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UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ + + + +
ADVI SORY COWM TTEE ON REACTOR SAFEGUARDS
(ACRS) 505TH MEETI NG
+ + + + +
FRI DAY
SEPTEMBER 12, 2003
+ + + + +
ROCKVI LLE, MARYLAND
The Conmittee was called to order at 8:30
a.m, at the Nucl ear Regul at ory Comm ssi on, Two Wi te
Flint North, Room T2B3, 11545 Rockville Pi ke, Dr.
Mari o V. Bonaca, Chairman, presiding.

COW TTEE MEMBERS PRESENT:

DR MARI O BONACA, ACRS Chai r man

DR GRAHAM B. WALLI S ACRS Vi ce Chairnman
DR. GEORGE E. APCSTOLAKI S ACRS Menber

DR THOVAS S. KRESS ACRS Menber

DR GRAHAM M LEI TCH ACRS Menber

DR DANA A. PONERS ACRS Menber

DR VICTOR H RANSON ACRS Menber

DR STEPHEN L. ROSEN ACRS Menber - at - Lar ge
DR WLLIAM J. SHACK ACRS Menber

DR JOHN SI EBER ACRS Menber
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. Openi ng Conments Chai r man Bonaca

I-N-D-E- X

AGENDA | TEM

1. Presentation by M. Aggarwal
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P-ROGEEDI-NGS
(8:30 a.m)

CHAI RVAN BONACA:  Good norning. The
meeting will now come to order. This is the third
day of the 505th neeting of the Advisory Committee
On Reactor Safeguards. During today's neeting the
conmttee will consider the foll ow ng.

Draft final revision-1 to Regul atory
Quide 1.53, application of the single failure
criteria to safety systens.

Preparation for neeting with the NRC
Conmi ssioners. The subcommttee report on fire
protection issues. Future ACRS activities and a
report of the planning and procedures subcomm tt ee.
Reconci liation of the ACRS coments and
reconmendat i ons; and proposed ACRS reports. Seven
of those.

A portion of this nmeeting will be closed
to discuss a proposed ACRS report on safeguards and
security.

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

of the neeting.
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W have received no witten conments or
requests for tinme to nmake oral statenents from
menbers of the public regarding today's sessions. A
transcript of portions of the nmeeting is being kept,
and it is requested that the speakers use one of the
m crophones, identify thensel ves, and speak with
sufficient clarity and volunme so that they can be
readi |y heard.

Now, before we start on the first item
on the agenda, | would like to just nmake a brief
announcenent regardi ng the agenda itself, okay? Dr.
Wallis has to leave by 3:00 p.m, and also Dr.
Apostol akis, | believe, shortly after?

DR. APCSTOLAKI S: No, before.

CHAI RVAN BONACA: So, what | would like
to do after the first presentation and di scussi on,
and before the preparation for the neeting with the
Conmi ssioners, we will get a reading of G ahanis
letter so that we can give him feedback, and back to
it inthe early afternoon.

And al so a reading of George's letter,
and hopefully we can even approve it maybe.

DR APOSTOLAKIS: As far as | am
concerned, you can approve it right now.

CHAI RVAN BONACA: | don't want to pre-
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judge it. So with that, I will turn to Dr. Shack
who is going to |l ead us through this presentation.
Be aware of the timng issue that we have. W have
a very tight schedule, and | am sure that you wll
be policing this hour.

DR SHACK: You kept such tight control
yesterday, right. You set such a good exanple
yest er day.

CHAI RVAN BONACA: | am not sure about
t hat .

MR, AGGARWAL: We will try to help you
and not ask too many questions.

CHAl RVAN BONACA:  Today | will make a
better exanple.

DR SHACK: One thing that | would Iike
to point out to the nenbers is that our revised
draft final has been revised once nore. You have a
meno from M ke Snodderly, which contains some |ast
m nut e changes.

These are nostly again to address the
possibility that every time you revise a reg guide
that there is always this concern about back fits,
and again this will -- the reg guide is intended for
essentially applications for all future discussions,

and can be adopted voluntarily by |icensees who are
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maki ng changes, but it is intended as a back fit.

In addition to Satish Aggarwal, who is
t he author of the reg guide, we al so have a
di sti ngui shed visitor today, M. David Zaprazny, who
is the Chairman of the | EEE working group.

Basically the reg gui de endorses an | EEE standard
379-2000, and M. Zaprazny is the chairman of the
wor ki ng group that devel oped the new standard, and I
Will turn it over to Satish then to discuss the reg
gui de.

MR, AGGARWAL: Good norning. Before |
provi de the background on the reg guide, let nme at
the outset state that the purpose of this briefing
today is to seek your concurrence with this staff
position in respect to single phase criteria to
safety systens.

So we are hoping at the concl usion of
our presentations that subsequently we will receive
a letter to that effect. Now, let nme first of all
make it clear what is a single failure.

You all know power instrunentation and
control portion of each safety system consists of
nore than one safety group, and any one of which can
conpl ete the safety function

Thus, a safety system nmust perform al
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safety functions required for a design basis event
in the presence of any detectable failure within the
safety system And in a nutshell is the single
failure criteria.

DR APOSTOLAKIS: So the idea of a
single failure then applies to a well-defined system
and not a function?

MR AGGARWAL: That's right.

DR APOSTOLAKIS: So if | consider the
function of renoving decayed heat, | will not
necessarily think in terms of a single failure that
| am | osing one system and therefore | have a
redundant system right? That is a different kind
of concept?

MR. AGGARWAL: If you |look at the safety
functions, and you | ook at your nore than one group
that perforns that safety function, and you fail one
of the functions, and show to ne that you will still
be able to perform | wll present some nore
exanpl es as we proceed.

DR. APCSTOLAKIS: So it applies to
functions as well and not just systens?

MR AGGARWAL: It applies to both.

