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P-ROCEEDI-NGS
1:34 p. m

CHAI RVAN APOSTOLAKI S: The neeting of the
Advi sory Conmittee on Reactor Safeguard Subcommittee
on Digital Instrumentation and Control System

| "' m George Apostol akis, Chairman of the
Subcommi tt ee.

Menbers in attendance are Mario Bonaca,
Jack Sieber and TomKress. Also in attendance is one
of consultants Dr. Sergio Guarro.

The purpose of this neeting is to discuss
three sections of the NRC Staff's draft digital
systens research plan and to hear a presentation from
EPRI on t heir gui dance for perform ng def ense-in-depth
and diversity assessnments for digital upgrades.

During this portion of the nmeeting we will
hear from EPRI regarding their guidance docunent and
from the NRC staff regarding Section 3.1 of the
Digital Systens Research Plan, the system aspects of
di gital technol ogy.

The Subcommittee will gather information,
anal yze relevant issues and facts and formulate
proposed positions and actions as appropriate for
deliberation by the full Conmittee. Eric Thornsbury

is the designated federal official for this neeting.
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The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Regi ster on Septenber 29, 2005.

A transcript of the neeting is being kept
and will be nmade available as stated in the Federal
Regi ster noti ce.

It is requested that speakers first
identify themsel ves and speak with sufficient clarity
and vol une so that they can be readily heard.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's neeting. W now
proceed with the neeting and | call upon M. A. Torok
of EPRI to begin the presentation.

MR TOROK: |'m Ray Torok fromEPRI. And
has already been said, we're here to talk about an
EPRI project that we call Defense-in Depth and
Diversity Assessnents to Digital Upgrades. | guess i
can ski p ahead.

And what 1'd like to do before going
anywhere is introduce the Chairnman of our Industry
Wor ki ng Group who has guided this effort to tal k about
the first few slides.

W're going to do sort of a tag team
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presentation. Qur intent is to do a tag team
presentation to go through various areas of it, and we
were going to lead off with our Uility Chairman of
our Industry Working Goup, that's Jack Stringfell ow
from Sout hern Nucl ear.

Jack, pl ease.

CHAI RVAN APCSTOLAKIS:  It's better to sit
t here.

You don't have to leave. Stay there.
There are two chairs, aren't there?

MR, TOROK: Ckay. | got your back, Jack.

MR. STRI NGFELLOW Al right, Ray. Thank
you very rmuch

As Ray said, I'mJack Stringfellow. |I'man
enpl oyee of Southern Nucl ear Operating Conpany. It's
i censi ng manager for the Vogtle Electric Generating
Plant. 1'malso the Chairnman of this EPRI working
group that's been tasked to apply risk insights to the
process of perform ng a diversity and def ense-i n-depth
analysis for digital wupgrades for nuclear power
pl ant s.

And the first thing I want to say is
express our appreciation for the opportunity to make
this presentation. Thank you very nmuch. W feel very

strongly about this programand we feel |ike we have
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something that is worth considering and can certainly
enhance the process of perform ng a decubed anal ysi s.

W want to talk for just a few nonents in
our presentation, to being with, just to provide a
littl e background for the project, why we thought this
was a good thing to do, the inpetus for this effort.
And howit relates to the current regul atory gui dance
and nmake sone key propositions with respect to how we
woul d envi sion noving forward with this effort. W' re
going to give you a high | evel view of the guideline
approach. And then we want to spend nobst of our tinme
di scussing the technical issues; the digital common
cause failure. W want to tal k about susceptibility
to comon cause failure. W want to talk bout
def ensi ve neasures. We want to address the issue of
estimating the probability of failure as well. And we
want to tal k about what our risk insights have been as
a result of making this effort; what we found with
respect to the inpact of diversity on safety and ri sk
and al so concl usions that we've been able to come to
with respect to nodeling digital equi pment and PRA

Then we' d like to of fer sone
recommendat i ons for the ongoi ng activities of Research
and NRR, if we may be so bold as to do that.

You' ve al ready heard fromRay Torok. OCh,
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t hank you, Ray.

MR TOROK: |'mhere to help.

MR. STRI NGFELLOW  Thank you. Wat do you
do just hit the button to advance that?

MR TOROK:  Yes.

MR. STRINGFELLOW O the space bar?

CHAI RVAN APOSTCOLAKI S:  This is advanced
t echnol ogy. Advanced digital.

MR. STRINGFELLOW | just want to nake
sure | don't screw up. Thank you.

CHAI RVAN APOSTOLAKI'S: W have a project
i nvol ving human error al so.

MEMBER SI EBER: You hit the wong button
you trip the reactor.

MR. STRI NGFELLOW There you go. There you
go. So that tells ne to keep ny hands off, huh? Al
right.

Qur other presented will be Thuy Nguyen,
who is on loan to EPRI. And also Dave Bl anchard,
Applied Reliability.

Qur group represents ten utilities. W
have desi gn experience, PRA experience and |licensing
experience on the group. W also represent four
equi pnent suppliers as well as consultants and

integrators in NEl and EPRI. So we're a diverse group

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

10

and | think we've been able to bring a great deal of
vari ed experience to this effort.

W started our work back in early 2002.
And we have invited the NRC Staff to attend working
group neetings, and they have both in 2002, 2003 and
2004 in an effort to keep the NRC apprised of what we
were doing and the direction that we're headed in.

CHAI RVAN APOSTOLAKI S:  But they were not
al l oned to speak?

MR. STRINGFELLOW Well, they were there
on their term Wat aml| trying to say?

MR. TOROK: Yes. | guess they weren't
t here- -

CHAI RVAN APOCSTOLAKI S:  Speak to the
m crophone, pl ease.

MR TOROK: |'msorry. They coul d probably
explain it better than I. My understanding --

CHAI RVAN APOSTOLAKI'S:  No, you expl ain.

MR. TOROK: M understandi ng was, yes,
they were not | guess free to offer NRC positions,
al t hough to of fer their opinions was fine. And because
t hey were EPRI wor ki ng group neetings and not noticed
NRC neeti ngs.

CHAI RVAN APOSTOLAKI'S:  So basically they

wer e observers?

NEAL R. GROSS
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MR. STRINGFELLOW That's correct, they
wer e observers.

MR. TOROK: That's right.

MR STRI NGFELLOW That's correct.

CHAI RVAN APCSTOLAKI S: Ckay.

MR STRI NGFELLOW But we wanted themto
be able to be aware of what we were trying to do.

CHAI RVAN APOSTOLAKI S:  Absol utel y.

MR. STRI NGFELLOW (Okay. W published a
final product in Decenber of 2004, and that was
subnmitted to the NRC on February 22 of 2005 aski ng for
-- yes, | got nmy own copy, too.

And then we net with the Staff on April of
2005 to discuss status of the review and al so to get
first inpressions fromthe Staff with respect to the
docunent .

This last bullet says we are still
awaiting an NRC letter on a path forward. W did
recei ve some comments. Tony Pietrangel o recei ved sone
coments from Herb Berkow on October 18th. Due to
t hese | at e breaki ng conments, we haven't had a chance
to sit down and look at them in detail. So we're
really not prepared to tal k about these coments |i ne-
by-1ine today, but we appreciate the comments. And we

hope to use themas a basis for constructive di al ogue
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and noving forward with the review of this docunent.
So thank you very nuch.

CHAI RVAN APOSTOLAKI'S:  What is it that you
want the NRC to do?

MR STRI NGFELLOWN Wl |, what we
envisioned is we have a simlar docunment, our
gui delines for |icensing digital upgrades t hat we went
back -- when was it first published, Ray?

MR. TOROK: This goes back to 1993,
actually the first version of this.

MR. STRI NGFELLOW  Yes.

MR TOROK: And what we wanted to do was
establish a rough framework, basically, for |icensing
di gi tal upgr ades t hat est abl i shed a comon
under standi ng between the Staff and the utilities.
Then that was revised nore recently in a revisionthat
was published just a fewyears ago. W hope to do the
sanme --

MR. STRI NGFELLOW Excuse ne, Ray, for
interrupting. But it was revised to update it to
reflect the rule change on 10 CFR 50. 59.

MR. TOROK: Exactly.

MR. STRI NGFELLOW Ckay. So we set about
to revise it for that purpose. And we submtted that

to the Staff for review, and it was subsequently
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endorsed by regulatory information summry, a RIS
And we would hope to be able to acconplish the sane
thing with this guideline.

CHAI RVAN APOSTOLAKI'S: Do you usually
i ncorporate docunents |like this one in a regulatory
gui de?

MR. KEMPER:  You nean EPRI's?

CHAI RMVAN APOSTOLAKI S: Yes. Let's say that
you want to approve it?

MR. KEMPER: Exactly. Right. W would --

CHAI RVAN APOSTOLAKI'S:  You don't just say
we approve. | mean there is a regul atory guide --

MR. KEMPER: Well, there's a couple of
pat hs we coul d take. One is a safety eval uati on report
could be witten. That's been done in many cases in
t he past.

CHAI RVAN APOSTCOLAKI S: Sure.

MR. KEMPERT O we coul d possi bly endorse
this as a regulatory guide on this topic.

CHAI RVAN APOSTOLAKI'S:  Okay. But it has
to be a regulatory guide at the end?

MR. KEMPER: Well, no. Actually an SER
works sufficiently as well. Licensees can refer to
t hat .

CHAI RVAN APCSTOLAKI'S: | thought you could

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
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just say the SER, this is good enough and --

MR. KEMPER: Right. Correct.

MR TOROK: And nmay | add to that? There
was a simlar guideline we produced on eval uati on of
comerci al grade digital equipnent for use in safety
related applications. And in that case NRC revi ewed
and approved it and actually referenced it in the
standard revi ew pl an.

CHAI RVAN APOSTOLAKI'S:  Correct. Right.

MR TOROK: So if you |l ook at the standard
review plan nowit refers you to the EPRI docunent.

CHAI RVAN APOSTOLAKI S:  Bill, regardl ess of
whet her you go the SER route or regul atory guide, wll
you cone to us before you i ssue whatever deci sion you
are --

MR. KEMPER: Ch, absolutely, yes. Wll,
we have- -

CHAI RVAN APOSTOLAKI S:  -- SER and go nore
deeply into the docunent itself.

MR. KEMPER. Well, as you know, we have a
ri sk programourself, right, which we presented back
inJune tothis Conmittee. So we're kind of trying to
acconplish the sane thing in parallel here, if you
will; the agency as EPRI is. So at sone point |

expect that we're going to probably converge, that's
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just Bill Kenper's idea or estimation of the work. So
hopefully the two progranms will cone together and we
will end up with one way to deal with a risk-infornmed
di versity and defense-in-depth process for |icensing
digital.

CHAI RVAN APOCSTOLAKI' S:  So you don't see
the Agency approving this before your particular
project is done?

MR. KEMPER: | can't speak directly for
NRR.  But my thinking at this time is | would | obby
hard that we work together so that we conme up with one
consi stent approach on this.

CHAI RVAN APOSTOLAKI S: What are the plans?

MR HOWE: Good afternoon. This is Allen
Howe. I'mw th NRR

And just totry toclarify this. If this
report is submtted to the NRC for review as a topi cal
report, we would treat it under our topical report
process. W would reviewit, we would wite a safety
eval uation. Part of that process would be that the
applicant for the topical report woul d t hen suppl enent
their topical report with the safety evaluation to
designate that this has been revi ewed and approved by
the NRC. Then licensees that came in with

applications could reference that topical report as a
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part of their application. So that's the topica
report process.

CHAI RVMAN APOSTOLAKI'S:  And this is what's
happeni ng now?

MR. HOAE: No. W have not accepted this
as a topical report for review?

CHAI RVAN APOSTOLAKI S:  But EPRI is
requesting that you do that, is that what it is?

MR HOWNE: Yes.

CHAI RVAN APOSTOLAKI S:  Ckay. And you have
i ssued the SER or --

MR HOAE: No. W have not issued an SER
We have not even commenced a review on it. We have
been given a draft copy of the topical report. As was
indicated in one of the bullets, we provided sone
comments back but the report has not been submitted
formally as a topical report.

CHAI RVAN APOSTOLAKI S:  Ckay. Thank you.

Ch, one | ast question. Can you explain a
little bit what you nean by expends NRC approach.

MR TOROK: W'Ill get into that?

CHAI RVAN APOSTOLAKI S:  \What does t hat
nmean? GCh, you will get into that?

MR. TOROK: Ch, yes.

MR. STRI NGFELLOW Yes. W're going to
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expand on that in the later slides here very shortly.
Very shortly.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. STRI NGFELLOW (Ckay. | guess there's
one thing, Ray, | would like to follow up on the
comment by M. Howe that we had not formally submitted
this for review Because | believe we have.

CHAI RMAN APOSTOLAKI S:  See, that's the
advant age of conming to the Advisory Conmttee to find
out .

MEMBER SIEBER: It's in the mail

MR, HOWE: This is Al en Howe again.

Not to bel abor the point, but we indicated
inaletter to you in March that we were considering
t he subject topical report as a draft. And we had a
presubmittal nmeeting with you and we were waiting for
the formal submttal of your topical report.

MR. STRINGFELLOW Did we identity this as
a draft. Okay.

CHAI RMAN APOSTCOLAKIS: It may be a
formality anyway.

MR. STRI NGFELLOW Ckay. Al right. Fine.

CHAI RVMAN APOSTCLAKI S: But ultimtely, M.
Howe, you will conme to this Commttee after you have

your SER?
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MR HOWNE: [|I'msorry, | didn't hear the

guesti on.

CHAI RVAN APOSTOLAKI S:  After they submt
it formally, you issue an SER. And do you expect to
cone before us for a letter?

MR. HONE: We evaluate that on a case-by-
case basis. But | understand that your interest is in
hearing fromthe staff before we go forward with this.

CHAI RVAN APCSTOLAKI'S:  Yes. This is an
area where there is great interest on the part of the
Commttee. | would appreciate it.

MR. HONE: Ckay.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. STRI NGFELLOW Ckay. | want to spend
just a m nute tal ki ng about regul at ory envi ronnent and
why we think that this report can help. | think the
industry and the NRC have been struggling sonmewhat
with respect to digital upgrades. For exanple,
upgrades that involve rapid protection system and
engi neered safety features actuation system

W feel that it's been our experience that
the current guidance in the formof branch technical
position H CB-19 and NUREG CR- 6303 can be difficult to
inmplenment. It is void of risk insights, certainly --

CHAl RVAN  APOSTOLAKIS: Difficult to
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i npl enent neans it's vague or what? Wiy is it
difficult?

MR. STRI NGFELLOW Wl |, you know, one of
the exanples there is with respect to large break
LOCA, for exanple. If you are postulating a digita
common cause failure and then trying to address the
| arge break LOCA in light of a digital commobn cause
failure given the gui dance and t he acceptance criteria
that are in HHCB-19, it's difficult to address that
event, for exanple, w thout designing and addi ng onto
the system sone sort of diverse actuation system for
exanple. And | guess we're going to get into that
later on and in a little nore detail, | think. But |
think that would be an exanpl e.

Ray, can you --

MR TOROK: Well, yes. Wll, there's sone
other things that requires revisiting FSAR anal yses,
using different types of assunptions, best estimate
analysis that nost utilities aren't used to because
t hey haven't done it that way before. And, in fact, it
appears t hat those anal yses have very limted val ue as
wel | .

So, we'll get into sonme of these other
things in a fewmnutes. So you'll see --

MR. STRI NGFELLOW And that's where we
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came - I'msorry |'mstepping on you, Ray. |
apol ogi ze.

MR, TOROK: No, no problem W'I|l add a
ot of detail to that later | think.

MR. STRI NGFELLOW Right. You know, sone
of the insights that we found is that revisiting many
of these Chapter 15 anal yses provi des a safety benefit
froma risk perspective. And so the determnistic
focus of the branch technical position | think is
where at |east part of the difficulty arises in the
i mpl enent ati on.

And then we found that sone things that
had been previously accepted in the past by the Staff
are now bei ng questi oned.

CHAI RVAN APOSTOLAKIS:  Are you going to
cone to this, too?

MR TOROK: Some of that.

MR. STRI NGFELLOW Yes. We're going to
cone to it.

MR TOROK: Sone of it, yes. And the idea
here really of what Jack's tal king about nowis to
make the point that there's alot of problens with the
current process for doing this and we think there are
ways to i mprove them And we think we should be doi ng

t hat .
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MR. STRI NGFELLOW Yes. And don't take

this l'mnot tryingtothrowrocks. I'm not trying to
throw rocks with this slide. Wat |I'mtrying to say
is we understand that the review of this systens is
evolving. And what we're trying to do with this
product is help that and hel p provide sone stability
and provide those risk insights.

CHAI RVAN APOSTOLAKI S: Wl |, just that
bull et doesn't really read very well, "NRC Staff not
honoring SERs." |Is it because the Staff is
capricious?

MR. TOROK: There's a specific exanple of
one reviewthat's in progress now where the utility's
using a platform a digital platformthat had al ready
been reviewed and approved by NRC in the form of an
SER. And now the utility is receiving additiona
guestions on that. And, in fact, the Staff has taken
the position, as | understand it, that they may have
to go back and reopen that evaluation and start over
again. And, of course, that fromthe utility
standpoi nt, that has a trenmendous inpact on their
schedul e for what they're planning to do. So for them
the process isn't working very well right now So
that's the exanpl e there.

CHAI RVAN APCSTCLAKI S:  There probably was

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

22

a reason for it.

MR. TORCK: Yes. But, at any rate, the
problemfromthe utility perspective is it makes the
process unpredictable. And, of course, it nmakes it
difficult to themto estimate cost and schedul e and

whatnot. So it puts themin a real rough position.

CHAI RVAN APOSTCOLAKI'S:  Yes. And if it's an

i ssue of adequate protection, it makes the process
difficult fromthe Staff point of view?

MR, TOROK: That's right.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. STRINGFELLOW And then finally, one
of the conments we got in our nmeeting in April on our
report that Research is doing some work with respect
to nodeling digital systens in PRA and worki ng on the
guestion of the failure probability of digital
systens. But, unfortunately, the timng of that
research doesn't support the near termsubmttals. And
so, again, that's another inpetus for our work here.

Many wutilities are in the process of
pl anning and trying to nmake digital upgrades today.
Many of us are operating our fleet on anal og systens
that were designed and built many, many years ago.
Qperating reliably and safely, | may add, but

neverthel ess these systens are aging. And when we
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| ook for replacenents they are digital in nature. Al
the way from things as sinple as tenperature
controllers on chilled water systens all the way up to
feedwat er control systens and protection systens; the
repl acenents are digital in nature. And so we are
having to deal with these digital upgrades on a day-
to-day basis. And planning an across the board
protection system upgrade that takes a great deal of
resources and scheduling. So anything that we can do
to help nove that process along we feel like in
everybody's best interests from both a reliability
st andpoi nt and a safety standpoint.

The i ssue of software common node failure
is still unsettled. You know, we recognize certainly
the need to ensure adequate coping capability or
diversity, but as | nentioned that the regulatory
i ssues and our experience has been protracted revi ews.

As | nmentioned before, we've found the
current NRC gui dance to be problematic. |'ve al ready
nmentioned that it can require backups that add
conplexity and costs w thout necessarily inproving
safety. It may not fully address events that are risk
significant, could actually di scourage pl ant upgrades
t hat woul d enhance safety.

CHAI RVAN APOCSTOLAKI S: Do you have an
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exanpl e of an event that may be risk significant in a
current review process?

MR TORCK: Yes. W'Il get to that in a
little.

" m sorry.

MR STRINGFELLOW That's all. These are
t he background slides. We're trying to set the stage
for this presentation.

CHAI RVAN APOSTOLAKI'S:  Yes. You are doing
that very well.

MR TOROK: Wirk with us here.

CHAI RVAN APCSTOLAKI S:  You' ve nade a few
provocative statenments that keeps us awake.

MR. STRI NGFELLOW W don't want you to go
asl eep, okay?

CHAI RVAN APOSTOLAKI S: You are succeedi ng.

MR, STRINGFELLOW Okay. All right. And
|"ve al ready nmentioned that it can require anal ysis of
events that aren't safety significant froma risk
per specti ve.

Ray?

MR, TOROK: Yes. And we have exanpl es of
t hose.

MR. STRI NGFELLOW We have exanpl es of

t hose, too.
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CHAI RMVAN APOSTOLAKIS: This is pretty

serious stuff there.

MR TOROK: It's ny turn, huh?

MR STRI NGFELLOW It's your turn, Ray?
You want to sit here?

CHAI RVAN APCSTOLAKI S: Ckay.

MR TOROK: Ckay. So we wanted to briefly
explain the current regulatory guidance that's out
there right now Jack already nentioned BTP-19 which
is tied Chapter 7 of NUREG 0800, the standard review
plan. And that docunent references NUREG CR- 6303,
which is a contractor report devel oped by Law ence
Li vernore sone years ago.

The vintage on these things, | believe
BTP-19 canme out officially in 1994, but really the
work behind it dates back to the late '80s and early
'90s when it was put together primarily, | believe,
for the advanced reactor programto address diversity
and defense-in-depth there.

What it involves here is the idea is to
denonstrate that you have adequate coping capability
inthe event of a cormon cause failure. | believe they
refer to it as software common node failure. W're
qui bbling over words here. W call it now digital

common cause failure or digital CCF, that's the
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| anguage here.

BTP- 10 NUREG CR- 6303 process invol ves 15
steps where you take your digital systems and break
theminto blocks, identify blocks. And a block is,
let's see, the maxi numsize -- the maxi numsection of
t he systemfor which a failure inside the systemcan't
propagat e outside the block. That's the definition.

And then now you | ook for blocks that
contain comon software and you postulate the
si nul taneous failure of those bl ocks.

BTP-19 calls special attention to ESFAS
and reactor trip system for the purposes of D3
eval uati ons.

So having identified these blocks that
have common software now you go to your FSAR events
and reanal yze themw th t he post ul at ed sof t ware common
cause failure. And you best estinmate assunptions,
that's a little different froman FSAR anal ysis. And
t he acceptance criteria is based on radiation rel ease
criteria from10 CFR 100.

If the results of the analyses are
unaccept abl e, then you add di verse backups as needed
for particular events.

The issue here --

CHAI RVAN APOCSTOLAKI S: Now wai t .
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MR TOROK: |'msorry.

CHAI RVAN APOSTOLAKI S: | don't understand
t he best estimate busi ness. What kinds of assunptions
are these? Are these assunptions regarding the plant
or assunptions or the behavior of the software?

MR TOROK: Ch, no. The plant primarily I
believe. Yes, it's the plant. Because for exanple you
m ght use a best estimte decay heat nodel rather than
a conservative boundi ng decay heat nodel

CHAI RVAN APOSTOLAKI S: | understand that.

MR. TOROK: That sort of thing.

CHAI RVAN APCSTOLAKIS:  As long as you
don't nmake best estimate assunptions regarding the
behavi or of the software.

MR, TOROK: Right.

CHAI RVAN APOSTOLAKI S:  Because | don't
think there are any.

MR TOROK: That's a difficult part of the
probl em

CHAI RVAN APOSTCOLAKI S:  Yes.

MR TOROK: Yes. Well, in this case the
assunption you nake regarding the software is that it
fails, that the probability of failure is one.

CHAI RVAN APOSTOLAKI S:  Conpl ete failure?

