, you know, | don't
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know.

MEMBER APCSTCOLAKIS: |Is there separation
bet ween the safety systens?

MR. WATERMAN: | beg your pardon?

MEMBER APOSTOLAKI S:  The digital.

MR. KEMPER: There a common data
acqui sition, you know, if you will, protocol between
the information busses, if you will. Many of the
safety systens draw i nformation fromthe sane
sensors out in the plant, for exanple.

So that's the type of what we're talking
about as far as the intrasystemarchitecture so it's
i mportant that we understand these things and nake
sure that the conmunication protocols are
established correctly so that, you know, problens
won't result inadvertently.

MR WATERVAN:  And | use the word
i ntrasystem because the NRC is very sensitive to
havi ng safety rel ated networks connected to non-
safety rel at ed networKks.

MEMBER APOSTCLAKI'S: That's a no-no, |
under st and.

MR. WATERVMAN:  Absol utely.

MEMBER APOSTOLAKI S:  That's fi ne.

MR. WATERMAN: But within the network
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itself it's all safety related. There are certain

i ssues that need to be addressed. For exanple, what
are the safety related aspects of proprietary
comuni cati on protocol ?

What things should a protocol do that
are safe and what things ought a protocol not do
that could adversely affect safety? To tell you the
truth, we really don't review protocol right now.

MEMBER APOSTOLAKIS:  Wait, if it's
proprietary, you nmean to the conpany that devel oped
it, right?

MR. WATERVAN: It may be to the conpany
that developed it. | believe that Sienmens Tel eperm
XS, that's the one | have npst experience wth,
devel oped their own communi cation protocols.

So while they're proprietary to the
outside world, we can still for the nbst part get in
and review the protocols.

MEMBER APOSTOLAKI S:  Yes.

MR. WATERMAN: But you have to ask
what's the acceptance criteria for a good protocol.
| don't know. To tell you the truth I really don't
know.

| guess |I'mnot smart enough to know

that. So we need to provide the Staff with sone
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gui dance so that when they're reviewing a

comuni cation systemthat's safety related they
under stand what they have to | ook at when they're
| ooki ng at a protocol.

MEMBER ROSEN: Let me pursue this
separation idea for a -- if you have a process
paranmeter in the plant that's used for both safety
rel ated purposes and non-safety rel ated purposes,
can you use the sane sensor or nust you have two
separat e sensors?

MR. WATERMAN:  You can use the sane
sensor, but you have to isolate the non-safety
conmponent of that signal fromthe safety conponent.
So generally what you do, you have sensor that cones
down.

The sensor transmits off to the plant
conputer, which is a non-safety system right? And
that transmission link fromthe sensor to the plant
conmputer is an isolated link.

Perhaps it's fiber optic, or photo
i sol ator or sonething like that. And anot her
connection goes to your safety system such that
you' re non-safety systemcan't feed back in and
corrupt your safety system

But you can use the sane processor. And
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| think that's fairly conmon

MR. KEMPER: Conmonly done, right? TF
control, rod control systems, they are often the
same tenperature indications, for exanple, as the
RPS does.

MR. WATERMVAN:  Where we were really
concerned with isolation on safety systens is -- |
know t he plant conputer is non-safety and it's
receiving a lot of inputs.

And if you don't have one-way
comuni cation to that plant conputer -- that there's
a potential that sone -- by sone neans the plant
conputer could corrupt your safety system

Qobvi ously we have two-way comuni cation
with safety systens with sort of non-safety systens
with you put up a mai ntenance and test panel to go
in and do an update to your safety system

And t hen the maintenance and test panel
is disconnected. And that's -- those are sone
security concerns there we're al so going to address.

MEMBER APOSTCLAKI S:  Ckay.

MR. WATERVMAN:  Wth regard to COTS
digital safety systens, we have already in house a
ton, if you will, of guidance on how to review COTS

safety systens.
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The way the industry dedicates a piece
of conmercial off-the-shelf equipnment is they use
one or nmore of a conbination of four basic
processes. They do test and special inspections,
source verification, supplier surveys, or use
hi storical data.

But the historical data has to be used
in conbination with one of those other processes.
Two of those processes are fairly qualitative when
you think about it, the source verification where
you go out and watch your equi prent bei ng made, and
a supplier verification which is sort of like an
Appendi x B auditing process that a |licensee or a
vendor woul d use on sonebody who's not an Appendi x B
progr amer .

What we do when we review the COTS
equi pnent is we use the qualitative process to
review a qualitative result. It seens to ne that
maybe we need sone i ndependent way of assessing, you
know, how well a COTS dedi cati on was done.

For exanpl e, nmaybe by using the fault
injection nmethod that's been devel oped for
estimating digital system dependability in COTS, and
when | say system | don't nean -- you know, when

think of system| think of the hardware integrated
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with the software, the hardware and the software.

So you got three conmponents that nake up
a system And that -- whenever | say systemj ust
try to keep that in mnd. It's hardware, it's
software, and it's the integration of hardware and
sof t war e.

MEMBER RANSOM | guess you include the
comuni cation systemor the

MR. WATERVAN: Wl |, whatever systemit

MEMBER RANSOM fiber optic or hardwire

MR WATERMAN: -- if it's digital it has
they' re maj or conmponents that you have to eval uate,
hardwar e al one, software al one, and how those two
i nt egrate together.

Sonetimes the integration is where al
t he problens are.

MEMBER RANSOM  Yes.

MR WATERVAN: Wt hout what we're
| ooking at is a way of refining our nethods for
revi ewi ng COTS equi pnent such that we may have an
i ndependent process, which | believe is -- what
we' re supposed to be is review ng things

i ndependent |y, independent fromwhat the |icensee of
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t he vendor did.

MEMBER APCSTCLAKIS: How are we doing it
now?

MR. WATERVAN:  Well, the way we do it
nowis we go to the licensee or the vendor and we
take a | ook at their COIS dedication, we review what
criteria characteristics they felt that they had to
mat ch up with the manufacturing process.

W take a | ook at the docunentation that
shows what process they went through and is that
process consistent with an Appendi x B process. Take
a look at the results of their special tests and
i nspections, for exanple, or |ook at their source
verification and | ook at the scope of that and cone
to a conclusion about whether or not they followed a
good process in dedicating that equi prment.

EPRI has done a pretty good job of
addressing COIS. This goes back to the, as you
recall, the early "90s counterfeit parts issue. And
we've reviewed that COIS -- or that EPRI COTS
techni cal report and have endorsed it with a safety
eval uation report.

| believe Paul Loeser had a lot to do
with that. And that provides sone pretty good

gui dance, but right now what we're doing is
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reviewi ng what the |licensee wote down.

And there's -- we haven't had a lot -- a
| ot nore independence than that. And sonetines that
ki nd of nmade nme nervous because a |lot of tinmes the
licensee wites down what he wants you to see.

So with regard to electrical power
distribution systens interactions, this is actually
an internal research project. W're anticipating
supporting our division of safety analysis and
regul atory effectiveness.

What they have found is that there's
been a | ot of nuclear power plant digital-controlled
power equi pnent that has reflected sensitivities and
changes to grid voltage.

Gid stability goes down, your voltages
fluctuate, and normally we would say well that's not
a big deal because we have uninterruptible power
suppl i es.

W can address that. \What they have
found is that sonetimes the uninterruptible power
suppl i es haven't responded as expected. At other
times the plant has been requested to try to nake up
for the power and couldn't do it because it's
voltage regulators weren't set correctly.

At other tines the voltage woul d
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fluctuate enough to drop down to the 80 percent
threshol d | evel, which you know, nost of you know
nucl ear power plants.

Ei ghty percent drop in voltage is a
reason to trip your reactor coolant punps. It
chal I enges your safety system So there's been like
over 100 licensee event reports that have been
identified of grid fluctuations, of challenging
nucl ear power plant safety systens.

And so we've been requested by the
O fice of Research to go ahead and assist themin
the evaluation of this, and kind of come up with
some way of determning the effects of grid voltage
fluctuations on el ectronic equi pnent.