DR. APCSTOLAKIS: So if ny function is

to inject water under high pressure into the core,
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nmust have at | east one way of doing this?

MR AGGARWAL: Exactly. That is a given
design, and we are saying showit to us, and this is
single failure.

DR APOSTOLAKIS: Even if the systemis
hi ghly redundant and neets the criteria and not the
system | evel ?

MR AGGARWAL: Right.

DR APCSTOLAKI S:  Wow.

MR AGGARWAL: And the specific design
is nothing new This has been there for years.

This is fundanental to a nucl ear power plant design.

DR. LEITCH But let's say, for exanple,
in a boiling water reactor, in George's scenari o,
you want to inject water at high pressure. So you
have the HPSI systemand if that fails, there is no
direct replacenment for it.

What you have is an alternate neans to
bl ow the reactor down to | ow pressure and then
inject. So --

MR. AGGARWAL: Exactly. You have to
show how you can acconplish that function by a
different matter.

DR APOSTOLAKIS: So, wait, that is a

good exanple. You are not really acconplishing the
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function, because you don't have another way of
i njecting water under high pressure.

MR AGGARWAL: Right.

DR APOSTOLAKI S: But you are getting
around it by reducing the pressure?

MR. AGGARWAL: Reducing the pressure and
then injecting the pressure.

DR. APCSTOLAKIS: So essentially you are
managi ng the accident --

MR AGGARWAL: Right, mtigating it.

DR. APCSTOLAKIS: In nore than one way.

MR AGGARWAL: | just wanted to clear
where --

DR. APCSTOLAKIS: Well, you are doing a
very good j ob.

MR, AGGARWAL: Thank you.

DR APOSTOLAKIS: But would this apply
to advanced reactors as well?

MR AGGARWAL: It should apply to all

DR. APCSTOLAKI S: Ckay.

DR. LEITCH | always thought to carry
that exanple a little bit further that single
failure was really that -- well, to continue to talk
about HPSI, for exanple, and a piece of

i nstrunentation on the HPSI system would not -- that
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is, the failure of a piece of instrunentation would
not render the HPSI systeminoperable, and there
woul d be anot her piece of instrumentation that woul d
trigger the HPSI systemto initiate, for exanple.

MR AGGARWAL: By design all safety
rel ated equi prent should be able to performits
function. Single failure is saying that you take
one system one increnent, fail it, and show ne how
you can acconplish the purpose of the function and
mtigate the accident.

DR WALLIS: This is a very difficult
t hi ng, because a systemis a neaningless word. |
nmean, a system enconpasses whatever you wait it to
enconpass. So | could say the ECCS system and that
is everything, and that is accunulators, and --

DR. APCSTOLAKIS: That's why | went to
the function |evel.

DR. WALLIS: Yes, but even then you have
got to say how are you going to divide the
functions. | mean, keeping the core cool is a
function.

DR. APOSTCOLAKIS: But the reality is
that the actual function -- well, | mean, what you
do is you are |ooking for the worst single failure.

So you are going sensitivities on individual trains,

NEAL R. GROSS
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and not functions, until you find the one which is
the nost limting one, and then you assune that one.

DR WALLIS: That is very different
t hough. You have got three trains and one is out of
order, you can still performthe function with two.

DR. APCSTOLAKI S: Exactly.

DR WALLIS: And that is quite different

MR, AGGARWAL: May | suggest that you
hol d that thought and let's proceed, and we wl |
gi ve you the inperfect exanples to make a point, and
tell you what that all neans.

CHAI RVAN BONACA: Now, is this
consistent with the nove towards risk-informed
regul ations? Probably not.

MR. AGGARWAL: Not really. What we are
going to talk about is the PRAin a mnute. Al so, I
woul d like to point out that the single failure
could occur prior to or at any tinme, during or the
DBE for which the safety systemis required to
functi on.

It is a given, but keep these two ideas
in mnd as we progress. Now, | --

DR APOSTOLAKIS: Now, if | said that
the single failure criteria nmeans a specific

i mpl enentati on of the concept of defense in depth, |
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woul d be right, right?

MR, AGGARWAL: Yes.

DR APOSTOLAKIS: It just makes that
concept specific and inplenmentable in a particul ar
case.

MR AGGARWAL: That's correct.

DR. APCSTOLAKIS: Al right.

DR. SHACK: And this only holds true, of
course, during design basis events.

DR APOCSTCOLAKIS:  True. True.

DR. ROSEN: Well, the whole idea of risk
inform ng the regulations is that we know serious
events don't have just a single failure. There is
al nrost never a significant event with just one thing
happeni ng.

DR SHACK: Well, you design it with
just a single failure event, period.

DR. ROSEN: Al serious events, not just
in the nuclear industry, but in all industries, are
combi nati ons of multiple issues.

MR, AGGARWAL: Well, if | may proceed,
|l et me give you the feedback background under that
gui de. The issue that (inaudible) 11-18 for public
comrent s.

DR. ROSEN. Well, excuse ne, but | nmay

NEAL R. GROSS
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have m ssed this. Wy are you doing this?

MR AGGARWAL: Wiy are we doing it?
This is the comm ssion policy to | ook at the | EEE on
a national consensus standard on single failure
criteria, whether they neet our regul ations or not.
|f they do, we would like to introduce themin a reg
gui de or regul ation

DR ROSEN. This is a national standard
on single failure criteria

MR, AGGARWAL: Yes, sir. \Wat you have
is a national consensus standard.

DR ROSEN: But who issued it?

MR AGGARWAL: | EEE.

DR APOSTOLAKIS: It applies only to
nuclear facilities?

MR. AGGARWAL: That's right.

DR APOSTOLAKIS: So why shoul d | EEE
care?

MR, AGGARWAL: Well, if you would like
to circulate that standard anong the nenbers.

DR. APCSTOLAKI S:  Way woul d | EEE care
about nuclear facilities?