MR TOROK: Yes. Well, or failure enough
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that it defeats the safety function that you care
about .

Now, this approach is determnistic --

CHAI RVAN APCSTOLAKI'S:  Now this failure,
again, this digital system does what? Just actuates
the safety --

MR TOROK: It could trip the reactor, for
exanpl e.

CHAI RVAN APOSTOLAKI'S:  So actuates trip?

MR TOROK: It could actuate trip, that
woul d be one thing. Actuates an energency system for
exanpl e a core spray systemor aux feedwater on a PR

CHAI RVAN APOSTOLAKI'S:  But it doesn't do
anything after that? It doesn't control it in anyway?

MR TOROK: Let's see, are there cases
where CCF systens control? Most of themare sinply
turnit on. And, yes, | think there are a few exanpl es
of contro

MR. KEMPER: Yes. For exanple, engineered
safety features that actuates punps, it repositions
valves, it control the flow of --

CHAI RVAN APOSTOLAKI' S: It does control the
flow.

MR. KEMPER: Oh, yes. High pressure safety

and | ow pressure safety injection flows to reactor
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cool ant systens, that sort of thing. | nean, although
it's not nodulating flow, but it sets the flow at a
certain predesign design basis val ue.

MR. STRINGFELLOW It basically starts
punps and open valves. It repositions valves as
necessary to establish fl owpaths. Operators are then
st eppi ng through their emergency procedures and once
they reach a point where they can reset SI, for
exanple, they manually reset SlI, they manually stop
punps that sort of thing. Once everything fires off
automatically and the necessary punps are running,
then the operators have to step in and take control.

CHAI RVAN APOSTOLAKIS:  So the systemis
out of the picture?

MR. STRINGFELLOW The actuation system

MR, TOROK: So for the nost part it's just
switching logic. It's not |ike feedback control as you
woul d have in the feedwater system for exanple.

CHAI RMAN APCSTOLAKI'S: | thought it did
nore than just actuate systens.

MR WATERVAN: This is M ke Waterman.

Wth regard to reactor trip and ESFAS
that's, like Ray said, trips a relay and then the

safety has to go to conpletion. |If you're tripping
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the reactor, it cuts the MCCs to the control rods, the
control rods drop into the core. It doesn't do
anything to stop that. If it's ESFAS, it turns on
HPI, LPI and all that and then it's up to the operator
to control and nodulate that. There's nothing in
ESFAS that's going to nodul ate anything. It actuates
systens, they turn on, spray turns on, containnents
i sol ate, ECCS gets going and things like that. And
t hose t hings have to go to conpl etion per regul ati on.

MR KEMPER: However, there are
conputations as well. Like for exanple in the reactor
protection syst ens there's vari abl e pressure
tenperature, trip set points that are cal cul ated by
this platform There's flux flow, delta flow trips.
So there's sonme sophisticated --

MR. WATERMAN:.  Up to the point of trip and
then once the trip occurs, it really doesn't matter
what the system does --

MR. KEMPER R ght.

MR. WATERMAN. -- because the safety
function itself goes to conpletion

CHAI RMAN APOSTOLAKIS: Right. So it does
a nonitoring job and then --

MR. WATERMAN:  Yes, it continuously tries

to trip the reactor and if everything is okay, it
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fails to trip the reactor. But once it trips the
reactor, it nmay continue to calculate but it has no
ef fect on your safety systembecause they' ve tri pped.
They've gone off and done their thing. And
essentially your reactor trip systemis disconnected.

MR TOROK: So it's primarily nonitoring
and reacting to a trip signal at trip level. Yes. A
preset |evel.

Anyway, now |l et's get back to the BTP-19
approach. Wat have | done? Sorry.

Now we're down toward the bottom there,
approach characteristics. And we characterize this as
a determnistic approach with a focus on reactor
protection and ESFAS and the FSAR events. And the
reason we say it's determnistic is because we say
that it says focus on that system and go reanal yze
your FSAR events. Don't worry about which events are
nore safety significant than others or anything like
that. And what that has the inpact of doing is
distorting the safety significance of the software
because effectively you're saying the software
probability of failure is one and under that
assunption if there are results to these anal yses t hat
are unacceptable, then you put in a diverse backup.

Ignoring the fact that in nmany situations there are
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much nore significant contributors to systemfailure
than the instrunmentation control in the software. So
in that sense it distorts the safety significance of
t he software.

Now | should say this all came about about
15 years ago. And, you know, then |I'm thinking it
wasn't such a bad approach. But what it effectively
does is it says, look, | don't understand what's
inside that box with the software, so |I'mnot sure
what it might do. So I'll assune it fails. So that's
fine, you know, as long as you don't know what's
i nside the box and you have to be sure that it doesn't
do sonmething bad. But | would say that at this point
we know a | ot nore now about howto | ook at a digital
system and understand the design features in it to be
much nore confortable with what it m ght do and what
it mght not do. And that's really what this approach
i s about.

Now, we believe that a risk-inforned
nmet hod offers very significant advantages. It keeps
t he focus on safety, and you guys know nore about this
than | do. The object is to show where the software
has risk significance and where it doesn't and worry
about defense-in-depth and diversity where, for

software anyway, it is significant.
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This allows consideration of design
features that are built into the digital system And
there are characteristics that protect against failure
and agai nst common cause failure. For exanple, self-
testing, data validation and fault tolerance.

And as an exanple here the deal with the
software, as you know, is it doesn't randomy, it
fails determnistically. And what typically gets
software into trouble is when it sees conditions that
the designer didn't anticipate and didn't test. So
it's a surprise kind of condition or unanticipated
condi tion.

There are ways to protect yourself agai nst
that. One of themis data validation. |If the sensor
data that the systemis | ooking at goes out of range,
you flag it and you don't just use it blindly and do
stupid things. Now in that sense there's a big
di fference between a high quality real tinme digita
system and a not so high quality real tinme system
And we'll have a |ot nore discussion on that |ater.

Al so under risk-infornmed nmethod you can
consi der the fact that when you add di verse backups,
you actually add additional failure nodes, possibly
addi tional unanticipated behaviors. Certainly the

potential for spurious actuation. And these can al
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be bad things.

And if you think about it, if you have a
systemthat is not very reliable to start with and you
add a diverse backup, you're probably inproving the
overall reliability of the system But if you have a
highly reliable system to start with and you add
backups, now you're not on such firmground. You can
actually make it worse, and we think you ought to
worry about that in doing these things.

The ri sk-inforned nmet hod is al so
consistent with the latest trends in terns of
technical and regulatory efforts. And there |'m
referring to the NRC Managenent position that risk-
i nformed net hods should be used or encouraged where
t hey make sense in nore and nore areas.

MEMBER BONACA: Before you proceed. Just
because | don't want to get confused. | understand
you're proposing a risk-informed approach. But now
the FSAR for these power plants would have the old
deterministic analysis, right?

MR TOROK: Yes. Yes.

MEMBER BONACA: So now you're proposing to
use the new set points or whatever, how are you
proposing to use this digital --

MR TOROK: Oh, | see what you nean. |'m
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not proposing to use new set points or anything like
that. W' re proposing to use risk insights to help
determ ne where extra defense-in-depth is of val ue.

MEMBER BONACA: Yes. | understand that.

MR. TOROK: That sort of thing.

MEMBER BONACA: Wiat I'mtrying to
understand is that ultimately you have to have a
consi stency between your accident or you haven't
changed yet, | mean whet her you believe or not that
this addressing risk or just the traditional safety
and this new digital system You wll have

consi stency there?

MR TORCOK: Well, yes. | agree. And |
guess this is an area where | should say the PRA
approaches in general face the same issues, | think.

And | don't know that we want to get into it right
now, but there is a confirmatory revi ew process. |'m
| ooki ng at Dave Bl anchard because he's the expert on
t hi s.

MEMBER BONACA: No. I'mtrying to
under stand what you end up with.

MR, STRI NGFELLOWN  Hang on. Let ne try,
Ray.

MR TOROK: Ckay.

MR. STRINGFELLOW Let nme try. This is
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Jack Stringfell ow again.

| may not fully understand your question,
but correct nme if | go wong here. W are not
proposi ng to change the Chapter 15 analysis. The
Chapter 15 analysis will continue to be net with the
design. We're not altering that.

What we're proposing here is the use of
risk insights with respect to the Chapter 15 anal ysis
to focus on those areas where diversity can be of the
nost benefit froma risk perspective. So the Chapter
15 analysis will not be revised.

MEMBER BONACA:  You woul dn't have a need
to do that? Al right.

MR. STRI NGFELLOW That's right. Did that
answer your question?

MEMBER BONACA: Yes, | think it does. |
was just |ooking at the previous slide on page 8 --
it's 6 where you're talking about that current NRC
gui dance is problematic and require backups that add
conpl exity and cost wi thout inproving safety. And |
got the i npression when | was reading this that if you
used t he current gui dance, you woul d not be accepting
criteria. For exanple in LOCA, therefore you would
have to do sonething else that you don't think is

significant froma risk-informed --
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MR. TOROK: Yes, the acceptance criteria
there. W're really focused on this one issue really
of digital common cause failure, which is considered
beyond desi gn basis event.

MEMBER BONACA: (Ckay.

MR TOROK: Right.

MEMBER BONACA: kay. | think
under st and where you' re goi ng. Go ahead.

MR TOROK: Thanks, Jack.

MEMBER BONACA: Again, I'll ask nore
guestions when you get there.

MR TOROK: Ckay. So let's get back.
W're right at the bottomof this thing now So we
like the potential advantages of the risk-inforned
nmet hods, however there are sone technical issues here
associated with this, and they're at the bottomthere.
One is digital systemfailure probabilities, what do
you do with that. And the other is this issue of
nodeling digital equipnent in PRA. Everybody's two
favorite i ssues these days. And these are areas that
need to faced to be able to use risk insights.
They're al so areas where at the present tinme there is
no consensus on the best way to handl e these things,
right? W want to say that up front.

But keep in mnd, however, in |ooking at
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this too that our goal here is not to establish
absol ute know edge of di gi tal system failure
probabilities and not to establish absol ute know edge
of the best way to nodel digital equipnent in PRA
What we're trying to do is capture risk insights
associated with these things. For exanple, get a
handl e on where does the diverse backup hel p, where is
it a bad idea; you know, those kinds of things. So
risk insights. And we'll probably say that over and
over again.

Let nme give you an exanple. You were
aski ng about exanples, so we're going to get that. So
the first one here is a large break LOCA. And this is
| arge break LOCA with a digital common cause failure
in the low pressure injection system Under the
deterministic nethod, the BTP-19 when you redo the
anal ysis you find that thisis alarge break, thereis
insufficient time for operator action to do sonething
now that he's lost |ow pressure injection. Now in
BTP-19 it says for this event it recommends crediting
| eak detection as a backup.

CHAI RMVAN APOSTOLAKIS:  This is design
basi s?

MR. TOROK: Yes, beyond design basis.

CHAI RVAN APOSTOLAKI'S:  So - -
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MR. STRINGFELLOW  The digital conmon

cause failure is beyond design basis?

MR, TOROK: Yes, right.

CHAI RVMAN APCSTOLAKI'S:  So woul d the NRC
| ook at this?

MR TOROK: Because of the issue of
sof tware comon cause failure. Now --

MR. STRINGFELLOW  This is what BTP-19
woul d have us do. It would have us postul ate the
comon cause failure and then | ook at the LBLOCA and
show how we can continue to neet the LBLOCA within the
acceptance of criteria of BTP-19, which is relaxed to
the current Chapter 15 acceptance criteria. But
neverthel ess, that's what it would have us do.

CHAI RVAN APCSTCLAKIS: W're getting into

t he severe accident --

MR. TORCK: No. What this goes back to is

that with traditional redundant trains of hardware as
a basis of your safety system since the failures that
can disable the safety system are hardware based
failure, then you can say well the likelihood of
having all the trains fail at the sane tinme due to a
comon cause hardware failure is at sufficiently small
that we don't have to assune that and anal yze that.

That's the way it's traditionally handled for
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har dwar e

Then al ong cones software. W put software
based control system on each of the channels of the
safety system And now we say well what if there's a
bug in the software that's going to prevent all of the
trains fromacting together or all at the -- I'm
sorry. Al of themacting correctly?

CHAI RVAN APOSTCLAKIS:  So this is an
application of the single failure criterion for
digital systens?

MR TOROK: It would be if common cause
failure were within the design basis, but --

CHAI RVMAN APOCSTOLAKI'S: It is not.

MR TORCK: Right, exactly. So the
position that was taken in BTP-19 was |ook, we
understand it is beyond desi gn basis, however we still
think it's prudent to ook at this and here are the
ground rules. And the ground rules are go reanal yze
the Chapter 15 events with best estinmate assunptions
so there's arelaxation there. And then are accept ance
criteria based on radiation rel ease. And t hat was sort
of the conprom se that was struck for --

MEMBER BONACA: The basic thought | guess
behind this is that with digital systemyou nmay have

common cause failure nore likely now that --
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MR, TOROK: Right.

MEMBER BONACA: Well, I'mtrying to say
that's --

CHAI RVAN APCSTOLAKI'S:  First of all, we
don't know that the digital comon cause failure is
nore |ikely than not --

MEMBER BONACA: |'mnot arguing that right
now. |I'monly saying that --

CHAI RVAN APOSTOLAKI'S:  Yes, but | nean I'm
puzzl ed why in the case all of a sudden we're junping
into severe accident.

MEMBER BONACA: Well, the question is the
point that he made is because of the way it was
designed it was presuned that there will be no common
cause. So that assunption was not made. Now |I'm
trying to understand why there is an assunption that
common cause failure is nore likely with digita
syst ens.

MR TOROK: Well, here's the deal. Wen a
software system fails it's nearly always because
there's a design flawed and it manifests itself inthe
formof a software bug, right, one way or another.

MEMBER BONACA: That's right.

MR TOROK: And in that sense digital

systens operates with extrenely high reliability; if
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one does it, the next one's going to do it probably.

MEMBER BONACA: Right.

MR TOROK: And that's the assunption
that's built in there. And then there are further
assunptions. One is we don't know how to put a
failure probability on digital equipnent and in
software, therefore let's conservatively use one and
assunme that it does fail and then show that you can

deal with it.

CHAI RVAN APCSTOLAKI' S: |'s anybody from NRR

here who can shed sone light on this?

MR. TOROK: That would help, wouldn't it?

MR. KEMPER: Yes. 1'll get started and,
Matt, you can follow up if you Ilike.

The Agency took a position on this, oh
gosh it's been what? '94/'92 tine frane. They got,
| guess, the National Acadeny of Sciences to do sone
work for them to do sone studies on this subject. And
made recommendations that we forma policy to address
this issue. A letter was prepared, SECY letter was
sent to the Commission. The Commi ssion agreed that
since we can't deternmine the failure probability of
software, whether it's nore or less likely to fail
t han hardware, then we would treat it in the manner

that we do. That it's a realistic failure but it wll
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be design basis -- beyond design basis failure
scenario. And so that's what gave rise to BTP-19 and
t hen NUREG 6303 was further witten to enbellish the
specifics of how you actually do a D3 anal ysi s.

MR TOROK: Right. So that was the
position 15 years ago, roughly.

MR. KEMPER: Right. That's right.

MR TOROK: COkay. And effectively we're
saying well now we can do better than that.

MR. WATERVAN: This is M ke Waterman on
O fice or Research

| went back to 1993 and started doing an
operator event report, Part 21 review of all the
digital safety system Appendix B, according to Ray
highly reliable digital systens. And | found 24
separate incidents of common cause failure in highly
reliable safety systenms. | don't think they're that
highly reliable when | can find that nany over a 12
year peri od.

Secondly, credit for | eak detection backup
for BTP-19 disallowed by NRC If you read BTP-19
there was a for exanple in there. Leak detection for
the system 80 plus. System 80 plus had extensive use
of acoustic nonitors for | eakage detection. W had a

licensee cone in and say well, |eakage detection is
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highly reliable. In July and August that sane
licensee was cited because their |eakage detection
systens in two separate plants failed to detect a
gal l on per mnute over a one hour period.

Leakage backup is only allowed if you're
going to put in |eakage detection equipnent that's
reliable. So we've got digital systens that are
sonmrehow, even though they're nore sinple than what's
comi ng down for Cconee, are failing. Wat's causing
the failures? Al these things that nake them highly
reliable; self-testing and data validation are two of
the things that cause those systens to fail.

So to say these are the things that nmake
t hese systens highly reliable when those are the
things that add conplexity and cause themto fail is
really off the mark.

MR TOROK: Well, you're getting way ahead
of our talk here.

MR. WATERMAN. Ckay. | just want to
clarify the «credit for |leak detection backup
di sal l oned by NRC, highly reliable digital systens is
just not really what |'ve seen.

MR, TOROK: Ckay. Shall | continue.

MR. WATERMAN: Ckay. Continue to march

MR TORCK: I'msorry. GCkay. So large
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break LOCA here's an exanpl e, okay. Wth conmon cause
failure |l owpressure injectionunder the determnistic
nethod there's no tine for operator action and you
can't credit |eak detection for whatever, right, as
M ke expl ained. And therefore you need to diverse
actuation of lowpressure injectionandits supporting
syst ens.

Now, if you look at that from a risk
insight point of view you would say well, the
probability of the digital common cause failure is --
| don't know what it is perhaps, exactly. In fact, |
certainly don't know exactly what it is but | have
pl enty of reason to believe it's much | ess than one.
So that's one factor.

Another is that the Iikelihood of the
| arge break LOCA itself is quite | ow. And when | | ook
at those two together |1 conclude that the overall
contribution to core damage frequency from the
conmbination is very low. Very snall

CHAI RVAN APOSTOLAKI S: Wl |, but you know
what you're doing here is you' re going back to the
original assunption that digital CCF, we don't know
how likely they are so therefore we're going to be
conservative. And now essentially you're saying don't

be conservative. It's alowprobability event. That's
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really what you're saying. | nean, it's not this
conci se.

MR TORCK: Well, what |I'msaying is |
don't know precisely what the nunber is, but | know
it's less than one. Let nme pick a nunber and see what
ballpark I"'min in core damage frequency. Just get a
handl e on where | am

CHAI RVMAN APOSTOLAKI S:  Ri ght .

MR TOROK: |I'mtrying to capture a risk
i nsi ght here.

CHAI RMAN APOCSTOLAKI' S:  Ri ght .

MR TOROK: So that's one thing. |If |
look at it this way, ny conclusion is this event is
not a large contributor to core damage frequency.

There's another inportant fact, though
that cones out of the risk evaluation. And that's
that if you do add a diverse backup for the & in the
| ow pressure injection system it turns out it
woul dn't reduce the core damage frequency because the
failure probability of that systemis dom nated by t he
| arge rotati ng nmachi nery, the big punps and val ves and
spi nni ng thi ngs.

CHAI RVMAN APCSTOLAKI'S:  What is their
comon cause failure rate?

MR TOROK: Of the top of ny head, |
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don't know.

MR. BLANCHARD: For a typical |ow pressure
i njection --

CHAI RVAN APCSTOLAKI' S:  You have to cone.

MR. BLANCHARD: M nane is Dave Bl anchard.

For a typical |low pressure injection
system you woul d have a comon cause factor on the
order of 10° to 10, per demand.

CHAI RVAN APOSTOLAKI'S:  And you' re sayi ng
that the digital systemis better than that.

MR. BLANCHARD: On that order or better,
yes.

CHAI RVAN APOSTOLAKI'S:  And how do you know
t hat ?

MR. BLANCHARD: W will be addressing that
in a few mnutes.

MR TOROK: Yes. W'Il get there.

MR. BLANCHARD: Yes. Right. Thank you.

MR, TOROK: Ckay.

CHAI RVAN APOSTOLAKI'S: | don't know. | am
unconfortable with this. |'mnot sure you' re using
any risk insights here. Am1l the only one who feels
that way. You're just attacking the original
assunpti ons.

MR TOROK: Well --
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CHAI RVAN APCSTOLAKI S:  The Staff say we

don't knowthe details, we'll have to assune one. Wy
do you say no don't assume one? |Is that risk
i nsi ghts?

And al so this being nore useful after we
approve the rule 50.46(a) which allow you to do
certain things for break sizes greater than the
transition. And the other argument there, you know,

the first subbullet at the bottom don't do anything

to this because sonethingis riskier. WlIl, that's an
interesting thought, although in real life | nean we
do that all the tine, | nust admt.

MR TOROK: Well, under these assunptions
t he conclusion is that the BTP-19 nethod dri ves you at
hardware and increase the conplexity but the safety
benefit is questionable at best. So is that good
engi neering? That's the question. |I'Il |eave that as
t he questi on.

CHAI RVMAN APOSTOLAKI'S:  Wait a m nute. Now
there is always another hand, you know that. The

|arge break LOCA is supposed to be the limting

acci dent.

MR TOROK: Pardon ne?

CHAI RVAN APCSTCOLAKI S:  The | arge break
LOCA is supposed to be the limting accident. It's
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supposed to protect us fromall sorts of things that
we haven't even thought of. So just to say that it

has | ow probability of occurrence, ah, doesn't cut it.
Because you know it's the things unknown and knowns
that you' re so conservative designing the thing using

| arge LOCA as a design basis accident that you are

covered, you know. So -- anyway we're getting into
territory now-- let's go on. Let's go on.

MR TOROK: It's still, you know --

CHAI RVAN APOSTOLAKIS:  |'m sorry, Jack?

MEMBER SIEBER: It's not clear to nme how
not installing a diverse system has an inpact on
overall systemreliability. |In other words if you
install a backup system obviously you're going to
effect reliability as a positive way. And | think you
have to conme up sone real nunbers to be able to
establish what that's worth

CHAI RMAN APOSTOLAKIS:  |Is argument is
t hough t hat, yes, you are reducing risk but | nean the
rotating conponents are still the sane and they have
a higher probability of failure, right? That's what
you nean by backup? It's a backup to the |&C

MR. TOROK: Backup to the |&C only.

CHAI RVAN APOSTOLAKI'S:  Not to the system

itself?
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MR. TOROK: That's right.

CHAI RVAN APOSTOLAKIS:  So the system
failure probability is dom nated by the failure of the
punps?

MEMBER S| EBER: That's true.

CHAI RVAN APCSTOLAKI' S:  So by adding the
backup system you reduce sonething else, but this
probability is still high. That's their argument.

MR TOROK:  Yes.

MEMBER SIEBER  So don't bother. You
could elimnate half the stuff in the plant.

CHAI RVAN APOSTOLAKI'S:  That's the point.
That was ny point earlier that you know just because
something dominates it, don't elimnate everything
el se.

MR. STRINGFELLOW If | might, this is
Jack Stringfellowagain. If | mght offer up alittle
anecdote with respect to the cormment that M. Sieber
made.

Vogtl e recently replaced or we have been
inthe process of replacing our di esel sequencers with
a digital system And we did a decubed anal ysis for
this system and we identified as a result of the
decubed analysis, we added sone hardware. Sone

el ectronics to sonme anal og hardware to nitigate a
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potential common cause failure of the systemto fai
shed load. W installed the first train of that
system And during testing that device actually
underwent an infant nortality. There was a conpositor
in that device that had an infant nortality. It
failed and actually caused a failure to shed |oad
during the test.

So, you know, to ny m nd that's an exanpl e
of where we added hardware that actually caused a
failure due to a randomfailure of a conpositor.