Now | et's take a | ook at our voltage.
Qur voltage and power characteristics, or voltage
and current characteristics inside the plant, which
is taking a look at the total harnonic distortion,
which is all the harnmonics in a typical sine wave,
all the extra harnonics divided by the
characteristic wave.

And they usually represent that sone
percentage of total harnonic distortion. Now when
you talk to nost people they'll, you know, say well

what's your sources of total harnonic distortion
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And t he obvious answer is well, power supplies,
not or control centers.

But actually any non-linear |oad wll
i ntroduce additional harnmonic distortion into your
power and into your current and into your voltage.
And what's one of your big non-linear |oads that are
com ng in?

Digital equipnent. Mcroelectronics are
all non-linear |loads. Right now we've got fairly
sinple systens with a few m croprocessors invol ved
in them

Vell they all contribute to tota
harnoni ¢ distortion, but the contribution isn't very
much right now. What happens when we bring in a
full -blown reactor protection system engi neered
safety features actuati on system where you nay have
a coupl e hundred m croprocessors and all the
supporting chips.

What is that going to do to your tota
harmoni ¢ distortion? |EEE stated in | EEE Standard
519 that you ought not to get your total harnonic
di stortion above about five percent because if you
do your electronics can start having adverse
effects.

You know, back to Dr. Sieber's comment
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about the chips are getting snmaller and bigger,
right, smaller distances between your adjacent
circuits.

And they're also getting | ower voltage
requi renents for changing nenory states. It used to
be what, five volts was the threshold vol tage for
changi ng and nenory state.

It's down to like three or three and a
hal f volts now. What happens when total harnonic
distortion starts playing around with that? You can
start losing nmenory states, perhaps with an over-
vol tage or an over-current.

You start getting mgration between
adj acent circuits and things like that. So we feel
that that's something that's worthy of a little bit
nore investigation with regard to safety systens.

MEMBER SI EBER: But that's covered by
t he standards, right?

MR. WATERVAN:  Well, it's covered by the
standards, but how it's inplenented, you know, the
devil is in the details, you know.

MEMBER SI EBER: Wl |l the specification
is in the standards. The question is how do you
test to assure yourself that the specifications are

bei ng net?
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For exanple, things |ike opening and
closing the circuit breakers, particularly opening
of them --

MR. WATERMAN:  Yes,

MEMBER SI EBER: -- which inpul ses on the
RFI and all kinds of things on your power supplies
that go right to the CPUs. And you can end up
resetting or restarting CPUs where it | ooses scads
of data during the interval when it's down, even
though it will recover and restore itself.

It can really nmess up the way things are
bei ng sequenced.

MR. WATERMAN: It certainly can. And

one of the areas is, you know, the conception is

that well if | have great power supplies | don't
have to worry about THD because they'll clean the
power up.

This is all stuff downstream of the
power supply. You got good power com ng in and you
got your mcroel ectronics screwi ng everything up.
So how nuch does it ness up?

What can we do to prevent that? Those
i ssues, | think, need to be addressed.

MEMBER SI EBER. How to you deal with

guestions |i ke system overloads? You know, if you
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get into a fast noving plant transient where you're
exercising a lot of actuators and signals are
changi ng, that puts |arge additional conputationa
| oads on the computing system which could cause it
to fall behind. How do you test for that?

MR. WATERVMAN:  Well | think nost of the
conmputing systems anynore assune that you have a
certain amount of time to respond and they just
cyclically calculate and pick up the conditions as
when they conme around to their next cycle to
cal cul at e.

So it's not like an interrupt driven

type systemthat | ooks for something to happen and

then responds. It sinply continues to cal cul ate
should I trip, wait 50 mlliseconds, should I trip,
wait 50 mlliseconds, should I

MEMBER SI EBER: So what you're saying --

MR. WATERMAN: That type of sequence
there. So when a |ot of things are happening in the
pl ant your design basis will tell you how fast
systens have to respond, and then you just do your
-- the systemjust continues to run. And instead of
calculating zero for don't trip it calculates a one
for trip, soit's --

MEMBER SI EBER: So what you're saying --
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MR. WATERVAN: | think that's pretty

simlar.

MEMBER SIEBER. -- is the conputational
| oad really doesn't change.

MR. WATERMAN: So, not in safety
systens. That's been ny experience with the systens
| reviewed is they pretty well addressed that one
because of that very concern.

You just can't interrupt processes and
try to junp on sonething right away. Just take
t hings sl ow and steady. You got plenty of tine, as
you know.

In a control room when you get a trip
you got plenty of tinme to address it. Let's not get
ina hurry here, let's just do things right. That's
the way the systens are bei ng devel oped now.

MEMBER S| EBER. Ckay, thank you.

MEMBER PONERS: Could | understand
somet hi ng phil osophical a little bit in your
approach to defining a research program here? You
posed the question what's the effect of total
harnoni ¢ distortion on digital system conponents,
for instance, okay.

Isn't that enough? Can't you say you,

applicant, please answer this question?
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MR. WATERMAN:  Well, yes. W can but

after the answer to the question how do we eval uate
it if we don't have sonme kind of guidance to say
well is that a good answer.

MR. KEMPER: Yes, we feel as though it's
important in some of these areas to have our own
i ndependent confirmatory research to validate sone
of these issues.

MEMBER POAERS: So you want to be able
to go in and say okay, he's told nme this is a great
systemand it will do just fine, but | want to now
use nmy tool which | suspect is different fromhis,
and of course one of the natural evolutions is that
the applicant will quickly evolve to using your
tool, okay. |Is that okay? | nean in --

MR. KEMPER: Well as long as it's a
vi abl e process and it satisfies our regulatory
concerns and criteria. | mean what we do, we're
public utility. So you know, if they choose to
foll ow our path, if you will, | don't see any way to

MEMBER PONERS: But it seens to ne that
it puts a different spin on the way you desi gn your
research program |If I'mdoing -- if | have an

i ndi vi dual tool here that nobody knows about except
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nme, and | go through and |I | ook at the systemthat's
supposed to be great and | say yes, it's great.

| nmean it's better than any system|'ve
ever seen before. And you just accept the
| icensee's assessnment, and the SER gets witten with
his assessnment in there.

| f you come back and you say gee, it's
just not quite right. |'ve got some questions here.
You pose those questions. The |licensee
satisfactorily answers them and you wite the SER
okay?

So you don't have to -- your tool
doesn't have to be the state of the art or anything
like that. | nean it just has to be adequate for
you to pose questions and assess the answers when
t hey conme back

Now if a licensee is designing his
system usi ng your tool, then you suddenly have an
obligation to say, yes, this is as good as |
possi bly want to be.

| nmean it has to be maybe not next to
the industry state of the art, but it has to be ny
state of the art, okay, because |'ve got no
i ndependent way to check it because he's designed

based with my tool.
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It seens to nme you design your research
progranms a little differently in those two cases,
don't you?

MR. KEMPER: Yes, | agree with that, but
let's take, for exanple, fault injection. You know,
we're putting effort into fault injection testing as
a way of providing --

MEMBER PONERS:. Yes, sure. It's a great
exanpl e, yes.

MR, KEMPER: -- reliability, right?

Vell there's a nunber of ways to do that. W're
going to pick one or two. It would be nice, in ny
personal opinion, if we successful at this the
vendors pick up on this and they start doing their
own fault injection testing so therefore when they
make the submittals to us, now that issue has

al ready been addressed, if you will.

Now we may cone back with our own too
and i ndependently validate that to a certain extent,
but this can only help pronote a safer and nore
reliable process controls industry in nuclear
i ndustry by sharing this information and
nmet hodol ogy.

But that's kind of where |I'm com ng

from | guess.
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VMEMBER POWNERS: Sure, sure. | mean it's

just a question of philosophy and approach. Now | et
nme ask you just a little nore on philosophy. There
are lots of people in this world that have the sane
probl em you do.

They want to see digital systens used in
nucl ear power plants. | nean they're going to see
them It's not a question they nay see them they
will see them

What else is going on in the world in
this same area? | nean how does your plan conpare
to what else is going on in the rest of the world?