MR. AGGARWAL: Sir, Ceorge, |EEE assigns
t he maxi mum nunber of standards for operations in

nucl ear power pl ants.
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DR. APCSTOLAKIS: Well, | can see them

publ i shing standards for instrunmentation and
control, and things - -

DR SHACK: This is single failure for
i nstrunentation control systens.

MR. AGGARWAL: Power, and el ectrical

DR. APCSTOLAKIS: Ch, it is not general?

MR, AGGARWAL: No, this is what ny first
opening line was, that the (inaudible) control
syst ens.

DR. APCSTOLAKIS: | think though the --

CHAI RVAN BONACA: The question | think
is that this kind of concept sonewhat, which | think
is very appropriate for a conponent or system et
cetera, is really a casualty analysis to determ ne
how it is capable of performng its function with a
failure init, was really translated later on in the
accident analysis it seens to ne.

When i nstead you have a nmuch nore
conpl ex groupi ng of systens, et cetera, and you
shoul d consi der possible nultiple offenders, |
t hi nk.

DR. APCSTOLAKIS: Well, this was

actually a very good when it was proposed.

NEAL R. GROSS
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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

16
CHAI RVAN BONACA: Wl |, sure.

DR. APCSTOLAKIS: But it really nmakes
sure that you don't have single elenment mninal
concepts. That is really what it does.

MR AGGARWAL: Exactly.

MR LOESER And in this case the
ori gi nal docunent that was endorsed was dated 1972.
A |l ot has happened since then, and --

DR. APOSTCLAKIS: The reactor safety
study, for exanple.

MR LOESER And in this case there have
been several other versions that have not been
endorsed. | amnot sure why. But we decided that
it was tinme to endorse the | atest one, the 2000, and
that is what this draft guide is for, is to help
update Reg. Guide 153 to a renedi al standard.

DR. POAERS: Let me ask, and | may be
asking this question out of turn here, but | wll
ask it anyway. Wen you think about nodern
el ectrical systens, and you say the failure is when
there is a termnation of the ability to performits
i ntended functi on.

And | think about software controlled
digital systenms with design requirenents enbedded in

themthat may in fact be flawed. So the system does
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not performthe function that one group of people
intended it to do, but the other group of people
definitely didn't address that because they didn't
put the requirenents on the software to address that
particul ar set of circunmstances. Have we had a
single failure?

MR LOESER Yes, and that's why the
branch technical position 19 requires a diverse
nmet hod not subject to the sanme single failure to
acconplish the sanme basic function.

That's why if you have all of the
software and all four channel s using identical
software, they is supposed to be sone alternative
way in case that software fails to performits
function, whether by specification error, or coding
error, or just sonething else.

If there is a cormon failure of all the
systens using that software the plant still has to
be able to survive.

DR. PONERS: That is what we have done
on safety. Wat | amreally asking is that with
regard to the standard have we had a single failure?

MR. ZAPRAZNY: Yes. Design error can be
a single failure.

DR. PONERS: And so the fact that these
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guys devel oped a piece of electrical equipnent, and
it meets all of their requirenents, but it just does
not happen to nmeet what the systens requirenments
are. There has been a failure, and their failure.

DR. APCSTOLAKIS: A design error can be
a single failure as long as it affects one
conponent. | don't think you are dealing with
common cause failure.

MR, ZAPRAZNY: It is dealing with conmmon
cause failure, yes, and that is addressed in the
st andar d.

MR AGGARWAL: And then | al so m ght
poi nt out that that there is this | EEE 7.432, which
addresses the basic issues raised.

DR PONERS: | know it is, and --

MR AGGARWAL: And which we have
endor sed.

DR. POAERS: And you brought that before
us, and we spent hours trying to understand
everything there.

MR. AGGARWAL: Right.

DR. POAERS: | was just |ooking at the
definition of your standard and trying to think
about what was m ssing, and what you brought up, |

think I understood. But it is a question with
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respect to this standard itself, and whether that
was recogni zed as a failure, because | would not
have.

They did, but | would not have if | were
kind, but that's okay. That's okay.

DR. APCSTOLAKIS:  You will tal k about
comon cause failures later?

MR, AGGARWAL: Yes.

DR. APCSTOLAKI S: Ckay.

MR AGGARWAL: | did say earlier that we
recei ved four comments letters, and as a result of
those comments letters, we nade a few m nor changes
in the (inaudible) section.

| m ght point out that conment letters
may be found to be |ong, several pages, but what is
cont ai ned on those comment letters is noting new.
One of the lawer firns sent this letter every tine
he devised an electrical regulation or reg guide,
bringing up fundanental issues which the Comm ssion
had addressed before, in terns of the rul e making
when their endorsenent of | EEE Standard 603, and
nore specifically 10 CFR 50 (a) (h) subparagraphs.

So we net with CRGR to discuss this reg
gui de and seek their endorsement, and it mght also

be noted that when we issued the draft reg guide, in

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

20

t he i npl enentation section, we are given the option
t hat you can use the old one and be subject to
review by the staff on a case-by-case basis, or you
can use the civilian.

Thi s | anguage we have used at the
i nsistence of CRGR, and brought it (inaudible) in
t he industry, because the project changed, and the
change was not acceptable to the public.

Thi s (inaudible) sonething be done in
this | anguage, and they didn't like it, okay? In
other to resolve this, if you will turn over to the
next page, the final reg guide.

This is the | anguage that we have been
using in all reg guides over the last 10 years, and
so all we did was bring it to the sane | anguage
whi ch is accepted by the industry and in our opinion
and OGC s opinion it not clear.

The bottomline is that backfitting is
not intended. Now in doing so, and the industry
rai ses the issue of safety systens, protection
system and what not, CRGR asked us in the Section
A, and this is a reg guide, dated August 25th, 2003,
and copi es of which have been provided to the
conmittee.

And this is under Section A, which we
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expanded to clarify what a safety function neans,
and what a protection systemneans, and all this

information is nothing new It was already there
when we were doing the rul e making.