MEMBER SI EBER. Wl l, since we're telling
war stories, | used to be site Vice President of
Beaver Valley. And we installed digital sequencers on
our diesels and when we went through all the post-
nodi fication testing and everyt hi ng and everyt hi ng was
fine. When we tested themafter 18 nont hs bot h di esel s
failed to sequence. And the reason was that it was
unable to sufficiently reject surges on the DC power
systemto the extent that it reset the m croprocessors
to zero and destroyed the timng in there. And it
woul d count out. | mean, it was difficult to
t roubl eshoot t hat.

So | believe that there are situations
that can occur in power plant on sinple digital

systens that give you conmon cause failures. And,
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frankly, when both diesels failed to start and | oad,
that got me upset. It cost $80,000 in enforcement
action.

MR TOROK: R ght. GCkay. Yes, which is
an interesting exanple and we should tal k about that
and maybe the software conplications there, if there
are any. But okay, let's go on.

Now we have anot her exanple. In this case
we' re not tal ki ng about a pi pe break or an FSAR event,
we're tal king about risk significant events that are
nodel ed in the PRA but not in the FSAR necessarily.
Now this is -- you don't need to read all the smal
print here. This is an event --

CHAI RMAN APCSTOLAKIS: This is a large
LOCA tree -- oh, transient.

MR TOROK: Yes, it's an event tree.

CHAI RVAN APOSTOLAKI'S: No, but what's the
initiating. Yes, | know the shape |'ve seen before.

MR. BLANCHARD: This is a |loss of
feedwat er event tree for PWR

CHAI RMAN APOSTOLAKIS: So it's really a
transient.

MR. BLANCHARD: Yes, it's a transient
event tree.

MR TORCK: So it's a high frequency
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initiator. And in this case the PRA | ooks at the
nunber of paths com ng over here and through the
bottomand every whi ch way, and many of themresult in
core damage frequency over there.

CHAI RMAN APOSTOLAKI' S:  Ri ght .

MR TOROK: Now the FSAR -- the PRA
addresses all those paths. The FSAR addresses t hat one
and this one, the dash lines on there, right?

CHAI RVAN APCSTOLAKI S: The design basis
acci dent you nean?

MR TORCKK: Yes.

CHAI RVAN APOSTOLAKI S: And so BTP-19 woul d

say | ook at that one and | ook at this one, don't worry
about all this stuff.

CHAI RVAN APOSTCOLAKI S:  Yes.

MR TOROK: Well it turns out sone of
these are significant contributors to core damage
frequency. And that's because the PRA routinely
consi ders beyond design basis events that are risk
significant.

CHAI RVAN APOCSTOLAKI' S: Now | ' m conf used.
| mean, the previous slide said the NRC Staff went
beyond design basis in BTP-19 and now you're saying
here no, no, no that was really bad. | nean, they're

staying within the design basis. Wich one is true?
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O is it again whatever --

MR TORCK: No, no, no. In either case
the event is considered -- the commopn cause failure
event is considered beyond design basis. In the
previ ous exanple it's an exanple of where the BTP-19
nmet hod woul d cause you to put in a diverse backup and
t hat apparently -- or that seenms to have little or no
safety benefit. In this case the BTP-19 approach
i gnores sone potentially safety significant sequences
t hat probably should be considered. So in a sense --
and this in one both ends.

CHAI RVAN APOCSTOLAKI'S:  Wait. Wait. Wait.
What does it nmean it nmissed the safety significance.
| nmean, safety significance is a relative term

MR TOROK:  Yes.

CHAI RVAN APCSTOLAKI S:  So you're saying
t hat there are sone beyond desi gn basi s sequences t hat
dom nate core danage frequency.

MR TOROK:  Yes.

CHAI RVAN APCSTCLAKI S:  But core damage
frequency is acceptable in this plan.

MR TOROK: But if | add common cause --

CHAI RVAN APOSTOLAKI S: And there is al ways
somet hi ng that dom nat es.

MR, TORCK: Pl ease, Dave.
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MR. BLANCHARD: This is Dave Bl anchard

agai n.

The branch technical position reviews the
effects of common cause failure for design basis
events only. It does not consider the potenti al
i ntroduction of conmon cause failure in beyond design
basis events that are evaluated in the accident
sequences of the PRA

CHAI RVAN APOSTOLAKI S:  That's correct.

MR.  BLANCHARD: So we can actually
i ntroduce a common cause failure froma digital system
that can increase the frequency of these accident
sequences and it wll go unevaluated under branch
technical position 19. W won't know about it until
sonmeday we update the PRA

CHAI RVAN APOSTOLAKI S: But when you
i ncrease that frequency how many failures do you have
to assune exists after the initiating events? Because
if you have to assune nore than one, you are beyond
desi gn basi s.

MR. BLANCHARD: Ch, no question. You are
beyond desi gn basi s.

CHAIl RMAN  APOSTOLAKIS:  So you are
i ncreasing the core danage frequency but we don't

regul ate on the basis of the core damage frequency.
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MR. BLANCHARD: What we're proposing here

with this guideline is that a risk informed nethod to
review - -

CHAI RMAN  APOSTOLAKI S:  Ah, is nore
coherent, is nore production?

MR. BLANCHARD: Yes. Yes.

CHAI RVAN APCSTOLAKI S:  That's different.

MEMBER S| EBER:  You don't agree with that?

CHAI RVAN APCSTCLAKI S:  Nobody di sagr ees
with that.

MR, TOROK: Ckay. W can go on then

So there's the two contrasting exanpl es - -

CHAI RVAN APOSTOLAKI S: But you know -- go
back. Beyond design basis events are considered in
the PRA and they are uneval uated using BTP-19. They
uneval uated using the totality of the regul ations.

MEMBER BONACA: That's the point | was
trying to nake before.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MEMBER BONACA: COkay. W are killing--

CHAI RVAN APOSTOLAKI'S: W are killing BTP-
19 as if it were --

MEMBER BONACA: W're beating the sane

dead horse. And the point is -- but that's the basis
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of the licenses that the plants you' re addressing
right now have. So that's the way it is.

CHAI RVAN APOSTOLAKI S:  And that's why
we're nmoving to a risk-informed environnent as fast as
we can. This argument we know.

MEMBER BONACA: Here nore than anything
else | amtrying to understand, you know, and you're

doing a good job of how you propose to intermngle

this --

CHAI RVAN APOSTCOLAKI' S:  Yes.

MEMBER BONACA: -- determnistic and
probabilistic approach in a way that still preserves

the |icensing basis of this plant because that's what
it is.

CHAI RVAN APOCSTOLAKIS:  Yes. | really --
oh, I'msorry.

MEMBER BONACA: Yes. That's it.

CHAI RMAN  APOSTOLAKIS: I'mreally
interested in understanding better your three
net hodol ogi es.

MR TOROK: Ckay.

CHAI RVAN APOSTOLAKI S: Ext ended, standard
risk and sinplified risk. That's where the action is.
We know this area.

MR TOROK: Ckay. Let's nove on. W had

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

58

here some different views --

CHAI RVAN APCSTOLAKIS:  No, I"'mnot telling
you to skip slides, | nmean unless you want to. But
don't try to convince us that the risk-infornmed
approach is better than the --

MR TOROK: Ckay. kay.

CHAI RMAN APOSTOLAKIS: Al right. W're
with you on that.

MR TOROK: Ckay. Tell you what, |I'Il do
this quickly. W have a list here of ways of | ooking
at the digital reliability issues. The first two
guestions here -- it's just interesting to |ook at
different ways to | ook at this.

How reliability is the software? That's
a question where we would say -- and it's probably
unfair to say focus here, maybe enphasis. But the NRC
research enphasis on establishing how reliable
software is whereas we're enphasizing how reliable
does it need to be. And this is a good exanpl e of
getting a handl e on the second question can help you
figure out how far to go with the first question so
you don't spend a |l ot of noney going way farther than
you really need to.

Now al | the rest of the questions on that

page, which | don't know how to skip through quickly,
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are kind of the sane thing. It's the sane thing over
and over again.

One thing that | should call attentionto
that's a little different, though, is that Research
or NRC let's say, enphasis has been on what process
attributes affect reliability. And a difference
bet ween what t hey' re pushi ng and what we're pushing is
we say what design attributes affect reliability. So
we want to |ook at the as-built device, not just the
process that built it. And we think it's nore
inmportant to | ook at the design attributes. And Thuy
is going to say a bunch nore about that |ater.

|"m going to skip the rest of these and
you can read, | guess, at your --

CHAI RVAN APOSTOLAKI'S:  So do you really
want to send the nessage that you are disagreeing on
ever yt hi ng?

MR TOROK: Well, no, no, no. That's not
t he nessage at all

CHAI RMAN APOSTCLAKIS:  It's not the
nessage |'mgetting --

MR. TOROK: The nessage is that there are
different ways to | ook at these things. And we said
"focus" here, and nmaybe that's too strong.

CHAI RVAN APOCSTOLAKI S:  Maybe you can

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

60

remove RES and EPRI and say one approach is this, the
ot her approach is that. And we |like the second one.

MR TOROK: Well, some conbination of them
is kind of nice.

MR. STRINGFELLOW That's why we titled
the slide conplinentary.

MR TOROK: Yes. Right. W're saying --

MEMBER SI EBER: W're not fooled by that.

CHAI RVAN APCSTCLAKI' S:  You' re sayi ng t hat
you'reinterestedin establishingreasonabl e assurance
and the Agency is not?

MR TOROK: Well --

CHAI RVAN APOCSTOLAKI S:  This is our bread
and butter.

MR TOROK: It's a difference in enphasis.
How do | prove ny liability clains? That's a tougher
guestion than howdo | establish reasonabl e assurance.

CHAI RMAN APOSTOLAKI'S: | still think you
shoul d change the headi ngs.

MR TOROK: Ckay.

CHAI RVAN APOSTOLAKI'S:  And say there may
be two -- separate approaches and this is the one
we're tal king about. Because every single one of
t hese can be chal | enged.

MR TOROK: Ckay.
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CHAl RMAN APOSTCLAKI S: There i s no reason

to do that. | nean, you know that the Staff doesn't
do that.

Let's go on.

MEMBER S| EBER: Actually, you got to
answer all the questions if you |ook at them

MR. TOROK: The main point was that the
right -- the two kind of help each other out if you
can fill in all the blanks; that's all.

Now - -

MEMBER BONACA:  Your question, the way you
pose it, howreliable does it need to be. It depends
on what criteria you're using. So you're saying well
I don't like the determnistic, l"m going
probabilistic and then this is that. | can understand
how you have to first of all establish a guideline on
a process which is acceptable enough to answer the
guestion; howreliable does it need to be? It depends
on what criteria you' re using.

MR TOROK: Well, and for exanple in that
one | would say | need to showthat it's sufficiently
reliable, that it's not going to dom nate the failure
probability in a systemthat it's in, right? kay.
Now | can go to ny PRA and in other words, probably

can generate a nunber there. Now | go back to ny
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reliable is it and say hey, here's ny target. You
know, ny target's not 10°° it's just 10 °. Right?
Makes a huge difference in what you would do to show
reliability.

MEMBER BONACA: | under st and.

MR. TOROK: That's the whole point, right?

MEMBER BONACA:  Under st and.

MR. GUARRO There are certain points one
could easily argue with. For exanple when you say
which failure facts are inportant to safety, | don't
think that can be contrasted with respect to the
previ ous question, whichis | think what it's supposed
to contrast, which is how can digital systens fail
| f you do not know how they fail, it's pretty hard to
see what the effects are, right?

MR, TOROK: Yes. Right.

CHAI RMAN APCSTOLAKI'S: | think that was
not the nost successful slide.

MR STRINGFELLOW Well, we've had a
coupl e of those.

MR TOROK: Yes, we have.

CHAI RVAN APCSTCLAKI S: Probably for other
audi ences you didn't have the sane problem you're
havi ng t oday.

MR. TORCK: So you can be sure we won't
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use that slide again.

CHAl RMAN APOSTCLAKI S:  That's call ed
| earni ng from experience.

MEMBER SIEBER. Are we supposed to be
keeping track of slide quality?

MR TOROK: | would call that --

CHAI RVAN APOSTOLAKI S:  COkay. Let's nove
on. | want to see the three nethods.

MR TOROK: Yes. | would characterize
that as an operating history failure, by the way.

Okay. Now here's the key points we're
trying to make it. You guys liked the first one, |
think. Use of risk insights hel ps us do a better job,
okay?

CHAI RVAN APOSTOLAKI S:  Absol utely.

MR TOROK: Geat. That's one.

Okay. And we believe that it's possible
to derive useful risk insights for D3 eval uati on, not
for general purpose PRA eval uation, but for D3
eval uations now. And we think that you can derive
those risk insights wthout precise know edge of
failure probabilities and wthout detailed PRA
nodeling of the digital & And we'll talk about how
that works. Okay. And we say that for the purposes

of D3 eval uations, not general purpose PRA, we can get
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a handle on the reliability of the digital equipnment
based on deternministic evaluation of the equi pnent.
Determ ni stic evaluation, okay? And we're going to
tal k nore about that.

And we bel i eve that t he ongoi ng and future
wor k by NRC Research and others is just going to help
that. There's a framework here as nmet hods to determ ne
software reliability becone better and better, that's
great because they can be used within this franmework.
Same thing for nodeling digital systens in PRA

Oh, that was fast.

CHAI RVAN APCSTOLAKI'S:  Now | want to take
aten mnute. Is this a good tine?

MR TOROK: Ckay.

MEMBER S| EBER:  Ten mi nut es.

CHAI RMVAN APOSTOLAKI'S:  Yes, we're going to

have two breaks this afternoon, ten m nutes each.

12%5 Jack.

MEMBER S| EBER:  That includes travel tine.

CHAI RVAN APOCSTOLAKI'S:  We'll 2:55 -- no.
Until 2:55.

(Whereupon, at 2:43 p.m a recess until
2:56 p.m)

CHAlI RMAN APOSTOLAKI S: | can start w thout

some nenbers, but not w thout the speakers.
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MR, TOROK: (Okay. Excellent.

Before we start, | have a request that we
heard fromM . Waterman nmenti oned a nunber of software
common node failure problenms that he discovered.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MR TOROK: We'd like to see a formal |ist
of those. That would be very helpful to us. You
know, we asked our group, but we don't have a good
knowl edge of that. Thank you.

Now, here's the other thing. W know we
want to get through this as quickly as we can. W're
going to try and go through the general stuff.
Qobviously, we're going to need sone of your help on
that. And what we're really trying to get to is the
two technical issues that we have in one of the early
slides. Al right. They are what we call defensive
nmeasures and how we | ook at susceptibility for
sof tware common cause failure and how we estimate
failure probability. That's one part. And the other
one i s the nodeling and PRA and the risk insights that
come out of that. So we have to get to those things.
Everything el se builds up to that.

So, please, friend, |l et us get through the
next few slides pretty quickly.

Anyway, so Yyou asked about guidelines
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nmet hods. There are three nmethods in the guide. | want
to describe them very briefly and at fairly high
| evel . That are papers that are published that we can
provide that give all the details of them But |
t hi nk we can describe the nethods fairly sinply. And
since you guys are well versed on PRA you'l
under st and what we' re tal ki ng about very qui ckly here.
Now the first one we call extended
determnistic nethod. And it basically is the BTP-19
approach, however for problematic events |ike |arge
break LOCA we woul d say take a risk-informed | ook at
it to see if that puts the event in a new focus.
That' s basi cal ly what the nmet hod does, sinple as that.
The second one we standard ri sk-i nforned.
That's where the idea is capture a risk focus with
realistic assunptions and what you'rereally tryingto
do there is update your PRA to reflect the digita
equi pnent, which means you need to put in failure
probabilities and beta factors and so as it nakes
sense, and then regenerate your results and | ook at
your core danage frequency. That's the basic idea.
And at sonme point if you're putting in
di gital upgrades, regardless of the D3 issue, you'l
want the PRA nodel to be consistent with the plant and

you'll face this problem
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The last nmethod is sinplified risk-
informed. And this is where we take conservative
assunptions and use the PRA so you don't have to
updat e your PRA nodel to do this one. And what you
basically do is treat the software commobn cause
failure as a new failure node and you say for each
event, you woul d say you have an event frequency from
the PRA nodel. And you multiple that by the failure
probability of the digital systemor of the software.
And that gives you a delta core damage frequency for
that event. You do that over and over again to see
what the total change in core danage frequency is and
you also identify the large contributors to it, and
that tells you where to focus. That's what the
sinplified risk-infornmed nethod is about.

Now for the risk-informed nethods, the
accept ance gui dance fromReg Gui de 1174, which you're
all famliar with in |ooking at delta CDF and so on.

Al three nmethods use what we call a
confirmatory defense-in-depth review which is where
you do a sanity check on your results to make sure you
didn't mss sonething inportant. And without getting
into the details, and then the idea there is if the
acceptance criteria aren't net, you' ve got sone

options. You could refine the assunptions if you can
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defend revisions to your assunptions or you coul d use
one of the other nmethods. Mdify your design so that
t he conmon cause failure i ssue goes away, you know it
doesn't exist anynore or add a backup function as you
woul d under BTP-19.

That in one page is what all our methods
do.

Now, regardl ess of which method you pick
the first thing you have to do is figure out where
you're suspectable to digital common cause failure.
And under BTP-19 we tal ked about this. You identify
bl ocks and if the blocks have the sanme software,
you're suspectable. W do sonething a little nore
than that. W say well wait a second, that's not the
whol e story. You can | ook inside those bl ocks and you
can identify design features and behavi ors and what not
that are designed into the thing that help constrain
the failures that you have to worry about. And Thuy's
going to explain that in nore detail nonmentarily.

There are a coupl e of things that | wanted
to mention here. One is that this is a determnistic
way to | ook at a digital device to understand what its
failure behaviors m ght be and howt hey m ght get you.
So it's determnistic in that respect. That's really

i nportant.
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Another is it gets beyond the process
based way of | ooking at software quality. A great
process does not guarantee a great product. It might
guarantee a well docunented product. But what we
believeis noreinportant for establishingreliability
and reasonable assurance that you have high
reliability, is that you want to nake sure the right
def ensi ve neasures or the right design attributes are
built into the device. You want to understand the
final as-built device, and that's what this is about.

MEMBER SI EBER: How do you exani ne the
software to predict all the failure nodes that m ght
occur.

MR TOROK: We'll get to that in a mnute.

And | said this already, the defensive
nmeasures provides a determnistic basis for estimating
likelihoods of failure and digital common cause
failure. And we're going to tal k about that.

Now still, we want to acknow edge again
that this is different fromstandard PRA treat nment of
har dwar e because software fails determnistically in
the sense that when it sees the right set of
condition, it'll do the same thing every tine, or
nearly every time. | guess Mcrosoft may not agree

with that statenment. Anyway, but what you really have
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to get a handle on here is the |ikelihood that the
systemwi | | encounter unantici pated conditions; that's
one thing. And the likelihood that those anti ci pated
conditions will get you into trouble in your plant
cont ext .

To do thi s eval uati on where you' re | ooki ng
i nside the box is not sonething that you can do using
a handbook of failure probabilities that m ght be
great for nodeling punps and valves and PRA. In this
case it requires specific expertise in software and
detail ed knowl edge how a digital device works.

And with that, | want to introduce Thuy
Nguyen who is our expert on this.

MR. NGUYEN: So good afternoon.

|"'ma software expert, and ny job is to
anal yze -- one of ny job is to analyze the software
systens at EDF that are safety critical for the EDF
pl ant s.

So, in fact --

CHAI RVAN APOSTOLAKI'S:  So how come you're
here? Are you spending tinme at EPRI?

MR. NGUYEN:. Yes. Because EDF and EPRI
have cooperation agreenents. W would like to share
research effort.

CHAI RVAN APCSTOLAKI S Ckay.
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MR. NGUYEN. So |'m spending a few years
at EPRI in Palo Alto.

CHAI RMVAN APOSTOLAKI S: A few years?

MR. NGUYEN. Yes. This is a certain
nunber of inportant projects where we prefer to have
a much tighter cooperation than just phone and enail

CHAI RMAN APOSTOLAKI S:  The first ten years
are difficult ones.

MR, NGUYEN. In Californiait's fairly
easy.

So | will start by very obvious things
first and introduce ny ternmns.

First, the notion of digital faults. A
digital fault is a software bug, nostly. And by
itself it does nothing.

Adigital fault if it's not activated by
particular conditions in the digital system wll
remai n | atent and have no effect.

And | think we have heard recently of a
software bug found at Palo Verde. This is typically
the case of a software bug that exist permanently in
the software but is activated only when a hardware
fault occurs, a particular hardware fault occurs. And
as long as this hardware fault doesn't occur, the

software fault is dornant.
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When there is an activating condition
occurs, then you can have a digital failure. |If this
activating condition effects only one channel of a
redundant system only this channel will fail. So a
digital fault does not nean that we had digital
failures. This fault in Palo Verde has not been
activated in operation.

Now a failure of a channel is not yet a
common cause failure. A common cause failure occurs
when the activating condition effects nultiple
channel s concurrently. And this is very inportant
because | woul d say the anal ysis approach that | wll
be presenting in the following slides is based on
this, I would say, vision of how digital CCF only.

| have also a small remark sayi ng that
there are sone digital faults that are activated but
do not result in failures. And there are failures that
are not risk significant. So we here are focused on
risk significant fail ures.

So in order to explain how software

systens work and fail, | have taken the nmetaphor which
is a mne field metaphor. | have a very large mne
field that | spent a lot of effort to renobve the
mnes, but 1'Il never be able to say there are no

mnes left. So if | walk in this mne field w thout
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specific pattern or randomy, at every step | m ght
step on a m ne.

Now, this is not the case of certain types
of systens. Certain types of systens in fact are
designed to function cyclically. They fol |l owagai n and
again the sane path. So if | think, 1'mgoing back to
mne field, if I walk along this path of course the
first cycles | will be quite worried that | m ght step
on a mne. But after a certain nunber of iterations
provided that ny path is not too wide, | will grow a
hi gher | evel of confidence that even though there
m ght be still some mnes left inthe mne field, they
will not on my path.

And what is inportant to understand is
what's the width of ny path. If it's very large |ike
a highway, | will need quite a nunber of iterations
It's very narrow, after a certai n nunber of iterations
| can say, yes, it's quite unlikely that if | stay on
this path, | will step on a m ne.

And here we're dealing with software that
are designed to be what we call deterministic. O
cour se, totally in theories all software is
determnistic. But what | call determnistic is when
we understand and know what are the influence factors

that will effect the software trajectory. And in this
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case the software is under the influence of a certain
nunber of factors that will effect the width of its
pat h.

| have listed here in these bullets a
nunber of influence factors. For exanple, you have
the input variables comng fromthe process.

You have the nenory that the software
system keeps from one cycle to the next.

You have bl ocking interrupts. You m ght
have process-related interrupts. And you have also
i nternal resource managenent |ike nenory allocation
and so on.

In nost of the -- in all of the systens
that | know there are certain nunber of neasures that
have been taken to narrow the path of the cycle. For
exanpl e, all resource nanagenent is static. There is
no dynam c nenory |ocation, for exanple.

The process interrupts -- ratedinterrupts
are not all owed.

There are clock interrupts in certain
systens that occur every mllisecond. And there are,
| would say in software terns, represented a snall
anount of curve that can be verified very thoroughly.