MR KEMPER: Well we are on sel ected
projects. W're trying to interface with NASA. The
train, the rail systemin sone cases, you know, sone
of the testing builds off some of that work.

Mlitary, so we are |ooking at other
agenci es and ot her interests.

MEMBER APOSTOLAKI S:  How about
international activities?

MEMBER POAERS: What | see in the agenda
for the next American Nucl ear Society neeting,
sinply because | just happen to look at it, is there
nmust be 20 papers fromthe Koreans --

MEMBER APOSTCLAKI S:  Yes.
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MEMBER POAERS: -- dealing with sone
aspect of digital systens. And they |ook like
they' re universally assessnent types of things.
nmean they cone in and they do sonething on this
digital systemand they get a characteristic out of
it.

| don't see anything that cones in and
says okay this is the characteristic and | know
that's good because. | nmean they're just deriving a
nunber .

But like |I say, it must be 20 papers on
t hat of sone sort.

MR. KEMPER: Hopefully we've got sone
nore projects we're going to get into here.

MEMBER APCSTOLAKI S:  But you are -- you
are abreast of what's happening internationally?

MR. KEMPER  Yes.

MEMBER APCSTCOLAKIS:  You are keeping up?

MR. KEMPER: Yes, we are. Yes, we
attend international conferences.

MEMBER APOSTOLAKI S:  Ckay.

MR. KEMPER W --

MEMBER APCSTCOLAKIS: Let nme tell you
this back to the fault injection thing. | know that

in other industries -- | nean you have to be careful
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when you say I'mgoing to | ook at what other people
are doi ng because ot her people don't always have the
perspective of a nuclear regul atory agency.

And we had in fact a presentation here
last tine by a very well known professor who has
been practicing this for awhile. But you know,
com ng fromthe nucl ear perspective, you know, and
| ooking at this fault injection nmethod and, you
know, they're injecting faults and this and that,
but they when they start using Markov nodels and
transition rates to estimate reliability fromthat
they | ose ne because | want to understand what the
failure rates mean.

And apparently that's not inmportant to
t hese people, okay. So this is where you cone in
and say yes, we're going to look at this fromthe
nucl ear power perspective, and we tend to question
things like that.

When sonebody says the transition rate
| anbda fromstate five to state eight is this, you
have to ask himwhere did you get that from and how
do you know there is a constant rate of transition.

This seens to nme to be a very
significant assunption on their part. And then of

course, you have a nice fornula in terns of those
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failure rates, which excites people.

They say well now | got the reliability.
| don't think so. So this is where you conme in and
eval uate these met hods and question t hem because
there's a ot of stuff out there, you know.

Just because sonet hi ng has been
publ i shed doesn't nean that --

MEMBER POAERS: Ch, ny goodness. A
prof essor's sayi ng somet hi ng published is not
sai nt ed.

MEMBER APCSTCLAKIS: Unless it's ny
j ournal .

MEMBER POAERS: ©Ch, yes, that's right.
|"d forgotten that.

MR. WATERMAN:  Moving right al ong now.
Wth regard to operating systens --

MEMBER APOCSTOLAKIS: Wl l, by the way
t he Koreans are publishing a lot. | get lots of
papers on digital --

MR. WATERVMAN:  Ch, yes, | nean it's --

MEMBER APCSTCOLAKIS: They are really
doing a |l ot.

MR WATERVAN: It's a bunch of stuff.

MEMBER APOSTCLAKI S:  The Korean Advanced

Institute for Science and Technol ogy. Ckay, great.
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So we are what, three quarters of the tine?

MEMBER PONERS:  Yes.

MEMBER APCSTCLAKIS: And we are only at
one third done with the presentation? So now you
appreci ate why your managenment reduce your nunber of
slides from 120 to 29.

MR WATERVAN:  Hell, if | had 193 slides
|'d be on slide 12, wouldn't [|?

MR KEMPER: Well we've tal ked about
many of these issues, quite honestly, that are on
subsequent sl i des.

MR. WATERMAN: That woul d just broaden

MR KEMPER: So if you will we'll nove
on t hrough them qui ckly.

MEMBER APCSTOLAKI S:  Yes, you can
actually accelerate the process.

MR. KEMPER: Ckay, thank you.

MR. WATERVMAN: I n the past we really
haven't been able to assess proprietary operating --
COTS operating system characteristics nmainly because
we couldn't get into the code.

But there is another class of operating
systens where we have been able to review. And

that's typically on the platfornms where the vendor
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of the platform the devel oper of the platform has
devel oped his own, if you will, 64K kernel operating
system the stripped down operating systemthat
handl es just specific processes.

W, you know, | have difficulty
reviewi ng those systenms because they're usually
witten in machine | anguage and | haven't had any
gui dance that actually told nme the operating system
ought to do these functions and ought not to do
t heses functions.

So sone time ago research initiated a
study to | ook at operating system characteristics,
and that study was sort of inconclusive and so it
was dropped.

And so was the user need requesting it.
But what we found it | believe we need further
research to identify safety critical design aspects
of operating systens. | think we're seeing nore and
nore kernel type operating systems coming al ong that
we can actually get into.

And we need to devel op processes for
perform ng safety assessnments of those operating
systens. Right now, even though we have a | ot of
acceptance criteria in the standard revi ew pl an,

when it comes to operating systens it's just -- wow,
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it's -- sonmetines it's hard to apply.

Now with regard to diversity and
def ense-in-depth, as you know, we already have
Branch Technical Position 19. | hel ped Matt wite
that technical position back in the md " 90s.

And we have -- that's sort of a
determ ni stic approach to | ooking at diversity and
def ense-in-depth. Now the nucl ear power industry
conversely has proposed using risk insights from
PRAs, for exanple, using their | eak-before-break
analysis to justify not putting in a diverse system
or arguing that a PRA shows the probability of a
common node failure is | ow enough that you don't
need to consider it in severe accidents.

So what we propose to do with this
project is actually several things. First, we want
to verify determnistically that existing guidance -

CHAI RVAN WALLI S:  You nean | eak- bef ore-
break, you nean they show some synptomthat things
aren't right before they conpletely go wong? 1Is
t hat what you nean?

MR. WATERVAN:  Well as you recall in the
early to md 80s plants were required to put in jet

i mpi ngenent barriers and pipe whip restraints on
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their plant unless they could analyze their way out
of it.

The way they did that was they anal yzed
that a small |eak would grow into a | arge break over
time. The operator would have enough tinme to
respond.

And therefore they really didn't need to
put in the pipe whip restraints. So what they've
tried to do is to shoestring into this position off
of that anal ysis of | eak-before-break.

And | think that was Qconee's ori gi nal
approach. And | don't know what they're doi ng now.
Paul Loeser can speak to that. Wat we want to do
it determ ne whether or not the criteria in the
Branch Technical Position are realistically
conservative

| nmean you can have things that are
really conservative that nobody can live up to. W
want to determ ne whether that's realistically
conservative

MEMBER APOCSTCLAKIS: W don't have a
realistic --

CHAI RVAN WALLIS: W don't have a
definition of realistically conservative.

MEMBER APCSTCOLAKIS: It's sonething that
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Agency i s using now.
MR WATERVAN: R ght.

CHAl RMAN WALLI S: It's an invocation,

isn't it?

VI CE CHAI RMAN SHACK:  Yes.

MEMBER SI EBER A chant.

MR WATERVAN:  Back in the md "90s we
contract, | believe, Lawence Livernore to develop a

NUREG CR on how to inpl enent diverse systens. And
they identified sonmething |like seven different
characteristics that have to be diverse.

And each one of those had a whol e bunch
of bullets under themthat ranked various diversity
aspects. For exanple, software |anguages was not
consi dered as diverse as sone of the other features
in that category.

Wiat we'd like to do -- and those were
called coping strategies. Wat we'd like to do is
take a | ook and see if there's on optimal mx of
coping strategies that |icensees can actually live
up to.

Bill in his experience in the industry,
they've tried to apply it and said it's a fairly
onerous process. And it doesn't appear to be

anything that's really applicable.
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And what we'd like to do is figure out a
way to make that nore reasonabl e.