So it is sinply that we are reproducing
it here, and in the instrunentation section, we nade
it clear that no backfitting is intended, and this
will be used for the operating plants on a voluntary
basis if there are any nodifications proposed by the
i censee,

DR LEITCH  \What does the word eval uate
nmean? In other words, if a license voluntarily
proposes nodifications to a safety systemthat do
not conply, then that is a cause for a rejection of
t hat nodification?

MR, AGGARWAL: Technically, this is one
matter that the staff will accept w thout question.
The licensee is always free to cone up with an
orderly matter of acconplishing it.

And naturally that will be eval uated by
this staff and that is all that it neans.

MR LOESER In this particular case, if
they had previously commtted, for exanple, to the
1972 version --

MR AGGARWAL: Right.
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DR. LEITCH -- and their new

nodi fication net the 1972 version, but did not neet
t he 2002 version that's okay?

DR LEITCH That's okay. Ckay.

MR. LOCESER: There is not a requirenent
for themto nmeet this new one, because there is no
backfit required as |long as they neet the
commtments that they nade at the tine of their
l'i cense.

DR LEITCH Ckay. And obviously an
encour agenent to do so, but not a requirenent to do
so.

MR. LOESER: That's exactly correct.

DR, LEITCH | understand. Thank you.

MR AGGARWAL: At this time | would Iike
to raise or discuss the issues of the significant
techni cal changes between 1972 and what we are
endor si ng now.

The first itemis that in the current
ver si on which you have before you, we have included
a requirenment for a single failure analysis in
desi gn using digital conputers.

And that brings you to the | EEE Standard
603, and 7-4.3.2. Incidentally, | mght point out

to the commttee that if the standard had been
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revi sed and approved by the | EEE standard vote
yesterday, and we wold have Standard 7-4.3.2, which
is still a much more inproved standard for gui dance
in the digital conputers.

And it is the staff's intention to
endorse that standard in the near future, and so we
will be back to you again explaining to you how we
are going to neet all these requirenents in terns of
digital conmputers.

DR. LEITCH Let me ask another question
and perhaps that | should have asked earlier. Those
definitions that you referred to right at the
begi nning of your talk, are they different in the
new standard versus the 1973 standard, or are they
still the sane old definition?

MR. AGGARWAL: They are different. They
are much nore inproved based on our experience, and
clarity. If you would like to hear, we can tell
you exactly what changed, but it includes inproved
| anguage just for clarity.

And even in the reg guide, | had nade
this point very clear what that really neans,
because | know often that the termsingle failure is
m sunderstood, and so | thought that this is the

time that we put that to bed, and this is exactly --
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yes, sir?

DR APOSTOLAKIS: | guess | amstill
struggling to understand what the single failure is.
The safety systens you say here will be capabl e of
perform ng the required safety functions. 1Is a
single failure an actual failure, or could it be a
cause for failure of 3 or 4 different systens?

MR AGGARWAL: It could be either

DR APOSTOLAKIS: It could be a cause.

MR AGGARWAL: Right.

MR LOESER Well, in this case, when
you consider a single failure, you have to consider
not only the failure itself, but all the subsequent
failures that that causes.

For exanple, a software failure could
cause nore than one conponent to fail, because there
is nore than one conponent using that software.

DR. APCSTOLAKI S: Right.

MR. LOESER: So you have to use sort of
a trickle down effect. |If you have a power spike of
sone sort and that equipment that is not fused,
everything that power spike will blow out is part of
that single failure.

DR. APCSTOLAKI S: So you are novi ng now

towards PRA, and that is really what you are doing.
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MR LOESER \Well --

DR APOSTOLAKI S: You are considering
t he consequences of a failure.

MR. LOESER. W are not doing this on a
-- well, it is a cause and effect, and not only the
failure itself, but all subsequent failures that
that failure causes are all part of the same single
failure.

DR. ROSEN: | would say it is nore |ike
failure nodes and effects.

MR. LOESER. That is actually correct.

MR AGGARWAL: You're right.

DR APOSTOLAKIS: Yes, but the initiator
here nust be a failure itself, and not a cause. In
other words, it can not be human error of om ssion
or conmi ssi on.

It has to be an actual failure. As you
said, you know, power fails, and then it
proprogates. But it cannot be a cause that is not a
failure by itself. That is the way that I
understand it.

MR, ZAPRAZNY: |If you have a circuit
breaker fail on a |oad center --

DR. APCSTOLAKIS: Well, that is a

failure.
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MR ZAPRAZNY: But your failure results

in loss of all the --

DR. APCSTOLAKIS: Fine, fine, |
under st and t hat.

DR. ROSEN: And then later on the
sequence, if there is an operator action required,
and the operator failures to do it, that is not one
failure. That is two failures.

DR APOSTOLAKIS: Right. And the other
guestion is how about passive failures? | nean,
does that nake sense in this context?

MR AGGARWAL: It does, and | intend to
touch on that area.

DR APOSTOLAKIS: So if |I have a fire
that just deteriorates and all of a sudden | have a
hot short, that is a failure?

MR AGGARWAL: Yes.

MR LOESER A failure to do sonething
is not considered any differently than a failure to
not do sonmething. So a failure to trip or a failure
for a conponent to react because it is burned out,
or because a wire worked its way | ose or sonething,
a failure to act in some manner is still a failure.

But | think that there is an inportant

di fference between el ectrical and nechani cal
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systens. In the nmechanical systens, you don't
consider a pipe failure as a single failure. |
think there is a fundanental difference here.

DR ROSEN:. Well, that is an initiating
event, and we consider the pipe failure the
initiating event, and then we test the responses for
the single failure criteria.

MR AGGARWAL: Right.

DR APOSTOLAKIS: So that is a design
basis failure?

MR. ZAPRAZNY: Once again, a pipe

failure is a passive failure which is a single

failure.