Short-term nmenmory is also kept to a

m nimum That usually represents only a few vari abl es

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

75

that can be very formally identified.
The nunber of processing i nputs come from

t he process and t hey can be val i dat ed bef ore used, and

we wll see howwe will deal with that.
So as long as things stay, | would say, in
the nominal conditions the system will ge on this

green path and typically a nunmber of situation per
year in a single channel in about a billion.

So after a nunber of situations | think ny
engi neering judgnent is that it's very unlikely that
it wll fail in this condition.

Now, of course, ny systemnust be able to
react to a nunmber of, | would say, conditions
occurring so that it some use. So | have listed here
a nunber of what | have called infrequent influence
factors, influence factors that could take the
sof tware systemout of its green path on which | amso
confortable.

For exanple, thereisinitialization. But
this executed only once.

The operator request. For exanple, every
nmont h t he operator changes sone set points. This can
be done channel -by-channel so | do not say that
operator request cannot activate a software fault.

What | say that we can take neasures in the operation
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and the nmintenance of the systemso that this does
not effect concurrently all the channels of ny
redundant system

There are hardware failures |ike the Palo
Verde exanple. But the hardware failures wusually
ef fect a single channel.

There are exceptions. For exanple |oss of
power or the operator has pushed the reset button.
The reaction of a protection systemto an exception
is usually to stop the processor. So it's a very,
very sinple action.

There are particular date and tines |ike
the Y2K date, for exanple. And the usual approach to
avoi d these kind of parameters is to say we will not
manage dates and tinmes in this kind of system

So what is left? Ah, the plant
transi ents. Because the plant transients effect
concurrently all the channels and these are, | would
say, the main events that could trigger potentially a
sof tware conmon cause failure. And of course if that
appears and if it |l eads ne to an unforeseen, untested
condition, then there is a possibility that | m ght
step on the mne and that my system fails all its
channel s concurrently.

So that is an inportant elenment to take

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

77

i nto consi derati on.

So now let's ook at the internals of a
sof tware system used for reactor protection. Usually
it's conmposed of an operating system and of
application software. The application software is
usually subdivided into two main parts: Standard
el enentary functions and application specific
software. So the operating system and the standard
el enentary function usually are bundled with the |I&C
pl at f or m

Now, an inportant design feature of |
would say a well designed operating systens for
applications is that the operating system is
i ndependent fromthe application software and that it
is transparent to plant condition. The operating
system will read inputs and give them to the
application software. But whatever the values of the
input, it's not effected. The operating system does
not react to interrupts comng from the plant
processes. So it's inits own circular path. The
application software is in its own circular path.

Now, if | have a plant transient, since
t he operating systemis blind to the plant condition,
it wll remain onits green path. Only the application

software will be taken out of its own green path and
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follow a different execution path.

So what |'msaying here it is quite
inmportant. It's that provided that ny operating system
has the appropriate properties, and that's a very big
if that needs to be substantiated and proven by
appropriate argunment and evidence, the operating
system will not fail or is very unlikely to fail
during plant transients. It will stay inits
repetitive path.

And that is, | would say, sonething that
is difficult to accept by nobst people. W have
tal king in our work group since quite along tinme, and
it took me quite a nunmber of discussions just to feel
t hat .

The second part of the platformsoftware
is the standard el enentary functions. There | wll
t ake another type of argunment. These functions are
usually very small and/or assign a delay. They are
very small functions but usually i ndependent fromone
anot her. They have no internal nenory. They're based
usually on very well nastered algorithns. You can
perform very, very thorough V&/. So on engineering
terms the digital faults in the functions of the
standard library are quite unlikely.

So this is the basis for ny statenent.
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And, of course, again that will need to be supported
by a very argunent and evi dence.

So our last part that we have not
addressed in the previous slide is the application
specific software. And | have put here, | would say,
the two nmain sources of potential faults of the
application software. W have, of course, the software
i npl enentation faults, but we have also the
specification faults. And in nmy experience it has
al ways been the specification that has been the
undoi ng the application software.

In the software inplenentation you can

t ake very, very strong neasures to nake sure that it's
reliable and as fault free as it can be.

| have signs fromRay to go faster, so |
will not go very deep here.

| will try to speak a little nore on

specification faults. There are two main types of
specification faults. What | call the expression
faults in the functional specification and the fault
that results in an incorrect understanding of the
plant and its systems by the specifiers.

You can take neans to avoid expression
faults. But the lack of understanding is quite

difficult to address and they are wusually in ny
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experience all the faults that |'ve seen are faults of
t hese types.

And nowif we | ook at the notion of conmon
cause failure. The main source of commobn cause
failures in a redundant system are here. And if
make a redundant system based on four channels, each
channel using a different platform but inplenenting
the sane application, I would still say that the beta
factor is wong because of he --

CHAI RVAN APCSTOLAKI' S:  Sof tware fail ure.

MEMBER SI EBER: Need we say nore?

MR. NGUYEN. Okay. So that's again a
very, very strong claim And | have insisted here
that it needs very good argunent and evi dence.

EDF wi I | be building a new power plant in
the years to cone based on the Franatone design. And
my team has been in charge to provide this type of
argurment for the analysis for the -- and | had one
year or one year and a half to do that.

So nowif we try to give sone figures on
the probability of digital failure, | would say the
probability of digital failure resides mainly in the
evaluation of the Ilikelihood of a fault in the
specification. And the |lack of understanding are |

would say quite simlar for digital or for analog
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systens. So ny point would be to say probability of
systematic failure of a digital system should be in
t he sane range as an anal og system After that, we

have the probability of failure due to hardware and |
think that there are appropriate nmethods to do that.

So, again, |later one we will take beta
factors between digital systenms. But the beta factors
have nothing to do with the & platform again
provided the fact that the 1&C platform has the
appropri ate defensive neasures.

MR TOROK: COkay. You know, yesterday we
had this probl em when the conputer was unplugged. Do
we know that this is okay?

CHAI RMAN APOCSTOLAKI S:  It's working.

MR TOROK: Well, the computer will go for
a while.

Okay. So our next guy Dave. Now we're
nmoving it to transitioning fromdefensive nmeasures to
risk insights; how do we get fromhere to there,
right? And Dave Bl anchard is our next speaker.

MR. BLANCHARD: M Dave Bl anchard. |I'm
fromApplied Reliability Engineering. And |I've been
wor ki ng with Ray and t he rest of the working group for
the | ast several years in devel oping the guideline.

Early in the presentation we saw our two
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maj or questions were where do the nunbers cone fromin
terms of digital comon cause failures. But a second
guestion was how do we incorporate the effects of
digital common cause failures into risk assessnent.
And what's ny presentation will be on, using the
def ensi ve measur es approach t hat Thuy just introduced.
He has provided us with nmethods to show that the
potential for failure of a digital channel even is on
the sane order of that as a simlar anal og channel.
And in addition to that his defensive neasures
approach as outlined in the guideline allowus also to
take a | ook at the potential for conmon cause beta
factors between redundant channel s of instrunentation
and control .

Now, where t hese redundant channel s exi sts
has an effect on the probability of comon cause
failure. Identical trains in the sane system as an
exanpl e, using the same i nputs, using the sane signal
processi ng and voting logic will probably have a very
hi gh conmon cause factor just because software behaves
determnistically. Between different systens that nay
use different inputs, different signal processing,
different voting | ogic the comon cause factor can be
| ess than one and the gui dance docunent provides

information as to how to go about determ ning the
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nunbers.

W now have to incorporate those common
cause failures into the PRA. And the way we do that
according to the guideline, is to take a |ook the
defense-in-depth and the diversity that exists in the
plant as nodeled in the PRA with the existing
nmechani cal and el ectrical mtigating systens. And in
a mnute I'll illustrate how that's done.

W' Il incorporate those potential effects
of digital CCF into the PRA and reevaluate a core
damage frequency using one of the three nmethods that
are in the guideline.

And then on conpletion of that we'll
perform sensitivity study to help develop insights
with respect to, well several things. Under what
acci dent sequence conditions does |&C diversity have
val ue? Under what conditions does it appear that the
risk is insensitive to digital comon cause fail ures?
And as i nportant as those first two questions, why are
the results sensitive or insensitive to the
i ntroduction of digital commbn cause failures? Wat
design features and operating characteristics of the
plant and of the 1&C system itself cause those
results?

Now, as we devel oped the guideline we in
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fact i ncorporatedinsights, accepted data, mani pul at ed
nodels from quite a nunmber of PRAs to make sure we
under st ood t he nature of the kinds of insights that we
could develop. There were sone five PRAs that
ultimately ended up being used as a part of the
devel opnent of the guideline. There were three
West i nghouse PWRs, differing vintage froma two | oop
Westinghouse plant up to a four loop. W had a
combusti on engi neeri ng PRAthat we were al |l owed to use
for sone of these sensitivity studies. And then we
also had a BWR 4 who volunteered their PRA for this
effort.

And we began pretty sinply just | ooking at
some of the mtigating systems and inposing the
effects of common cause failures into each of these
systens and then varying the |ikelihood of the common
cause failures to try and determ ne what the effects
of introducing digital conmon cause failure would be
on each of these systens.

Recogni zing that the systens thenselves
don't work in isolation to provide adequate core
cooling, we then noved on to selecting a few acci dent
sequences and perforned sonme very simlar sensitivity
studies that we had with the systens to see where

digital comon cause failure has a nost significant
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i npact and where the results are insensitive.

CHAI RMAN  APOSTOLAKI'S:  Now | et me
under st and what you did here.

MR, BLANCHARD: Sure.

CHAI RVAN APOSTOLAKI S:  When you say you
vari ed the common cause failure, you varied beta?

MR  BLANCHARD: We varied both the
probability and the beta factor.

CHAI RVAN APOSTOLAKI'S:  Ckay. And did you
do it on the individual systemor cut across systens?

MR. BLANCHARD: I n the beginning we
defined a fairly sinple problem W just sinply took
an individual system and inposed on that systemthe
instrunentation of the comon cause failure of a
presuned digital systemto see what effect it would
have on the reliability of the system

Sonme of the insights we found from that
type of a sensitivity study were that if we had a
systemwith nultiple trains where the nechani cal and
el ectrical equipnent within those trains, nost of it
was active rotating equi pnent or valves that had to
nove, that those types of systens were not very
sensitive to changes in the common cause failure
probability. W could vary the potential for digital

conmmbn cause failure between the trains of those
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systens by an order of magnitude or nore and have very
little effect on the overall failure probability of
t he systens.

W did find sone systens that were fairly
sensitive to the introduction of digital conmon cause
failure. Those were systens which contained a | ot of
passi ve conponents. The AC distribution systemis an
exanpl e or buses and breakers and cables that don't
necessarily have to change position in order to
provide their function during an accident. |In
addition to that, the AC power system has two very
di verse sources of power, off site and the diesel
generators. And when we encountered passive systens
and systens with that kind of diversity we found it
was very easy for the instrunentation and control to
dom nate. And if a failure of the instrunentation and
control were due to commopn cause where multiple
di visions of the system failed, we found the & C to
dom nate in those situations

CHAI RVAN APOSTOLAKI S:  The systens that
were presented earlier to us by the Staff, the
Framat one and Westinghouse, these are supposed to
control all the safety systenms, aren't they?

MR. KEMPER: This is Bill Kenper again.

Wth regard to the RPS and ESFAS, they
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coul d al so be depl oyed with other systemapplications
as wel | .

CHAI RMAN APCSTOLAKI S:  The ESFAS is al
t hese, safety injection --

MR KEMPER. Right. Right. Safety
injection. Exactly. Contained in isolation.

CHAI RMAN APOSTOLAKIS: So is it then
reasonabl e to do the traditional commopn cause failure
analysis and do it on individual systenms? 1Is it
possible that you will have a digital system fault
that would effect the actuation of all the safety
systens?

MR. BLANCHARD: Yes. And, in fact, again
we recogni ze these systens don't work in isolation

CHAI RMAN  APCSTOLAKI'S:  So did you
anal ysi s- -

MR. BLANCHARD: Some are -- each other
and our next step then was to expand the analysis into
| ooking at entire accidents --

CHAI RMAN  APOSTOLAKIS:  To nultiple
systens? So you did that?

MR. BLANCHARD: Yes.

CHAI RVAN APOSTOLAKI'S:  So that's in slide
237

MR. BLANCHARD: That is coming up next,
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yes.
CHAI RVAN APCSTOLAKI S: Ckay.
MR. BLANCHARD: All right. And in fact,
| will get into some exanples of the results in

subsequent sl i des.

Just briefly, we didn't limt ourselves
just to |l ooking at sel ected systens and a few acci dent
sequences fromsonme of these PRAs. W did take a one
full scope level one PRA for a PAR and | ooked at al
t he acci dent sequences in posing a plant wide digital
upgrade into these nodels and then perform ng sonme of
the same sensitivity studies to find out which
acci dent sequences were npst sensitive to the
i ntroduction of digital commobn cause fail ures.

This slide happens to describe the
mtigating systens that were i n the acci dent sequences
for this particular PRA

But the way we did the sensitivity study
was in line with how the guidelines are witten. And
what our guidelines suggest that you do when you're
trying to get insights fromyour PRA with respect to
comon cause failure effects is to viewdigital common
cause failures with three factors:

First the individual channel reliability;

second the fact that redundant channels can fail due
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to common cause reasons, and; thirdly to take a | ook
at the existing diversity in the nechanical and
el ectrical systens into which the instrunentation and
control is being installed.

It needs to be kept in mnd that when we
install this instrunentation and control it 1is
controlling an integrated set of nechanical and
el ectrical systens. And those nechanical and
el ectrical systens have t heir own i nherent defense-i n-
depth and diversity associated with them and that's
probably not going to change as a result of installing
instrumentation and control. So there's some clues
from how the plant is designed and the defense-in-
depth and diversity that already exits in the
nmechani cal and el ectrical systens as to where def ense-
in-depth and diversity may be inportant in the
i nstrunmentation and control.

Now to install or to incorporate the
effects of digital comon cause failure in the PRAs,
"1l use this reliability block diagram the sinple
reliability block diagramto illustration that.

What | have here is an initiating event,
say, a PWR loss of feedwater. Several mtigating
systens are available to cope with that event, one of

themis aux feedwater, another is safety injection in
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t he pores for feed and bl eed purposes. And | can have
operator actions to initiate sone of these systens in
addition to the instrunentati on and control.

Now, for an individual system say the top
mtigating system it has automatic actuation system
that may be digitally controlled. And for the purpose
of performng ny defense-in-depth and diversity
analysis using this PRA, | will insert an event, a
super conponent if youwll, into the nodel that would
reflect failure of the instrunentation and control
from comon cause failure effects that wold
si mul t aneously effect both trains.

Nowto assign the failure probabilitiesto
that conmmon cause event | would use the defensive
nmeasur es approach that are in the guideline, first to
eval uate what | believe the failure probability would
be of a digital channel and then to cone up with the
comon cause failure probability. And the product of
t hose two then woul d be the value that | woul d assign
to the digital cormmon cause event that would fail both
trains of that system

Now because it is an individual systemand
because the instrunentation and the control for each
train likely gets signals fromthe sane sensors, sane

si gnal processing, sane voting |logic for an i ndivi dual
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system the conmmon cause beta factor is likely to be
very high. Probably one. And that kind of guidance is
provided in the EPRI guideline when we're talking
about an individual system

Now when we start |ooking at the second
systemit may al so have digital equipnment that is not
diverse fromthe first system In this case we'd be
tal ki ng about the safety injection systemas a neans
of doing feed and bl eed, which is redundant to t he aux
feedwater system In that particular case, again, |
woul d i nsert a comon cause factor in between the two
system representing digital conmon cause failure of
both the I1&C for both systens. And again | would go
back to ny defensive nmeasures approach to estinmate a
failure probability for an individual channel and a
comon cause beta factor.

Now in this case | may be using different
instrumentation to actuate the system different
net hods of processing the signals, different voting
logic. And so the beta factor between two systens nmay
be less than one. But, again, the guideline line
provi des guidance as to how to determne both the
failure probability of a channel as well as the common
cause beta factor.

And t hen towar ds t he bottomof the di agram
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you'l | see an operator action is available to actuate
t he second mtigating system |If in fact the operator
has to use instrunentation and controls that is not
diverse fromthe digital instrumentation and contro
that actuates the mtigating systens, | wll insert
into my PRA a conmpn cause beta factor that represents
the failure of the operator to be able to take that
action.

And then finally between the initiating
event and sone of the mitigating system the
instrunmentation and control nay not be diverse. An
exanple of that is the turbine controls and the
feedwater system |If they do not happen to be
diverse, then | wll again for the turbine trip
initiating event, | wll insert for the feedwater
system a conmpbn cause beta factor that represents
failure of the feedwater systemgiven a turbine trip.
And again | will go back to ny defensive neasures
approach in the guideline to determne a failure
probability for that common cause beta factor.

So with the super conponent type approach
we install sone fairly sinple logic intothe PRAfirst
to represent digital conmon cause failures of
redundant trains of equipment wthin systens,

redundant systens and operator actions that may
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actuat e t hose redundant systens as wel |l as between the
initiating event and the mtigating systens.

CHAI RMAN  APOSTOLAKI S:  What is the
definition of failure here? Failure to actuate?

MR. BLANCHARD: For the instrunmentation
and control it would be failure to actuate, yes.
Ri ght .

Now, to determ ne how well we could get
insights out of a process like this we perfornmed a
series of sensitivity studies. For this particul ar PWR
PRA for all of its accident sequences we didn't happen
to have a particular digital |1&C design. And so what
we did was to performa series of sensitivity studies
t o det ermi ne where we t hought digital defense-in-depth
and diversity was a value. In the case of the channel
reliability we varied the failure probability of the

| & channels from 10* per demand down to 10 °°

per
demand. For the common cause beta factor we varied
that fromall the way fromone to zero. And then for
how the & C system was installed in the mtigating
systens, we |ooked at several different designs or
architectures.

CHAI RVAN APOSTOLAKI S:  Let ne

under st andi ng here what you' re doing.

MR. BLANCHARD: Sur e.
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CHAI RVAN APOSTCLAKI S:  The common cause
failure rate is beta tines the probability of failure
of one channel, right?

MR. BLANCHARD: Yes.

CHAI RVAN APOSTOLAKI'S: Now when you go to
two systens --

MR. BLANCHARD: Yes.

CHAI RVAN APCSTCLAKI'S:  -- what is one
channel ?

MR. BLANCHARD: \What is one channel ?

CHAI RVAN APOSTCOLAKI' S: Yes.

MR. BLANCHARD: |Is the --

CHAI RVAN APCSTCOLAKIS: It's the system
itself?

MR. BLANCHARD: |'msorry. | m sunderstood
t he questi on.

CHAI RVAN APOSTOLAKI'S: Let's got to the
top then.

Is there a pointer that | can use from
her e?

For this systemyou have the two trains.

MR. BLANCHARD: Yes.

CHAIl RMAN  APOSTCOLAKI'S:  You got a
probability of failure of one, which can be varied

like this. And you have beta, so beta tinmes that is
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the probability of the common cause failure for that

system right?

MR.  BLANCHARD:

CHAI RVAN APOSTOLAKI S:

MR. BLANCHARD

is nechani cal and el ectri cal

CHAI RVAN APOSTOLAKI' S: |

have to put a m crophone on or sit down.

use your pointer.
Now i f when | go
two systems now, right? Thi

systens?

MR.  BLANCHARD:

CHAI RVAN APOSTOLAKI S:

Ri ght .

Ri ght .

And recogni zing the train
under stand. You

Sit down and

to this beta and you have

s beta couples the two

Yes.
How do | get the

Mul tiple this beta by

The failure probability of

One channel ?

One channel .

One of these four

And these two are

comon cause failure rate?
what ?
MR. BLANCHARD:
a channel of one of the systens.
CHAI RVAN APOSTCOLAKI S:
MR. BLANCHARD:
CHAI RVAN APOSTCOLAKI S:
channel s?
MR. BLANCHARD: Yes.
CHAI RVAN APOSTCOLAKI S:
identical? These two are identical, so |

pi ck the
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| ar gest one?

MR. BLANCHARD: Yes.

CHAI RMAN  APOSTOLAKI S:  The | argest
probability or whatever.

MR. BLANCHARD: They may be simlar, yes.

CHAI RMAN APCSTOLAKI'S:  Yes. O nmay be
simlar.

So it's beta tines the probability of
failure of this?

MR. BLANCHARD: Yes.

CHAI RVAN APOSTOLAKI'S:  And when | go here
| don't understand how I multiple --

MR. BLANCHARD: Well, let's say | am
tal ki ng about a turbine trip which has a frequency of
about one a year. About a quarter of turbine trips
turn out to be 1&C rel ated.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. BLANCHARD: So with a .25 per year
initiating event frequency | will find a beta factor
that | can associ ate between the mai n f eedwat er system
and the turbine controls. |If | find there's
functional diversity between the sensors used to
control the feedwater systemand what's used to
control the turbine, then | m ght assign a beta factor

of .1 or .01 --
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CHAI RVAN APCSTCLAKI'S:  But what is the

rate of comon cause failure or coupling of the
initiating event and the failure of the systenf |
nmean, you're tal king about two different things now.
One is a frequency.

MR. BLANCHARD: Yes.

CHAI RVAN APCSTCLAKI'S:  The other is a
probability.

MR. BLANCHARD: The probability woul d
essentially be . 1.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MR. BLANCHARD: If | picked a beta factor
of .1 for the conditional probability of the feedwater
system given ny turbine trip due to instrunentation
and control.

CHAI RVAN APOSTOLAKI'S:  So you woul d go the
acci dent sequence and say .25 --

MR. BLANCHARD: Yes.

CHAl RMAN  APOSTOLAKI'S:  -- a year
occurrence of the turbine trip because of mal function
of the instrumentation control and then tines -- tines
what ?

MR. BLANCHARD: Poi nt one.

CHAI RVAN APOSTOLAKIS:  Tinmes .1 and that's

it?
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MR. BLANCHARD: Yes.

CHAI RVAN APOSTOLAKI'S:  And the systemis
out .

MR. BLANCHARD: Yes.

CHAI RVAN APOSTOLAKIS: | see. | see. So
t he i ndi vi dual probability of thetrainis not used in
this case?

MR BLANCHARD: It would not be used in
t hi s case.

CHAI RVAN APCSTOLAKI S:  Because the --

MR BLANCHARD: Each one of these conmon
cause factors fails the entire system

CHAI RVAN APOSTOLAKI S:  Ckay. OCkay. Okay.

MR BLANCHARD: This conmon cause failure
fails these two systens.

CHAI RVMAN APCSTOLAKI S:  Yes. (Ckay. So
then | can have al so a beta that couples this system
this system and they operator action?

MR. BLANCHARD: That's correct.

CHAI RVAN APOSTCOLAKI S:  And what are the
results of all of this?

MR. BLANCHARD: [|f | can set up the
problem 1'Il show you the results.

CHAI RVAN APOSTOLAKI'S:  You can set it up

al r eady.
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MR. BLANCHARD: All right. | need to set

up one nore thing.

CHAI RVAN APCSTOLAKI S: Ckay.