MEMBER APCSTOLAKIS: |I'mlistening to
you and | think it's fine what you're saying. |'m
j ust wondering though, how did you conme up with
this? Qobviously NRR did not request this, | nean
judging fromthe nmeno | read.

So did you have a group of people
sitting around a table and saying this sounds like a
good idea, or how did you decide that this is
something that's worth supporting as a research
proj ect ?

MR KEMPER: Well, it seens to be a --
it's a major industry initiative right now.
Basically, you know, the proliferation of digital
processes in the Anerican industry is far behind the
foreign -- many of our foreign or internationa
countries.

Complying with diversity and defense-i n-
depth is one of the key issues here that is the big
struggle, quite honestly. So based on that, since
it is such a difficult issue between the industry
and the Agency, it seened prudent to do this
research in an anticipatory basis, quite frankly.

MEMBER APOSTOLAKIS: So has there been a
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situation where the industry and the Agency
di sagreed on sone defense-in-depth nmeasures, or --

MR KEMPER: | believe that the --

MEMBER APCSTCOLAKI S: Apparently there is
an NUREG CR al r eady.

MR. KEMPER R ght.

MEMBER APCSTCLAKI S:  So sonebody nust
have deci ded that the guidance there is not good
enough.

MR. KEMPER: Yes. Applications have
been submitted to the Agency for review and then
wi t hdrawn based on, you know, their strategy that
t hey prescribed for conplying with this versus our
push-back to them

So it's not to say that our process is
wrong or bad or anything, we're just -- we just feel
as though it bears sone resources to | ook closer at
this to see if there is sone optinmum conservati sm
t hat shoul d be applied using this process.

MEMBER DENNING But | think -- weren't
you asking a process question? That's a little bit
different fromthat specific answer for this
parti cul ar thing.

And that is in putting together this

research program how do you actually decide which
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of these activities are the ones to undertake? Ws
that sonmething that your group just got together and
di d?

MR. KEMPER: Yes, for the nost part,
that's right.

MEMBER DENNI NG  That the way you did?
And so you cane up with a list them and you
prioritized them --

MR. KEMPER: That's right.

MEMBER DENNI NG -- within their groups.

MR. KEMPER: Right. And out intent was

MEMBER APOSTOLAKI S:  But you --

MR KEMPER: And our intent was to
engage out clients, you know, NRR, NSIR, and NMSS

MEMBER APCSTCLAKI S:  But you have not
done this yet.

MEMBER DENNI NG  But you haven't done
t hat yes.

MR KEMPER: Well we have with sone.

MEMBER APOCSTOLAKIS:  Wth sone.

MR. KEMPER: NSIR and NVMSS. W did not
engage anybody el se.

MR. WATERMAN: But part of that

engagenment is witing a draft research plan for them
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to review | guess we did.

MEMBER APCSTCLAKIS: | woul d expect,

t hough, that you would interact with them before you
wr ot e anyt hi ng.

MEMBER DENNI NG Well, particularly NRR

MEMBER APCSTCOLAKIS:  Particularly NRR
yes. Then you wouldn't get this kind of reaction.
Anyway, oh there is -- I'msorry.

MR CH RAMAL: |'m Matt Chiramal from
NRR. And --

MEMBER APOSTCLAKI S:  The i nfanous
branch?

MR, CHI RAMVAL: Yes.

MEMBER APOCSTOLAKI S:  Ckay.

MR. CHI RAMAL: The subject we were just
tal ki ng about is sonething that was reviewed by the
Nat i onal Acadeny of Sciences and it was determ ned
that you had in defense-in-depth is okay.

MEMBER APOSTCLAKI'S:  You need what? |'m
sorry?

MR. CHI RAMAL: That defense-in-depth and
diversity is a requirenent that will apply to
nucl ear plants is a good idea.

MEMBER APOSTOLAKI'S:  No, but |'m not

guestioning the value of defense-in-depth, |I'm
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asking why this particular project. | know that the
Agency has been inplenmenting defense-in-depth and
diversity for awhile.

MR CH RAMAL: That's correct.

MEMBER APOSTOLAKIS:  So -- but what it
is that this particular project -- | nmean is there
something wong with the way we're doing it, or is
it sonething that sounds |like a good idea to sone
peopl e based on their experience, which is fine?

| nmean we' ve been maki ng decisions |ike
that for a long tine.

MR CH RAMAL: That's correct.

MEMBER APCSTCOLAKI S:  There's nothing
wong with that. | just want to understand.

MR. CHI RAMAL: Yes. And the other point
is that --

MEMBER APCSTCOLAKI'S: Do you agree with
me?

MR. CHI RAMAL: The SRP Chapter 7 is
based upon I EEE 7.4-3.2, and the new version of
this, 2003, cane out. And m ke worked on it and it
adapted all the requirenents that we had in the SRP
into the standard.

And that's up to date already and none

of these subjects that you're looking at -- they're
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all covered by that communi cations qualification,
and all the requirenents that the research is doing
is already covered by the new standard, which is
bei ng endorsed by -- a researcher's going to be
putting out pretty soon.

And it includes the requirenments for
security added to it.

MEMBER APCSTCOLAKI S:  So what you're
saying is that the objectives of these projects have

al ready been nmet by a standard that is about to be

approved?

MR. CHI RAMAL: Yes, and that's sonething
we'll discuss with research when we -- this is
something we'll discussed with research when we get

t oget her on this project.

MEMBER APCSTCLAKIS: | assume you woul d.
Ckay.

MR CH RAMAL: |I'mtrying to digest al
this, but --

MEMBER APCSTCLAKI S:  Yes, please, go
ahead.

MR. SHAFFER. Can | just say sonething?
MEMBER APCSTOLAKI'S: |'m sorry.
CHAI RVAN WALLIS: Are we going to be

asked to referee this contest?
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MEMBER APOSTOLAKI S: | don't know

MR SHAFFER: |'m Roman Shaffer, |'mon
| &C secti on.

MEMBER APOSTOLAKI S:  From whi ch?

MR SHAFFER  Ronman Shaffer, I'min
Bills section.

MEMBER APOSTOLAKI S:  Ckay.

MR SHAFFER: | was involved in the
early stages of revising the research plan. | get
the inpression here that naybe the Commrittee thinks
that we just sat in a roomand operated in a vacuum
and came up with these activities.

W actually continued sonme of the
projects fromthe previous plan, and through
interactions with |licensees and the vendors and
ot her coll eagues within the Agency we sane up with
t hese activities.

These are areas of research we think we
need to continue or start based on the state of the
i ndustry as well as where we see themgoing. And
defense-in-depth project is one we think is
particularly inportant.

| nmean we don't operate in a vacuum we
engage various people in groups. So | just wanted

to make that clear.
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MEMBER APOSTOLAKI S: | under stand what

you're saying, but | nmean this nmeno that we've been
di scussi ng, and naybe we shouldn't, but it says --
it actually preaches here, it says it is recomended
that in the future research discuss these proposed
research activities with individual NRR branches in
sections prior to answering the research plan to
gain a better understandi ng of actual regulatory
needs and practices?

Ww, that's pretty strong. And one
woul d expect that this, you know, would have
happened al ready. But anyway that's why the issues
are conming up today, not -- even stronger statenents
i n other places.

Let's go on, though. | think we have
exhausted this particul ar aspect.

MR. WATERVAN: Wth regard to software
gual ity assurance we have three projects identified.
That's assessnment of software quality, digital
syst em dependability, and self-testing nethods.

And if | can get through those fairly
qui ckly here we can still get Bill down to Florida.
On the assessnent software project quality, NRC
eval uates digital systens devel opment processes

manual | y.
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And t hat doesn't sound too bad until you
sit in a conference roomwith a vendor site and you
ask himto bring in all the docunentation for his
system and realize that you' ve got about a week to
do thread audits across about 10,000 pages of
docunentation, which is about what it is.

| usually don't call it pages |I call it
feet, because you look at it and say it's about
three feet of docunmentation. That's about right.