DR. APCSTOLAKIS: No, that is --

DR ROSEN: That is the initiating
event .

DR. APCSTOLAKIS: -- the initiating. It
is a DBE, but it is not -- because here you said
even with a DBE, | don't want a single failure to

di sabl e the system

MR. LOESER: | think you would have to
differentiate which pipe. |If you are tal king about
a pipe that causes the event, but if there is sone
ot her valve that is now supposed to open, or a pipe

that is supposed to transmt water to alleviate this
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situation to mtigate the accident, then that
failure would be the single failure.

DR APOSTOLAKIS: But that is the
system

CHAI RMAN BONACA: It is the system and
SO you are not supposed to assune two pipe failures.

MR LOESER That's correct.

DR. APCSTOLAKIS: In other words, if |
have an initiating event that cones froma pipe

failure, a single failure cannot be another pipe

failure.

CHAI RVAN BONACA: O any ot her conponent
t hat --

DR APOSTOLAKIS: |s that consistent
with -- would a systemfailure be another passive
failure?

CHAI RVAN BONACA:  No.

MR LOESER Wait a second. It could.
| think there is a difference. |If you had an
initiating event -- for exanple, a conputer in the

feedwater systemfailing to do whatever it is
supposed to do in cutting off feedwater; another
electrical failure in a digital system or in a
val ve, or anything else, would be a single failure

even if the failure is simlar to a software
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failure.

It is not like the -- | nmean, the single
failure could be very simlar to the one that
initiated the event.

DR APOSTOLAKIS: Yes, in that sense
they are different from nmechanical systens.

MR AGGARWAL: | might bring to the
attention of the commttee that this particul ar
slide is addressing the issue of shared system and
what | intend to bring to your attention that |EEE
standards describe the manner in which single
failure criteria should be applied to shared
syst ens.

The intent is neither to endorse or
(i naudi bl €) the hearing between the system the
standard for mninmumrequirenents to ensure that
shared systens are anal yzed as adversely as possible
to ensure that the fact of conponent failures as
t here was no sharing.

That is a very sinple thing, that you
can share systenms, but you still have to have
(inaudible). So this is a new addition to the | EEE
standard 379.

DR. APOSTCOLAKIS: Is it shared systens

or shared conponents?
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MR, AGGARWAL: Shared systenms. But

shared conponents are a part of the system

DR. APCSTOLAKI S: G ve nme an exanpl e of
a shared system

MR AGGARWAL: You m ght have the sane
di esel which you m ght be sharing between the two
units.

DR ROSEN. A start-up boiler at a plant
that has two units, and that would share the piping
and the boiler.

MR. AGGARWAL: I n sone old plants the
D.C. power is shared, and | amin 372 in terms of
control So essentially as | was speaking to you
about the shared system and these are the two basic
criteria which are in this standard, that the safety
system of each unit shall be capable of performng
their required safety function, and with a single
failure initiative concurrently in each unit within
the systemthat are not shared.

Nurmber 2, for reasons that will be
included in the design to ensure that a single
failure within one unit will not adversely affect
the other unit, thereby preventing the shared system
fromperformng the required safety function.

DR. APOCSTOLAKIS: So if | have two
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units, what you are saying is that | should be able
to survive a single failure in one and a single
failure in the other; is that what this says?

MR AGGARWAL: Yes.

DR APOSTOLAKIS: It says that in each
unit you should be able to handle a single failure.
So | an have one here and one there, and | woul d
still be okay?

MR AGGARWAL: Right.

DR. APCSTOLAKIS: Well, why did you have
to do this? | nean, | don't understand why. Wasn't
t hat enbedded in the previous definition?

MR AGGARWAL: Well, there were concerns
over how we deal with the shared system and the
| EEE made it clear that some gui dance woul d be
provided in the failure.

DR APOSTOLAKIS: Now t he second bul | et
really -- and in the first -- are redundant aren't
t hey?

MR AGGARWAL: I n a way.

DR APOSTOLAKIS: So there is an
i mpl enentation of a single failure criterion on this
t ransparency.

MR AGGARWAL: That's correct.

DR. APOSTOLAKIS: You don't understand
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the first, but they give you the second?

MR LOESER  There is a nunber of cases
where things were understood to be in the original
docunent. Everybody knew this is what was goi ng on,
but it was not spelled out. So this standard tried
to spell out a nunber of the itenms, and this is one
of them

Li ke you sai d, everybody under st ood
this, but it didn't say it very specifically. So
that is one of the itens that we tried to take care
of .

DR. APOSTCLAKI S: Probably the second
bullet is nore appropriate actually.

MR, AGGARWAL: And al so you shoul d know,
and | amsure that you are aware of, that in the
nucl ear industry it is a very aging group, and newer
people are coming in, and they have no i dea how the
syst ems worKk.

So this is an other training tool to
themto nmake it explicitly clear what the standards
were meant. Now | will turn ny attention to the
anal ysi s.

DR APOSTOLAKIS: | think the first
bullet in fact is vulnerable to criticism because of

that word concurrently. | think the second bull et
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is nore appropriately worthy. It says that if you
have a single failure in one unit, it should not
prorogate to the other, and that's fine.

But to say to consider two single
failures concurrently is agai nst the phil osophy of
single failure criteriaisn't it?

DR. ROSEN: No, that is two different
units.

DR APOSTOLAKI S:  Yes.

MR AGGARWAL: Al right. W are going
to turn over to the analysis which is needed to be
done, and there are several stats, and that m ght
answer sone of the questions which have been raised
recently.

The first criteria is that a safety
function for which the analysis is to be perforned
shall be deternmined, and let ne give you the
exanmpl es. Like reduced power, and isolate
cont ai nnent, and cool the core.

The second criteria is that protective
action at the systemlevel that are available for
safety functions shall be determ ned. Let nme again
give you a few exanples. For exanple, the rapid
(i naudi bl €) and not the control rods, and buil ding

of the containnent isolation was safety injections,
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and poor spray.