MR.  BLANCHARD: (kay. Besides just
| ooking at changes in the failure probabilities I
| ooked at different |&C architectures. | |ooked at
different levels of defense-in-depth and diversity
within the instrunentation and control systemitself.
As an exanple, | could assunme all these systens were
not diverse fromeach other or the initiator with the
exception of one system perhaps the auxiliary
feedwater system It would have a beta factor of zero
in ternms of conmon cause given failure of
i nstrumentation and control on these other systens in
t hat case.

CHAI RMAN  APOSTOLAKI S:  Are these
assunptions on your part? Are you working with a real
PRA?

MR. BLANCHARD: |'mworking with a rea
PRA and |' massumi ng a pl ant wi de di gital upgrade, but
| don't happen to have an actual digital systemso |'m
perform ng sensitivity studies to decide where in al
t he acci dent sequences do | believe defense-in-depth
and diversity in the instrunmentation and control is of

nmost val ue.
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CHAlI RMAN APOSTCOLAKI S: | see. And these

are sensitivity studies here, right?

MR. BLANCHARD: These are going to be
sensitivity studies.

CHAI RVAN APCSTOLAKI S:  Is there one of

them where it says everything is identical to each

ot her and --

MR. BLANCHARD: | skipped over that one
because that's a really bad answer. Yes. | started
wth --

CHAI RVAN APOSTCOLAKIS:  You're surprised
we're | ooking for it?

MR. BLANCHARD: Yes, actually I am They
asked me not to nention that one yesterday when --

CHAI RVAN APOSTOLAKI S:  So even if | ask
you, you will not tell me?

MR. BLANCHARD: Ch, no. | can probably go
back and find --

CHAI RVAN APCSTCLAKI S: So what was the
probability of the frequency of the accident
sequencing if none of these things had defense-in-
dept h?

MR. BLANCHARD: Ch, | would have to go
back and | ook on the analysis that | did.

CHAl RMAN APOSTOLAKI'S:  So you' re not
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telling?

VR. BLANCHARD: Basically it's an
frequency of the initiating event.

CHAI RVAN APOSTOLAKI'S:  No, for the one you
anal yzed. You have a table in the next slide.

MR. BLANCHARD: Ch, I'll show you. Yes.
" m sorry.

CHAI RVAN APOCSTOLAKI S:  Yes, let's | ook at
t he next slide.

MR. BLANCHARD: I|I'msorry. | thought you
were asking for the one where everything was not
di verse

CHAI RVMAN APOSTOLAKI' S:  Yes. That's what
|"masking for. The next table doesn't have that on
it?

MR. BLANCHARD: The next table does not
have that one.

CHAI RMAN APOSTOLAKI S:  Ri ght .

MR. BLANCHARD: Right. But basically it's
the initiating event frequency.

CHAI RMAN APOCSTOLAKI'S:  Ch, in 257

MR. BLANCHARD: Yes.

CHAI RVAN APCSTCLAKI S:  Tinmes .1, perhaps?

MR. BLANCHARD: Well, if you want to

assume sone diversity between feedwater and -- yes.
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CHAI RVAN APCSTOLAKI'S:  Yes. So in the

wor st case, worst, worst, worst case --

MR. BLANCHARD: Yes.

CHAI RMAN APOCSTOLAKIS:  -- | will have a
pretty significant sequence?

MR. BLANCHARD: Yes.

CHAI RMVAN APOCSTOLAKI'S: And you are arguing
that this worst, worst case is not really realistic?
That's really what you're arguing, aren't you?

MR. BLANCHARD: That's right. And so |eft
it out of the presentation. But | think we are
interested in |ooking at the inposing diversity on
single systens with respect to everything else, and
maybe nore than one system and then maybe nore than
one system plus a diverse actuation system for one
ot her system

CHAI RVAN APOSTOLAKI'S:  Now when you say
di verse actuation system can you explainit alittle
bit?

MR.  BLANCHARD: Similar to what is
required in the ATWAS rule for aux feedwater.

CHAI RVAN APOSTCOLAKI S:  Yes.

MR. BLANCHARD: Maybe an anal og system
that's diverse fromthe digital system

CHAI RVAN APOSTOLAKI S:  But | thought we
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couldn't find anal og conponents anynore?

MR. BLANCHARD: Sone of the ATWAS systens
are very sinple and, yes, they are analog. Sone of
t hem ar e anal og.

CHAI RVAN APOSTOLAKI'S:  They are now. But
if you want to replace those will you be able to find
ot her anal og conponents? 1Isn't that one of the prine
reasons why we're working on this?

MR STRINGFELLOW Yes. This is Jack
Stringfell ow again.

This is not to say that anal og conponents
no longer exist. | nean many of us are currently
mai ntaining our protection systens, our analog
protection systenms with parts that we -- cards, for
exanple. ASIC cards that were devel oped for just for
t he purpose of mai ntaining those systens. But we have
the capability in specific cases to mmintain these
anal og systens, and many of us are doing that.

MR. BLANCHARD: O herw se you woul d have
to go to a diverse digital system

CHAI RVAN APOSTOLAKI' S: And what woul d t hat
be?

MR, BLANCHARD: |'m sorry?

CHAI RVAN APOSTOLAKI S: What woul d t hat be?

A diverse digital systenms neans what? Different
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par anet er ?

MR. BLANCHARD: Different manufacturer,
di fferent synptons, different signals.

CHAI RMAN APOSTOLAKI S: Look at that
results now.

MR. BLANCHARD: Ckay. All right. well,
one last thing, if you don't mnd. Wat |'ve done
here is essentially build a three dinmensional nmatrix
where |"'mgoing to vary all three of these factors and
then look at the final core damage frequency to
identify which conbinations of these factors get ne
back to a core damage frequency close to what |
started with. That was the purpose of these
sensitivity studies.

And | will showyou the results for two of
the initiators. First is loss of feedwater for this
PRA. It happens to have a 8 times 10 2 per year
frequency. It's core danage frequency is five tines
10" per year.

CHAI RVAN  APCSTOLAKI' S:  You neant the
contributing of this sequence is five tines to m nus
seven?

MR. BLANCHARD: This is all the sequences

associated with | oss of feedwater.

CHAI RVAN APCSTOLAKI S Ckay.

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

105
MR. BLANCHARD: All of them

CHAI RMAN APOSTOLAKI S:  Yes, that's what
|"msaying. This initiator?

MR. BLANCHARD: This initiator, yes.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. BLANCHARD: Now |I'm just going to show
you a slice of three dinensional matrix. |t happens
to be the slice where |I've assuned the probability of
a failure of a single channel is 10* --

CHAI RVAN APOCSTOLAKI S:  On what basi s?

MR.  BLANCHARD: Well, ny defensive
neasures will get ne to that basis.

CHAI RMAN APOSTOLAKI'S:  Yes. But one of
the slides earlier said that a strict process doesn't
necessarily lead to a highly reliable software.
That's a result of a very stringent process
controlling the process of devel oping the software,
10* or --

MR. TOROK: Pl us good defensive neasures.

|"msorry. This is Ray Torok

Yes. It's a good process plus good
def ensi ve neasures to justify a nunber in that range.

CHAI RVAN APOSTOLAKI S: Def ensi ve neasures
on a single channel ?

MR TORCKK: Yes.
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CHAI RVAN APCSTOLAKI S: Li ke what ?

MR. TOROK: You apply the defensive
nmeasures eval uation that Thuy described --

CHAI RMAN APCSTOLAKIS:  So that's the
process?

MR TOROK: No. |I'msorry. | understand.
When we refer to process, we usually tal k about the
sof t ware devel opnent process.

CHAI RVAN APCSTOLAKI S:  Ckay. So what
defensive -- rem nd nme what defensive nmeasures would
apply to a single channel.

MR. NGUYEN:. This is Thuy.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MR. NGUYEN. For exanple, cyclic behavior
and a very strict identification of all the factors
that could take the software out of this cyclic
functi oni ng.

CHAI RVAN APOSTOLAKIS:  |I'm having a
problemwi th that. | nean, conme on. W' ve had, what
isit, Appendix Bis it, the quality assurance. Yes.
That's as stringent as anything and still we've had
failures. So there is nothing unique about what you
are doing here, is it?

MR. NGUYEN:. Oh.

CHAI RVAN APCSTCLAKI S:  On.
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MEMBER KRESS: What's the probability of

failure on demand for the analog system that this
repl aced?

MR BLANCHARD: Well, as it turns out we
have built a small nodel of the two out of four taken
twi ce system made of relays, contacts and rel ays.

MEMBER KRESS: Yes.

MR. BLANCHARD: And for a single channel
it happens to be right on the order of 10* --

MEMBER KRESS: That m ght be a
justification to that, because we heard earlier that
you coul d al nbst assune that the replacenent system
has a failure probability of at |east as good as the
anal og.

MR BLANCHARD: It was better than an
assunption. W believe we can justify that.

MEMBER KRESS: Right. You believed you
could justify that.

CHAI RVAN APOSTCOLAKI'S:  |I'mat a | oss here.
| don't even know whether the beta factor nodel
appl i es.

MR. BLANCHARD: \hether the --

CHAI RMAN APCSTOLAKI S:  Yes. The beta
factor nodel for conmon cause failures, why would it

apply to a system where the comon cause failure nmay

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

108

be a specification error? | don't know. Does anybody
know? And still, the 10 "% | mean there is not hing
uni que -- wait.

M. Nguyen?

MR. NGUYEN: Yes.

CHAI RVAN APCSTCOLAKI S:  There is uni que
about the quality control you are putting here because
t hi s busi ness fromday one has very strange in quality
control processes. And yet things fail. So what's so
uni que about this? You're giving nme a nmetaphor with
a circle, that's very illum nating, you know, for
educati onal purposes. But don't tell ne that it's 10

* because you do a circle.

MR. NGUYEN. Well, it's -- no. But what
I'"'m saying is that because |I'm working a cyclic
behavior, | can identify where are the nost I|ikely

poi nts that could cause fail ures.

CHAI RVAN APCSTOLAKI'S: And why can't | do

that with punps so the punps will never fail?
MR NGUYEN: |'mnot a nmechanica
engi neer.
CHAI RVAN APOCSTOLAKI' S: | know.

MR. NGUYEN. So | don't know.
MR. TORCOK: Because punps wear out is a

easy answer.
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MR. GUARRCO But in the anal ogy bet ween t he

analog and digital systens so that was back on --
let's see, | think it was slide 20 there is the
statenent "The likelihood of specification errors is
conpar abl e for equi val ent anal og and di gital systens."
| "' m personal ly not convinced that that's true.

CHAI RVAN APOCSTOLAKI'S:  No. | nean, there
are so many assunptions in all this.

MR GUARRO. Because, | nean, | think that
the design process or an analog system is quite
different from the design process of sonething that
i nvol ves software. And having worked both with
engi neers and software programers, they behave very
differently. So to say that the specification error
woul d be the same, | think that's a big junp in faith.

CHAI RVMAN APOSTOLAKI'S:  And also, 1'd like
sonmebody to convince nme why the beta factor nodel
appl i es here.

MR TOROK: My | offer a couple of
clarifications. This is Ray Torok again.

You nentioned the Appendix B quality
assurance process. And that is a process that tries
to insure that you end up with high quality software.
And for software devel opnment it would require that

certain docunents be generated al ong the way of
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sof tware requi renment s specification and arequirenents
transability matrix and so on, and you do all the
right testing on the software. It's all about process
for software devel opnent. That's not what was Thuy was
tal ki ng about when he said defensive neasures.

Now some of those process elenents do
constitute defensive neasures. But what he's really
looking at is the end product and the design
attributes that end up built into it.

A good process does not guarantee a good
design. It gives you the well docunents design, but
not a good desi gn.

CHAI RVAN APOSTOLAKI'S: | agree. But how
do you know the circle?

MR. NGUYEN:. This is Thuy again.

CHAI RVAN APOSTCOLAKI S: Yes.

MR. NGUYEN. | can give you the exanpl e of
what | will be doing for the Tel eperm XS for EDF' s
purposes. W have a requirenment from Framatone to
have the source code and the design docunents of the
Teleperm XS. And we'll have them in offices for
anal ysi s by advanced tool s by, | woul d say, the fornal
verification nmethods that exist currently. And, of
cour se- -

CHAI RVAN APOSTOLAKI'S:  You still don't
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know the circle.

MR, NGUYEN. Sorry?

CHAl RMAN APCSTOLAKI'S: | nean, you are
gaining confidence that the thing will not fail in
frequency, but you still don't know the circle.

MR. NGUYEN: | know the circle because --
|"'m a software engineer. | can understand and read
what are the statenent, the individual statenents that
are put in the software prograns that command the
behavi or of the software. That has been the way we
have assessed safety particular software since many
years now. And that has been -- we have devel oped and
acquired tools to do that.

MR. TOROK: The other point 1'd like to
make -- this is Ray again. |Is that if you're going to
pick nunbers for failure probabilities and beta
factors, and Dave used themin an evaluation. And
we're not trying to make cl ai ns about what the real
failure probabilities are. Wat we are trying to do
is make clainms that we can identify the places where
a diversity is inportant, diversity in |I& is
important and where it isn't. Were it's nore |likely
to be inportant. And that's what the risk insights
here are about. | don't believe those specific

nunbers anynore than you do. And if you want to say
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wel | 10 that's fine, you do it. Do it at 10°% and
Dave's done those sensitivities. And that's really
what the exercise is about in generating risk
i nsi ghts.

CHAI RVAN APOSTCOLAKI S:  But an actuation
system I'mnot really difficult to convince that you
have a |low probability of failure. | nmean, all it
does is send a signal to start sonething. But if you
go to nore advance platforms, | don't believe -- of
course | have to think about the beta factor.

First of all, if the individual channel
becomes 10°% now everything goes up by two orders of
magni tude, right? So what does that tell you? |
don't know what it tells nme. It tells nme that if I
have one diverse systemit's 1.6 107°?

MR. BLANCHARD: |f your goal is to keep
your core damage frequency where it was before you
installed the system and you install a 10% channel,
it says you're going to have to do a lot nore in terms
of installing other diverse systens or justifying a
very |low beta factor in order to maintain that core
damage frequency.

CHAI RVAN APOSTOLAKI'S:  Yes. By the way,
t hese nunbers on the table refer to all the sequences

initiated by | oss of feedwater?
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MR. BLANCHARD: Yes.

CHAI RMAN APOSTOLAKIS:  So if | make the
i ndi vi dual channel 102 | end up one 1.6 10°° which
is about four orders of magnitude greater than the
current. And | still don't know what that tells ne.
Four orders of nmagnitude, you know, is a |ot.

MR. BLANCHARD: Yes. Well, if it does get
you to 1.6 tines 10° what it says is we have to go--

CHAI RVAN APCSTOLAKIS:  Wth two systemns
di verse and so on?

MR. BLANCHARD: Yes. W have to go way
down on this list of diversity in the instrunentation
and control and way over to the right of the chart in
ternms of the beta factor before we have an acceptabl e
side --

CHAI RVAN APCSTOLAKI S: Wy, by the way,
have you shaded sone of these dark shade?

MEMBER KRESS: The acceptabl e regions.

MR. BLANCHARD: These are what | am
calling acceptional regions.

CHAI RVMAN APOCSTOLAKI'S:  Ch, | see.

MR. BLANCHARD: These are core danmge
frequencies that are close to what | started wth.

CHAI RMVAN APCSTOLAKI S:  To the original

Yes.
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MEMBER KRESS: | woul d have been tenpting
to put the dark shadi ng on the next round. You got it
lightly shaded | noticed.

MR. BLANCHARD: Yes, those were kind of in
bet ween nunbers where | wasn't quite confortable

MEMBER KRESS: Maybe you coul d have them
maybe not. Yes.

MR. BLANCHARD: And | have 18 initiating
events to do this with. And when | get done ny change

in core damage frequency has to be small for the sum

of them

CHAI RVAN APOSTCOLAKI' S: Yes.

MR. BLANCHARD: And so that's what the
shading is. | could probably live with the slightly
shaded areas. But, again, | have to do a |lot of work

on the other initiating events to make sure they're
smal | .

CHAI RVAN APOCSTOLAKI'S: Wl l, there's the
whole issue with bringing software into the PRA
becones trivial the nonent you are willing to accept
the probability of one channel failing is something
you can estimate. Then everything, of course, becones
bui I ding on mani pul ations. It's that PDF of 10* for
demand that is a mgjor problem | nmean, | don't know

how you get that.
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On t he ot her hand t he argunent that, | ook,
even if | assune -- because let's face, these things
are reliable. | nmean, it's not that they're failing
every other week. Even if | assune a very high
nunber, | still get results that are reasonabl e, then
maybe you have a point. In other words, your
phi | osophi cal approach | think is pretty good. How
reliable do they have to be?

MR. BLANCHARD: And --

CHAI RVAN APOCSTOLAKI S: And what ?

MR. BLANCHARD: And the concl usi on we cone
to is the channel of digital reliancy need be no nore
reliable than a simlar channel of anal og.

CHAI RVAN APOSTCLAKI'S: | don't know. Does
everyone agree with that? 1'mnot sure.

MR MORRIS: If | could speak to the
guestion of the reliability of a single channel?

My nane is Pete Mrris. | work for
Westinghouse. |I'm a designer of reactor safety
syst ens.

And i f we step back for a nonent and thi nk
what ki nd of equi pment is being used for these kinds
of applications. In the process control industry, not
nucl ear power but petrol eumrefineries, pharnaceuti cal

factories, all kinds of applications in the process

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

116

control field there are numerous vendors of now al
conput er - based distributed control system

The safety systenms, and for that matter
nonsafety systens, that are being used in nodern
nucl ear power plant upgrades are all based on these
different existing platfornms that have been dedi cat ed
for class 1E service.

| f there were no nucl ear power industry,
there is an overwhel ming enphasis on the reliable
operation of these process control systens for al
kinds of things. Product liability is very inportant
to t he maker of pharnaceuticals. Public safety rel ated
i ssues for someone in a high energy industry is very
inmportant. And the process control industry is
demandi ng that -- or the process control requirenents
for many industries are demanding that very reliable
pl atforns nmust be available for all kinds of safety,
and | don't nean nuclear safety, but practical
everyday public safety anyway. And so by starting
with these kinds of systemyou know that you are
getting systens that have basic reliability
characteristics that approach or, frankly, even exceed
that of the historical anal og-based systens of |ong
ago. Because nodern safety and liability issues

dermand that this equipnent, that these systens, that
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these platforms nmust be that reliable.

CHAI RVAN APOSTOLAKI S: | guess our probl em
here is not just that they have to be reliable. |
nean, we have to be able to denonstrate that one way
or another. That's part of the issue here. It's not
just -- | mean, again, you know | have no doubt that
they're pretty systens. The question is how reliable
are they.

What do we do with our tinme now? Are you
near the end or you still --

MR. BLANCHARD: W are approaching the end
here. If | could just summarize this slide.

CHAI RVAN APCSTOLAKI S:  Yes. Can you do
t hat ?

MR. BLANCHARD: Yes. The conclusion w
came to with respect to the loss of feedwater
initiator is that if | can show that the 1&C for two
systens are diverse fromthe control systemthat nay
have caused the initiating event, plus either have a
di verse actuation systemor allow the operator to be
able toinitiate the systens, then that is sufficient
to bring ny core danage frequency back cl ose to where
it was originally. Al right. And that is with a
probability failure of 10* --

MEMBER KRESS: |If you have 18 sequences,
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why don't you do divide that nunber by 18 or by 10?

MR BLANCHARD: Well, | know that --

MEMBER KRESS: Because these are dom nate
is what --

MR. BLANCHARD: | happen to know t hat sone
of the initiating event frequencies are low to begin
Wi th.

MEMBER KRESS: (kay.

MR. BLANCHARD: And | can --

MEMBER KRESS:. You have prior know edge
that allows you to say that they're not going to
contri bute as nmuch as these?

MR. BLANCHARD: Right. But in the end we
did all 18 initiating events. W did | ook at the
change i n core damage frequency for all 200 sequences,
some together --

MEMBER KRESS: Yes. You could nake a
matrix like this for all 18 of them that would
include all 18 of them

MR BLANCHARD: In fact, we did.

MEMBER KRESS: (kay.

MR BLANCHARD: In fact, we did. And for
different values of failure of a channel. And the
results were that with nmultiple mtigating systens

di verse fromthe cause of the initiating event and t he
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ability of the operator to actuate those systens we
could get very close to a change in core damage
frequency of 10° per year, even assuming very high
beta factors.

MEMBER KRESS: What constitutes a diverse
system in your mnd? Is that manufactured by a
di fferent conpany or a different programrers or what?

MR. TOROK: Technically, | suppose, you
can establish reasonabl e assurance that they won't be
subj ect to the same common cause failure. So --

MEMBER KRESS: So that's just another way
of saying you're diverse.

MR TOROK: Well, yes. And the real answer
is you have to look inside the systens and the
applications to nmake that assunptions. Just because
they're fromdifferent manufacturers or use different
shifts and whatnot is not the whole story. It's not
t he whol e story.

MEMBER KRESS: They have to have sone sort
of different programm ng on them

MR TORCK: Yes. Well, there need to be --
Thuy, did you want to get your two cents worth in
her e?

MR- NGUYEN. Yes. 1've tried to

illustrate defensive nmeasures that would ensure or

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

120

give a very high assurance that the sanme platform

would not be a significant cause of comobn cause

failures. | knowthat it's -- | would say, sonething
that is difficult to swallow. But this is what we can
see fromthe history of these platforns which are used

gquite heavily in other industries.

MR, TORCK: But it cones back to being
abl e to generate an argunment and reasonabl e assurance
that they're not subject to the sane conmon cause
failures. Now Thuy's sayi ng when you do that you'l
find that just because you have the sanme platformin
two different systens doesn't necessarily mean you
have a problem There are other things that you need
to ook at that are going to be nore inportant. But
that's -- you know, it's a different argunent. But you
conme back to reasonable assurance, whatever that
takes, to show that there won't be the sane conmon
cause failure. That's what it really cones down to.

CHAI RMAN APOSTOLAKI' S:  Your concl usi ons?

MR. TOROK: Have we wrapped that up?

MR. BLANCHARD: Finally, for the nedi um
LOCA whi ch we didn't have a chance to tal k about. All
we needed was high reliability software. Wat we
assurmed in terns of diversity anong the mtigating

system or a beta factor between those systens that
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were not diverse played very little role in driving
the risk of the nmedium LOCA. W just needed high
reliability channel of --

MR TORCK: You want to contrast BTP-19
and - -

MR BLANCHARD: Do we want to do that?

MR. TOROK: Ckay. That's good.

| think we ought to just skip to the
conclusions. You' ve already hit these things.

CHAI RVAN  APOSTOLAKI S:  You have a
concl usi ons slide?

MR TOROK: Yes. W can do concl usions
real fast.

CHAI RVAN APCSTOLAKI S: Ckay.

MR TOROK: Ckay. And the first one just
says we believe that nowis the time to start | ooking
at factoring risk insights into defense-in-depth and
di versity eval uation

Let's go to the next one w thout any
detail there. The other one is based on what we're
seeing in sensitivity studies and so on, we would
recommend, nake certain recommendations in regards to
what NRC is pursuing. And we tried to list that here.
W'd say, yes, this is a good area to pursue,

reliability of digital equipnment, nodeling in PRA
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that's great. However, the first thing here don't
start with the general case.