CHAI RVAN WALLIS: We're used to that
experience too.

MR. WATERMAN:  So what we're | ooking for
in this research project here is to develop a nore
ef fective and t hrough supporting process. You still
have to go through the docunentation, believe it or
not, because there are interfaces in those phases
that only the human eye can pick up the errors on

But we need some way of supporting that
process to conme up with some nore objective
assessnments of the quality of the devel opnent
process.

And what really kind of perked up ny
ears, to tell you the truth, was the University of
Maryl and project, which is using netrics to assess

software quality.
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That |ooks to ne |like a tool that we can
adapt to be a verification tool, or a testing tool
to see the quality of the verification devel opnent
process.

So | look at that tool as the tool that
you woul d use to assess everything fromthe concepts
phase through the inplenentation phase. How well
did the vendor put that product together?

He used a tool so that their assessnents
come out consistent. And then you also do the
manual reviews to pick up the little interface
problens that | don't think any tool --

MEMBER APCSTCLAKI S: But again, before
you junp into any of these methods you would
scrutinize the assunptions, right -- and behi nd
t henf?

MR. KEMPER: Yes, you woul d, of course.

MR. WATERMAN:  And that tool conplenents
the fault injection test assessnment net hodol ogy
al ready devel oped for digital system dependability
testing.

| look at the -- and I'll tal k about
that in another mnute here. Additionally we're
taking a | ook at what Hal den Reactor Programis

doi ng on eval uati ng software engi neering practices
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used by ot her countri es.

W' re paying the noney already so why
shouldn't we use some of that data and see if it can
be useful.

MEMBER APOSTCLAKI'S: | wonder if -- well
Dr. Powers is not here, but is there such a thing as
Swedi sh operators working on Finnish conmputers?
That's an inside joke.

MEMBER SIEBER: AS long as it's
M crosoft you' re okay.

MEMBER APOSTOLAKI S:  What ?

MEMBER SIEBER. As long as it's
M crosoft and W ndows- based, you're okay.

MR. WATERVMAN: Wth regard to digital
system dependability, not all safety significant
errors in digital systens may be detected by V and V
processes.

That goes without saying. And so |
t hi nk we need an i ndependent mnethod of eval uating
licensee's and vendor's digital systens. And the
fault injection methodol ogy shows sone prom se in
allowing us to do that.

And it's already been devel oped and they
use it to assess dependability. It's been -- this

particular fault injection tool was used on the Los
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Angel es Green Line netro system

And they did the equivalent of ten
billion tests on the system They found three
safety-significant errors, and I'Il get into that on
t he next project.

So what this project will do is produce
a process for using the tool to determ ne the
dependability safety systenms. | look at this tool
as a validation tool.

What do you do after inplenentation?
You've integrated it into your system How can you
test the systen? So that's the validation part.
The toll, this tool by itself isn't going to tel
you everything you know about the system any nore
than the University of Maryland tool, or sone tool
like that they use in netrics, could tell you
everyt hing you needed to know about the system

But the two tools working together can
give you a better feeling for the quality of the
system which is really inportant in the out years,
right, when you have to maintain it, and how wel |
the system works right now.

So | ook at those two tools as a
possi bl e adjunct to help the regulators regulate the

systens appropriately.
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MEMBER APCSTCOLAKI S:  Wien you say

eval uate dependability, are you going to get the
nunber, or is it something that is a concept, you
know, that now | feel better about?

MR. WATERVMAN:  Well, to tell you the
truth, if I was using this tool | wouldn't care
about -- if the dependability nunber cane out.
don't want the tool to tell ne whether or not after
ten billion tests it found any errors in the system

MEMBER APOSTCLAKIS: So it's not the
number ?

MR. WATERVAN:  Well, it produces a
dependability nunber and Steve Arndt can tal k nore
to this project than | can, Dr. Apostol akis.

MR. KEMPER: Yes, they can be used in
bot h ways.

MR. WATERVMAN:  And |'m | ooking at a
val i dati on met hodol ogy.

MEMBER APOSTCLAKI'S: |If he cones to
nunber and | see these Markov results again, |'m
telling you I'"'mnot going to be friendly. | don't
t hi nk peopl e have really scrutinized the assunptions
behi nd t hose t hi ngs.

Al though if you tell nme that you did it

ten billion tinmes and you found three faults,
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think that's great.

MR WATERVAN: Can we tunnel down into
t his?

MEMBER APCSTCOLAKIS: That really adds to
nmy confidence, but when people junp into those
Mar kov nodel s | have a problemw th that.

MEMBER S| EBER. How confident are you
that the University of Maryland netrics method of
eval uating software really tells you inportant
t hi ngs, characteristics about the quality of the
sof t war e?

MR. WATERVAN:  Well, | haven't really
had a chance to | ook at the whole tool yet. |[|'ve
been sort of a strong advocate for netrics. And it
| ooks like right nowit's a stripped down netrics
tool as opposed to using a |lot of netrics.

So |'ve seen all of their integrals and
all that other stuff, but what 1'd really like to
see is how the whole thing pans out. But if we
don't do the research we'll never know that answer.

MEMBER SI EBER: Yes, | was surprised at
the accuracy that they claimto have in that. But
the |link between those netrics and the actual
quality of the product to me -- sonehow escapes nme a

little bit.
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MR. WATERMAN: It's sort of |ike us

linking the quality of a product with safety, isn't
it?

MEMBER SIEBER:. That's right.

MR KEMPER Well it's still a work in
progress, clearly. You know, this is the first
crack now. As we speak they're in the m ddl e of
trying a sophisticated reaction protection system
type of a platformin software.

MEMBER SIEBER. Well if they hadn't
achi eved remarkabl e accuracy | woul d probably
comment that you ought to | ook as to whether you
ought to finish or not.

But sonme of that work was inpressive in

nmy opi ni on.

MEMBER APCSTCOLAKI S: Do you have any
criteria? | mean a lot of this is exploratory,
right?

MR. WATERMAN:  Yes.

MEMBER APCSTCOLAKI S: Do you have any
criteria that you woul d use, objective criteria that
-- yes, we've done enough and this is going to | ead
us anywhere.

MR. WATERVMAN: Wl |, obviously we need

to shake these projects out, right?
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MEMBER APOSTOLAKI S: Because not all of

t hese projects will actually produce --

MEMBER S| EBER:  Sonet hi ng.

MEMBER APCSTCOLAKIS: But they're
claimng they will produce because, you know, a |ot
of it is exploratory.

MR. WATERMAN: That's true, but you
know, the only way we'll know that answer is to go
ahead and do the work, it seens to nme. And so, you

know - -

MEMBER APOSTOLAKI S:  \What does --

MR. WATERMAN:  We've just got to go down
that road until we get what we want.

MEMBER APOSTCLAKI S:  What does the work
nmean? | mean there could be a phase approach where
you're exploring first the feasibility of sonething
and you get encouraging results you say okay, |'ll
go to the next phase, or sonething like that.

MR. KEMPER: Well that's precisely --
well | don't know how we got on that project. W're
ki nd of ahead of ourselves. But at any rate, that's
precisely what the nmetrics project is doing, right?

It's a three phase process. The first
two phases really were proof of concept. W' ve gone

far enough. W believe that to be true. W believe
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it's a viable concept so now we're trying to invoke
t hat process on a STAR nodul e system

| think it's -- we got it from Cconee,
right Steve? For a safety related system and
application software. So that really will be the
proof in the pudding, as we say.

W can get neaningful results fromthat
test.

CHAI RVAN WALLIS:  Well | think this
applies to the whol e plan.

MEMBER APOSTOLAKI S:  Yes.

CHAI RVAN WALLI'S: | nean the problem
have with the whole plan was you' ve |aid out al
t hese things which you want to get done but there's
no indication for me about the |ikelihood of success
in getting these things done.

MEMBER SI EBER: O even to know when
you' re successful.

CHAI RMAN WALLI'S: O the conpetence of
t he peopl e or whatever, or the methods you need to
have sone phasing or sonmething with all of these
proj ects.