These are the types of exanpl es of that
protection. The next criteria is that safety group
that will sufficiently satisfy the required safety
functions shall be determned. Again, let ne take a
few exanpl es.

One exanple that cones to mnd is that
either a two (inaudible) system or one (inaudible)
spray and two LPSI, |ower pressure coolant injection
subsystem woul d we advocate to cool the core.

The next criteria is the independence of
the safety group that will be established shall be
verified. And again just to expand on that, this
i ndependence should be verified.

And how woul d you verify that? By
observing that there are at |east two safety groups
t hat have no shared equi pnent. For exanple, relays,
swi tch gear, buses, power sources, and even the
| ocati ons.

The next itemhere is for systens or
parts, where independence cannot be established, a
systematic investigation of potential failures shal
be conducted to assure that single failure criteria
is not valid.

Again, let nme give you a few exanpl es.
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Fail ures include short-circuits, open voltage,
grounds, |low AC and DC voltage, and these are al
exanmples that fall into this category.

DR LEITCH But it seens to ne that it
depends greatly on how one defines the safety
function in your previous slide.

MR AGGARWAL: That is correct.

DR. LEITCH And, for exanmple, to go
back again to this exanple, if the safety function
is to inject water at high pressure, the BWR woul d
fail if you define the function as to cool the core
and it passes.

MR. LOESER: In this particul ar case,
you are defining the function and then sayi ng that
function fails. That is not really a -- you are
saying the function is to inject water at high
pressure, and then you are saying the systeminjects
water at high pressure and fails, this is -- you can
do that to any degree.

Wth any single conponent failure the
systemthat injects high water or high pressure at
water -- water at high pressure -- | amgetting a
little tongue-tied -- will not fail.

That is, you can | ose any particul ar

val ve, and you can | ose any particul ar pipe, and you
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can | ose any particular sensor that tells it to
inject the water, and it will still do that.

However, then if you want to failure the
entire system-- that is, HPSI, you have to now take
your function to the next higher level, and that is
to say to adequately cool the core.

You can't define your function and then
define the failure as that function at the same tine
and have a valid anal ysis.

DR LEITCH Well, if you had redundant
HPSI systens, you could, right?

DR LEITCH Well, it would define the
function of injecting water, you woul d have two of
them and you woul d say, okay, | define my failure
as not being able to inject water, regardl ess of how
many.

CHAI RVAN BONACA: That would restrict
real ly your designing ability. | nean, you can
ei ther provide the function by having a redundant
hi gh pressure planes, or you nmay have provided the
function of cooling a high pressure at the | owest
| evel still. So one train of high pressure and one
train of --

DR. APCSTOLAKI S: But Gahamis point is

very well taken. It depends on what you cal
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function.
MR, LOESER  Yes.
CHAI RVAN BONACA:  Ch, vyes.
MR LOESER And that defines the

functi on, because no matter what you are defi ning,

you coul d al ways say, okay, | lose that, and what is
next .

DR. APCSTOLAKIS: | have a question for
Dr. Powers. In your infanmous nmeno, or taped report,

or whatever it was regarding the (inaudible) you had
in big boldface letters, this design phase, and the
defense in depth | think you said, or single failure
criteria of the agency, isn't this really what you
had in mnd there?

You said if the primary way of renoving
heat failed, there would have no alternate way of
doing it as | recall

DR PONERS: | think in fact | had them
failing on a couple of bases, and one of themis
that they lost their final heat sync and they had no
way to get to the heat sync.

DR. APCSTOLAKIS: Al right.

DR PONERS: And the second one is if
t hey SCRAMed the reactor, they had to use the safety

systens to shut it down, because just using the
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control rods to cool it down, because the
tenmperature coefficient and reactivity it came back
alive, and so you had to put in the SCRAMrods in
order to shut it down.

So if your SCRAM rods failed, you can't
shut the reactor down. 1In other words, if you have
a single failure and your SCRAM i s (inaudible), you
can't shut the reactor down and that is a violation
of the single failure criterion.

DR. APCSTOLAKIS: Well, it is a
violation of the systemlevel, the fire |level,
because you are assum ng that you are |osing the
whol e SCRAM system i ndependently of whether you are
losing it due to a single failure or sone other
failure, it is the function |level that we are
t al ki ng about .

DR. POAERS: Well, clearly in ny
menor andum | was thinking of the function I|evel,
but in fact that particular SCRAM system can be | ost
by failure of a single digit conponent.

DR. APCSTOLAKIS: | see. So the heat
sync is what? You don't need an alternate heat
sync. There is one heat sync, but getting there --

DR. PONERS: You have to be able to get

t her e.
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CHAI RVAN BONACA: The point that | was

maki ng before was that in the function of the
accident analysis, | don't think the regulation is
prescripted that you nust have two trains of high
pressure, two trains of |ow pressure, and especially
for boilers.

The ol d boilers used to have many
i sometric neans of providing redundant functions.

So you coul d use high pressure injection and in
conpliance with only one train

But then you have other neans through
the installation condenser, and to provide a
function of cooling during a LOCA, and what you have
to denonstrate is that either way we will take you
to shutdown, and there were different ways to get
t here.

So | don't think in defining the
function of the regulation that it is prescriptive
of high pressure injection, and you have to have two
trains or whatever. That is one vital design, but
it was left free to performthe function, which is
t he one of cooling, at high pressure, md-pressure,
and | ow -pressure until you get to shutdown.

DR, LEITCH But if we are starting with

a bl ank piece of paper to design an advanced reactor
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woul dn't that redundancy be required at the system
| evel ?

| mean, what | amtrying to say is that
say we design, and you are starting with a clean
pi ece of paper to design a BWR today, would these
regul ations require that you have two HPSI systens?