Wien | sat here in June and one of the
Staff presentations onthe Research program there was
a list of issues that can effect digital equipnent.
And it was sort of a general case issues list. And
what you find when you | ook at systens that m ght
really gointo safety applications is they' re designed
in such a way that those issues are irrelevant for
them So | say constrain the problens for starters.
Constrain the problem to a realistic system for a
safety related application. That's all.

The next thing there is to keep track of
where D3 is a val ue and what | evels of reliability you
need. | think it's a big advantage to understand what
your target is before you try to get to it.

Let's see, the third one, oh yes. Address
desi gned i n behavi ors, defensive nmeasures. You know,
what the systemis actually designed to do and ways to
| ook at the product, to evaluate the product because
that is nore inportant indetermningreliability than
the process elenments |ike whether or not you got a
sof tware requirenents specification

So we would say find a way to get that

into the NRC program Now, actually sone of the
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presentations in June did touch on that, but the
enphasis was going in a different direction as far as
| could tell.

The other thing is let's just coordinate
with industry to make sure that we cover all the
i mportant issues and that we don't duplicate effort
anynore than we have to. But |'d say it's certainly
an inportant area to keep working on.

The only other thing | would like to dois
t hank you very nmuch for letting us take all this tine
to talk with you about these. And we'd be happy to
come back again if you think it would be hel pful

CHAI RVAN APOSTOLAKI S:  Thank you very
much, gentl enen

Any questions fromthe people sitting at
t he table?

W do appreciate your com ng here and
explaining this to us. Thank you. And | hope you are
taki ng our coments the way they were intended, in a
constructive way.

MR. STRINGFELLOW |1'd just like to say |
think we had a very constructive conversation and |
really appreciate the depth of the questions and the
chal I engi ng that we got here today. And we're going

to take this back and | hope we can nove forward with
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the review of this docunent.

Thanks.

CHAI RVAN APOSTOLAKI' S:  Thank you

| propose we take ten mnutes break and
t hen come back to the NRC presentation.

(Whereupon, at 4:13 p.m a recess unti
4:28 p.m)

CHAI RVAN APOSTOLAKI S:  COkay. W' re back
to the Staff presentations.

Bill?

MR. KEMPER: Thank you

Yes, again, I'mBill Kenper. |I'mwth iy
col | eague Steve Arndt who will provide nost of the
presentati on.

Thi s di scussion will focus on the systens
aspects of digital technol ogy, whichis Section 3.1 1in
t he Research Pl an.

CHAI RVAN APOSTCOLAKI S: Yes.

MR. KEMPER: Current issues. As we all
know, there is an ever increasing use of digital
systens that requires new i nformati on and conti nuous
i nprovenents to the NRC review process. Digital
systens will take on an ever increasing role in the
protection and control systens of nucl ear power pl ants

and also fuel facilities, I mght add, and even sone
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nonpower production facilities, you know, such as a
nmedi cal group

New system challenges will continue to
energe. For exanple, tin whiskers has becone an issue
with us. Also INC instrunentation and control.
Circuit board aging has been a sonewhat |ong issues
that we're dealing with, not only here but across the
world as well as to digital safety systems. So this
Research program will assist the Staff to develop a
f undanment al under st andi ng of how di gi tal technol ogi es
are used in safety systens and, again, devel op review
gui dance, tools, reviewprocedures andtrainingtothe
staff to support NRC Staff reviews and eval uation of
t he systens.

Now t his next slide is an overview of the
vari ous conponents of this area. W're going to talk
about environnmental stresses in detail in just a
little bit. | believe that's next on the agenda. Mk.
Christina Antonescu wll talk about that. And so
we'll give you a brief overview of the rest of these
systens, the COIS digital safety systens, effective
total harnonic distortion on digital systens conpared
to diversity and defense-in-depth, | east ways what we
believe we intend to do froma research environnent in

t hat ar ea. Systens comruni cations, power distribution
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systeminterfaces with nuclear facilities and finally
operating systemns.

So, with that I'Il turn it over to Steve
to provi de an overvi ew of each of these sections.

CHAI RVAN APOSTOLAKI'S:  So there are two
presentations? One by Steven and one by Christina.

MR. KEMPER  Yes.

CHAI RVAN APCSTOLAKI S: Ckay.

MR KEMPER: Yes. This one is schedul ed
to gountil -- well, it's scheduled to | ast an hour.
We'll try to get through it quicker than that if we
can.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. ARNDT: Yes. Wat we thought we'd do
is go over very quickly all the different prograns in
this program area. And in keeping with the
recommendations of the Subcommittee at our |[ast
neeting, we're going to talk in nore detail about the
ongoi ng programand gi ve you sone results that you can
under st and.

CHAI RVMAN APCSTOLAKI S: Good.

VR. ARNDT: And that's why the
environnental stressors is highlighted in green.
That's of these prograns, that's the only ongoi ng

programwe have. The rest of these will be started in
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the future. O the ones here, | will tell you when we
plan to start the work. The diversity and defense-in-
depth program is the next one to be started. That
will be started this year.

MR KEMPER Ch, and | did want to
hi ghlight one thing, George. You asked a question
earlier today about the priority. In the Research
Plan back in section Table 4 there actually is a
priority assigned to each one of these in terns if
hi gh, medium low.  Ckay.

CHAI RVAN APOSTOLAKI S:  Thank you

MR. KEMPER. And that supports the
schedul e, the associ ated schedul e for the projects.

CHAI RVAN APCSTOLAKIS:  Is the rationa
given, too, or just -- it's performance based. W' ve
just got the result?

MR KEMPER: It relates to the strategic
goal s, the objectives and goals of the strategic plan
of the agency.

CHAI RVAN APCSTOLAKI'S:  1'I1 nake sure
read that. Thank you.

MR. ARNDT: Al so before we go forward |
also want to highlight a couple of issues. Bill
nmentioned that the program plan is not just an NRR

program plan, it's an agency program plan. Sone of
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the areas are nore enphasis on reactor issues. For
exanple, the defense-in-depth issue is a specific
reactor issue. But particularly in this section a |ot
of these issues apply equally to field fabrication
facilities that have distributed control systens,
i ssues about individual conmponents in a nedical -- a
radi ator and things Iike that for the operating system
that's in the THD and things |ike that are applicable
in many cases to nonpower reactor applications that
we're interested in.

CHAI RVAN  APOSTOLAKI S:  That will be
useful .

MR, ARNDT: Yes.

CHAI RVAN APOSTOLAKI S: W' Il come back it.

MR. ARNDT: kay. The systens aspect is
a set of projects that followthis category primarily
because they effect the systemas a whole fromeither
internal or external factors, but are broad scoped.
So they're things like environnental stressors, the
interactions with the digital systens with the rest of
t he support systens in the plant |ike power supplies
and things |ike that. The issue of operating systens
and systens architecture which are not specific to a
parti cul ar conmponent but are generic across a system

And, of course, the issues we're facing with the use
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of COTS and things like that. So that's how this

particul ar group got grouped together.

CHAI RVAN APOSTOLAKIS: By the way, let's
go back to this. 1Isn't the identification or the
failure nodes of software part of the systemaspects?

MR. ARNDT: Yes, but that's really a
crosscutting issue. That's sonething that we have to
deal with in all the different prograns.

CHAI RVAN APOSTCOLAKI'S:  So where will it be
handl ed?

MR KEMPER Well, we have a section
Software Quality Assurance. And that's where that's
treated. That's where we're dealing with that.

CHAI RMAN APOSTOLAKI' S:  Real 1 'y?

MR KEMPER: Yes, | believe it is. Wat
is that?

MR, ARNDT: 3.2

MR KEMPER 3.2. Yes, we tal ked about
that at the last neeting as well.

MR ARNDT: So the research is, and this
simlar to slides you' ve seen before, designed to | ook
at inproving the fundanental understanding of the
digital technol ogy, understanding their strengths,
weaknesses, limtation, capabilities. Ildentifying

what technical information is needed by the reviewers
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i n devel opi ng nore quantitative reviewcriteria where
possi ble. Inproving the |icensing technol ogies, the
tool s, the methodol ogi es and acceptance criteria.

So i n many cases, and actual | y nbst cases,
we already have a process by which to review these
systens. But either because of their ever increasing
conpl exity or because we want to do it better based on
newer information, we have research programs in these
ar eas.

I"mgoing to hit this very, very briefly
because we're going to have a full presentation on
this program but this programis basically | ooking at
how the systens are nmmintained in the expected
environment. What are the issues associated with EM,
with lightening, the environnment in which they exist?
And as we nentioned earlier, Christina will have a
full section on that.

The systens comuni cation i ssue, this was
di scussed in detail this norning, but what we're
really looking at is the safety aspects associ at ed
wi th how t he systens comruni cati ons are put together.
The i nternal and external architectures, the protocols
both proprietary and off-the-shelf protocols; what
nmakes a good safety systemand what are the particul ar

aspects of comuni cations and protocols that we need
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to wrk at. So the idea is to | ook at these systens,
the conplexity, and understand what that is.

CHAI RVAN APCSTOLAKI'S: Now i f what we are
tal king about is actuation systens --

MR, ARNDT: Yes.

CHAI RMVAN APCSTCOLAKI S:  -- systens that
actuation signals, howrelevant is all this? In other
words, by just listening to what you are saying one
gets the inpression that you're talking in very
general terms, general software systenms. And | think
t he EPRI guys al so said sonething to that effect. And
| remenber that, you know, when that Academny work cane
out there were a lot of debates behind it and al
that. And one argunent by the industry was that the
systens you're talking about are extrenely sinple
They're not talking about controlling the space
shuttl e where you have conti nuous feedback and contr ol
and all that. So a | ot of these general findings and,
you know, communication and this and that, may not
apply to the sinpler systenms that an industry is
t hi nki ng of enpl oyi ng.

Li ke actuation systens, do | really have
to worry about conmmunications and all that? Wat do
t hey comuni cat e?

MR. ARNDT: Ckay. There is both an issue
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with what you said and a ot of truth in what you
said. Wien you tal k about general, general you're
exactly correct. Wen you talk about the fact that
there are lots and lots of different protocols out
there, there's lots and lots of different software
conmuni cat i on, the hardware comunication bus
configurations and |ike that; you' re absolutely
correct. That is not something that we are

particul arly concerned about.

The kinds of systens that we regul ate
safety systens, and the kinds of systens that we're
interested in, nonsafety systens that are used in
actual nucl ear power plants or could be in the future,
are the things that we're nost interested in and we're
trying to direct our research toward. So in that case
what you're saying is correct. The research needs to
be focused on those kinds of things that could have
direct inplications on our regul ated systens or those
systens that are inportant to safety from a risk
st andpoi nt.

CHAI RVAN APOSTOLAKI S: And not expected to
be inplenmented in the next several years

MR. ARNDT: Are either currently being
used.

CHAI RVAN APOSTOLAKI S:  Yes.
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MR. ARNDT: O currently being proposed or
sone reason to believe --

CHAl RVAN APCSTCLAKIS: O in the near
ternf?

MR. ARNDT: -- will get into a plant.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MR. KEMPER: And if you'll recall that
diagram that we went over this norning during the
security program we illustrated where sonme of those
i nt erchannel conmuni cations were being deployed in
systens that were being proposed to us for safety
system appl i cati ons.

So you know we have specific reg guide
gui delines. Regulatory requirenments, excuse ne, that
require separation and deal wi th comuni cations. But
this research will explore that to ensure that we
fully appreci ate t he ram fications of this
comuni cati on protocol s and establishreviewcriteria,
again, that the Staff can wuse in reviewing and
accepting these types of applications.

MR WATERMAN:.  This is M ke Waterman
Resear ch

Anytime you have data noving from one
point to another you' ve got yourself a network by

definition. And the way you nove that data is by
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using sone kind of a protocol, be it SINEC L2 or
sonmething |ike that.

The issue that arose with me when | was
trying to review was is | really didn't have
acceptance criteria for what features of SINEC L2
protocol were good features and which features ought
the developer to stay away from And what |
envi sioned of f of | ooking at these various protocols
was to conme with guidance for the Staff so that when
they were | ooking at a digital system such as that
conplicated diagramthat we kept referring to this
norni ng, the reviewer would be able to | ook at that
and say okay, they're using SINEC L2. Let's diginto
how they're using it to nake sure that they're only
usi ng those features of SINEC L2 that are safe. And
we don't have any gui dance for that right now, but the
TSX systemhas a pretty conplicated network structure.
They have an AMD K6 E2 m croprocessor. That's a 266
negahert z m cr oprocessor j ust to do t he
conmuni cat i ons.

So, you know, these systens need to be
reviewed. And right now our criteria for what
protocols are good and bad is sort of vague and it
depends on whoever is reviewing it and what they know

about protocols. So we're trying to devel op sonme nore
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definitive information for the reviewer to use when
he's doing a safety eval uati on.

| guess that was the point --

CHAI RVAN APOSTOLAKI S:  Ckay. Ckay. Let's
go on.

MR. ARNDT: Let me rephrase that just
slightly before we go on. The issue is, as | said,
very general we're not that interested in because of
the application issues. But the sinplicity issue is
sonmething that we really need to be | ooking at now.
Because we're not just tal king about sinple | adder
| ogic anynore. There's a lot of fairly conplicated
i mpl enentations of these trip functions and basic
control functions because of the kinds of issues that
M ke just pointed out.

MEMBER S| EBER: Let ne ask probably a too
sinple question. GDC 24 tal ks about separation
bet ween protection and control. The way | read that it
doesn't necessarily say that you can't use a single
processors for both functions.

MR. ARNDT: That is a -- Bill, you want

MEMBER SI EBER:  Can you or can't you?
MR KEMPER: |'msorry?

MEMBER SI EBER: Can you or nust you use
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separate CPUs between control systenms and protection
systens?

MR. KEMPER: Between the control system
and protection systenf

MEMBER SIEBER. Yes. Can you run it al
t hrough the sane box?

MR. KEMPER  Well, typically you don't
have a control systemand a protection systemin the
same box. Typically they' re not comm ngl ed, okay?
Just from a design strategy.

MEMBER S| EBER:  Yes. The question is is it
outl awed? GDC 24 when | read it really doesn't tel
me that.

MR. KEMPER Well, GDC 24 is specified as
a separation criteria, right, applicable to --

MEMBER SIEBER. Right. And it | ooks like
nore transducers and cutout swi tches and stuff |ike
t hat .

MR. KEMPER: Right. Yes. That's the idea
so that faults are not promul gated, obviously, from
one channel to the other.

MEMBER SI EBER  Ri ght.

MR. KEMPER  Communi cation strategies,

t hough, are different and the task here is to make

sure that the comuni cation strategies don't interfere
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with the electrical separation that's required by GDC
24. So that's what we're trying to do here is

eval uate various neans that the vendors are using for
conmmuni cati ons between channels and understand the
ram fications of that. And, as we said, devel op
acceptance criteria ourselves or if we find probl ens,
maybe establ i sh some coping strategies on howto deal
with that.

Did that answer your question?

MEMBER S| EBER:  No.

MR KEMPER: |'mnot sure | did.

MEMBER SIEBER No, it didn't. It |eads
nme to anot her question. Fromone channel to another
do you need separate CPUs?

MR. KEMPER  Yes.

MEMBER SI EBER: Are they truly independent
or not?

MR. KEMPER: Yes. Yes, they typically are,
right. Each channel is typically inplenmented by its
own separate CPU

MEMBER S| EBER  Ckay.

MR. KEMPER: It's own box is separation.

MEMBER SI EBER. And "typically" means not
al ways or is there a regulation, a standard or a

requi renent that says this is the way it's got to be?
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MR. KEMPER: Well, to conply with the

separation requirenents of GOC 24 it has to be that
way. At least, | don't know of any way to skin that
cat, put nore than one channel into one box.

MEMBER SIEBER: That's the way | | ook at
it. CPUs are cheap.

MR. KEMPER: \Well, safety related CPUs,
t hough, are not quite so cheap actually.

MEMBER S| EBER. They're nore expensive?

MR. KEMPER  Yes.

MR. ARNDT: Paul ?

MR LOESER Yes. |'m Paul Loeser. |'m
with NRR

| n your questions the safety systemcannot
be commingled with the control system They have to
have a nunber of degrees of separation as specifiedin
6308, the one that was tal ked about earlier where you
break it down into bl ocks where you have functiona
di versity, equipnent diversity, programm ng diversity,
| anguage diversity. And if someone tried to use the
same, for exanple, Intel mcroprocessor, a 486, for
both systems, we would then have to do a fairly
intricate diversity and defense-in-depth analysis to
see if they were adequately diverse that they coul d be

consi dered not subject to the same comon node failure
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or not.

MEMBER SI EBER: Ckay. That answers the
guesti on.

MR LOESER:. As far as the channels
t hensel ves being separate, two channels in the sane
system nmay be exactly identical but have to be
physically different. They use the sane process and
t he sane software, but they have to be separat ed.

MEMBER SI EBER  Ckay.

MR. LCESER. W run into problens when
peopl e start putting nultiple safety functions on the
same four channels. And then you have to, again, do a
di versity and defense-in-depth analysis to see if you
do have a particular kind of accident and conbi ned
with that you have a common node failure under the
provi sions of branch technical position 19 do you
still have enough defense <considering this 1is
consi dered beyond desi gn basis, to adequately cope.

MEMBER S| EBER  Ckay.

MR. LOESER: But those things are taken
into considerati on when we do our reviews.

MEMBER SI EBER. That answers ny questi on.
Thank you.

MR. KEMPER. Dr. Sieber, with regard to

your question about a control system and a safety

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

system on the same m croprocessor

that specifically prohibits that.

140

, there's nothing

And i ndeed, we ran

into that question when we were doi ng Draft Guide 1130
which will eventually becone the NUREG Gui de 1.152.

At first we had a regulatory position in
there that said you couldn't do it because there was
no barrier that would separate the two. And then
sonmebody fromthe public nentioned well you could run
a safety system on the safe protected node of a
m croprocessor and run your control systemin the
nonprotected node. And that would be an adequate
barrier, to which | guess we conceded that that was a
possibility.

So you coul d conceivably do it on the sane
m croprocessor even though, you know, it's --

MEMBER SIEBER: Yes, that's sort of the
way | read it. And | could picture people trying to
j am everything into m ni num anount of hardware.

MR. KEMPER: At the risk of cutting off
conversation, we need to kind of --

CHAI RVAN APOSTOLAKI'S:  Can you tell ne the
GDC was agai n, Jack.

MEMBER SI EBER.  Twenty-four. It's on page
23 of the plan.

MR. ARNDT: Yes. Right.
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So basically what we're trying to do is
under stand and devel op the issues and the procedures
and policies and acceptance criteria for these
parti cul ar ki nds of i ssues. Use comrunication systens
that are nost likely to be used for the safety
functions, the failures in areas that we're interested
in and these kind of issues. And develop realistic
ways of doing these kinds of analysis. This project
is currently scheduled to start in 'O07.

As we've heard several tinmes today COIS
systens are a continuing challenge for us. They're
bei ng used extensively in the retrofit and there are
both issues associated with the dedication of the
systens and howthey' re i nterconnected and things |ike
t hat .

Li censees typically qualify COTS systemns
for nuclear applications through a conbination of
special tests and inspections, supplier surveys,
source verification and perfornmance history. W then
do a qualitative review of their dedication

This project, which is going to start on
"07, is designed to try and inprove that review
process. Make it easier, nore quantitative, |ook at
the tools that are out there to assess these systens

in a box kind of way. Look at issues |ike nodel
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checking, statistical testing these kinds of things
and understand what is adequate, what |evel of

i nformati on do you need, what kind of sanples do you
need to take. Do you do a thread audit? |If you do a
t hread audit, how many t hreads do you have to | ook at?
Try and get better nore efficient process for the
revi ew of these systens.

Okay. The next two projects | ook at the
i ssues associated with the electrical power for
digital systens. 1In the plan you'll read a coupl e of
LER exanpl es of chall enges we' ve had to the operation
of digital systenms due to internedi ate power, |oss of
power, voltage fluctuations and things |ike that that
digital systems behaved differently than the anal og
systens that they replaced.

CHAI RVMAN APOSTOLAKI' S:  Yes, they did.

MR ARNDT: And there's been a nunber of
exanpl es of these. So we really want to | ook at these
i ssues and see whether or not they're going to be a
problem There's been sone anecdotal experience that
says that there nay be sone problens. So we want to
| ook at the systens, understand the systens, devel op
net hods to anal yze t hese systens and det er mi ne whet her
or not we need to | ook at them harder when we do the

revi ews.
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Again, this is arelatively lowpriority
but it's scheduled to start in '08. kay.

The next project is a project onasimlar
line but looking at a different aspect. Digital
systens, particularly some of the newer high density
digital systens are very sensitive to power quality,
particularly issues |ike zero crossing and things |like
that, timng issues associated with nuclear power
guality. As the systens becone nore and nore
dependent on the |ow voltage nenory states, high Cs
densities this is sonething we really want to | ook at.

One of the interesting --

CHAl RMVAN APOSTOLAKI S: | --

MR ARNDT: Co ahead.

CHAI RMAN APOSTOLAKI S:  Go ahead. Go
ahead.

MR. ARNDT: One of the interesting
aspects, of course, isthat this is not just sw tching
power supplies and things like this. This is
everyt hi ng downstream of the power supplies. And one
of the big issues is nonlinear |oads. WlIl, one of
the things that's a nonlinear load is digital systens
t hensel ves. So for relatively sinple systens it's not
a big deal. But when you start |oading down a power

supply with a lot of nonlinear |oads |ike digital
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systens, you can actually end up with serious issues
associ ated with nonlinear | oads.

So the research will look at what's
currently out there, what's being devel oped. There's
a new | EEE standard 519 that | ooks at this particul ar
ki nds of issue. Again, try to devel op net hodol ogi es
and acceptance criteria, what are the inportant
characteristics and what should we be directing the
reviews to | ook Iike.

CHAI RVAN APOSTOLAKI'S: Now, agai n, one of
t he i ssues t hat has been rai sed over and over againis
what will be the specific contributions of each of
t hese projects that can be used by the agency groups
that are actually maki ng deci sions?

MR. ARNDT: Right.

CHAI RVAN APCSTCLAKI'S:  And one of the
guestions before you answer that question is how is
the agency handling this issue now? GCkay. Because
we've heard there's a Chapter 7 -- is this issue of
THD handl ed in sone way now?

MR. ARNDT: There is a power quality
requi renent, and | don't renmenber the specific areain
Chapter 7. Maybe ny NRR coll eagues can refresh ny
menory. But support systemtype issues are revi ewed.

CHAI RMAN APOCSTOLAKIS:  Are reviewed or are
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not ?

MR. ARNDT: Are part of the review

CHAI RVAN APCSTOLAKI S: Ckay.

MR. ARNDT: Paul ?

MR. LOESER: Paul Loeser from NRR agai n.

Yes, this is an i ssue now and has been for
some tinme. W have sone requirenents. For exanple,
we only allowa five percent total harnonic distortion
under worse case and itens |like this. The problem
we're beginning to see is that as voltages drop we're
now getting into 2.4 volt circuitry whereas in the
past it was also 5 volts. Sonme of it's getting to 1.6
and .8 volt. The line thicknesses are getting much
thinner. The | oads are getting nuch greater on the
itens.

So while we're handling now with exiting
equi pnent, we're worried that in the future the rul es
we have in effect may not hold and we need sone
research or sone guidance from sonmebody to tell us
what kind of rules should we have for the future.