MEMBER APOSTCLAKI'S:  Yes, that would be
useful because a lot of this stuff is really still

inits infancy.
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CHAI RVAN WALLIS: So it's a hope?

MEMBER APCSTCLAKIS: Wl |l not the plan,
| mean the state of the art out there. And the
other thing that is amazing, | mean | guess it
happens in all field when they're new -- it rem nds
nme of the "~ 70s and risk benefit analysis, which was
new at the time. People publish sonething, they
issue a report or a paper or present a paper and so
on that is not really scrutinized by experts because
thee are no experts in the field.

O if there are they're biased and so
on, so a lot of the stuff that's out there not, |I'm
not sure how applicable it would be, or it would --
to what extent it would survive a scrutiny fromthe
nucl ear regulatory respect. So we al ways have to
be --

CHAI RVAN WALLIS: But then how do you
get sonething new started, George? It's --

MEMBER APOSTOLAKIS:  No, | nean al
these things are elenments here that the decision
makers need to take into account. Now we're stil
on 17 and we're going project after project.

| nmean do we really need to continue
doing this? W got an idea.

MR. KEMPER: We skimover two or three
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of those projects.

MEMBER APCSTCOLAKIS:  Are there any
projects that you really feel you ought to talk
about? Like this data on 19 for exanple, | think
that's an interesting -- unless you disagree.

MR. WATERMAN:  Okay. Well with regard
to self-testing why are we | ooking at self-testing?

MEMBER APOSTOLAKI'S:  No, no, no.

MR. WATERMAN: It's been ny experience
that errors that fail systens are self-testing
errors.

MEMBER APCSTCLAKI'S:  |'m not questioning
why you're doing this. [|'mjust saying that since
we're running out of time there may be --

MR. WATERVAN:  Ten mi nutes.

MEMBER APCSTCLAKIS: -- a few that you
want the to point out.

MR. WATERVAN:  Well, we're continuing

our work on risk assessnent digital systens,

obvi ousl y.

MEMBER APOSTOLAKI S:  Ckay.

MR. WATERMAN: And since we've already
had several neetings with you all | don't know that

we really need to get into great details on that.

W' re continuing to nove down that road.
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MEMBER APCSTCLAKIS: W' Il probably

review this during the Subcomittee neeting, so --

MR. WATERMAN: Exactly. So into
security aspects of digital systenms. W've attended
different conferences and different universities and
things like that to get input on what aspects of
secure systens we probably ought to address.

And we identified four projects, cyber
vulnerabilities, electromagnetic attack
vulnerabilities, wireless network security, and
firewal | security.

Cyber security, as you know, it's always
been a concern of ours. |If you look in standard
review plan back in '97 we were tal ki ng about cyber
security.

Now ever since 9-11 it's kind of becone
a hei ght ened i ssue.

MEMBER APCSTCLAKI S:  But what can they
do? | nmean | don't understand that. | nean what
can they do?

MR. KEMPER: It depends on the
connectivity of your system

CHAI RVAN WALLI S: There was one pl ant
which had a wormin it wasn't there?

MR. WATERMAN: Davi s-Besse got his with
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t he Sl ammer worm

MR. KEMPER: We just took a trip out to
one of the labs and they gave us a denonstration on
some of their cyber attack capabilities and it was
phenonenal .

| nmean though the systemthat they had
set up they were able to just through an e-mail, if
you will, they sinulated you acknow edge, you answer
your e-mail, and as soon as that happens they take
control of your PC, and because of it's connectivity
they actually get into the control system and the
process controls the whol e application they had,
so --

MR. WATERMAN: But that's not the only
security concern we have to concern ourselves wth.
It's not just the safety systemthat we have to
worry about.

W' re tal ki ng about security of our
country and our critical infrastructure. So you
know, if you take a | ook at the grayouts in
California | ast year, can you inagi ne what woul d
have happened if sonmebody had attacked the switch
yar d?

It's way outside the protected area.

You cause the plant the trip. You don't have to
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destroy a plant for critical infrastructure. Al
you got to do is nake the thing shutdown.

You don't even have to shut it down
permanently. |f you're in a grayout situation
you' ve al ready got a blackout on your hands. Now
how many people are going to die fromthat?

And renmenber one of our missions in the
NRC, besides protecting the health and safety of the
public, protecting the environnment, is to ensure
national security.

MEMBER APOSTCLAKI'S: I n the nucl ear
ar ena.

MR. WATERMAN:  From a security
perspective we have to consider, you know, what are
we doing --

MEMBER APOSTOLAKIS:  Wait, wait, wait.

MR WATERVAN: -- for critica
infrastructure.

MEMBER APOSTCLAKI S:  The common def ense
and security, | think, refers to nuclear matters.

MR, VWATERMAN: Wl --

MEMBER APCSTCLAKIS: W're not going to
stop protecting infrastructures are we?

MR WATERVAN:  Critical infrastructure

is a concern for the Departnent of Honel and
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Security.

MEMBER APCSTCLAKI S:  Yes, and they
shoul d pay for this, not us.

MR. WATERMAN:  And nucl ear power plants
are part of that critical infrastructure.

MR. KEMPER: Well | guess nore
specifically to us, these cyber attacks have the
ability to challenge --

MEMBER APOSTCLAKI'S:  Yes, | understand
that, and | agree with that.

MR KEMPER: So that's the real --
that's where it really cones hone.

MEMBER APOSTCLAKI'S:  But we should limt
ourselves to the nuclear part of it.

MR. KEMPER: But at any rate we worked
pretty intensely --

MEMBER APOSTOLAKI'S:  And this will be
classified?

MR. KEMPER: Sone of the results of this
may very well be classified, or at |east SG.

MEMBER SIEBER: | think there's one
thing for sure. The people who wite malicious
software are working just as hard or harder than the
ones who wite defenses and firewalls against it.

MR WATERMAN: As a matter of fact it's
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not just the garage hacker either.

MEMBER S| EBER:  No.

MR WATERVAN:  It's hostile nation
states like -- well | won't nane any countries right
now, but we have hostile nation states who
essentially have an unlimted budget and who are
attacking our critical infrastructure on a daily
basi s.

MEMBER APOSTCLAKI'S: There is a |one
form ng over there.

MR MORRIS: Hi, I'mScott Murris. |I'm
the Chief of the Reactor Security Section in NSIR
And Bill and | have worked together on various
aspects of cyber security.

In fact we've met with the industry and
we could go -- | could go on fro quite a bit, but
suffice it say that we have interacted. M staff's
interacted with M ke and Roman and even NRR, Matt
Chiramal, and --

MEMBER APOSTCLAKI S:  Even them

MR MORRIS: Even OC, even AS, the
Agencies own | T security people. There's no
guestion this Agency needs, in ny view and | think
in the collective view of the Staff, a nore

conprehensi ve cyber security policy, because we
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really don't have one to be quite frank.

W all have a common interest in cyber
security. W knowit's a big issue. W know the
threats out there. W haven't quantified the
t hreat .

It's certainly not part of out design
basis, threat docunent to any great degree. So
we're westling with these issues right now, and |
think sone of the projects that Bill and his staff
have proposed are valid.

O -- 1 shouldn't say sone, they al
have sone validity. But they all have a varying
degree of validity to us right now. W have sone
urgent needs.

W as a staff have generated sone
docunents to help the existing fleet of reactors
understand the cyber threat, or the cyber
vulnerability of their sites.

W' ve provided thema tool that they can
use to systematically assess the digital system
security. But they're under -- there's no
conmpul sory nmeans -- they're under no obligation to
enploy it right now.

So again, we are working on that as a

policy. And | think that some of the projects that
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Bill has laid out, sonme are, you know, some are nore
forward | ooki ng.

They're trying to exam ne, you know,
sonme of the newer systens that are com ng out that
aren't necessarily in place now M inmediately
focus, quite frankly, froma user needs standpoint,
is to exanm ne what's out there right now.

Let's understand the vulnerability of
t hose systenms right now to the existing threat as we
have defined it. And again, the cyber threat isn't
very wel | defi ned.