MR LOESER | don't think so. | would
think that it would define the function and what the
i censing cones in, but once again we are probably
not prescriptive enough.

W woul d want to know that if you | ost
that systemthat there would be no consequent to the
health of the public or the safety. That is, you
have sonme other way of cooling off the core before
there is any problem

And if that way was to depressurize and
then use low, | would suspect that that woul d be
acceptable. However, | mght point out that | am
ont in the accident analysis branch, or the reactor
systems branch.

DR LEITCH | understand that.

MR. LCESER. So | may be making a bad
supposi ti on.

CHAl RMVAN BONACA: That is a good

question. There were old boilers at the Vernont
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Yankee, for exanple, that had in fact -- they were
isonmetric in that sense, and had redundant systens.

But they had multiple systenms, and
Ver mont Yankee, for exanple, had only one high
pressure injection train. Then you have the
i sol ati on condenser, and you have other neans of
system safety failure, and so you have in an
isometric plant, but still it was not |icensed. But
today | don't know if you would --

DR ROSEN: | don't think there is
anything that would mtigate against it, and in fact
t hose ol der plants having different means of getting
the sanme function or nore arnor agai nst a conmon
node failure.

CHAI RVAN BONACA: They are very, very --
in fact, the core danmage frequency for those plants
is very | ow

DR APOSTOLAKIS: Even if you have
redundant ways, that is where the nechanical systens
differ fromelectrical systens. And in a |ot of
what the old plants, there is a single suction |line
for both trains fromthe RAT, and so you have the
desi gn basis event sonewhere else, and it is a LOCA

Now you have to cool the core, but that

single failure doesn't count as a single failure.
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CHAI RMVAN BONACA:  But you woul d not

design it today that way.

DR APOSTOLAKI S:  You woul d not.

CHAl RVAN BONACA: And typically the
(i naudi bl €) because sone of the earlier plants had
it that way.

DR ROSEN: You would not do it not
because it is not strictly allowed by the
regul ation. You would just do it because it is a
better practice.

CHAI RVAN BONACA: A good practice.

DR APOSTOLAKI S:  Yes.

MR AGGARWAL: Let ne conclude with
regard to the analysis and further observati ons.
El ectrical, nechanical, and systemlogic failures
shal |l be considered in a single failure analysis.

A given conmponent can have different
failure nodes, and all anal yses will be nade for al
or each node the failures. The location of safety
equi pnent shall be al so anal yzed to determ ne the
ef fect of comon cause failures.

| amgoing to turn to the PRA now. The
| EEE or the industry has concluded that PRA anal ysis
is no substitute for a single failure anal ysis.

DR. ROSEN: Nor is a single failure
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anal ysis a substitute for a PRA

MR. AGGARWAL: So conversely that is
very well said. However, | would like to add
sonething. A failure can be excluded for a single
failure anal ysis based on PRA operating experience.

DR APOSTOLAKIS: In other words, | can
argue that -- well, first, | have a single failure
somepl ace, and | fail the criteria. But then |I can
come back and say, |ook, based on this, and this,
and this, and that, and that, and that analysis, the
reliability of this particular piece of equipnment is
so high that you should exclude it. | nean, the
failure cannot happen, and that is what you say.

MR. AGGARWAL: And that woul d apply
her e.

DR. APCSTOLAKIS: |Is that a new thing, a
new i dea?

MR LOESER No, no. \What about the
reactor vessel?

MR LOESER It is not a new idea, but
one that has been spelled out clearly.

MR. AGGARWAL: Cearly and explicitly.

MR LOESER. It is one of those things
t hat we al ways knew this.

DR. ROSEN: We never took the failure of
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a reactor vessel

DR. APCSTOLAKIS: Well, it allows you to
have a comon - -

DR ROSEN. W argued that the reactor
vessel is not going to fail

DR APOSTOLAKIS: Well, the reactor
vessel is a different beast, but the suction lines,
that is a basis on whether you allow it.

MR. AGGARWAL: Anot her exanpl e that
comes to ny mnd is that we essentially are
consi dering the passive failure, and you take a
notor controlled sanple (inaudible), and you take it
granted that it will not fail, and that is based on
your anal ysis, judgenent, PRA or whatever it is.

And you don't have to conclude in your
analysis that let's fail the whole thing.

DR. APCSTOLAKIS: Wuldn't the nore
accur at e expressi on be passive conponent failure.
The failure itself cannot be passive.

MR, AGGARWAL: kay. You are right.

DR. APCSTOLAKIS: It is like expert
elicitation.

MR. AGGARWAL: You're right.

DR APOSTOLAKIS: It is an expert

opinion elicitation, right?
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MR AGGARWAL: The last significant

change invol ves the sensing |lines, and now the
standard explicitly states that the |ines connecting
sensors to the proper systemshall be included, and
| et nme again give an exanple.

Equal i zi ng wal I s, chanbers, and
isolation walls. In conclusion --

DR. LEITCH Al the way back to the
penetrations to the vessel, right?

MR AGGARWAL: What about it?

DR. LEITCH | nean, you have to have
redundant penetrations to the vessel.

MR, AGGARWAL: Correct.

DR. LEITCH  And not just com ng out of
t he vessel and then (inaudible) redundant val ves.

MR LOESER And this is another one of
t hose cases where everybody knew this was neant al
the while, but it was never spelled out. So it was
just spelled out.

MR, AGGARWAL: In conclusion, it is ny
subm ssion to the commttee that | EEE standards in
guestion is a much inproved standard over the nunber
of years, and the staff is working with the | EEE
hand- i n- hand.

In the last reg guide with the nmany
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exceptions to the | EEE standard, and | ooki ng over a
nunber of years, although those sections have been
i ncorporated or resolved, it is the opinion of the
staff that this standard, if it satisfies so that
the requirenents are net, it will neet the

conmi ssion requirenents on the part of single
failure.