CHAI RVAN APOCSTOLAKIS:  Bill, | really
think that statements of this type should find their
way into the plan. | think it will strengthen it so
much. and | urge you when you cone before the ful

Commttee in Novenber to do that as nuch as you can.
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MR. KEMPER:  Ckay.

CHAI RMAN APOCSTOLAKIS: | realize it's
only, what, two or three weeks back and you have to
have your 15 reviews if you change anything. But it's
so inmportant. | mean, judging from past experience
with other research plans, nopst notably the human
factors research plan that this Conmttee reviewed a
few years ago, what the nenbers want to see is that
kind of notivation. They don't want to see -- | nean
this is not the National Science Foundation. W are
not trying to advance science for its own sake. W
have a regul atory objective. So by citing things |ike
that in all projects ideal even, you know --

MR KEMPER: Right.

CHAI RMAN APOSTOLAKI'S:  -- within reason
| think it's going to go a long way towards convi nci ng
people that this is a solid research plan.

So please in the presentation, | nmean
we're going to discuss this tonorrow again. But the
presentation in ny view, this is one of the nobst
critical aspects.

Bot h of you have t hought about it al ready.
| mean, it's not that it's newto you. |It's just that
some criteria hasn't found its way in the witten

docurents and the slides. Because every tine | ask
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the question, there is an answer.

MR. KEMPER. Well, if you'll notice the
| ast three tick bodies enbody really the issues that
Paul just spoke to. He just gave it a nmuch nore
passi onate and heartfelt description --

CHAI RMAN APCSTOLAKI'S:  Put it in -- he
gave it a different spin.

MR. KEMPER: And you're absolutely right.
Because that's why we're doing this is to support NRR
and our stakehol ders.

CHAI RMAN APOCSTOLAKI' S:  Ri ght .

MR. KEMPER: You know, we're not doing
research for the sake of just doing research

So good coment. | agree with you.

CHAI RVAN APOSTOLAKI' S:  Yes. So let's nake
sure that this is one of the top priorities in
preparing for the full Conmttee neeting. Because, as
you know, the letter will be witten then.

MR. KEMPER: Right. Right.

CHAI RVAN APOSTOLAKI S:  It's very inportant
to be sensitive.

Ckay, Steve.

MR. ARNDT: Yes. And | want to point out
one other thing. At the bottomof all these |

basically say when the project is going to kick off,

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

148

if it hasn't already. And one of the things we're
trying to do in a very proactive way because we've
been | ess than successful in the past, is for all the
new prograns we' ve got the general outline of what the
issue is and what we're trying to solve and how we're
basically planning on doing it in the research program
plan. But the real details will be devel oped in the
statenent of work of the program for either in-house
work or contract work. And that's going to be done in
conjunction with our stakehol ders, be it NRR NMSS or
what ever .

Operating systens. |'mgoing to go
t hrough this reasonably quickly, even though it's a
very conplicated issue. And this is an area where
it's really a multiple stakehol der issues. There's
i ssues for operating systens in materials, issues in
nmedi cal devices and fuel fabrication issues in the
pl ant systens, both the safety systens and nonsafety
systens. So this is one of the ones that is pretty
br oad based.

As we've been tal king. The systens are a
| ot nore conplex nowthan they were in the early days.
In the day of the National Acadeny study nmany systens
didn't have operating systems. They were very sinple

systens. That's much | ess so today.
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In nbst cases we can get access to the
operating system Hardware less so in the COTS
envi ronnment. So understanding the characteristics of
systens and what potenti al problems with the
characteristics of the systembecone nore and nore an
i ssue as we have less information in COIS space. And
we really have to understand how this works.

W' ve | ooked at this in the past and we thi nk we
need to do nore work in this area.

So this program whichis also startingin
' 08 dependi ng on i nput fromother stakeholders it may
get pushed up, but it depends. Right now it's
scheduled for '08. W're really l|ooking at issues
associ ated wi th best practices and failure nodes. Try
and understand what is an acceptable review standard
for these systens. And al so | ooki ng at what tools are
avai |l abl e out there and what the fidelity of the tools
are. For exanple, if the licensee conmes in and says
we really really | ooked at our operating system we
understand it, it's not a problem W've used these
tools, we've used this kind of assessnment met hodol ogy.

As Thuy pointed out earlier, there are
nmet hodol ogi es out there to look at reliability and
avai lability of these kinds of systens. But unti

you' ve | ooked at that it's very hard to give any rea
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credit to those kinds of systens. So we really need
to understand the characteristics of operating these
systens and how do you validate them how do you
understand they really are perform ng properly? So
that's really what this project is all about.

And now f or everyone's favorite i ssue. As
we told you i n June, we have a very extensive research
programin the area of risk of digital systems and how
do you nodel themand what's in the i nportant nodeling
characteristics and things like that. And we won't go
into that in detail here because we've already tal ked
about it in other places and | don't want to digress
anynore than | have to. But the other part of that is
how good is our current determ nistic process?

As EPRI nentioned earlier in the day,
there's a |l ot of issues associ ated wi th whether or not
t hat process whi ch was devel oped a nunber of years ago
is a good process. Nowit's a process we have and
there's nothing wong with it. W haven't |icensed
anyt hing that is not going to be sufficiently diverse.
But there's a lot of issues that are being raised by
t he nucl ear industry. So one of the things we want to
do i s understand whether or not this is the current
state of the art for determnistic analysis of

def ense-i n-dept h.
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So basically what we're proposingtodois
perform sone case studies and |ook at the way the
determnistic analysis is laid out in 6303. Review
the risk insights, both our own risk insights and
EPRI's risk insights and verify froma deternministic
st andpoi nt whether or not this is the best we can do.

Sothat's the primary aspect of this. And
as | nentioned, this project is going to start |ater
this year.

MR. KEMPER: Yes. For exanple, a |icensee
right now has an application that NRR is review ng
that they propose to a certain strategy for their
design configuration with regard to diversity and
defense-in-depth. That's kind of the baseline. That's
where we're starting from because we don't have any
ot her specific case studies, if youwll, that we can
draw fromto make judgnents, if you will, and provide
that feedback to the |icensee. So we're thinking for
at | east the generically qualified platfornms it would
be good to performthese studies and conme up with some
nunmbers ourselves. You know, or some concl usions
ourself which what's the best fit, if you will, from
a topology an a design strategy of these | &C systens
for various safety applications.

MR. GUARRO Just trying to understand. |Is
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essentially theintent toidentify the inprovenents to
t he determ nistic approach that woul d seemto satisfy
some risk-informed criteria as well. Because you've
nmentioned risk, sol'm trying to understand what the
connection is.

MR. ARNDT: The objective of this is
sinply that last bullet there, to verify from a
determi nistic standpoint the existing criteriais the
best we can do in a determ nistic space.

The bul | et above that is basically just to
| earn fromwhatever information is out there, both
what the |icensees have subm tted, what's been done in
foreign applications and what if any information is
avai l abl e fromrisk insights. Things that people have
| ooked at, things that peopl e have done that will help
us under st andi ng whet her or not the determnistic --

MR. GUARRO Sone of the objections that we
have heard are based on risk considerations of sone
sort.

MR. ARNDT: Right.

MR, GQUARRO So trying to figure out if
that fits into the fornulation of sone other or
i mproved determ nistic formul a.

MR. ARNDT: As | stated a few nmi nutes ago,

we haven't kicked this off so we don't have the exact
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details yet. But the idea is sinply to | ook at
everything that's out there that we are aware of that
we' re know edgeabl e about to try and understand if
what we're currently doing is the best we can do in
determ ni stic space.

So, for exanple, looking at the EPRI
study. They've pointed out that there are sone issues
that may not be covered in a boundi ng Chapter 15 type
anal ysis. That's sonmething that we want to know if
we're going to | ook at whether or not this is the best
determ ni stic way of doing the deterninistic anal ysis.
| f not capturing sonething that's inportant or if we
are worryi ng about things that are not inportant from
a determnistic standpoint, then we want to | ook and
see whet her or not we can do better. That's truly the
poi nt of having that there.

MR. KEMPER Let nme just try to run
t hrough a case study for exanple just off the top of
nmy head.

A licensee could propose to deploy the
same hardware throughout his plant, primary and
secondary. GCkay. |If you assunme comon node fail ures
of that equipnment and then you run the thernal
hydraul i ¢ anal ysis using best estinmate cal cul ations

per BTP-19 -- we intend to go |look at the effects of
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plants in a determnistic role. Now it was not
witten from a probabilistic perspective because
that's the program that we have right now to dea
with. You could choose a different strategy. You
could choose to conbine the RPS and the ESFAS. You
coul d choose to conmbi ne the RPS, ESFAS and your post
nonitoring system Any nunber. You know, you can just
pick them And the idea is we want to run through a
few of those case studies and see if we can establish
for ourself what is the best fit in terns of a design
phi |l osophy for using the same mcroprocessors, for
usi ng the sane software, that sort of thing.

MR. ARNDT: The other, if you go up one
tick mark, one of the real issues here is in 6303
there's a set of rules associated with how you put
together blocks, how you put together coping
strategies and things i ke that. Wen we review this,
we've got to make some assunptions about how that
nmakes sense and the |icensee has got to make sone
characteristics. You put a line around this block,
you put a line around that block. But one of the
things we want to do is as Bill just nentioned is do
sone case studies. Do it ourselves to understand what
makes sense and what doesn't nmake sense so we can have

a definitive technical basis to go back and say no,
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you really can't do that because if you do that, you
run into problens. And we're not willing to accept
t hat .

CHAI RVAN APOSTOLAKI S:  COkay. Let's nove
on.

MR. ARNDT: Ckay. So those were the
prograns that were highlighted in the research program
pl an.

CHAI RVAN APOSTOLAKI' S:  Very good.

MR. ARNDT: As Bill nentioned, as things
change we get requests for additional prograns from
NRR, MNSS, they'll get thrown into the budget
prioritization process and t hey nay bubbl e to the top.
But that's currently where we are on those issues.
And we wll <continue to work these programs in
conjunction with our coll eagues in MNSS and NRRto try
and get --

CHAI RVAN APOSTOLAKI' S:  Very good.

MR. ARNDT: -- the best product for our
cust omers.

MR. KEMPER: Ckay. W'Ill we're getting
cl ose to being back on track. Al right.

Ckay. Christina Antonescu is going to
provi de a presentation of environnental stressors, as

we prom sed earlier, Section 3.1.1
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CHAI RVAN APOSTOLAKI S: Now, Christina, you

have sonet hing that's agai nst you before you even sit
down. It's 5:10 after a |long day and you have 27
sli des.

M5. ANTONESCU. No, they are backup

CHAI RVAN APCSTOLAKI S: What, 20 of them
are backups?

MS. ANTONESCU:  Yes.

MEMBER S| EBER: Yes, there's only one rea

sl i de.
M5. ANTONESCU. Only 18 | believe are--
CHAI RVAN APOSTOLAKI S:  Can you be nice?
M5. ANTONESCU. | will be nice.
MEMBER BONACA:  You should be nice to her
and tell her we |ike what you do, and then she'll be

nice to us.

CHAI RMAN APOSTOLAKI'S:  And then we'll be
done in a mnute, huh?

MEMBER BONACA: Right.

M5. ANTONESCU. Al right.

CHAI RMAN APOSTOLAKIS: This is a very
unusual color for the heading. | nmean that's nice.

Go ahead.

M5. ANTONESCU. So my nane is Christina

Ant onescu. |'ve been working in the |I&C group for the
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| ast 15 years. And | would like to discuss with you
today the status of our research on environnental
stressors and the inpact on instrunmentation and
control technol ogy.

| have with me Ri chard Whod from Cak Ri dge
Nat i onal Lab. He has been principal investigator for
our projects on environnmental stresses. He has a
background i n t he nucl ear engi neeri ng and he has over
20 years experience with the -- power plant.

And contributing on the discussion, | also
have Paul Ew ng, he's sonmewhere in the back from Gak
Ri dge National Lab. He is a principal investigator
for our electromagnetic conpatibility and |ightning
protection projects. H's background is electrical
engi neering. He has 25 years experience with EMC
radi o frequency transm ssion.

So our research on the environnental
stressors it's currently addressing three mai ntopics.
The lightning protection one. The Conmittee recently
reviewed DG 1137 on lightning protection, so | wll
not repeat the details of +the guide in this
presentation. But it was presented to ACRS on July
6th of this year and revi ewed by the ACRS in July. And
we're ready to issue the draft guide as a final guide

by the end of this year sonetinme as Reg. Guide 1.204.
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The second main topic on environnenta
stressors is the environnmental conpatibility for mld
environnents. DG 1077 was devel oped in response to a
user need from NRR  And the need for DG 1077 is to
provi de an all in one roadmap for acceptabl e practices
for the applicant. Previously the reg guide on mld
environnment qualification was distributed anong
several docunments. So the Committee has seen and
approved DG 1077 before, but its release was del ayed
to allowthe revised | EEE standard to be revi ewed and
to address some scope consideration which is focused
on mld environment rather than harsh and mld
envi ronment .

So | will discuss the status of the DG
1077 in my presentation.

And the third min topic 1is the
el ectromagnetic conpatibility. And EPRI has requested
that NRR consider relaxation of the text limt for
series 114 because it is substantially higher than the
[imt incertain frequency ranges. So the reasons for
the higher limt in Reg. Guide 1.180 and past versions
of the EPRI guide is that sonme plant neasurenents
taken by EPRI were very high. And EPRI had conmitted
to bound those neasurenents with its susceptibility

l[imts, but now suggests that it's analysis of the
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nmeasurenent was flawed. So ny presentation wll
descri be the i ssue on what has been done so far.

So as stated, the Committee has seen the
DG 1077 before, however it's release was del ayed to
permt updating endorsenent of the nobst recent
standard and t o enhance t he gui dance by sharpeningits
f ocus.

DG 1077 was presented i n February of 2003.
ACRS approved it for release and the final effective
gui de was granted --

CHAI RVAN APOSTOLAKI S:  \What does t hat
nmean, "final effective guide?" That's new term nol ogy
to ne.

M5. ANTONESCU:. The final guide was
granted or --

CHAI RVAN APOSTOLAKI'S:  So we approved it
and now you guys say no we're not going to publishit,
we're going to go back and do sone nore work?

M5. ANTONESCU: Yes. And I'mgoing to |et
you know what the reasonis. One of the reasons is to
permt wupdated endorsenent of |EEE standards 323,
whi ch was released in 2003. And then we just -- the
scope of it was also changed frommld and harsh to
mld only.

CHAI RVAN APCSTOLAKI S Ckay.
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M5. ANTONESCU:. However, follow ng the

ACRS review of DG 1077 NUGEQ, that's the Nucl ear
Uility Goup on Equipnent Qualification, requested
t hat the pendi ng update of | EEE 323 be consi dered for
endorsenent. So that's the 2003 version
So in response finalization of DG 1077 was

del ayed so that the standard could be reviewed. And
| EEE 323 was rel eased on Septenber 11, 2003. A review
was conducted by our office with the help of QGak
Ri dge. And DG 1077 has been revised and i s now DG
1142.

So because of the scope reduction of this
DG 1077 we plan to release it for public coment
again. And it will be designed as DG 1142. For
sinmplicity I'll refer to it as DG1077 in ny
presentati on.

So | EEE 323-2003 is very simlar to | EEE
323-1983. The primary difference involves practices
for hash environment qualification. Provisions were
added to | EEE 323-2003 to allow condition nonitoring
to be used to support on-going qualification. Changes
were made to address previous NRC objections, in
particul ar of dual transient as part of the DBA test
profile. And some wordi ng changes were introduced to

add clarity, but in sonme cases they have introduced or

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

161

exacer bated sonme issues regarding harsh environnment
qgual i fication.

So t he gui dance on docunentation for mld
envi ronment remains the same in both versions. And is
consistent with regulatory practice.

The qualification practices in 323-2003
are appropriate for mld environments wth sone
clarification conditions which I'mgoing to cover in
a fewmnutes. And the technical basis for endorsing
| EC 60780 renmins ineffective and are equivalent to
the practices in | EEE 32-2003. But with reduced scope
of DG 1077 which limts the endorsenent to mld
envi ronnment application only.

So endorsenent of both standards is
l[imted now for mld environnent for safety related
conput er - based | &C syst ens.

So et me rem nd you what DG 1077 i s. Wat
does it do? It endorses qualification practices in
323-2003 and | EC 60780 as acceptable for application
to safety rel ated conputer-based | & systens | ocat ed
in mld environnents.

And where does it apply? It applies for
new and nodified --

CHAI RVAN APCSTOLAKI S: Excuse ne, did

m ss, but what is a mld environnent?
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MR WOOD: This is R chard Wod.

It's an environment that does not have a
design basis accident condition. So for harsh
environnents there's a substantial change under an
accident condition. For a mld environnent, the
envi ronnent doesn't change substantially under the
normal or abnormal conditions.

MEMBER SI EBER: It presunmes that it is in
t he contai nment during a LOCA?

MR WOOD:  Yes.

MEMBER S| EBER: So you have pressure
tenperature radi ati on spray, chenical spray.

MS. ANTONESCU. EQ would be --

CHAI RMAN APCSTOLAKI'S:  That's mi | d?

MEMBER S| EBER:  That's harsh

CHAI RMAN APOSTOLAKI S: Ch, harsh

M5. ANTONESCU:. Harsh

MEMBER SIEBER: M 1d is like in here.

MR. WOOD: Normal operation.

CHAI RVAN APOCSTOLAKI' S:  Less than that.

MS. ANTONESCU. Harsh woul d have to be --
the qualified |l anguage has to be established for DBA

CHAI RVAN APCSTOLAKI S: Ckay.

M5. ANTONESCU. So where does it apply?

| already said that.
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What does it provide? |t addresses uni que
characteristics of conputer-based | & systens as wel |
as acceptable evidence for mld environment
qgual i fication.

What has changed i n DG 1077? The revi sion
of the draft guide involves endorsing, again, the
updated | EEE standard in 2003 and also the current
i nternational standard.

The regul atory revi se scope and provi des
poi nters to gui dance on key rel ated issues.

And t he reduced scope to focus
specifically on mld environment qualification of
conmput er - based |1 & systens. Thus since the revised
DG 1077 only applies to m | d environment qualification
of conputer-based | &C system the standards are only
endorsed for mld environnent application by this
guide. As aresult, all previous positions related to
harsh environnment qualification were deleted and
repl aced by positionto point to Reg. Guide 1.89 which
is for harsh environnent as the prevailing gui dance on
gualification on those environnents.

So it was determ ned that har sh
envi ronnment qualification should remain the excl usive
dormai n of Reg. CGuide 1.89.

So because of the revision we proposed
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t hat the gui de be rel eased for another round of public
comment s.

MEMBER SIEBER: Did you ask us to review
it before you released it?

M5. ANTONESCU:. We will.

MEMBER SI EBER  Ckay.

MS. ANTONESCU. That's our intent.

MR. KEMPER: That's comng. That's the
next step.

MEMBER SI EBER  Ckay.

MR. KEMPER. We're going to send it to NRR
and let themreview it and the next step will --

CHAI RVAN APCSTCLAKI S:  That's you, right?

MR. KEMPER: Yes. Bill Kenper.

MEMBER S| EBER  Yes.

M5. ANTONESCU. So what are the position
of DG 1077? W have covered its endorsenent of
standards, so now let's | ook at the enhancenent
exceptions.

DG 1077 provi des one enhancenent to | EEE
323- 2003 and |EC 60780 to addr ess uni que
characteristics of m croprocessors. And the
enhancenent is for conputer that nust be functioning
or the software has to be executing while being

t est ed.
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The second, the systeml evel effects mnust
be considered as a whole, and then test as parts and
confirmno acceptable cunmul ative effects. So that
what | mean is use analysis to supplenent testing.

And the exception, we don't have enough
the exception -- at |east one exception that we are
| ooking at is that enough docunent ed evi dence nust be
available to show qualification. So we're taking
exception to clause 7.1. And 7.1 says that very
little wevidence of qualification needs to be
docurmented for mld environnents. And we're taking
exceptionto that, and that's why we' re consi stent now
with clause 7.2, which specifies full docunentation of
gualification processes including test plans and
results. This docunented evidence necessary for the
Staff to adequately confirm that the functioning
conpl ex conputer systemis in fact qualified for the
environnment in which it was operated.

So the pointers, there are two pointers
that we have. And one is to Reg. Guide 1.180 on ny
guidance that we'd retained from our previous
revisions. And another pointer to Reg. Guide 1.89 on
harsh environment qualification guidance. And this
repl aces al | previous harsh environnents qualification

position in DG 1077. W just point now everything to

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

166
Reg. Cuide 1.89.

Now | "mgoing to | ook at the | ast topic on
el ectromagneti c conpatibility and change the subject.

The industry response to NRC on its
regul atory gui dance on EMC nucl ear power plant has
been generally positive. Regulatory guidance on EMC
began with revi ew and acceptance of EPRI TR-2323 with
stipulation in an SER in 1996. Reg. Guide 1.180 was
released in 2000 and recognized the SER and its
acceptance of TR-2323. Then Reg. Guide 1.180 was
updated in 2003 to incorporate changes in the
acceptable EM/RFI practices. TR-2323 has been
updat ed over the years, but these updates have not
been endorsed by NRC since simlar practices are
i ncluded in Reg. CGuide 1.180.

So the industry response to regulatory
gui dance on EMC has been general ly positive. However,
there is one significant issue that concerns the
i ndustry, and that is CS114 operating envel ope and t he
feeling that it's too harsh. So I'mgoing to tell you
the problens fromEPRI's point of view

EPRI has requested that NRC revi ew CS114
operating envel ope in Reg. Guide 1.180 Rev. 1 because
t he envel ope was based on EPRI's pl anned neasurenents

and the measurenents were flawed. CS114 is a high
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frequency conducted susceptibility test and it has
proven problematic for nearly all equi pnent tested to
date. And very few pieces of the equi pment have
passed the test wi thout being redesigned. This is a
very harsh test.

So CS114 operating envel ope in Reg. Guide
1. 180 actually incorporated plant data obtained from
EPRI and now EPRI says its neasurenent and the
original analysis of plant data were fl awed.

So EPRI says that CS114 is a continuous
wave test and its operating envel ope shoul d be based
on conti nuous wave data, not the transient data. And
we do have separate power surge susceptibility testing
for that, which is | EEE 662. 41.

So it then follows that CS114 operating
envelope in Reg. Guide 1.180 Rev. 1 is subsequently
flaned. The result is that EPRI wants to see the
operating envel ope changed.

So to explain where we are, |' mjust going
to give you some background.

EPRI col |l ected its conducted eni ssion data
in 1994 in seven plants and it captured power
transients. So the subsequent EPRI data profile then
showed hi gh conducted enission levels in the plant.

So Research was only i nfrequently all owed
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to make limted conducted em ssion neasurements in
pl ants because of their intrusive nature and our data
profile showed | ower |evels. Because of the limted
nmeasur enent s our data had a hi gh degree of nmeasurenent
uncertainty.

And how does this ef fect Reg. Guide 1.1807
W incorporated the EPRI data into a devel opnment of
our CS114 operating envel ope. W started with
operating envel ope for the military ground facility in
461D and then addressed it to incorporate EPRI plant
data so that we coul d be consistent with the SER based
on EPRI's TR-102323 guide. Qur goal was to ensure
that safety rel ated equi pnent coul d wi t hstand anbi ent
conducted em ssion in plants, and we assuned t hat EPRI
data was relevant. And we have docunented the
t echnical basis in NUREG CR-6431.