So -- but suffice it to say that there
has been a sufficient level of interoffice
interaction on the projects that Bill is proposing.
| understand the issues about sw tchyards and SCADA
systens and wireless controls, and they're all very
rel evant and inportant.

And the industry is very concerned that
they not get nore than -- they don't want to be
overregul ated and multiply regul ated by DHS now, and
FERN and NRC all on relatively the sane sorts of
control systens.

There's a ot of very difficult issues.
W're interacting closely with the North American

El ectrical Liability Council and devel opnent of
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their cyber security standards.

So like | said, as | said, | could go on
for a long time, but there has been quite a bit of
interaction between ny staff, Bill's staff, and even
NRR and O S on this.

And to a limted degree we support what
t hey' re proposing here.

MEMBER APCSTCOLAKIS: | wi sh you hadn't
said to a limted degree, but --

MR MORRIS: Well it's a matter of
what's nore inportant right now.

MEMBER APCSTCOLAKIS:  And we' Il probably
review t hese things at another neeting but --

MR. KEMPER: Yes, | hope so.

MEMBER APCSTCOLAKIS:  Yes. (Ckay, soO we
are convinced that this is inmportant. Next.

MR. WATERMAN: Energing digital
technol ogy and applications. |It's the things that
we' ve been doing all along. It think nost of you --
we're wrapping up the wirel ess technol ogi es.

W' ve got a long termproject to | ook at
new t echnol ogi es that are comng along to give the
Staff a heads up on those technologies. On the
advanced nucl ear power plant digital systens we

broke it down into advanced i nstrunentation,

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

177

advanced control, and --

MEMBER APCSTCOLAKIS:  So who's going to
worry about the operators here? | nean advances
nucl ear power plants, advanced instrunmentation. |Is
sonmebody el se worried about it, or you will worry
about it, or it will be joint project?

MR. KEMPER: Well it's lead by primrily
Human Factors but we will support that as needed.

MEMBER APCSTCLAKI S: (Okay, so you're
supporting thenf

MR. WATERMAN: Yes, sir. W're just --

this is -- yes, sonebody wants us to take a | ook at

somet hi ng, maybe the robotics on the refueling -- on
the fueling nmachi ne bracers, okay we'll take a | ook

at it.

W don't have any research in place
right now, we're just -- this is a placehol der.
Renenber it's a flexible, adaptable program As
t hi ngs come down the road we'll go ahead and take a
| ook at them

MEMBER APCSTCLAKI S:  Fuzzy | ogic
controls. Al right.

MR. WATERMAN: Seinens trip systens.

MR. KEMPER: That wraps us up.

apol ogi ze for --
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MEMBER APCSTCOLAKIS:  No problem no

probl em

MR. KEMPER: -- going over, but it was
| ots of very good energetic discussion.

MEMBER APOSTOLAKIS: So I'd like to --
first of all do the nmenbers have any questions of
t hese two gentl enmen? Anybody else with to say
anyt hing? Yes, sir, please cone to the m crophone
and identify yourself.

MR. CALVO Yes, ny nane is Jose Cal vo.
|"mthe author of the nenp that you're all reading.
| hope you enjoy it. But let ne tell you sonething
about nysel f.

| was hired by the NRC years ago because
| was a conputer systens specialist, okay. | had --
as a matter of fact nmy first system | went around
the country doi ng applications of conmputer and
nucl ear processes.

As a matter of fact the first conputer
is in the Smithsonian as the one as it was used.
But | did work for Wstinghouse, and | did work with
the -- facility.

And what | was to do, | just analyze
t hese systenms and try to make reconmendati ons what

to dowith it, okay. I'mthe Plant Chief now |[|'ve
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been Pl ant Chief for about five years in the area of
conput er systens.
W had to review a | ot of systenms. WE

had to review the Sienens. W reviewed the

Techtronics, and the Conmon Q Let ne tell you
something. | was the one who reviewed those
systens, because sonme kind of way |'ve still got a

hang-up that I want to get involved with those
systens, all right.

So | feel that the enphasis here today
it was tal king about tools. Wen | first analyze
t hese systenms | used to go inside the system and
find out how the systemw |l make it work.

So when | becane the Plant Chief, |
asked everybody el se how do you review with the
system how to you know. They say we'll you're
foll owi ng a process.

What do you nean you're follow ng a
process? Do you know if the systemthat you -- what
kind of a systemdo you have? They say well we
don't have the talent, we don't have the experti se.

It takes too long. So then they show ne
the standard review plan. It follows a process.
They' re | ooki ng about the life cycle. And then

say how do you know t hat you have sone problens in
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t here?

They say well, we're followi ng a
process. |If the process is done correctly then the -
- and we verify what the vendors has done, then we
got some reasonabl e assurance everything is going to
be fine.

Tools, | said why do you want the tools.
| couldn't convince Mke and | couldn't convince the
ot her much. They want to have a tool, okay. Al
right, so let's buy a tool.

So we buy a tool. It costs about 50,000
dollars, all right. WIlI given that they have to
review one of the systens it takes sonething |ike
800 to 1,000 hours.

When that tool cones in we al nost double
t hat nunmber because we spend all the tine trying to
figure out what the tool does. So we have to throw
the tool away, all right.

Say | knew that was going to fai
because | had used tools, | have devel oped tools
before, and you spend all your tine with the tool.
And the question is if you' ve got a tool with
Si enens, Sienens mght say no, ny tool is better
than you' re tool, okay.

What your tool does, what their tool
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does is do different things. So the tool is a nice
thing to have, but you got to perfect it, you got to
make it acconmmobdat e.

And you keep in mnd the technology is
novi ng so fast these days that in three years al
those tools are going to be obsolete as well as the
conmput ers bei ng obsol ete.

Look, the conputer systens that we have,
all the platform has been done. Al we do, we're
trying to inplenent the plain and specific. | need
research help in this area.

| want to | ook at what we have done
today, and tell nme today if we have done the right
kind of a thing because that's what we need.
don't want what we do 20 years from now.

That's fine. | won't be here 20 years
fromnow. But just | want to know the Agency, we're
mar chi ng along this area and t he appropriate nmanner.
So that's what we do, that's the purpose of the
meno, tell you that all the things that are being
asked in this are looking to the future.

| want to know what we can do today.

And let nme tell you sonething else. W value the
ACRS. You provide a good forumfor us to discuss

t hese things and seek some advice so we know how to
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proceed.

Because sone kind of way, you can see,
we don't get together.

MEMBER APCSTCLAKIS: Are you willing to
come to the neeting? W wll invite you to conme to
our Subcomm ttee neeting.

MR. CALVO Yes. As a matter of fact |
was going to nake that request. | like to be here
next tinme so you hear the other side of the story,
and maybe together the four of us, we can do
sormet hing here to help the Agency to nove forward.

MEMBER APOSTOLAKIS: M. Calvo, | just
say that sonme of the statements you wote down were
pretty strong. Wre you upset at the tine?

MR. CALVO Well, ny staff was upset.

MEMBER APOSTOLAKIS: O --

MR. CALVO I n sone kind of way, yes,

t hey was strong.

MEMBER APOSTOLAKI S:  Your staff was
upset ?

MR. CALVO Keep in mnd that we' ve been
maki ng t hose statenents for five years. For five
years we keep saying please don't proceed this way.
Hel p us with this one.

But again, | know you got sone new
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peopl e working the research. For the last five
years we were not successful in getting anybody el se
to help us out.

| "' m concerned that we're noving ahead
with 103 plans, we're going to be inplenenting these
platforns, and we don't have the kind of support
that | needed to find out that we did it the right
way, okay.

And again, | don't have the tal ent
either. And neither does research has the tal ent
either. MKke is there because | sent himthere. He
used to work for nme.

And t hey needed some regul atory flavor,
so | say Mke go and hel p research, and he did. And
that's al nost | ess than a year. So what we got to
do is get together and talk.

And we need you guys as the forumso we
can add these things up in here in front of you.

MEMBER APOSTCLAKI'S:  Yes, this is a kind
of an unusual role that you' re asking us to play.