And it is my submission to you that the
conmttee concur with our findings, and permt us to
publish this guide as a final guide. Thank you. |
woul d al so like to thank Dave, who took the tine to
cone from Susquehanna River to join us today, and on
behal f of the NRC, | would like to thank him

MR CARUSO Excuse me, Sati sh.

MR AGGARWAL: Yes.

MR. CARUSO | was wondering if you
could please -- in ny review of the reg guide, | saw
that there is additional guidance with regard to
single failure analysis in the designs that used
digital conmputers.

And that this guidance is provided in
t he common cause failure section and refers the
reader to the | EEE standard 7-4.3.2-1993.

MR, AGGARWAL: Right.

MR CARUSO And it di scusses commopn
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cause failures, but yet design deficiencies are
specifically exempted fromthe standard. Could you
pl ease el aborate on why those were exenpted fromthe
st andar d?

MR AGGARWAL: | really don't understand
t he question. Do you, Dave?

MR ZAPRAZNY: Coul d you repeat that
agai n?

MR. CARUSO When | | ooked at the
standard - -

MR AGGARWAL: This is the standard that
we are tal king about now, 379, or 7-4.3.27?

MR CARUSO Well, 379, and it refers or
it says that additional guidance was added to
address single failure analysis in designs that used
digital conputers, and that this guidance is
provided in the comobn cause failure section and
refers the reader to | EEE Standard 7-4.3.2-1993.

And it identifies some inportant conmon
cause failure nmechanisnms for digital conputers, and
that it would be a software flaw, which can be
consi dered a design deficiency. Yet, design
deficiencies were specifically exenpted fromthe
st andar d.

MR AGGARWAL: Ral ph, could you tell us
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t he section nunber also? Are we on 5.5?

MR CARUSO This was based on 1.53 in
the reg guide, | guess.

MR AGGARWAL: Ckay. And where are you
reading it fronf

MR CARUSO This was --

DR ROSEN. Excuse ne. diff Doutt, do
you renmenber the design deficiency section?

MR DQUTT: | think --

MR. AGGARWAL: diff, could you pl ease
nove to the m ke, please?

DR. ROSEN:. Thank you.

MR DQUTT: Are you tal king about the
next to |ast paragraph on page 5?

MR, CARUSO  Yes.

MR DQUTT: | think what he is asking is
on your single failure criteria, and you go to
common cause, conmmbn cause has sone exceptions for
the single failure criteria, based on -- you know,
you have design issues which are exenpted because
you are saying that surveillance, or quality contro
prograns, or whatever, will take care of that.

But in digital systens, it references
you back to 7.4.3.2, because that conmon cause there

is a design.
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The standard itself exenpts sonme conmon
cause based on | think one's design, and the
reasoni ng being that if you go back over and say you
are going to take credit for either surveillance or
quality control progranms, but in software the design
flaw is common cause. | know the standard
ref erences you back to 7.4.3. 2.

MR LOESER Let me see if | understand
what you are saying. You are objecting because this
particul ar paragraph has on the third line, it says
things that are exenpted are design deficiencies.

But in fact if you take into account
7.4.3.2, which tal ks about V&V, for exanple, on the
desi gn and on the specifications and all of this,
where you ensure that there are no design
deficiencies, or at least to the probability of a
design deficiency, is sufficiently small that you
are not capable of finding it anynore, despite your
best efforts.

MR DQUTT: Yes, | think the standard
actually draws you off, because common cause failure
in software is unique, and so it takes you to
7.4.3.2 to resol ve that.

MR. AGGARWAL: Exactly, and that is the

subject matter of the | EEE Standard 7. 4. 3. 2.
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MR DQUTT: Right.

MR AGGARWAL: And as | submitted to the
conmttee before, that the |latest (inaudible) |IEEE
standard yesterday, and the staff plans to endorse
that, and we will be back to you, and provide
information on how single failure will apply to
digital conputers.

MR LOESER In this particular case the
| ast paragraph of Section 5.5 happens to be on page
6, and it says guidance on using diversity to
address conmon cause failures in digital conputer
systens as provided by | EEE Standard 7. 4. 3. 2-1993.

And that in fact does address design
errors. So if you think about it, that |ast sentence
is sort of an exception to the fact that it tal ks
about design deficiencies being exenpted from conmon
cause failure. Does that answer your question?

MR CARUSO Yes, and it seens |ike
there was -- and naybe | am m ssing sonet hi ng, but
it appears that it is going to be addressed --

MR. LOESER: Well, design deficiencies
are addressed in the existing version of 7.4.3.2.

MR CARUSO Yes, that's correct.

MR. LOESER: Design deficiencies are

addressed in the existing version of 7.4.3.2.
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MR. CARUSG Yes.

MR LOESER And the fact that there is
a new one com ng out doesn't really change that.

MR AGGARWAL: But he is tal ki ng about
the reg guide, and what we are saying is that the
reg guide will endorse the standard will be
forthcom ng, yes.

MR LOESER  But, Satish, that has
nothing to do with what we are tal king about. The
fact that we are planning to endorse a new version
of 7.4.3.2 doesn't matter if the existing version
t akes care of this version.

MR CARUSO | think the reference for
7.4.3.2 was intended to cover comopn cause software
failure in 7.4.3.2 right now, and the new standard
will just be whatever enhancenents there are.

MR. AGGARWAL: That's right.

MR LOESER So what is the question?

MR. CARUSO That the design
deficiencies are considered as a commpn cause
failure.

MR. LCESER. In digital software, yes.
That's why we review the design.

MR. CARUSO Very good.

MR AGGARWAL: This will concl ude our
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presentation.

DR SHACK: Any further questions from
the coomittee? |If not, thank you for a detail ed
presentation, Satish.

MR. AGGARWAL: Thank you.

CHAI RVAN BONACA: | think we can go off
the record now. W do not have to record the
nmeeti ng anynore.

(Whereupon, at 9:31 a.m, the neeting

was concl uded.)

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