So of course EPRI is nowrevisingits data
col l ection analysis rational e and they are now sayi ng
t heir conduct ed em ssi on data shoul d not have i ncl uded
captured power transients because we have a separate
test for that. Because they're addressed by power
surge susceptibility testing | EEE C62. 41 and C62. 45.
Their argunent is that CS114 operating envel ope was
not intended to be tested on conducted em ssion

measur enents, but rather shoul d be based on a radi at ed
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em ssion environnent. And this is to say that

radi ated em ssions will couple onto signal and power
| eads and interference with the nornmal operation of
the piece of the equipnent. Hence, EPRl is saying
that the original rationale was flawed and the SER
operating envel ope based on 102323 was then al so

fl aned.

And I'm illustrating visually what the
issue is. And we have here a conparison of the
operating envel ope for Reg. Guide 1.180 Rev. 1 and
EPRI TR-102323 and Rev. 3.

The NRC operating envelope is shown in
red. The EPRI envel ope that have been accepted in
Rev. 0 are shown dark green. And the EPRI operating
envel ope that they are reconmending i s show ng bl ue.

So note that the power and signal
operating envelope is the sanme for 102323. This is
based on EPRI' s assunption that the radi at ed em ssi ons
will couple onto both power and signal leads in the
same manner. Thus, the operating envel ope shoul d not
be different.

Al so note that Rev. 2 EPRI envel opes are
shown in black and actually separate the power and
signal |ead envel opes.

Al so you can see that the Reg. Guide and
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EPRI Rev. 2 envelopes for power |leads are very
simlar.

So the problemarea that we're | ooki ng at
is this triangle shown in light green. For nost
equi pnent on this is the frequency range below --
wher e t he exi sti ng operating envel opes have probl emto
be stringent and hard to pass.

So in summary, we have agreed to | ook into
EPRI's request and we have reviewed the information
received from EPRI regarding the CS114 operating
envel ope and in the TR-102323 guide. And we are now
investigating the rationale for EPRI CS114 operating
envelope and if justified, wll develop a revised
position on CS114 operating envel ope.

So we will update the Reg. Gui de based on
the results of the investigation and the revised
posi tion.

MEMBER SI EBER: Are you planning to get

nore data or are you going to use EPRI's data?

MS5. ANTONESCU:. |If necessary. |'m not
sure. Depending on how we're going to -- what we're
going to find out or what our rationale will be or

what we need to justify.
MR WOOD: The real issue is whether or

not the argunment that's presented is a conpelling
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technical argunment. |If not, then it nay require sone
nore nmeasurenents.

MEMBER S| EBER: But you aren't really
contesting the data that becane avail able at plants?
It's howit's applied?

MR. WOOD: W haven't had an opportunity
to look at the details of the EPRI data. So we're not
contesting their argunent. What we're trying to do is
figure out whether their argunment fully explains al
t he potential sources.

MEMBER SI EBER: Ckay. They're contesting,
your argui ng?

MR WOOD: Well, they're contesting their
previ ous argunent.

MS. ANTONESCU. Because we have to take
theirs --

MEMBER SI EBER: |If you have to argue, it's
best to argue with yourself.

MR WOCOD: | think so.

CHAI RVAN APCSTCLAKI S:  Any ot her conments
or questions from people at the table?

Thank you Christina and Ri chard.

MEMBER S| EBER  Ckay.

CHAI RVAN APOSTOLAKI S:  Appreciate it.

W'l see you tonmorrow, Christina, | suppose.
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MS. ANTONESCU. Yes, see you tonorrow.

CHAI RVAN APOSTOLAKIS:  Wth few slides.

M5. ANTONESCU. Fewer slides. Al right.
"1l try to shorten tonight.

MEMBER S| EBER: This was actually very
good. This was very good.

M5. ANTONESCU. Thank you.

CHAl RVAN  APOSTOLAKI S:  You rai se
expectations by showi ng the backup slides, then you
use a topical |ist.

M5. ANTONESCU. Thank you.

CHAI RMVAN APCSTOLAKI S:  That was a good
nove.

M5. ANTONESCU. Thank you.

CHAI RMAN APOSTOLAKI S:  Ckay. As | said
earlier, judging fromthe experiences we've had with
the human factors research plan where the devel opers
had to cone back two or three tinmes to us, and al so
fromsonme of the comments that we've heard here in the
| ast two or three neetings, a separate neeting, it is
extrenely inportant to show how a research plan --
what's the rationale. How it relates to what we are
doi ng al ready and why do we need sonet hi ng new, you
know, to suppl enment or conplinent or inprove on what

we' re doi ng al ready.
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Every tinme | asked a question, you guys
have been answering. So you have t hought about it. But
what has not happened is that that kind of argunent is
not in the plan and in your presentations usually you
ignore it. So what | think you should do is really
focus on it and make a big deal out of it when you
cone back in Novenber. Because we'll wite -- the
letter will be, as | understand it, on the plan not on
i ndi vi dual projects even though you guys described a
ot of them We'Il wait for that for the future after
you have reasonabl e progress.

So as | was thinking about this |ast
ni ght, because | do think that there's a | ot of good
stuff in the plan, | was trying to think how can one
show what you are doi ng and how what you are doi ng
fits in the bigger picture. And the bigger picture
that came to nmy mnd was the reactor oversight
process.

Now, | want to say up front what follows
is not sonmething that you nust do. W are not
recommendi ng that you do it. W ourselves, you know,
are not sure that everything there is on solid ground.
But it's a thought.

This diagram by the way, do you have it

in front of you or can you look it?
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MR KEMPER: W can look at it. Yes.

CHAI RVAN APOSTOLAKI'S: Wl |, you can have
copies. It's over there. They may want to take notes.

MR. KEMPER: W have a copy here.

CHAI RMVAN APOSTOLAKI S:  Yes. Mke, you
have a copy?

So the di agramwas of trenendous val ue to
t he peopl e who devel oped t he react or oversi ght process
because they were able to communicate to the world at
large, in fact, what the agency cares about. So here
i s sone thought.

The overall mssion of the agency is the
top box. Public health and safety. And | put as a
result of severe nuclear reactor operation wth
different color in parenthesis because you probably
had to drop that because you are addi ng now an NMSS
The strategic performance areas were reactor safety,
radi ati on saf ety workers, safeguards and then | put in
purpl e there NMSS

Now t he cornerstones are exactly the sane
fromthe reactor oversight process. Now the purpose
of those is really to see, to help you communicate to
t he reader or the viewer or the revi ewer what kinds of
systens you're tal king about and what parts of the

broader picture they're effecting. You will need sone

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

175

cornerstones for the NMSS, | guess, and t he saf eguards
| "' m not sure how nuch you can put there. But, again,
this is their idea. |In fact, sone of ny coll eagues
have doubts that even the cornerstones for reactor
safety are appropriate in your case.

So the nmessage here is don't take this
literally, okay. Don't take it literally all by --
you know, he said mitigating systens, | have to have
something on there. No, no, it's the idea.

Then under each one, and | think this
conmes really fromthe questions that have been rai sed,
let's say I'm giving as an exanple the nmitigating
systens cornerstone, okay? But you can have arrows
going to barrier integrity and so on. Wat is the
function and the unique characteristics of the system
that we are dealing with in this project, this
particular 6.5.3.2? As an exanple, what was said
today. |It's just a sinple actuation system That's
i mportant to know that you are dealing with a sinple
actuation systemand not trying to control the area.

How i s the agency reviewing it now? Wat
is the current state of the art, in other words, or
the practice? Are we reviewi ng then? Are we
approvi ng these things, disapproving and so on.

The third bullet -- again, even these
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bul | ets shoul d be subject to revision and so on. Wy
do you want to change it? | mean, you know, you
remenber several nonths ago M. Calvert told and we
are happy with what we have. Well, if you are happy,
then why are we spending noney doing anything, you
know. Today we got different responses fromthe NRR
representative. Ckay. Every tine | ask why you want
to do that -- | forget your nane. |'msorry.

MR LOESER:  Paul Loeser.

CHAI RVAN APOSTOLAKI S: Paul stood up and
sai d for such-and-such a reason and nade perfect sense
to ne. That kind of thing would be nice to
conmuni cat e.

Then the heart of the matter, and t hat was
really the fourth bullet is what killed the human
factors plan several tines. If you are successful in
project X, how are you going to change the present
situation? Are you going to shorten the review tine
and nake it nore efficient? Are you going to enhance
it and bring in nore staff and nake it nore effective?
Are you anticipating what's going to happen, as we
sai d today, so you want to be prepared and understand
it better? Can you be a little bit specific in other
words. You know, this is really what we expect.

Now the last bullet was -- |'m not sure
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that | could do that either. Wuld there be any

nmetrics for the previous staff? | find that very

difficult to do nmany tinmes, nost of the tine. But
just in case.

But this again gives you the thrust of the
thing. | nean for each project you answer these or
simlar questions and place themin the context of a
bi gger picture, thenit seenms to nme we are really well
on our way.

And then at the bottom of course, the
cost cutting issues that you guys have a lot of. And

that's fine. You can say, | ook, what we're doi ng here

will effect, you know, detecting that an initiating
event has occurred. At the same tine we will |ook at
the mtigating system |In fact, the beta factor

exanpl e from EPRI was one exanple of that. You know,
you have a loss of feedwater flow and then the
argurment was that 25 percent of the time it's the
turban, and that nmay be coupled with the nmitigating,
the safety system Geat. Okay. So we're doing this
project and we're affecting that.

| don't know. Is wreless technol ogy
primarily related to emergency preparedness? Could
be, huh. | don't know about barrier integrity. But

that helps the reviewer understand a little better
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what we're tal ki ng about and where.
MEMBER SIEBER  Part of this work is
al ready done. |If you | ook at page 125 there's a | ot of
pages like that. You al ready have which supported
strategies are for each project. They're already
listed.
MR ARNDT: Yes. And some of that --
CHAI RMAN APCSTOLAKI'S:  If | under the
i npression that you guys had not even thought about
it, I wouldn't raise it. Because |I know you can't do
this in three weeks.

MR ARNDT: Right.

CHAI RVAN APOSTOLAKI'S:  But | know you have

done it. It's just that you haven't docunmented it in
a way that other people can appreciate that you' ve
done it.

MR, ARNDT: Yes.

MR KEWMPER  Well, if I could -- Bil
Kenper here.

The supportive strategies, though, again,
is out of the strategic plan.

MEMBER SI EBER  Ri ght.

MR. KEMPER: It's not a one-one mappi ng
that you can do to the 10OP. But this is just a

different way of slicing the agency's m ssion.
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CHAI RVAN APOSTOLAKIS:  |I'msorry. Jack

MEMBER S| EBER: | think the nost inportant
thing is that fourth bullet.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MEMBER S| EBER:  There's the direction of
t he agency and here's how these prograns fit in.

MR. ARNDT: Right. Gkay. And that's a
very good conment. And we can certainly do that in
nost, maybe not all, but nobst of the cases.

CHAl RMAN  APOSTOLAKI S:  Ckay. But
especially in the presentation

MR. ARNDT: Right. Sone of our progranms
are quite -- are individual technol ogy focused. How
do we get ready or do we do a better job of review ng
a particular piece of hardware or piece of software.
And many of themare crosscutting type i ssues. How do
you nodel --

CHAI RVAN APOSTOLAKI S:  But when you see a
better job, you nust have sonmething in your mnd.

MR, ARNDT: Yes.

CHAI RVAN APOSTOLAKI S:  Why do you need to
do a better job? | mean, in what sense? Do we need
to understand it better?

MR ARNDT: Yes. And there's a set of

t hi ngs t hat we hope to acconplish, and that's what you
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want us to articulate better?

CHAI RVAN APOSTOLAKIS:  And in many of
t hese you are very explicit.

MR. ARNDT: Right.

CHAI RVAN APOSTOLAKI'S:  This project will
result intools as follows: A B, C, D. That's great.

MR. ARNDT: Right.

CHAI RVAN APCSTCLAKI S: I n other places
you're not so explicit.

MR. ARNDT: Right. In some cases we sinply
didn't articulate as well as we can. Sonme cases we
don't know - -

CHAI RMAN APCSTOLAKIS:  Well, this is a
docunent that is evol ving.

MR. ARNDT: Right.

CHAI RVAN APCSTOLAKI'S: | nean, this is
just an extra thought to help you --

MR. ARNDT: And | appreciate that.

CHAI RVAN APOSTOLAKI S:  -- comuni cate
better what you have already done in nmy view.

MR. ARNDT: Right.

CHAI RVAN APOSTOLAKI'S:  Mpst of the tine,
anyway, you have done it.

MR. ARNDT: Ckay. Let ne ask anot her

guestion that will hopefully help the presentation.
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We're scheduled, | think, an hour and a
hal f --

CHAI RVAN APCSTOLAKI S: On what ?

MR, ARNDT: Next --

MR KEMPER: Novenber.

MR. ARNDT: -- Novenber.

MEMBER S| EBER:  The full Committee.

MR. ARNDT: W can structure that anyway
that you think is going to be best for the Commttee.
Qobvi ously, there's sone things we want to say. One
way we can do it is to reviewvery quickly like I did
for environnental stressors this afternoon all the
prograns. That may not be the nost effective use of
tinme.

CHAI RVAN APOSTOLAKIS:  In nmy viewit is
not .

MR. ARNDT: Ckay.

CHAI RVAN APOSTOLAKI'S: | would structure
it around something like this. Here's the big
pi cture, we have six areas right around. This is how
they fit into this.

MR. ARNDT: Right.

CHAI RVAN APOSTOLAKI' S:  You know, this is
the way it's being done now W need to better a job

because of A, B, C, Dand here is what we're offering.
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Now to go over all the projects wll
probably -- | don't know. It's over Kkill.

MR, ARNDT: Yes.

MR. KEMPER:. W' ve already done that
anyway. In May that's what we did, right? That's why
we're here.

MEMBER BONACA: But you have those tables,
you know, in page 11 with all your prograns, etcetera,
so you have really | ogical step.

MR ARNDT: Sure. We can structure it in
that way and then rmaybe use a coupl e of exanpl es

CHAI RVAN APOSTOLAKI S: Absol utel y.

MR. ARNDT: That go to particul ar issues.

MEMBER BONACA: Because you do have a
series of tables with all the --

CHAI RVAN APOSTOLAKI S: And don't hesitate.
You know, this nmorning | noticed -- was it the
nor ni ng, or whatever? That -- and | appreciate that.
| nmean, you really don't want to criticize what your
col | eagues of NRR are doi ng now and say we need to do
this because you're not doing right. But at the sane
time to say that what we're doing now is fine and
excellent and we're spending a mllion dollars to
inmprove it, | nmean -- so it's okay. | nean, it's the

state of the art. How are we doing it now? Maybe we
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are doing it overly conservative because that's what
you do if you're a regulatory, right?

MR. ARNDT: Right. Wll, and it's --

CHAI RMAN APCSTOLAKI'S:  But | think the
fundanmental thing that this is a new technol ogy, new
failure nodes and we're all as a community trying to
understand it is a very powerful argunent in ny view.

MR ARNDT: Yes. And it also has the
virtue of being true.

CHAI RVAN APCSTCLAKI S: Wi ch soneti nes
hel ps in ny estimation.

MEMBER BONACA: You know one thing that
certainly struck me was well we were di scussi ng common
node failure, you know, because we're | eft to question
in our mnd. And then | saw the table that you
devel oped, which is the events that took place.

MR. ARNDT: Right.

MEMBER BONACA: You know, to nme is one of
t he nost convi nci ng argunents. Here are the facts that
whatever the estimation is going to be right now,
etcetera, there are issues that we have to deal wth
in advance out there in the field that have been
croppi ng up.

MR, ARNDT: Yes.

MEMBER BONACA: And that in and of itself
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to nme is justification for work, in a goal sense of
course. And |'m saying that which you can address
al so the exanples, of not giving exanples to us, but
| think that gives justification to the plan.

| would like to add one thing that, you
know, that | amin general amquite i npressed with the
pl an because here we are now, you know, perform ng our
review of the RES research plan and here we're
scheduled to develop one. And | wish there was a
docurent like this for every area we're | ooking at.
And there isn't.

MR.  ARNDT: Well, you're partially
responsible for it because as you recall the first
version of this was as a answer to the nass
recommendati ons that were part of this Comttee's--

MR. KEMPER. But thank you. W appreciate
your help on that.

MEMBER BONACA: | think it's a good base
tostart it and |l think it's going to help you through
the next few years very years.

MR. KEMPER. Well, we've put a fair anount
of effort trying to vet this with our stakehol ders.
You know, since we first net in May, quite honestly.
And | think it's a much better product now as a result

of that than it was when we started out four or five
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nont hs ago.

MR. ARNDT: Right.

CHAI RMAN APCSTOLAKI S: Jack?

MEMBER S| EBER: |'m curious about one
thing. WIIl you prepare the research plan in such
detail? bviously you have to think about it. Didit
actually in preparing the plan change your conception
of what it is you should be doing or did you already
have fixed in your mind |I'mgoing to do these things,
all I have to do is wite it down?

MR. ARNDT: lt's alittle bit of both.

MEMBER SI EBER: Ckay. | sort of sensed
t hat .

MR. KEMPER: It's an iterative process.

MR. ARNDT: It's very nuch an interactive
process. Because we get -- and I'lIl nention this a
l[ittle bit tonmorrow norning when | talk about the

ener gi ng technol ogy section. But part of the process
of planning, particularly out vyear planning, 1is
figuring out where we want to be.

MEMBER SI EBER  Ri ghT.

MR. ARNDT: And that involves polling our
st akehol ders, talking to ourselves, looking at the
research that's out there and all the other areas.

Some of us are involved in proposal reviews for DOE
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and ot her areas. So you get a |lot of different things
and you work through the issues. And sone of them
come up as we |look through the data and issues and
things like that.

And as unpl easant as putting one together
one of these things is, it's kind of useful to do it
every few years sinply to force yourself to do that
ki nd of thinking.

As you know, we did our first one, thisis
t he second version. W're planning now in the future
to do yearly updates, whichis alittle |less resource
i ntensi ve.

MEMBER S| EBER:  Yes.

MR. ARNDT: But al so having that conti nual
update both in terns of prioritization what's
inmportant to do sooner rather than |ater as well as
what are the hot issues and things |ike that. You
need, to m suse an old adage, it doesn't do you a | ot
of good to look under the street |ight when you
realize the wall across the street. But actually in
point of fact, it's inportant to | ook under the street
light the things that you know are inportant, it's
al so inmportant to | ook outside there the things you
don't know that are inportant and keep searchi ng and

figuring out what may be com ng down the pike.
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MEMBER SIEBER:  Yes. It seens to ne that

this plan conpared to the last plan is nore practical .

MR, ARNDT: Yes.

MEMBER S| EBER:  And is driven nore toward
real needs.

MR, ARNDT: Yes.

MEMBER S| EBER: As opposed to this broad
research.

MR. ARNDT: Right. And that's been an
evol utionary process deal i ng with and worki ng wi th our
st akehol ders.

MEMBER SIEBER. Well, to ne it's a good
trend.

MR, ARNDT: Yes.

MEMBER SIEBER | like it.

MR. KEMPER: Thank you

MR. ARNDT: It has a specific intent.

MR. KEMPER: That's on purpose. That's
not an acci dent.

MEMBER BONACA: The one thing that | add,
again the issues of operating experience. | nean
there is experience that is there |'msure has been
pul | ed t oget her theori zi ng certain events and what ever
specifics they're interested to, the some that are

comon cause sone nmay be ot her things. And, you know,
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to the degree to which that information can be
provi ded, even in research inportant to this nmeasure,
as an introduction, as a history, | think it's
hel pful. | nmean, certainly it would be hel pful
probably to the whole Cormittee i f you had synopsi s of
it, you know, sonetine in the presentation. This is
not tal king about hypothetical situations. W have
had events.

CHAI RVAN APOSTOLAKI'S:  Tom do you want to
say anyt hi ng?

MEMBER KRESS: No. | agree.

CHAI RVAN APOSTOLAKI'S:  And we're neeting
t onor r ow.

MR. ARNDT: And we wel cone input after the
neeti ng, too.

MR. KEMPER: No. But this has been very
hel pful and, please, let's continue to talk any ideas
you get. Because quite honestly, |'ve been kind of
scratching nmy head trying to figure out what do we
need to talk to you all about in Novenber --

CHAI RVAN APOSTOLAKI'S:  Scratching you're
head trying to figure out why does the ACRS have such
a bad reputation? W're such nice people.

MR. KEMPER: Well, we've spent so much

time in front of you --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

189
CHAI R\VAN APOSTOLAKI S: Undeser ved.

Undeser ved.

MR KEMPER: We've so nuch tine.

CHAI RMAN APOSTOLAKIS: A lot of it is
unfair.

MR. KEMPER: You're right. It's unfair.
But anyway, we still have to live with it.

CHAI RVMAN APCSTOLAKI'S:  And in fact, | was
telling Eric earlier it seens that, you know, the
magni tude of this and the interest in the kind of work
you guys are doing, we'll probably have to continue
t hese Subcomm ttee neetings, especially as you start
produci ng stuff.

MR. KEMPER: Absol utely.

CHAI RVAN APCSTOLAKI S:  Because this is a
big project, very inportant and we are all trying to
| earn here what is going on.

MR. KEMPER R ght.

MR. ARNDT: And that's actually one thing
not necessarily inthe letter, but informally we would
be very interested in which areas you woul d be npst
interested in hearing from us.

CHAI RVAN APOSTOLAKI'S: Wl |, you know ny
ar ea.

MR, ARNDT: Yes.
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MR. ARNDT: Now seriously for scheduling

purposes it helps us a lot. But we're always happy to
come and talk to folks |ike you.

CHAI RVAN APCSTCLAKI S:  Any ot her conments
from our coll eagues here?

MR WATERVAN:  This i s Waternman.

The other thing | see in the research pl an
since | bought so nmuch into it is you tal k about the
plan growing. One of the things I'd like to see the
plan start doing is as we finish those projects up, we
start a newsection in that plan that gives a synopsis
of the products we devel oped. So when sonebody picks
it up and says they can | ook at one plan and see where
were you, where are you and what are you going to do
all in one docunment. So that docunent is going to
continue to grow as new projects get added in at the
front and as the conpleted projects get added i n down
at the bottom so you can say well this is what they
intended to and well, this is what canme out of that.

CHAI RVAN APOSTOLAKI S:  And anot her thing
for the major itens here, one for exanpl e being howto
bring all this stuff into PRA, | would strongly
recommend t hat you don't come here at the very end of
the project. It would be better to brief the

Committee or the Subconmmittee at |east, as those
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m | estones are reached, so you get sone feedback.

MR. ARNDT: Absol utely.

CHAI RVAN APOSTOLAKI S:  And possi bly
val uabl e advi se.

MR. ARNDT: Right. Right.

CHAI RVMAN APCSTOLAKI'S:  All right. | think
we' ve had enough for today. Thank you, gentlenen and
| ady. And we shall see you again in the norning at
8: 30.

(Whereupon, at 5:52 p.m the neeting was

adj our ned.)
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