MR. CALVO Wl --

MEMBER APCSTCOLAKIS: But we'll be happy
to have a subcommttee neeting and listen to both
sides. And fundanentally do you have anything el se

to add?

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

184
MR. CALVO Well, keep in nmnd the UFM

work the sane way. W use you as a forum It was
very soothing. It helped the Staff to get together.

MEMBER APCSTCLAKI S:  What was soot hi ng?

MR CALVO The UFM the ultrasonic flow
neter. That was another one that we had sone
probl enms. This one can be solved the sane way. W
need to bring the third party to play a role of
facilitating while he's advising.

CHAI RMAN WALLI S: The Agency has no
nmechani sm apart fromthe ACRS to do this?

MR. CALVO Well, anyway that's all
have to say. | think that we need to conmunicate in
a sel ected communi cation situation.

MEMBER APCSTCLAKI S:  Thank you very
much, and | do appreciate your willingness to cone
in June.

MR. CALVO W'l be happy. June we'll
be here.

MEMBER APCSTCLAKI S:  Thank you very
much.

MR BARRETT: 1'd like to answer that
there are a ot of things on the table right now,
but 1'd like to start by answering the Chairman's

guesti on.
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W do have a process for decidi ng what
research will be pursued by the office of research
in this area and every other area. |It's a user need
process, and we al so have alternatives to that,

i ncl udi ng techni cal advisory groups.

And what we're pursuing right nowis
that we have this plan in front of the Ofice of
NRR, and in front of the other offices, and they're

in the process of deciding what their response wll

be.

My understanding is that the response
will be supportive to a great extent. And M ke can
di scuss that in greater detail. Cearly we've cone

to you today at a tinme when this area i s undergoing
a great deal of debate.

W're not comng to you and to your
subconm ttee for you to decide where the Agency will
go. | nmean you have an advisory role, and we | ook
forward very much to the kind of advice you can give
us.

But ultimately it's a nanagenent
decision involving the Ofice of Research and the --
and our user offices which way we'll go. But |
think that given the |evel of -- the nunber of

di fferent perspectives that you see throughout 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

186

Agency, | think that this is one case where the
advice of the ACRS will be particularly useful to
us.

| feel that the O fice of Research has
pl ayed perhaps a somewhat unusual role here in terms
of defining a plan and putting that plan up for
di scussi on as opposed to waiting for user need.

| think that ultimately that will prove
to have been a wise choice of -- a w se course of
action for the Ofice or Research to take.

CHAI RMAN WALLIS: | think you mght find
precedence where this has happened. I'mtrying to
remenber them And we used to know sone precedence
where an O fice of Research pursued research and
t hen persuaded NRR that it was necessary although
originally they didn't think it was.

And it turned out to be a crucial
el enent in some |ater decision. And | forget just
what the issues were, but it mght help you if you
coul d quote sone of those.

MR. BARRETT: You may find that aging
managenent was one of those.

DR LARKINS: Yes, | think --

MEMBER APOSTOLAKIS: U timtely | think

the -- we have provided advice, not in context |ike
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this, but within professional opinions, right, that
ultimately came to us?

CHAI RVAN WALLI'S: | think an awful [ ot
is going to be sorted out by the Staff thenselves --

MEMBER APCSTCLAKI S: But anyway, let's
listen to the Executive Director.

CHAl RVAN WALLI'S:  --before we hear about
t hi s agai n.

DR. LARKINS: Yes, well George, the DPO
thing is a different process. And that's outside of
the normal role of the ACRS. But the ACRS has
several situations, cases over the past several
years -- made strong recomendati ons on sone
research activities.

Sonetimes it wasn't always clear to the
user office the value of those, but a lot of tines
they were very influential in getting those prograns
started.

And it turned out to be a value. | can
t hi nk of some things, some PRA, |icense plan again,
and ot her areas.

MEMBER APCSTCOLAKIS:  So there's nothing
in our charter that prevents us from doing this,
it's just sonmething that we don't do very often

MR. BARRETT: Let ne say we're not here
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to ask you to resolve a DPL or to resolve this
managemnment issue. W conme to you under your -- with
your normal charter, which is to give us independent
techni cal advice on this plan.

CHAI RVAN WALLIS: W're going to have
subconmittee neeting on this, and | think -- |
suspect that by then a lot of these internal matters
wi Il have been sorted out.

MR. MAYFI ELD:  Yes.

CHAI RVAN WALLIS: W will not be asked
to be a referee in sone sort of kindergarten fight.
Actually it will be a mature presentation by you
guys, and there will be some -- the issues will be
clearly stated, and so on.

MR MAYFIELD: If | could, this is M ke
Mayfield fromNRR | would say that the Ofice nor
my division, neither have asked the Conmittee to

engage in this role that was just discussed.

W will take this on, as R ch says, as a
managenment natter. And we will conme back with the
cormmittee. W -- historically there have been a

nunber of issues where the offices have not agreed,
and then as a nanagenent matter the O fice of
Research engages in a research programthey feel is

appropri at e.
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And I'msure that's howthis will nove
forward. |If at some point at we go forward that
offices feel there is value to the Conmittee to
present the two views on a nmatter and to ask for
your advice, we will do so, but we will do so

t hrough Dr. Larkins and through the Cormittee

managenent .

MEMBER APOSTCLAKI S:  Well the thing
that's not clear to ne is howto we -- should we
structure the Subconmmttee neeting? | nean as |

said at the begi nning, whenever we | ook at the
research plan, we have a couple of questions that |
think are inportant questions, |like what is the
current state of the practice within the Agency.

Wher e does Agency managenent feel that
there are needs, that there are holes that we need
to inprove things, wthout necessarily inplying that
the way things are now are bad.

| nmean there's always room you know, --
or maybe due to external reasons there is a need now
to get into a particular area and do sonet hi ng about
it.

So where are we now? And why is this --
where is this plan taking us?

CHAI RVAN WALLIS:  Well | think, Ceorge,
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we rely --

MEMBER APCSTCOLAKI S: Five years, ten
years down the line. Sone of it is anticipatory.
Sonme of it is answering inmmediate needs. | nean
t hese are inportant questions that help.

And the thing that's confusing this tine
is that on the one hand there is a neno that
everything is fine. And on the other hand there is
all these research projects that say well good
enough, you know, we can inprove here and there and
t here.

And | -- what | would not like to see
next tinme is to have again one person presenting and
sayi ng we don't need anything, and anot her person
sayi ng no, we needed.

MR. MAYFI ELD: Dr. Apostol akis,
started by saying that M. Dyer will be signing out
a menmorandum And he speaks for NRR  And | would
encourage you to wait until you get the signed
menor andum

W will nake sure that Dr. Larkins
receives a copy as soon as it is signed that he --

MEMBER APCSTCLAKI S:  Now what you say
wait, what do you nmean wait?

MR. MAYFIELD: -- can distribute to the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

191

Commi tt ee.

MEMBER APCSTCLAKI S:  Shoul d we post pone
t he Subcomittee neeting?

MR MAYFIELD: No, sir. | think -- but
rat her than assum ng what M. Dyer nay say based on
a draft nmenorandum and a response to that draft |
woul d urge you to wait until you get the signed
menor andum and see where the office has cone down.

CHAl RMAN WALLI S: Ceorge --

MR MAYFIELD: And | think that's the
appropriate --

CHAI RVAN WALLIS: W rely on your w sdom
and skill to work with M ke and Rich and the ot her
peopl e to construct a good subcomrttee neeting.

MEMBER APOSTCLAKI S:  Yes, but at sone
point | want to get the menbers views, this
aft ernoon per haps.

CHAI RVAN WALLIS: W can talk this
afternoon. Now we're going to break. And the break
-- we're not going to have the reconciliation
because we're late, but we'll have it after |unch.

We'll have a lunch break for an hour,
and pl ease be back in 15 nminutes to be trained in
ethics, in 15 mnutes, 12:15, right here. Break.

And we don't need the transcript, you know very
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(Wher eupon, at 11:59 a.m the above-

entitled matter was concl uded.)
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